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Abstract—The stress-gradient hypothesis predicts that in stressful ecosystems, 
species interactions are facilitative rather than competitive. In Cuba, one of the 
more stressful environments for plants is serpentinitic shrubwoods (cuabales), 
which experience intense variations in precipitation and temperature. Plant 
facilitative mechanisms are reported in this ecosystem, and pollination facilitation 
could also occur. We hypothesize that in this seasonal ecosystem, characterized by 
harsh conditions, facilitative pollination interactions prevail accompanied by 
intense interaction rewiring and species turnover. This research analyzed the 
temporal variation of the plant-pollinator network of serpentinitic shrubwood in 
Lomas de Galindo, Mayabeque, Cuba. Data were obtained by monitoring diurnal 
plant-pollinator interactions for two days each month through one year. The 
network was composed of 31 plant species and 81 pollinator species, where ten 
modules of interactions were detected in the network. Nine species were identified 
as core species; four of them were plants that gathered the majority of interactions. 
However, plant core species change temporally. The changes in beta-diversity 
values were higher between the initial and final months of every season, which 
could be caused by the variations in phenology and changes in pollinators’ 
abundances. Facilitation occurred in six plant species that temporally segregate the 
pollination interactions and shaped the support of pollination in the community. 
For this reason, the conservation of pollination services in this ecosystem should 
be focused on these species. 

Keywords—Beta-diversity, core species, interactions, module, serpentinitic 
shrubwoods 

INTRODUCTION 

Competition and facilitation are opposite 

processes of species interactions (Koffel et al. 2021). 

Environmental conditions influenced both: in 

benign environments, species frequently compete 

for resources; while in stressful environments, 

facilitative interactions between species are more 

common (Maestre et al. 2009; Holmgren & Scheffer 

2010). This postulate is the “stress-gradient 

hypothesis,” and several communities follow this 

pattern (Callaway et al. 2002; Armas et al. 2011). 

Usually, harsh conditions for plants include high 

temperatures and low water availability, which are 

features of arid and semi-arid environments (Loidi 

et al. 2022). In these habitats, one common 

facilitation interaction between plants is 

“nursing”, in which seeds germinate below older 

plants that facilitate the establishment of seedlings 

(Oviedo et al. 2013; Filazzola & Lortie 2014). 

Moreover, facilitation mechanisms are also present 

in pollination (Ghazoul 2006; Lázaro et al. 2009).  

Co-flowering plant species interact via shared 

pollinators, and this factor influences the assembly 

of plant communities (Arceo-Gómez et al. 2018). 

Plant species that do not overlap in flowering and 

share similar pools of pollinator species can 

facilitate each other because they jointly offer 

continuous floral resources to pollinators 

(Carvalheiro et al. 2014). In this scenario, high 

species turnover and rewiring of plant-pollinator 

networks are expected (CaraDonna et al. 2017). 

However, facilitation or competition among co-
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flowering plant species not only depends on 

phenology, but also on similar morphological and 

physiological traits (Albor et al. 2020). In 

conclusion, the assembly of co-flowering plant 

communities is not random and is influenced by 

facilitative and competitive interactions between 

species. 

The xeromorphic thorny shrubwood formation 

(or cuabal) is a unique vegetation type present in 

the island of Cuba that combines harsh conditions 

with high plant richness and endemicity (Capote & 

Berazaín 1984; Borhidi 1996). This is one of the two 

vegetal formations over ultramafic soils in Cuba 

(Capote & Berazaín 1984). Endemic plants of these 

thorny shrubwood are morphologically and 

physiologically different from the rest of the 

species on the island (Borhidi 1996). Low water 

retention capacity and toxicity of serpentine soils 

cause reduced growth forms, presence of thorns, 

sclerophylly, stenophylly, low nectar production, 

and small flowers (Berazaín 2001; Alameda et al. 

2023). Facilitative (“nursing”) interactions between 

plants of thorny shrubwood allow the 

establishment of seedlings beneath older plants, an 

eco-evolutionary strategy in harsh environments 

(Oviedo et al. 2013). Therefore, facilitation may 

also occur in other ecological processes such as 

pollination.  

Rain strongly influences the ecology of thorny 

shrubwood in Cuba (Borhidi 1996). In the majority 

of Cuban territory, there are two seasons during a 

year: dry season (from November to April) and 

rainy season (from May to October) (Borhidi 1996). 

