Taropical tadpole assemblages: which factors affect their Structure AND distribution?
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Abstract

Tropical tadpoles may occur in a wide range of aquatic habitats since a simple tree hole in tree trunks (ex. fitolimns), to more complex systems as permanent ponds and streams. Thus, tadpoles are exposed to a different range of biotic, abiotic and historical factors, according to the habitat they develop, and these factors can also vary over time. Consequently, this set of factors may direct or indirectly affect the structure and distribution of tropical tadpole assemblages. What are these factors? What is their relevance for distribution of tadpole species and local assemblages? How they affect the structure of these assemblages? In this review we explore these questions, recognize some trends regarding the factors (biotic, abiotic, and historical) influencing tropical tadpole assemblages, and point that space and time are the main resources partitioned by tropical tadpoles. Additionally, we suggest that habitat predictability is determinant for temporal and spatial resource partitioning, and consequently for the structure of tadpole assemblages. Therefore, understanding the distribution and structure of tropical tadpole assemblages and the set of factors that affect them is not simple. This understanding rises only from an approach to the spatial and temporal niche dimensions, and the historical aspects of the species involved.
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RESUMO

Assembléias de girinos tropicais: quais fatores afetam sua estrutura e distribuição? Os girinos tropicais ocorrem em uma grande variedade de habitats aquáticos, desde simples buracos em tronco de árvores (ex. fitolimnos), até ambientes mais complexos como poças permanentes e riachos. Logo, os girinos são expostos a diferentes conjuntos de fatores bióticos, abióticos e históricos, de acordo com o habitat em que vivem, e estes fatores também podem variar com o tempo. Conseqüentemente, este conjunto de fatores afeta direta ou indiretamente na distribuição e na estrutura das assembléias de girinos tropicais. Quais são esses fatores? Qual a sua relevância sobre a distribuição das assembléias de girinos? Como eles afetam a organização de suas assembléias? Nesta revisão nós exploramos essas questões e sugerimos que o espaço e o tempo são os principais recursos partilhados por assembléias de girinos tropicais. Adicionalmente, sugerimos que a previsibilidade do habitat é um fator determinante para a partilha dos recursos espacial e temporal e, conseqüentemente sobre a organização das assembléias de girinos. Portanto, entender a distribuição das assembléias de girinos tropicais e o conjunto de fatores que a afeta não é uma tarefa simples. Este entendimento surge apenas de uma abordagem das dimensões de nicho espacial e temporal, além de aspectos históricos das espécies em questão.
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aquatic Breeding habitats and resource partitioning in tropical tadpole assemblages



Most anuran species have a biphasic life cycle and nearly 33% have tadpoles (Altig & McDiarmid 1999). Consequently, many species require free water and/or high humidity to develop and metamorphose. As anurans evolved in the limits of aquatic and terrestrial habitats, natural selection retained a variety of physiological, behavioral and morphological traits which enable frogs to explore a high diversity of aquatic habitats. 
 
The number of breeding habitats and their distribution are critical factors limiting the occurrence of anuran species (Zimmerman & Bierregaard 1986). In tropics, anurans breed mainly in lotic drainage systems such as rivers, creeks and streams (Inger et al. 1986, Eterovick 2003, Eterovick & Barata 2006, Eterovick & Oliveira 2009) and lentic systems such as ponds (Heyer et al. 1975), wetlands (Muniz et al. 2008, Moreira et al. 2010), tank-bromeliads (Weygoldt & Carvalho-e-Silva 1991, Peixoto 1995), wet rocks (Lima et al. 2010), and even the water in rock cavities (Inger et al. 1986), tree trunks (the fitolimnos; Hödler 1990, Schiesari et al. 2003) and inside holes excavated by other animals (ex. peccary wallows) (Gascon 1991, Zimmerman & Simberloff 1996). These aquatic habitats may vary in their structure (ex. river width, pond area and depth, canopy cover), limnological characteristics (ex. conductivity, dissolved oxygen, temperature, lentic, lotic) (Gascon 1991, Barreto & Moreira 1996, Peltzer & Lajmanovich 2004, Both et al. 2009, Oliveira & Eterovick 2009, Hawley 2010) and hydroperiod (ex. ephemeral, temporary or permanent habitats) (Gascon 1991, Peltzer & Lajmanovich 2004, Santos et al. 2007, Both et al. 2009, Moreira et al. 2010) which differently influence tadpole assemblages. 
 
