Regional scale decomposition on Southeast Brazilian forests: mesofauna and above/belowground effects.

Mesofauna affects decomposition above and belowground in three south-east Brazilian forests.
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Abstract

Introduction

Decomposition is a key process in maintaining soil fertility through mineralization and humification of organic materials (Lavelle et al., 1993). In tropical forests, which mostly grow on highly weathered, low fertility soils, decomposition is the main nutrient source to vegetation and decomposers and thus, it defines nutrient cycling (Montagnini and Jordan, 2002). Decomposition is ultimately mediated by decomposers metabolism (bacteria and fungy), therefore, it is affected by every factor that has influence on microorganism’s activities. Decomposition is then determined by the interaction of physical parameters (particularly climatic and edaphic conditions), quality of the decomposing resources (which in turn is strongly defined by vegetation) and soil organisms, including roots, soil invertebrates and microorganisms themselves (Berg and McClaugherty, 2003; Lavelle et al., 1993; Swift et al., 1979; Vitousek et al., 1994). Because most decomposition conceptual framework and models are based on temperate forests data, we lack information about the hierarchy of decomposition controlling factors on tropical forest. Therefore, one mail goal on forest ecosystem research is understand how these factors interact to define decomposition rates in tropical forest.

Climate directly affects decomposition through temperature and moisture effects on decomposers metabolism (Austin, 2002; Liski et al., 2003; Wieder and Wright, 1995). In fact, climate is known as a main factor controlling decomposition in global (Olson, 1963; Aerts, 1997; Meentemeyer, 1978) and regional scales (Cusak et al., 2009; Epstein et al., 2002; Lavelle et al., 1993), with higher decomposition rates in wet and warm climates. Usually, decomposition rates are strongly correlated with climatic indices than combined temperature and moisture effects, such as actual evapotranspiration (Aerts, 1997; Meentemeyer, 1978) and climatic decomposition index (Cusak et al., 2009), however, mean annual precipitation (Epstein et al., 2002) and temperature (Liski et al., 2003) are also appointed as good predictors. In tropical areas temperature is quite constant and precipitation patterns define mesoclimatic constrains, which are mostly related to the moisture deficit that occurs in function of the length and intensity of dry seasons (Lavelle, 1993). Lower decomposition rates at seasonal than moist tropical forest (Castanho and Oliveira, 2008; Powers et al., 2009) support this idea. However, decomposition can be inhibited by oxygen deficiency into extremely high rainfall forests (Schuur, 2001).
In spite of climate importance, not only rainfall and temperature control water availability to biota, indeed, it also depends on soil water holding capacity. After most of the rainfall water has been drawn through the soil by gravitational forces, the micro- or capillarity pores are, however, still filled with water that is available for plant and microbial growth (Paul and Clark, 1989). Therefore, soil water holding capacity is related to soil texture which refers to soil particles size. By definition, sandy soils mostly contain coarse particles, so they are well drained, with almost no capillarity and thus they have a low water holding capacity. Otherwise, clayey texture soils are formed mainly by fine particles which lead to a high water holding capacity. However, the relationship of clay mineralogy and decomposition rates is no simple. Heavy clayed soils can hold water with so strong matric potential that water becomes unavailable to biota. Furthermore, clay minerals can inhibit decomposition by enzyme adsorption and physical inaccessibility of resources to decomposers (Lavelle et al., 1993). In US Great Plains, for example, decomposition rates decrease with increasing soil clay content (Epstein et al., 2002) nevertheless; this adsorption is not expected in tropical soils where low activity clays predominate (Feller and Bear, 1997). Enhanced decomposition rates are found in medium texture soils (Silver and Miya, 2001) because they provide the most favourable conditions to soil biota.
Decomposition rates are correlated with edaphic conditions others than texture, such as soil fertility (Vitousek and Stanford, 1986) and pH (Chapin et al., 2002), which together define vegetal nutrition and therefore, chemical quality of decomposing resources and nutrient availability to microorganisms. In fact, chemical composition of decomposing materials is known as a main control factor of decomposition rates, being appointed correlations with litter and roots chemical quality parameters, such as N and lignin contents, Ca concentration, C:N and lignin:N ratios (Aerts, 1997, Cusak et al., 2009, Silver and Miya, 2001) and also lignin:P ratios and inicial litter solubility in tropical wet forests (Wieder et al., 2009). Because it is vegetation that defines litter and root chemical quality, decomposition rates may differ between forests according to vegetal species composition.