In the rainy season, most flowering plants and 

insects increase their presence and abundance, 

which causes temporal changes in plant-pollinator 

interactions. These interactions can be split into 

two elements: 1) the interaction rewiring caused by 

the reorganization of interactions between the 

same species and 2) the species turnover caused by 

changes in species identity (CaraDonna et al. 2017). 

Short-term studies of pollination interactions 

generally ignore the dynamics of interactions since 

they are depicted as single structural networks 

(Trojelsgaard & Olesen, 2016). However, the 

temporal dynamics of pollination networks are 

intense both in interaction rewiring and species 

turnover (Petanidou et al. 2008; Olesen et al. 2011).  

This study aimed to characterize the plant-

pollinator interactions in a xeromorphic thorny 

shrubwood formation of Cuba and describe the 

temporal changes (between seasons). As far as we 

know, this is the first study that describes the 

plant-pollinator interactions in semi-desertic 

environments using a network approach. We 

hypothesize that in seasonal environments with 

harsh conditions (low water availability and soil 

toxicity), facilitative pollination interactions lead to 

intense interaction rewiring and species turnover. 

MATERIALS AND METHODS 

STUDY SITE 

“Lomas de Galindo” is a protected area of 1,003 

ha located in the municipality of Santa Cruz del 

Norte, in the province of Mayabeque, Cuba (Fig. 1). 

It is a Floristic Managed Reserve according to the 

Cuban system of protected areas (CNAP 2013). It 

is an outcrop of ultramafic rocks that belong to the 

Canasí-Corral Nuevo serpentinitic group, one of 

the seven groups of ultramafic outcrops of Cuba 

(Borhidi 1996). Over these soils, a thorny 

xeromorphic serpentine shrubwood (cuabal) is 

distributed (Capote & Berazaín 1984). The rocks 

that formed the soil have two features that 

influence the vegetation (Berazaín 2001). The first 

one is high concentrations of heavy metals (such as 

iron, nickel, magnesium, chromium, and cobalt) 

and low concentrations of nutrients (such as 

phosphorus, potassium, and calcium) (Proctor 

1999). The other feature is the low water-retention 

capacity, which imposes drought all year (Proctor 

& Woodell 1975). These factors influence the 

morphology and physiology of the vegetation, 

which is composed of shrubwoods no more than 

five meters tall (Berazaín 2001). The weather is 

similar to the majority of the island, with two 

seasons (a rainy season between May and October 

and a dry season between November and April), 

but with the peculiarities of thorny shrubwood 

(fast drainage and high concentration of heavy 

metals) (Borhidi 1996). 

STUDY DESIGN 

The sampling period spans from October 2018 

to September 2019. Monthly, we select two 

consecutive days with 30 days separating each. On 

each day, data were recorded in one transect 

during three consecutive hours, not considering 

the time for annotations, identification, or 

collecting. All observations were performed 

between 09:00 and 14:00, according to the higher  
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Figure 1. Location of “Lomas de Galindo”, the studied thorny xeromorph serpentine shrubwood, in the island of Cuba. 

 

activity period of diurnal pollinators (Baldock et al. 

2011; Knop et al. 2017) and our previous 

experience of 10 years in this area (Alameda et al. 

2023). In this time span, the majority of interactions 

occurred, because after 14:00, the temperature rises 

and insect activity diminishes significantly. 

Therefore, a sampling unit consisted of one 

transect per one day in every month, resulting in 

24 transects, two per month. Focal observations of 

flowering plants during five minutes in a plot of 16 

m2 were distributed throughout transects where 

there were flowers, not considering the time for 

netting, collecting, or identification. We designed a 

sampling unit of transects combined with focal 

observations because transects detect the majority 

of interactions and important species, while focal 

points detect rare interactions (Gibson et al. 2011). 

The length of transects depended on the density of 

flowers: in the month with higher flower density, 

transects were shorter, while longer transects were 

performed in months with scarce flowers. Always 

transects measured between 500 and 800 meters. 

We recorded all the interactions observed between 

flowers and pollinators, considering an interaction 

as the physical contact of an animal with the 

reproductive structures (anthers and stigma) of a 

flower. This sampling design with transects and 

focal points is the best to obtain a precise 

description of the interactions (De Aguiar et al. 