Biotic factors (ex. predation, competition) can also interfere in assemblage of tadpoles (Hero et al. 2001, Eterovick & Barata 2006), varying in its extent according to hidroperiod of the habitat (Heyer et al. 1975, Hoff et al. 1999; Fatorelli & Rocha 2008). Permanent habitats present lower risks of desiccation before the end of metamorphoses, but usually allow the occurrence of greater diversity of competitors and predators (Alford 1999). Tadpoles have also relatively long larval period and acquire larger body sizes in permanent habitats, as they can rely on the water stability and invest in growing (Patterson & McLachlan 1989). On the other hand, risk of death by desiccation in temporary habitats is relatively high, while predation risk is smaller as they hold smaller guild of predators (Heyer et al.1975, Fatorelli & Rocha 2008).
In tadpoles, the main shared resources are space (Heyer 1973, 1974, Inger et al. 1986, Wild 1996, Eterovick & Fernandes 2001, Vasconcelos et al. 2011) and time (Toft 1985, Wild 1996, Eterovick & Fernandes 2001). The breeding aquatic habitat selection by adults, microhabitat use by tadpoles, and temporal variations in assemblages composition respond to a variety of  biotic (ex. predation) (Azevedo-Ramos & Magnusson 1999, Azevedo-Ramos et al. 1999, Hero et al. 2001, Murhpy 2003), abiotic (ex. stream size, arboreal vegetation cover, microhabitat diversity, salinity) (Parris & McCarthy 1999, Eterovick & Barata 2006, Smith et al. 2007) and historical factors (ex. reproductive modes) (Gascon 1991, Zimmerman & Simberloff 1996), as well as to the interaction among them (Toft 1985, Gascon 1995) that act at different scales (ex. local, regional) (Inger & Voris 1993, Azevedo-Ramos et al. 1999, Parris & McCarthy 1999, Oliveira & Eterovick 2009). In this paper we review the key biotic, abiotic, and historical factors known to influence the resource partitioning and, consequently, the structure and distribution of tadpole assemblages in the tropics.


Key factors 


Habitat structure 


The structural diversity and availability of breeding habitats are key features to understand the occurrence and distribution of tadpoles (Rossa-Feres & Jim 1994). In tropical streams, structural characteristics of habitat, as their size (Inger & Voris 1993, Parris & McCarthy 1999), marginal vegetation (Parris & McCarthy 1999, Eterovick & Barata 2006, Oliveira & Eterovick 2009), elevation (Parris & McCarthy 1999), current (Odentaal & Bull 1983, Richards 2002), water volume (Eterovick 2003, Eterovick & Barata 2006), diversity of microhabitats (Inger & Voris 1986, Eterovick & Barata 2006), dissolved oxygen (Gascon 1991) and conductivity (Eterovick & Oliveira 2009), have distinct effects on tadpole assemblages. 
 
Studies on tadpole assemblages in tropical streams are still scarce, but results point stream size and diversity of microhabitats as important factors affecting their structure. The stream size in Australia positively affected the number of tadpole species (Parris & McCarthy 1999), while in Brazil the effect was the opposite (Eterovick 2003, Eterovick & Barata 2006). On the other hand, both in Brazil (Eterovick & Barata 2006) as in the island of Borneo, Indonesia (Inger et al. 1986), the diversity of microhabitats affected the composition of assemblages, but not species richness. The lack of relationship between species richness and composition of assemblages of tadpoles in streams has also been reported in Australia (Parris & McCarthy 1999). Stream size seems to be a good predictor of assemblage richness, although it plays different roles in rivers from Brazil and Australia. The microhabitat diversity seems also to be a good predictor of assemblage composition, and species richness have not being related to assemblage composition in neither streams from Australia, Borne, and Brazil, suggesting that species richness and composition are not related in tropical assemblages of tadpoles.