Soil fauna defines forest floor morphology and humus formation (Ponge, 2003) through its feeding activities, which are responsible for fragmentation of organic materials, disposition of decomposing resources to microbiota and control of soil microorganism populations (Lavelle et al., 1993; Paul and Clark, 1989). Despite soil fauna relevance was recognize more than 20 years ago (Seasted, 1984) most decomposition models do not include it as a parameter. Soil faunal effects on decomposition rates are climate dependent since they are significant on wet and humid climates, but they have neutral effects on climates where temperature or moisture constrains biological activities (Wall et al., 2008). Soil fauna effects on decomposition rates are then more pronounced in tropical than temperate forests (Gonzalez and Seasted, 2001). This reinforces the idea that biological factors gains importance as decomposition process determinants when abiotic constrains are weak or inexistent. It is asserted that in the tropics, where climatic constrains are weak, biotic factors are the best predictors of decomposition rates (Aerts, 1997, Lavelle et al., 1993). However, no relationship between climate and mesofaunal effects was found on a tropical forests world wide comparison (Powers et al., 2009) but it is no clear if the same occurs within a climatic region. 
Because decomposition control factors operates at different time and space scales (Lavelle et al., 1993) its order of importance on defining the decomposition process may differs between forests and microenvironments. Apparently, above- and belowground decomposition process differs as there are differences between litter and root decomposition rates: faster and more variable decomposition rates are usually found for litter than roots (Gholz et al., 2000) and they are also defined by different drivers (Cusak et al., 2009). Environmental conditions are more stable below- than aboveground because narrower temperature and moisture oscillations. Direct solar radiation on forest floor surface leads to higher values and ranges in temperature above- than belowground (Gholz et al., 2000). Also water availability is more stable below than aboveground, as water is retained into the soil particles by capillarity (Paul and Clark, 1989) and it stays available to biota for more time than it is on surface. Hence, belowground can be considered a buffered environment when compared with aboveground and it may provides more favorable living conditions to soil biota because higher temperature and moisture oscillations impose higher costs to microorganism to maintain their metabolism.
The physical constrains imposed by temperature and moisture oscillations may result in a stronger influence of climatic conditions on decomposition rates above- than belowground, whereas there the abiotic constrains are weak and biotic factors may be more important. In fact, litter decomposition rates are strongly affected by climatic factors (Aerts, 1997; Meentemeyer, 1978) while root chemistry is the primary controller of root decomposition rates (Silver and Miya, 2001). Also soil fauna effects may be stronger below- than aboveground as weak abiotic constrains lead to stronger soil fauna effects on decomposition rates (González and Seasted, 2001, Wall et al., 2008). Belowground environment exert a more consistent control over decay rates than aboveground environments (Gholz et al., 2000) and this explains the narrow variation on root decomposition rates compared to litter decomposition rates. However, litter has higher chemical quality than roots (Cusak et al., 2009; Gholz et al., 2000), and most experiments bury leaves above and roots belowground. Hence, it is not obvious at what extent the reported differences on decomposition rates between above and belowground are due to decomposition environment or to initial tissues quality. To asses this question we buried the same standard material above and belowground.

We examined the effects of soil fauna and decomposition environment (above- belowground) on leaf decomposition rates on three different forest types at the same tropical region. We expected that (1) decomposition rates will differ between forest types according to dry season length and soil texture differences, with higher decomposition rates in forests with more favorable abiotic conditions (2) the effect of soil fauna will enhance decomposition, with lower decomposition rates in mesofaunal exclusion treatments independent of forest type (3) the soil mesofauna effects will be more pronounced in forests with no climatic constrains to the biota (4) the importance of decomposition control factors will differ between above and belowground environments, with stronger abiotic than mesofaunal effects on decomposition rates above- and stronger mesofaunal than abiotic effects on decomposition rates belowground.
Materials and methods
Study sites

Brazilian south-east is notable for the coexistence of several vegetation types in a small latitudinal extent. Remains of several forest types occur between 22º and 25º south latitudes in the State of São Paulo (Veloso 1992), where this study was conducted. Our study sites are located at three conservation units; each one represents a forest type: Atlantic, Restinga and Semi-deciduous forest. Despite temperature is quite constant between them, environmental conditions change one to another according precipitation patterns and soil properties (Table 1).
Atlantic rain forest (referred to as Atlantic forest) at Carlos Botelho State Park and Restinga forest at Ilha do Cardoso State Park have high precipitation values along the whole year. There is no dry season (less than 100 mm rain per month) and temperature remains quite constant throughout the year, with similar values for both sites. Nevertheless, this two forest types have strong differences attending geomorphology and soil properties. Atlantic forest occupies slopes along Brazilian coast. It occurs in relatively young, medium fertility soils, with clay presence REF?. It has dense vegetation, canopy from 15 to 20 m tall and high tree diversity, containing around 217 species in a 10 ha plot.

Restinga forest grows on poor sandy soils along Brazilian coast. Despite its high precipitation values, water availability may be a limiting condition to vegetation and decomposers there, because water retention is very low in sandy soils. Restinga forest has canopy 12 m high and abundant bromeliads in the ground layer. Even soils are poor and there are salt presence, it shows high diversity, with 117 species of trees recorded in a 10 ha plot.
Semi-deciduous forest at Caetetus Ecological Station has irregular rainfall distribution through the year. Dry season occurs from June to September, with an average 70% less precipitation than rainy season months (45 vs. 150 mm per month). During this study, March was an atypically dry month, with 58% less rainfall than usual. Soil is mesotrophic, with medium clay and base saturation values and relatively low Aluminium saturation (Ruggiero et al. 2002). Deciduous species represent approximately 40% of trees and there are abundant climbing plants. Canopy from ??? to ??? m tall and high tree diversity, containing around 118 species in a 10 ha plot.
Temos dados de textura do solo? Caracterizar melhor solo de enconsta.
Canopy high data from Semidec. Forest?