2019). 

Plants and animals were identified in the field 

or with the help of specialists (see 

Acknowledgments), or collected for identification 

in the laboratory. Voucher specimens were 

deposited in the collection of the research group in 

the Faculty of Biology of the University of Havana, 

Cuba. Specimens not identified at the species level 

were assigned as morphospecies. 

DATA ANALYSIS 

The data of monthly interactions was gathered 

in an adjacency matrix of i columns and j rows that 

included the data of the two consecutive days of 

every month, where columns represented the 

plant species and rows the pollinators. The cell aij 

indicated the frequency of interactions of 

pollinator i with plant j. Therefore, 12 matrices 

composed the basic dataset, one for every month.  

General analysis included the data of all the 

months (12 matrices), but also the general data was 

divided into two groups for temporal pattern 

identification. The first group represents the dry 

season (November 2018 to March 2019) and the 

second group the wet season (May 2019 to 

September 2019). For the seasonal analyses, April 
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2019 data was removed from the dataset to make 

the data of both seasons independent; also, the 

data from October 2018 was removed since it was 

temporally disjointed from the data of the rainy 

season of 2019. 

Sample coverage curves for every season and 

the entire dataset evaluated whether the sampling 

effort was sufficient. The expected sample 

coverage for a hypothetical sample of size m, C(m), 

is calculated with a function developed by Chao & 

Jost (2012) (Hsieh et al., 2016). Sample 

completeness is measured by sample coverage, 

which is the proportion of the total number of 

individuals (in this case, interactions) that belong 

to the species (or specific interaction) detected in 

the sample (Hsieh et al., 2016). Sample coverage 

curves were performed in the iNEXT 2.0.20 

package of R. Sample coverage was higher than 

90%, both for separate seasons and for all year (Fig. 

2). In all situations, the asymptote of the curve 

included the reference sample. Plants had the 

higher levels of sample completeness, while 

interactions required more intense sampling for 

reaching similar sample coverage values (Fig. 2). 

However, for all situations, the sampling effort 

was enough.  

Species were classified as either core or 

peripheral in each season according to their 

position in the network (Miele et al. 2020), to detect 

key species that influence pollination in the 

community. The core-periphery structure is  

 

Figure 2. Sample coverage curves of plant-floral visitors’ data obtained between October 2018 and Septembre 2019 in the 
shrubwood of Lomas de Galindo. Curves depicted for plants, floral visitors and interactions in every season and all year. Dry 
season includes months from November 2018 to March 2019, while rainy season the months between May and September 2019. 
Dots indicate reference samples; continuous lines indicate rarefaction and dotted lines extrapolation. Reference sample 
included all interactions of every species (superior and middle rows) or particular interactions (inferior row). Gray shadowed 
areas of dotted lines indicate 95% confidence intervals. 



September 2025 Facilitation and temporal changes in plant-floral visitor network 265 

 

widespread in many biological networks, where 

core species exhibit the majority of interactions and 

form the center of the network (Gallagher et al. 

2021). The “stochastic block models” algorithm 

was used to classify the species as core or 

peripheral; it is a method to infer statistically 

similar nodes (Martín González et al. 2020) 

performed in the econetwork 0.4.1 (Dray et al. 

2020) package of R (R Core Team 2022). 

The QuanBiMo algorithm grouped species of 

the global dataset in modules. This algorithm is 

specific to bipartite networks and correctly 

classifies 70% of links in the proper module 

(Dormann & Strauss 2014). Modules are groups of 

species that interact more intensely among 

themselves than with the rest of the species in the 

network (Olesen et al. 2007). Moreover, a stacked 

bar chart in a temporal framework shows the 

distribution of interactions between months. 

We calculated beta-diversity between 

consecutive months using the method proposed by 

Poisot et al. (2012) to analyze the temporal 

replacement of interactions and species. This 

method splits the global beta-diversity (βWN) into 

two additive components: species turnover (βST) 

and species rewiring (βOS). Species turnover (βST) is 

the dissimilarity of species composition between 

months and depends on the incorporation or loss 

of a species in the monthly networks. Otherwise, 

species rewiring (βOS) depends on the change of the 

links formed or lost between species present in 

consecutive months. Beta-diversity measures (βWN, 

βST, and βOS) vary between 0 and 1, where 0 

indicates high similarity between months, while 1 

indicates dissimilarity. When the value of βWN was 

1 (all interactions and species are different), it was 

assigned a value of 0.5 to every component βST and 

βOS. R package betalink 2.2.1 (Poisot 2016) was 

used for these analyses.  