Pond habitats are relatively well known and differ from streams mainly by their unpredictability. Characteristics as water temperature (Barreto & Moreira 1996, Hawley 2009), depth (Torres-Orozco et al. 2002, Peltzer & Lajmanovich 2004 , Muniz et al. 2008, Both et al. 2010), dissolved oxygen (Lajmanovich & Peltzer 2004), conductivity (Both et al. 2009) and presence of vegetation in the shore line and inside ponds (Gascon 1991, Peltzer & Lajmanovich 2004, Eterovick & Barata 2006, Muniz et al. 2008, Moreira et al. 2010) are among the main factors affecting pond tadpole assemblages in tropics. However, surface area and hydroperiod are the features that most affect their structure (Heyer et al. 1975, Peltzer & Lajmanovich 2004, Santos et al. 2007, Fatorelli & Rocha 2008, Both et al. 2009, Moreira et al. 2010). 

In terms of species richness, temporary ponds have relatively more tadpole species than semi-permanent or permanent ones (Gascon 1991, Peltzer & Lajmanovich 2004, Santos et al. 2007, Both et al. 2009). Richness also correlate with pond size both positively (Peltzer & Lajmanovich 2004, Moreira et al. 2010) or negatively (Gascon 1991). Pond area and mean depth, associated with hydroperiod, can create an indirect effect on assemblages, since in ponds the area influence most of the physical-chemical and some biotic variables, as predators composition (Azevedo-Ramos et al. 1999). In fact, the main axis along which assemblages of lentic tropical tadpoles are organized is the gradient between temporary and permanent ponds (Heyer et al. 1975, Gascon 1991, Torres-Orozco et al. 2002, Peltzer Lajmanovich & 2004, Fatorelli & Rocha 2008, Both et al. 2010). 
 
There is also the nature of pond bottom, which will determine a faster (such as sandy substrates) or slower drain (as clay substrates), influencing the hydroperiod and consequently, the survival of tadpoles in ponds (Newman 1992, Denver 1997). 


Biotic factors  


Habitat structure is not always associated with tadpole assemblage distribution (Wild 1996, Hero et al. 1998, Azevedo-Ramos et al.1999, Eterovick 2003, Vasconcelos & Rossa-Feres 2005, Santos et al. 2007). In this context, similar habitats would not have similar assemblages (Gascon 1991, Eterovick 2003, Eterovick & Barros 2003) and biotic processes, as predation and competition, may assume greater relevance on the distribution and structure of these assemblages (ex. Azevedo-Ramos et al. 1999, Hero et al. 1998). 
 
Field studies on competition are rare in tropical tadpoles (Gonzales et al. 2011). There are few evidences that competition is a major force in organizing assemblages because tadpoles species are recorded in low densities (Azevedo-Ramos et al. 1999, Eterovick & Sazima 2000, Eterovick & Barros 2003), or microhabitat use reflects only their specific preferences (Eterovick & Barros 2003, Eterovick & Barata 2006). However, at least one experimental study in Brazil Amazon demonstrated that tadpoles of Phyllomedusa tomopterna (Hylidae) reduced growth and survival in the presence of Osteocephalus taurinus (Hylidae) (Gascon 1992a). Additionally, in Panama, other experiment showed that Agalychnis callidryas (Hylidae) grew 30% faster in the presence of Dendropsophus ebraccatus (Hylidae), suggesting that, at least for this pair of species, interspecific competition has relatively larger effects than intraspecific one in the absence of dragonfly larva predators (Gonzales et al. 2011). Competition can be an important force driving tropical assemblages of tadpoles, but we still need more results for a better comprehension of its role. 
 