Qual a última referência das pp p caract. o ambiente físico??

Table 1. Study sites characterization. Forest type, location coordinates, mean annual temperature (MAT) and precipitation (MAP), months of dry season length, soil type according to Soil Survey Staff (1999), altitude and tree species richness from 10-ha plots, where all trees bdh≥4.8 cm were identified.

	Forest type
	Location
	MAT (ºC)
	MAP (mm)
	Dry season
	Soil type
	Altitude (m)
	Richness

	Atlantic
	24º00´S;48º10´W 
	21
	2800
	0
	Inceptsol
	480
	217

	Restinga
	25º03´S;47º53´W
	21
	2100
	0
	Spodsol
	5
	117

	Semi-deciduous
	22º33´S;50º22´W
	21
	1400
	4
	Ultisol
	670
	118


Eu sinto falta de dados d % de argila nesta tabela!
Experimental approach

Litterbags were used to experimental evaluation of decomposition (Bocock and Gilbert, 1957). This method can subestimates real decomposition rates because it leads to macroinvertebrates exclusion (Swift et al., 1979), microenvironment alteration inside litterbags (Witkamp and Olson, 1963) and inhibition of fungi colonization and growth rates (St. John, 1980), but it is strongly recommended to comparative studies because it is consistent and easy to replicate in several conditions (Harmon et al., 1999).

To asses the effects of forest type and soil fauna on decomposition process in litter and roots decomposition environments we used a full-factorial experimental design. We grounded a standard material in litterbags with two different mesh sizes placed above- and belowground in tree forest types with differences on abiotic environment. 
Forest type:

Climate, soil and decomposers community are not isolated in the experiment, so we evaluated the effects of these parameters all together. However, we expect that differences observed in decomposition rates between the three studied forests may be mostly caused by differences on water availability, which in turn results from precipitation sazonality and soil texture.

Soil fauna

We used two different litterbags mesh sizes to asses soil fauna effects through selective exclusion of different components of decomposers community. The fine mesh (52 μm mesh nylon cloth) permits access by bacteria, fungal hyphae, nematodes and protozoa, while it restricts access by  meso- (100 μm to 2 mm) and macrofauna (>2 mm) (Swift et al., 1979). The coarse mesh (2 mm mesh nylon netting) permits access by mesofauna, such as Acari, Collembola and some Nematoda. Some studies use insecticide to experimental reduction of fauna densities (Seasted 1984; Wall et al. 2008). However, its use is not appropriate in our highly rainfall sites, where it could be rapidly leached away, misleading climate and faunal exclusion effects (Powers et al., 2009).
Dec environment

Litterbags were placed above and belowground to evaluate changes in decomposition control factors hierarchy between leaves and roots decomposition environments. Aboveground bags were placed on mineral soil surface and belowground bags were buried down 10 cm depth. Because leaves and root tissues normally differs in chemical quality, we buried a standard material.

Substrate
We used bay leaves Laurus nobilis (Lauraceae) as standard substrate because its carbon (C) fractions and nitrogen (N) concentrations are similar to those found on litter in tropical forests, with an C/N ratio of 35 (Aerts, 1997). The use of exotic standard substrates is useful to asses soil fauna and environmental controls on decomposition (Harmon et al. 1999), as it eliminates differences caused by initial substrate quality or by specially adapted decomposers.

Litterbags (10x15cm) were filled with 1.00 ±0.01 g air-dry sterilized bay leaves, sealed and tied into nylon lines for a total of 60 strings (3 bags each). There were three replicates per treatment and retrieval date, for a total of 180 litterbags. Field experiment was installed in October 2003, starting rainy season. Two staples were placed approximately 10 m apart (plots 1 and 2) on level ground at every study site (3 forest types). Around each staple, ten strings were disposed in a radial pattern interspersing above- and belowground treatments. Two strings (one above- and the other belowground) per staple were retired 1, 3, 5, 7 and 9 months after placement. Following retrieval, litterbags were opened and their contents removed. Samples were gently washed in tap water to remove adhering soil particles, dried at 50-55ºC until constant weight and reweighted to ± 0.001g.  Prior to the field experiment, some litterbags were oven dried at 55ºC and weight to determinate the initial oven-dry mass, which was used later to correct mass losses data for moisture content of air-dry samples. More experimental details can be found in Powers et al. (2009).
Data analysis

Results and Discussion (junto o separado, como queramos)
Conclusions
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Tables
Table 1. Study areas location and site characteristics. Sites are located in São Paulo State, SE Brazil. Soil classification according Soil Survey Staff (1999!!!!). Tree species richeness from 10 ha plots, where all trees with dbh ≥ 4.8 cm were identified.