Network robustness to the loss of interactions 

was measured with attack-tolerance curves 

(Memmott et al. 2004; Burgos et al. 2007). These 

curves are built by the progressive elimination of 

species of one trophic level (pollinators or plants) 

and analyzing the number of species of the 

counterpart trophic level that are eliminated from 

the network because they lost all their interactions 

(Memmott et al. 2004). Attack-tolerance curves 

were built for every season and the global network. 

We built extinction curves for both plants and 

pollinators. In every case, we used three methods 

of elimination: random elimination, eliminating 

first core species, and eliminating first peripheral 

species. Using this method, we obtained 18 curves 

from the combination at 3 temporal scales (one 

comprehending the global network and two from 

seasonal networks) x 2 kinds of nodes (plants or 

pollinators) x 3 methods of elimination. The area 

under the attack-tolerance curves (R) was the 

measure of robustness used (Burgos et al. 2007). 

When R → 0, the attack-tolerance curve decreases 

abruptly and the system is not robust; when R → 

1, the curve decreases mildly and the system is 

robust (Burgos et al. 2007). These analyses were 

performed in the bipartite 2.17 package (Dormann 

et al. 2022) of R using the function second.extinct 

with 100 replicates in every extermination 

scenario. We calculated the area under the curve 

(R) in every replicate and compared them using 

Kruskal-Wallis tests because assumptions of data 

normality and homogeneity of variances were not 

fulfilled. For the graphics, we used the package 

ggplot2 3.3.5 (Wickham et al. 2021). 

RESULTS 

The plant-pollinator network of the entire year 

consisted of 1,844 interactions from 112 species (31 

plants and 81 pollinators; Supporting information, 

Tab. S1). The majority of interactions concentrated 

in the rainy season, with 1500 interactions between 

22 plants and 64 pollinators, compared with 271 

interactions in the dry season between 16 plants 

and 35 pollinators (Fig. 3). The majority of 

pollinators were insects, and only two bird species 

(Chlorostilbon ricordii and Icterus melanopsis). 

Hymenoptera (34 species) and Lepidoptera (24 

species) were the orders with higher species 

richness. Among hymenopterans, 15 species were 

bees belonging to the families Apidae and 

Halictidae.  

Plant core species changed between seasons 

(Fig. 3). Agave offoyana was the only core species in 

the dry season, while Coccoloba praecox, Bourreria 

havanensis, and Croton origanifolius formed the core 

in the rainy season. For pollinators, Apis mellifera 

and Melipona beecheii were core species in both 

seasons, while Aellopos blaini, Megachile poeyi, and 

Centris poecila were observed as core species only 

during the rainy season (Fig. 3). 
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Figure 3. Interaction networks formed between plants and pollinators in the dry and rainy seasons of the shrubwood of Lomas 
de Galindo. In every network, the plants are depicted in left boxes while pollinators in the right ones. Green and red boxes 
indicate the plant and pollinator core species of each network. Black bars in the left sides of each season indicate the scale for 
50 interactions. Full names of species are in Table S1. 

Species were grouped into 10 modules for the 

pooled data, with four main modules including 

most pollinators (Fig. 4). All species of the plant-

pollinator network maintain most of their 

interactions inside the module, except for Apis 

mellifera, which also established interactions with 

plants outside of its module. Core plant species 

were separated into different modules, except 

Agave offoyana and Coccoloba praecox, which 

integrated the same module. Core plant species 

maintained the majority of interactions in different 

months (Fig. 5). Agave offoyana during the dry 

season, particularly in March. The bulk of 

interactions grouped around Coccoloba praecox, 

Bourreria havanensis and Croton origanifolius in the 

rainy season, but not at the same time. At the 

beginning, in May, they gathered in Coccoloba 

praecox, while during June and July in Bourreria 

havanensis. Finally, at the end of the rainy season, 

gathered around Croton origanifolius, particularly 

in August and September (Fig. 5). Therefore, there 

is a pattern of temporal replacement between 

Agave offoyana, Coccoloba praecox, Bourreria 

havanensis and Croton origanifolius in that particular 

order (Fig. 5).  