Predation is a relatively well study interaction in tropical tadpoles. Predation effects can be larger than both consumptive and competitive effects (Gonzales et al. 2011), and it is suggested to be the key biotic factor acting on tadpole assemblages of streams (Eterovick & Sazima 2000, Hero et al. 2001, Eterovick 2003, Eterovick & Barata 2006) and ponds (Heyer et al. 1975, Kopp & Eterovick 2006), mainly in Central Amazon (Magnusson & Hero 1991, Gascon 1992b, Hero et al. 1998, Azevedo-Ramos & Magnusson 1999, Azevedo-Ramos et al. 1999, Hero et al. 2001). The risk of predation faced by tadpoles varies with the hydroperiod of the aquatic habitat (Heyer et al. 1975, Lajmanovich & Peltzer 2004, Fatorelli & Rocha 2008). Both vertebrate and invertebrate predators restrict tadpole species occurrence through differential predation (Gascon 1992b, Azevedo-Ramos & Magnusson 1999), but permanent habitats, as streams and permanent ponds, present more water stability compared to ephemeral ones, favoring the colonization by fish, and increasing their influence in such habitats (Heyer et al. 1975, Hero et al. 1998). 
Although fish predators strongly affect the structure of tadpole assemblages (Heyer et al. 1975, Hero et al. 1998, Azevedo-Ramos et al. 1999, Hero et al. 2001) some tadpole species, which are not susceptible to fish predators, demonstrated susceptibility to predation by invertebrates (Azevedo-Ramos & Magnusson 1999). Indeed, microcosm experiments showed that invertebrate predators such as aeshnid and libelulid naiads were comparatively more effective than fishes (Gascon 1989, Gascon 1992b). Invertebrate predators use to be more common in ponds than fishes, which are more abundant in stream associated habitats (Gascon 1989, Gascon 1992b). Therefore, the assemblages of tadpoles are exposed to a greater diversity of invertebrate predators in temporary than in permanent ponds (Azevedo-Ramos et al. 1999, Both et al. 2009). In pond habitats, especially in temporary ones, invertebrates seems to have a major role as predators and, consequently, on the structure of tadpole assemblages. Additionally, ephemeral habitats can have high incidences of intraguild predation (Hawley 2009), so the role of tadpoles in temporary habitats should also be revaluated considering their potential as predators of other tadpoles. 
 
Different predators have different ecological pressures on their preys. In response, tadpoles adopt different anti-predator strategies. In the presence of dragonflies naiads (which are able to identify the prey only by their moving) tadpoles generally reduce their motility (Azevedo-Ramos et al. 1992, Schmidt & Amezquita 2001), or present phenotypic plasticity (ex. behavioral, morphological, and pigmentation changes) (McIntyre et al. 2004) to increase survival chance. The use of microhabitats with aquatic vegetation also reduces the risk of predation by aquatic insects (Koop et al. 2006). Against vertebrate predators (which identify the prey visually, or by smell), the aposematic coloration and unpalatability can favor tadpoles individually or in group (schooling) (D'Heursel & Haddad 1999). Unpalatability is the primary anti-predator mechanism against fishes, but the use of "free fish" habitats is also an important mechanism of defense for tadpoles (Hero et al. 2001). 
 
Predation affects different parameters of tadpole assemblages as their distribution (Azevedo-Ramos & Magnusson 1999, Hero et al. 2001, Eterovick & Barata 2006), abundance (Azevedo-Ramos & Magnusson 1999), richness (Hero et al. 1998, Eterovick 2003, Eterovick & Barata 2006), and species composition (Azevedo-Ramos et al. 1999, Hero et al. 2001). The distribution of predators among aquatic systems promotes a mosaic of available habitats for tadpoles (Hero et al. 1998, Azevedo-Ramos et al. 1999, Hero et al. 2001). In turn, the heterogeneity created determines which aquatic habitat can be occupied by tadpoles according to the anti-predator mechanism of each species (Azevedo-Ramos & Magnusson 1999, Azevedo-Ramos et al. 1999, Hero et al. 2001). Therefore, the interaction between predator and anti-predator strategies influences the assemblages of tadpoles in two different ways: (1) within the water bodies, since only tadpoles that have the appropriate anti-predator mechanism will resist (Azevedo-Ramos & Magnusson 1999, Hero et al. 2001), and (2) among different aquatic habitats, as the heterogeneous distribution of predators result in a mosaic of available habitats that interact with a variety of anti-predator defenses exhibited by tadpoles (Azevedo-Ramos et al. 1999, Hero et al. 2001). 
 
