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INTRODUCTION

Functional traits are defined as morpho-physio-phenological traits that indirectly impact fitness via their effects on growth, reproduction, and survival (Violle et al., 2007). These traits can be further divided into response traits and effect traits. Response traits describe a plant's response to environmental change, while effect traits describe the effect of a plant on ecosystem functioning (Violle et al., 2007). According to the above definitions, a specific functional trait can reflect the adaptive strategy of plants or their impact on ecosystem function. Theoretically, plant functional traits can track environmental changes and play important roles in determining ecosystem functioning. Therefore, establishing the linkages between plant functional traits and ecosystem functioning has been one of the most commonly researched areas in ecology.

There has been a growing consensus that plant functional traits strongly determine ecosystem functioning (DiAz and Cabido, 2001) and, based on previous studies (Lavorel and Garnier, 2002; Faucon et al., 2017), we present a framework to illustrate how plant functional traits determine ecosystem functioning (Figure 1A). Although many studies have reported strong linkages between functional traits and ecosystem functioning (Garnier et al., 2004), a recent study by van der Plas et al. (2020) states that plant functional traits are, in fact, poor predictors of ecosystem functioning. Thus, the relationships between functional traits and ecosystem functioning are controversial.


[image: Figure 1]
FIGURE 1. How plant functional traits determine ecosystem functioning (A) and some specific examples (B). (A) is adapted from Lavorel and Garnier (2002) and Faucon et al. (2017).




WHY ARE THERE CONTROVERSIES ABOUT PLANT FUNCTIONAL TRAITS AND ECOSYSTEM FUNCTIONING?

In the study by van der Plas et al. (2020), 41 plant traits and 42 ecosystem properties/functioning in 78 experimentally manipulated grassland plots were measured over 10 years. This unprecedented dataset is used to test how plant traits predict ecosystem functioning. However, van der Plas et al. (2020) reported that plant traits are poor predictors of ecosystem properties. On the contrary, previous studies have established linkages between certain plant traits and ecosystem functions, such as specific leaf area and productivity (Violle et al., 2007), leaf nitrogen content and productivity (Reich, 2012), and chlorophyll content and productivity (Li et al., 2018). Why do all of these studies predict productivity spontaneously using leaf economic traits? As photosynthesis depends on leaf economic traits, strong correlations between leaf economic traits and ecosystem productivity are often observed.

Appropriate traits must be identified that explain a species' influence on ecosystem functioning (“effect traits”) and the response of those species to environmental change (“response traits”). A trait may correspond to one or several ecosystem functions (Lawren and Buckley, 2020), but it is not likely to correspond to them all. Here, we present a simple summary about the relationship between plant traits and ecosystem functions (Figure 1B), such as leaf economic traits (Wright et al., 2004), e.g., specific leaf area and leaf nitrogen content, are correlated with net primary productivity (Reich, 2012), soil carbon and nitrogen content (Lienin and Kleyer, 2012), rate of litter mass loss (Lienin and Kleyer, 2012), canopy shortwave albedo (Ollinger et al., 2008), and soil water depletion (Wilke and Snapp, 2008). Wood economic traits (Chave et al., 2009), e.g., wood density, are correlated with aboveground biomass, carbon stock (Bu et al., 2019), and drought resistance (Chao et al., 2008). Root economic traits (Mommer and Weemstra, 2012), e.g., specific root length, are correlated with soil nutrient turnover, nutrient availability, and mycorrhizal colonization (Guo et al., 2008; Bardgett et al., 2014; Freschet et al., 2020). All of these studies show that some specific above- and below-ground traits are involved in certain ecosystem processes and functioning; however, van der Plas et al. (2020) designed their study without giving this aspect due consideration.

Rational trait selection is vital for the prediction of ecosystem functioning, and arbitrarily linking plant traits to ecosystem properties confuses the real relationships between traits and ecosystem functioning. In other words, the traits should be selected according to their roles in the underlying mechanisms of those functions. Besides, the effects of plant traits on ecosystem functioning may not be observed within a short time; for example, the effects of plant traits on carbon sequestration in soils are only observable after 10 years or even longer (De Deyn et al., 2008), thus categorizing ecosystem properties according to temporal dynamics might be important. However, even doing this might be more challenging than expected.



DISCUSSION

Here, we list several achievable approaches to improve predictions of the effects of plant functional traits on ecosystem function under rational trait selection. This will help ecologists use plant functional traits as input parameters of dynamic global vegetation models to improve their precision (Yang et al., 2015).