Beta-diversity values were high between all 

months because all global values (βWN) were closer 

to 1 (Fig. 6). The components of rewiring and 

species turnover also had high values in most 

months. However, the component of species 

turnover was the only one present in the beta-

diversity value between December-January and  
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Figure 4. Modules formed from the interactions between plants (rows) and pollinators (columns) in the shrubwood of Lomas de Galindo. Blue squares indicate the interaction between 
a plant and a pollinator, while the color intensity indicates the frequency of each interaction. Red boxes delineate the formed modules. Red asterisks indicate core species. Full names 
of species are in Table S1. 
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Figure 5. Stacked bar chart of temporal distribution of interactions between plant species in the shrubwood of Lomas de Galindo, 
between October 2018 and September 2019. The label “OTHERS” includes the plant species with fewer interactions.  Red 
asterisks (*) identify core plant species. 

 

 

April-May. In contrast, rewiring was the only 

component of beta-diversity between January-

February, where the species reordered all the 

interactions. The change of beta-diversity value 

between June and July was the lowest and was 

mainly due to species turnover.  

Network robustness was statistically different 

in all extermination scenarios (Figs. 7, 8). In the 

majority of simulations, the dry season was less 

robust than the rainy season, except when 

pollinator peripheral species were eliminated first 

(Figs. 7, 8). However, the removal of plant  

Figure 6. Temporal variation of 
beta-diversity (βWN) and its 
components of species 
rewiring (βOS) and species 
turnover (βST) in the shrubwood 
of Lomas de Galindo between 
October 2018 and September 
2019. The bars depict the total 
beta-diversity value (βWN), 
while the species rewiring (βOS, 

light green) and species 
turnover (βST, dark green). The 
dry season spans from October 
2018 to April 2019 and the wet 
season from May 2019 to 
September 2019. 
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Figure 7. Attack-tolerance curves simulated from plant-pollinator interaction networks in the shrubwood of Lomas de Galindo. 
Top panels show the curves obtained when plants are eliminated, while the bottom shows the elimination of pollinators. Green 
triangles indicates the curves with elimination of core species, red dots means elimination of peripheral species, and blue 
squares random species. 

peripheral species does not cause this pattern. 

Moreover, the loss of core plant species caused the 

fastest collapse of the network because R values 

were the lowest, hence the importance of core 

plants for network cohesiveness (Fig. 8). In all 

scenarios, the loss of core species (plants or 

pollinators) triggers the collapse of the entire 

network (Fig. 7). The opposite happened with 

peripheral species, which its loss do not cause a 

rapid collapse. Only when approximately 75% of 

peripheral plant species or more than 80% of 

peripheral pollinators were removed did the 

cohesiveness of the network decrease substantially 

(Fig. 7). 

DISCUSSION 

COMPOSITION OF POLLINATION NETWORK 

The datasets obtained are good representations 

of reality, as sampling completeness was higher for 

both seasons and throughout the year (Hsieh et al. 

2016). However, the present study had one 

limitation: it only analyzes diurnal pollination 

interactions, and therefore, conclusions could only 

be applied to diurnal pollination interactions. Core  
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Figure 8. Robustness (R, Area Under the Curve) differences between dry season, rainy season and all year after 100 replicates. 
Kruskall-Wallis tests performed in every scenario and boxes depicted mean, 25th and 75th percentiles, minimum and maximum. 
Dots indicate outliers. Top panels show the curves obtained when plants are eliminated, while the bottom row shows the 
elimination of pollinators. 

pollinator species include Apis mellifera and 

Melipona beecheii, which established the majority of 

interactions in both seasons. This could be due to 

the social nature of these bees, which are the only 

social bee species in Cuba (Genaro & Lóriga 2018). 

The social structure implies that they maintain 

colonies with many individuals all year, one or 

more queens, and many foragers (Michener 2007). 

Moreover, social bees store food as honey, which 

is used when floral resources are scarce. Notably, 

Apis mellifera is a widespread species that has been 
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introduced to Cuba and many ecosystems 

worldwide (Goulson 2003).  