The relationships between tadpoles and biotic characteristics of aquatic habitats (ex. predator-prey interaction) are so complex that prevent us to recognize a single most relevant biotic factor influencing tadpole assemblages. In fact, the aquatic habitats used by tadpoles are usually so variable that, depending on the circumstances, as hydroperiod, one or other factor may be determinant to structure local assemblages. Fishes are known to be important predators in streams and permanent habitats (Heyer et al. 1975, Hero et al. 1998, Azevedo-Ramos & Magnusson 1999, Hero et al. 2001), while invertebrate predators, as odonate naiads, play a major role in ponds and temporary habitats (Gascon 1992b, Azevedo-Ramos & Magnusson 1999). In the absence of predators, competition may also play an important role in tadpole assemblage structure (Gonzales et al. 2011). Which interactions will more affect the assemblages of tadpoles in particular conditions, will depend on the set of structural components of the habitat. 


Microhabitat use


In stable habitats, with comparatively lower effect of seasonality, space is the primary resource shared by tadpoles (Inger et al. 1986), making the microhabitat availability an important cue to understand its use by these organisms (Heyer 1973, 1974). The coexistence between different tadpole species in a particular water body depends in part on the differential use of available microhabitats (Cardoso et al. 1989, Eterovick & Barata 2006). In this context, the spatial heterogeneity is important to explain the coexistence of tadpoles sharing a particular habitat (Rossa-Feres & Jim 1994). 
 
Tadpoles can occupy a variety of microhabitats and exhibit a high plasticity in their use (Eterovick & Barros 2003, Eterovick & Barata 2006, Eterovick et al. 2010a, 2010b, Fatorelli et al. 2010). They mainly differ in their position in water column, mean depth of used water body, and type of substrate they use (Inger et al.1986, Cardoso et al. 1989, Hero 1990, Rossa-Feres & Jim 1994, Eterovick & Fernandes 2001, Kopp & Eterovick 2006, Kopp et al. 2006, Prado et al. 2009). These differences in microhabitat use may result from the influence of factors such as differences in evolutionary history, interactions among tadpoles of different species or distinct cohorts, and environmental pressures. 
 
The microhabitats availability to tadpoles depends, in a large extent, on the oviposition site utilized by adult anurans (Inger et al. 1986, Eterovick & Barros 2003, Murphy 2003, Eterovick & Ferreira 2008) and the presence of potential predators (Kopp et al. 2006). Adults can assess the risks will be faced by tadpoles avoiding habitats with high predators densities and high desiccation risks (Murphy 2003), limiting the microhabitats that will be available. The presence of predators may also direct the preferences of tadpoles, favoring the use of sheltered microhabitats (Kopp et al. 2006), restricting microhabitats that could be used by tadpoles. Additionally, morphology, feeding behavior (ecomorphological guilds sensu Altig & Johnston 1989), and phylogeny also interfere in microhabitat selection by tadpoles, since these features can be more effective in different microhabitats, imposing a strong historical component to allow their use (Inger et al.1986, Eterovick & Fernandes 2001), although it varies with the taxonomic group (Eterovick & Fernandes 2001). 

Tadpoles may also have different degrees of preference in microhabitat use according with the habitat capacity to retain water. In unstable habitats, where large variations in the hydrological cycle take place, microhabitat specialization becomes disadvantageous and assemblages with generalist species are usually selected (Eterovick & Barros 2003). On the other hand, stable habitats may exhibit species very selective in terms of microhabitat use, affecting the composition of assemblages from water bodies that differ in microhabitat availability (Inger et al. 1986, Eterovick & Barata 2006). Thus, the interference that microhabitat availability and its use have on the structure of tadpole assemblages greatly depends on water stability of the aquatic habitat. 


Can we identify a key historical factor? 


Tadpole assemblages responses cannot always be clearly associated with any abiotic or biotic factors, which result in an apparent lack of trends or patterns, which could led one to believe that their organization result by chance (Heyer 1973, Gascon 1991, Eterovick & Barros 2003, Eterovick 2003). It is important to understand how habitat heterogeneity and biotic interactions affect the occupation of water bodies by tadpoles, but considering only these features is still not enough to get the whole picture. 
 