Individual-Level Trait Measurement

Intraspecific variability of functional traits might also have significant effects on ecosystem functioning (Albert et al., 2010). Generally, intraspecific variability of plant traits could be negligible compared with their interspecific variability; however, more and more evidence has shown that intraspecific functional variability can have significant effects on community dynamics and ecosystem functioning (Fu et al., 2020). For example, individual-level morphophysiological traits of phytoplankton can improve predictions on community resource-use and biomass yield (Fontana et al., 2018). Individual-level tree heights are strongly correlated with growth rate (Liu et al., 2016), and interspecific variation in specific root length drives aboveground biodiversity effects (Bu et al., 2017). It is, therefore, necessary to consider the intraspecific variability of functional traits to improve the predictive power of functional traits on ecosystem functioning.



Functional Diversity Selection


Trait-Abundance Distributions for Singular Trait

Relationships between plant traits and ecosystem properties may not be as strong as expected if only traditional community-weighted methods are used. Trait-abundance distributions may offer a promising solution to the above problem. Trait-abundance distributions describe the shape of the frequency distribution of plant traits in a specific community and include the community-weighted mean, variance, skewness, and kurtosis. The variance, skewness, and kurtosis compensate for a weakness associated with the mean in terms of its potential to mistakenly exacerbate the role of dominant species (Liu et al., 2020). The variance is the functional divergence, skewness signifies the extent of asymmetric distribution of traits, and kurtosis signifies functional evenness. Trait-abundance distributions of phenological traits could help us quantify the asynchrony of plant growth and development within communities. Thus, trait-abundance might improve the predictive power of plant traits for ecosystem properties.

Skewness and kurtosis for specific leaf area and maximum plant height have been found to explain 38% of the variation in multifunctionality (Gross et al., 2017). This is greater than the variance (15%) explained by the mean and variance of these two traits. Such results show that models that include the skewness-kurtosis of trait-abundance distributions have a much higher explanatory power in terms of multifunctionality than models that include only the mean and variance of the trait-abundance distribution.



Functional Diversity Indices for Multiple Traits

Functional diversity is increasingly identified as an important driver of ecosystem functioning (Villéger et al., 2008), and Song et al. (2014) reviewed the relationships between functional diversity and ecosystem functioning. It is generally accepted that functional diversity consists of three independent components—functional richness, functional evenness, and functional divergence. However, a wide variety of algorithms are generated to delineate the trait space occupied by species, each based on particular mathematical objects, such as distance, hypervolume, and others (Laliberté and Legendre, 2010; Swanson et al., 2015; Junker et al., 2016). Under rational trait selection, functional diversity indices and their algorithms require careful deliberation to improve their predictions for ecosystem functioning.




Scale-Matching Between Traits and Ecosystem Properties

In most cases, functional identity and diversity are, in terms of scale, mismatched with ecosystem properties. This situation occurs because most ecosystem properties are based on unit ground area, whereas most plant traits (or leaf traits) are based on unit leaf area or mass. This mismatch may hinder the process of linking plant traits with ecosystem properties. Ecosystem traits are traits expressed in terms of intensity (or density) normalized per unit ground area. This mode of expression is not bound by the limits imposed by the units of measurement used for plant traits and ecosystem properties. Using ecosystem traits could address the challenges associated with broadening the predictive power of plant traits in relation to ecosystem properties (He et al., 2019). For example, stomata are pores on leaves through which water vapor and carbon dioxide diffuse, so stomatal traits are “appropriate traits” for ecosystem productivity. By scaling individual stomatal traits up to the community level based on ground area, stomatal density can explain 51% of the total variation in forest ecosystem productivity on a large scale (Wang et al., 2015). This finding indicates that scale-matching is an important factor in improving ecosystem property predictions using plant traits.




CONCLUSION

In summary, not all traits are suitable for use in predicting specific ecosystem properties. The procedure “Rational-trait selection–Individual-level trait measurement–Functional diversity selection–Scale-matching between traits and ecosystem properties” may improve the predictive power of plant functional traits on ecosystem functioning. Besides, the fact that plant traits are widely measured does not mean that they are of key functional importance. Phenological traits, the plant development stage, and the asynchrony of plant growth for coexisting species, and “hard” traits, which are more closely related to a precise function but difficult to measure, should also attract attention in the future.
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