Apis mellifera colonies are both feral and 

maintained by humans for crop pollination and 

honey production. This and the extensive use of 

floral resources of honeybees caused a high 

abundance in almost all ecosystems around the 

world (Goulson 2003). Therefore, just because of 

the abundance and generalization of Apis mellifera, 

the effect of honeybees in native pollination 

networks is high and includes the reduction in the 

diversity of wild pollinators and rewiring of the 

interaction links (Valido et al. 2019). The invasion 

of this species causes significant changes in the 

structure of native pollination networks and 

frequently occupies a central position, 

monopolizing the majority of interactions (Santos 

et al. 2012). In the studied ecosystem, the effect 

could be the same, and further research should 

measure it, mainly the effect on plant reproductive 

success.  

Another 13 species of bees integrate the 

pollination network, where some of them are rare 

and endemic to Cuba (Alayo 1976; Genaro 2008). 

Among them, two species (Centris poecila and 

Megachile poeyi) function as core pollinators in the 

rainy season. Bee diversity and its function within 

pollination networks are higher in arid ecosystems 

of the Caribbean (Martín González et al. 2009), 

mainly because the high temperatures of the soil 

do not allow nest infection with fungi or bacteria. 

In Cuba, the highest diversity of bees may be 

concentrated in these shrubwoods over ultramafic 

soils.  

Core pollinators of the rainy season include the 

hawkmoth Aellopos blaini. The majority of species 

of the genus Aellopos are hawkmoths adapted for 

diurnal pollination (Amorim 2020). These species 

converge with hummingbirds and share similar 

traits: fast-flight behavior and visit short-tubed 

plants with mixed pollination systems (Amorim 

2020). In this case, Aellopos blaini visited mainly the 

flowers of Bourreria havanensis, a plant with these 

flower traits (Alameda et al. 2023).  

The majority of pollinators were insects, similar 

to other shrubwoods of Cuba over ultramafic soils 

(Faife-Cabrera et al. 2012; Alameda et al. 2020). 

Plants in these ecosystems are adapted to insect 

pollination (Faife-Cabrera et al. 2012), maybe 

because these animals consume low quantities of 

nectar and pollen, compared to other pollinators 

such as birds. Plants adapted to bird pollination 

produce high amounts of nectar that is highly 

diluted (Nicholson & Fleming 2003), which could 

be a constraint for the plant species of thorny 

shrubwood with low water availability (Brady et 

al. 2005). 

Plant species that maintain the highest number 

of interactions are native; none of them are 

reported as invasive or introduced (Oviedo & 

González-Oliva 2015). Particularly, Agave offoyana 

bloomed in a short period during the dry season, 

between February and March 2019. This species, 

similar to other species of Agavaceae, is adapted to 

bat and bird pollination (Good-Ávila et al. 2006). 

However, a wide array of insect pollinators visited 

these species, which contribute to pollination with 

the same effectiveness as vertebrates (Slauson 

2000; Molina-Freaner & Eguiarte 2003). In the 

shrubwood studied, A. offoyana represents a key 

resource in the dry season due to its abundance 

and high production of nectar (Álvarez 1986). 

High nectar production in the dry season can be 

possible because the leaves store water for years 

that the plant uses to produce a single, massive 

inflorescence, and after that, the individual dies 

(Rocha et al. 2006). This is not particular to Agave 

offoyana in Cuba; it also happens in the 166 species 

of Agave in semi-desertic areas of Mexico, which 

could function as a core species in pollination 

networks (Rocha et al. 2006). 

STRUCTURE AND TEMPORAL VARIATION OF POLLINATION 

NETWORK 

The separation of core plant species into 

different modules and the temporal replacement in 

the interactions between them and Turnera diffusa 

could imply a mechanism of niche segregation. 

Moreover, there could occur temporal facilitation 

between core plant species and Turnera diffusa, 

which together fill the year with floral resources 

that maintain the populations of pollinators, as the 

initial hypothesis suggested. The majority of 

interactions move from Turnera diffusa, Agave 

offoyana, Coccoloba praecox, Bourreria havanensis to 

Croton origanifolius, in that particular order. The 

frequency of facilitative interactions is higher in 

ecosystems with high abiotic stress, according to 

the stress-gradient hypothesis (Maestre et al. 2009). 