Historical factors shape the distribution and the diversity of amphibians on a global scale (Buckley & Jetz 2007). Similarly, the occupation of aquatic habitats by tadpoles also depends primarily on historical constraints imposed by colonization and phylogeny of species (Gascon 1991, Zimmerman & Simberloff 1996). An example of the role of historical factors acting on the distribution of amphibians is the high diversity of reproductive modes they exhibit, the largest among tetrapods (Haddad & Prado 2005). The reproductive mode of anurans is defined by the combination of characters including the site and microhabitat of oviposition, eggs and characteristics of spawning, length of development, stage and size of hatches and type of parental care, if present (Salthe & Duellman 1973). Consequently, the reproductive mode reflects the species dependence on a set of characteristics related to reproductive and developmental habitat, directly interfering in water body selection by adults (Zimmerman & Simberloff 1996). 
 
To understand the occupation strategies of aquatic habitats primarily used by tadpole assemblages and their distribution we need to consider the heterogeneity of the reproductive habitats (Zimmerman & Bierregaard 1986) and the reproductive modes that occur in a particular area (Zimmerman & Simberloff 1996). The reproductive mode is an important natural history trait of anurans that can be used in studies of macroecology and biogeography to understand the distribution and variation of tadpole assemblages in large geographical scales (e.g. Zimmerman & Simberloff 1996). 
 
The physiological ability of tadpoles to survive in the absence of free water is another important aspect related to historical factors. Most temporary habitats face periods of desiccation, and until the next income of rain water, the only source of moisture is that retained in leaves or mud accumulated on the bottom of the dried pond. In this case, tadpoles that were developing depend on their ability to survive in the absence of free water which is inherent to the species (Newman 1992, Denver 1997). Apparently, this variation in physiological capacity is, in part, a function of the habitat in which tadpoles have evolved (ex. rate of consumption of dissolved oxygen, which may reflect their susceptibility to its lack), mass, and body size (ex. larger and heavy tadpoles tend to survive for longer periods) (Fatorelli 2011). However, there are few studies and experiments in the tropics to understand the differences in survival abilities of different tadpole species to the absence of free water (ex. Fatorelli 2011). 


Temporal variations 


The factors influencing structure and distribution of tadpole assemblages may vary over time. Tadpole species differ in their occurrence periods along the year (Eterovick & Sazima 2000, Eterovick & Fernandes 2001) and temporal environmental parameters can be related to the richness of an assemblage (Both et al. 2009, Moreira et al. 2010). 
 
In anurans, the time as a resource refers to changes that may occur in assemblages in response to breeding habitats availability (Gottsberger & Gruber 2004) and its different use according to reproductive strategy (Crump 1974) and phenology of species (Gascon 1992a), and activity and breeding site choice by adults (Murphy 2003, Boquimpani-Freitas et al. 2007). These features have evolved in past climate conditions, but they actually respond to present biotic and abiotic factors, as predation risk (Murphy 2003), rainfall distribution (Aichinger 1987, Gascon 1991, Rossa-Feres & Jim 1994, Bertoluci 1998, Rico et al. 2004, Van Sluys et al. 2006, Boquimpani-Freitas et al. 2007, Fatorelli et al. 2010), air humidity, temperature (Almeida-Gomes et al., 2007, Boquimpani-Freitas et al. 2002, Boquimpani-Freitas et al. 2007), photoperiod and or light intensity in the habitat (Boquimpani-Freitas et al. 2002, Hatano et al. 2002, Both et al. 2009, Almeida-Gomes et al., 2007), and hydroperiod (Moreira et al. 2010). Consequently, the temporal distribution of tadpole assemblages and their occupation strategies are related to factors that affect the reproductive attributes of adults. 
 