Thorny shrubwoods over the ultramafic soils of 
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Cuba are under stress due to abiotic conditions, 

and facilitative interactions could be an 

evolutionary advantage to ameliorating this stress 

and increasing the fitness of these plant species 

(Maestre et al. 2009). Moreover, there is evidence 

that facilitative interactions in these ecosystems 

not only occurred in pollination but also in 

coexistence by plant nursing (Oviedo et al. 2013).  

The temporal dynamic of pollination networks 

occurs at different scales. The smallest scale 

includes the differences between day and night, 

where the networks are strikingly different (Knop 

et al. 2017). This study did not include nocturnal 

interactions, which could add more precision to 

the structure and dynamics of the network. Bigger 

scales include seasonal changes, mainly caused by 

changes in temperature and rain. In semi-desert 

ecosystems, the influence of rain and temperature 

triggers the flowering of plants and therefore the 

interactions with pollinators (Kigel et al. 2011). 

This also happens in the network of Lomas de 

Galindo, where the seasonal dynamic is high. 

Temporal changes are intense in seasonal 

communities with a high diversity of species 

(Dáttilo & Rico-Gray, 2018), as in the studied 

shrubwood. However, although intra-annual 

changes are high, temporal changes between years 

only occur in the periphery of the network, while 

the core of species and interactions remains stable 

(Olesen et al. 2008; Fang & Huang 2012).  

Generally, both components of beta-diversity 

values: species turnover and interaction rewiring 

influence temporal changes (Marques et al. 2018; 

Cappellari et al. 2019; Flórez-Gómez et al. 2020). 

Particularly, the identity of species that integrate 

the network of Lomas de Galindo changed 

markedly between December and January (the 

dryest period in this area) and between April and 

May (beginning of the wet season). In these 

periods, the rain dynamics and temperature 

influence the flowering of plants and the 

abundance and presence of pollinator populations, 

which indicate a high intra-annual dynamic. 

Although this network is temporally highly 

variable, due to both the presence of different 

species and interaction reordering, the core plant 

species replace each other during the year. This 

ecological mechanism maintains stable floral 

resources to the pool of pollinators and is 

indicative of temporal facilitation among plants 

(Moore & Elmendorf 2011).  

Robustness analysis indicates that core plant 

species are extremely important for the 

maintenance of the structural stability (Rohr et al. 

2014). Pollination networks are not very sensitive 

to the loss of peripheral species but are highly 

sensitive to the extinction of core species 

(Memmott et al. 2004; Kaiser-Bunbury et al. 2010). 

These core plant species should receive special 

conservation priority, although they are not in 

threatened categories (González-Torres et al. 2016), 

but their effect on the functionality of the 

ecosystem is essential (Elle et al. 2012; Biella et al. 

2020). Specifically, the elimination of core plant 

species in the dry season caused the lowest values 

of robustness. This highlights the importance of 

Agave offoyana for the functionality of the 

pollination service. Future research should focus 

on the ecology of core species, such as the one 

performed with Agave offoyana in Lomas de 

Galindo (Toledo & García-Beltrán 2020). The 

mechanism of facilitation among core plants 

implies that the local extinction of one of them 

could collapse the entire system, because it creates 

a temporal gap if not filled with other plant 

species. Moreover, the introduction of an invasive 

species that functions as a core and overlaps its 

flowering with the flowering of a native species 

can cause the decoupling of the network. In the 

shrubwood of Lomas de Galindo, core plant 

species are the most important nodes for the 

maintenance of the pollination service in the 

community; in fact, the temporal segregation is a 

key factor for the robustness of the network 

(Ramos-Jiliberto et al. 2018).  

In conclusion, the intra-annual dynamic of the 

pollination network of the shrubwood of Lomas de 

Galindo is intense both in species turnover and 

interaction rewiring. Interactions were established 

mainly around nine species of plants and 

pollinators, which formed a core. These species 

offer robustness to the network, and their 

extinction could cause a collapse of the system. 

Moreover, there is a temporal replacement 

between core plant species, which could be the 

result of niche segregation and temporal 

facilitative interactions. In this arid ecosystem, 

facilitative interactions are common and are a 

mechanism to increase the survival of plant 
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species. Therefore, the conservation in this 

protected area should include these core species, 

because they maintain the pollination service in 

the entire ecosystem. 
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