Anurans reproductive strategies can be distinguished based on their annual reproductive activity, being classified as continuous, prolonged or explosive (Crump 1974). Explosive breeder species, as Itapotihyla langsdorffii (Hylidae), are usually associated with ephemeral habitats, such as temporary ponds (Vrcibradic et al. 2009), while species that reproduce for long periods (continuous breeders) as Scinax trapicheiroi, Aplastodiscus eugenioi, and Phasmahyla jandaia (all Hylidae), and prolonged breeders as Crossodactylus aeneus (Hylodidae) and Proceratophrys tupinamba (Cycloramphidae) may show some preference for more predictable habitats such as streams and permanent ponds (Crump 1974, Rico et al. 2004, Almeida-Gomes 2006, Borges-Júnior 2007, Leite et al. 2008, Fatorelli et al. 2010). These strategies are usually associated with a specific reproductive habitat (temporary or permanent habitats) and influence directly which period of the year a tadpole species may occur in an assemblage. 
 
The reproductive phenology of anurans is the period of adult reproductive activity. Adult reproductive phenology can favor early breeding species throw priority effects. For particular species, larger tadpoles from cohorts that first colonized the water body may have advantages over younger cohorts, negatively affecting their fitness (ex. growth rate, survival) (Gascon 1989, Gascon 1992a, Gonzales et al. 2011). So, priority effects, and consequently adult reproductive phenology can directly interfere in tadpole assemblages since those species that primarily colonized the aquatic habitat are favored and represent potential source risks for late breeders. 
 
The breeding habitat selection by adults directly affects tadpole species that will occur and can present a strong temporal component. Reproductive modes may interfere in the breeding habitat selection, but risk factors can also affect this selection. Risk factors may be constituted by both abiotic and biotic factors. Edalorhina perezi, a neotropical frog from Peru, avoided pools with predator, and females also avoided pools with conspecific tadpoles (Murphy 2003). Also, female sensitivity to predators decrease in the late season, indicating that risk factors may impose a seasonal change in the habitat selection for reproduction (Murphy 2003). 

Final considerations


We can point at least six major trends regarding the distribution and structure of assemblages of tropical tadpole: (1) stream size and microhabitat diversity are important abiotic features influencing species richness and composition in assemblages of tropical tadpoles respectively; (2) in ponds, the permanence gradient (or hidroperiod) is the main axis along which assemblages of lentic tropical tadpoles are organized; (3) predation seems to be the most important biotic interaction structuring tropical tadpole assemblages, with vertebrate predators (ex. fishes) being more voracious in permanent habitats, and more influence of invertebrate predators (ex. odonate naiads) on tadpole assemblages in temporary habitats; (4) microhabitat use varies in function of breeding habitat choice by adults, presence of predators, phylogeny, and the set of environmental variables of the habitat; (5) historical factors restrict the breeding habitats a species may utilize, and impose behavioral and physiologic constrains; and (6) temporal variation in biotic (risk factors) and abiotic factors (rainfall distribution), and the reproductive patterns of the species may interfere in the structure of tropical tadpole assemblages.
The importance of partitioning spatial and temporal resources among tropical tadpole assemblages and its interference in assemblage structure varies mainly with habitat predictability. Spatial partitioning explains the coexistence of tadpole species (Heyer 1973, 1974, Inger et al. 1986) and in predictable habitats, with low seasonality and few variations over time, it is expected that the spatial dimension increases in relevance on the resource partitioning among species (Inger et al. 1986, Eterovick & Barata 2006). In marked seasonal habitats, temporal partitioning seems to have major influences on the structure of tadpole assemblages (Murphy 2003, Both et al. 2009, Moreira et al. 2010), also indirectly interfering on spatial resources, such as habitat structure (e.g. seasonal differences in hydroperiod, temperature) (Vasconcelos & Rossa-Feres 2005, Santos et al. 2007, Both et al. 2009). This indirect effect can lead to spatial segregation among species and it may be not possible to detect the variations in the assemblages over time (Azevedo-Ramos et al. 1999). 
 
Thus, understanding the distribution of tadpole assemblages and the set of factors that affect it is not a simple task, but rather of great complexity. This understanding rises only from an integrated approach to the spatial and temporal niche dimensions, and the historical aspects of the frog species involved.
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