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Abstract 

It is well known that methane (CH4) is emitted from soil, water and wetlands under anaerobic 

conditions through methanogenesis. CH4 is the final product of the anaerobic respiration of 

the microorganism methanogen. More recently, it has been shown that CH4 is also emitted by 

trees and if only the emissions from soil and water are measured the fluxes of CH4 in the 

ecosystem will be underestimated. Considering the emission from trees, the Amazon region 

greatly contributes to global emissions. To investigate if there is need for method 

development for measuring CH4 fluxes, the aim in this study was to statistically test the 

spatial and the short temporal variability of CH4 emissions from trees. This was done within 

and between two different seasons in three different plots in the Amazon basin during the 

year 2017. Samples of CH4 were collected using semi rigid chambers placed on tree stems. 

The samples were later analyzed in a laboratory environment using the Los Gatos 

Ultraportable Greenhouse Gas Analyzer (UGGA). For the statistical analysis non-parametric 

test were used, due to the non-parametric data. In this study, the result shows that the short 

temporal variability is not statistically significant in any of the three plots, but the short 

temporal variability is statistically significant between the two seasons. This tells us that it is 

of importance to collect samples during different seasons of the year when measuring CH4 

emissions from trees. The spatial variability is statistically significant on all the three plots in 

both seasons. This tell us that it is important to collect samples from different heights of the 

tree stems when collecting CH4 samples regardless of the season.  

 

 

  



 
 

 

Sammanfattning  

Det är välkänt att metan (CH4) släpps ut från jord, vatten och våtmarker i syrefattiga 

förhållanden från bakterien metanogenes. CH4 är en restprodukt av den anaerobiska 

respirationen som sker från bakterien metanogenes. Nyligen har studier visat att CH4 även 

släpps ut via träd och om bara utsläpp från jord och vatten mäts kommer mängden CH4 i 

ekosystemet bli underskattad. Gällande utsläppen från träd så har Amazonasregionen en stor 

inverkan på dessa utsläpp. För att undersöka om det behövs utveckling av metoderna då CH4 

mäts från träd, är vårt syfte med denna studie att testa om mätningarna påverkades av 

rumsliga och tidsmässiga faktorer. Detta undersöktes under två säsonger, vid tre olika platser, 

i Amazonas avrinningsområde under 2017. Säsongerna undersöktes både var för sig och i en 

jämförelse mot varandra. Prover hämtades med hjälp av semi-hårda kammare som placerades 

på trädstammarna. Proverna blev sedan analyserade i laboratoriemiljö med hjälp av maskinen 

Los Gatos Ultraportable Greenhouse Gas Analyzer (UGGA). För att kunna genomföra 

statistisk analys av provresultaten användes icke-parametriska tester i och med att datan inte 

var normalfördelad. Resultatet för denna studie visar att det inte finns en signifikant statistisk 

tidsmässig skillnad inom någon av platser under de enskilda säsongerna men det finns en 

statistisk signifikant tidsmässig skillnad när de två olika säsongerna jämförs med varandra. 

Detta visar på att det är av vikt att ta prover under flera olika säsonger. Den rumsliga 

skillnaden för olika höjder på trädstammen är statistiskt signifikant under båda säsongerna. 

Det är av vikt att ta prover från flera höjder av trädstammarna oavsett när på året 

provtagningen genomförs.  
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1. Introduction 

Climate change can be considered the biggest challenge that humanity is facing. Currently 

climate researchers agree that human caused activity through emissions of greenhouse gases 

(GHG) changes the earth’s climate as never before (Rockström & Klum 2015). To 

understand the problem with global warming and climate change we need to identify and 

quantify the natural sinks and sources of GHG. Carbon dioxide (CO2) and methane (CH4) are 

the two most important GHG that have an impact on global warming (IPCC 2014).  

Development and application of good measurements to get a better understanding of natural 

carbon sinks and sources, will help establish more reliable regional and global carbon budget. 

With this knowledge, climate modelling can better project and analyze future climate change 

(Teodoru et al. 2009).   

 

It is well known and established that CH4 are emitted from soil, water bodies and wetlands as 

CH4 is produced via methanogenesis in anaerobic conditions. From the 19th century 

researchers have analyzed emissions of CH4 from soil to the atmosphere to calculate regional 

and global CH4 budgets (Oertel 2016). More recently, it has been shown that CH4 is also 

emitted by trees and Pangala et al. (2013b) argues that if only soil and water are measured, 

the fluxes of CH4 in the ecosystem will be underestimated. Considering emissions from trees, 

the Amazon region makes a contribution to emissions (Pangala et al. 2017). Wetland-adapted 

trees transport and release CH4 that are produced in the soil through their stem surfaces. 

Pangala et al. (2013a) argues that we do not yet know the volume of the CH4 emissions from 

wetland trees. Wassmann et al. (1992) points out that tropical wetlands do emit more CH4 

than tropical peat forests in Asia. It has been shown in recent studies that the CH4 emissions 

from the Amazon region are up to 200 times higher than from temperate wet forests (Pangala 

et al. 2017). There are different factors that contribute to the large emissions from the 

Amazon basin, one factor is that the trees are seasonally flooded (Pangala et al. 2013b). 

Earlier studies have shown that trees that grow in permanently or seasonally wet soil, create 

morphological adaptations in the roots (Kozlowski 1997) to facilitate oxygen (O2) entry and 

also capable of CH4 egress (Rusch & Rennenberg 1998; Gauci et al. 2010; Terazawa et al. 

2007). Trees emit more CH4 in the high water season (April - July) then during low water 

season (October - February) with emissions relatively constant during the periods in between 

(Pangala et al. 2015). It has also shown that some tree species emit different amounts of CH4 

at different height of the stem (Terazawa et al. 2007; Pangala et al. 2013b).  

 

CH4 fluxes from trees have just recently been recognized as an important flux for the carbon 

budget (Pangala et al. 2013b; Machacova et al. 2016, Pangala et al. 2017). The need to 

develop reliable methods for this type of studies is important. Previous studies measuring 

CH4 fluxes from lakes show that both spatial and temporal variability were significant. The 

emissions of CH4 could be twice as high in daytime than during dawn and the fluxes of CH4 

depended on the distance to the shore (Bastviken et al. 2010). Variables such as spatial and 

temporal variability have yet not been taken into account in studies measuring CH4 emissions 

from tree stems. To calculate the budgets of CH4, correct reliable methods are important. To 

investigate these different aspects that can impact on emissions of CH4 from tree stems is 
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thereby on our agenda and of importance for future research. One of these aspects to study is 

if there is a day to day variation in the fluxes in forests, as shown in the case of lakes 

(Bastviken et al. 2010). This essay will thereby assess if we can see any differences in 

emissions during short temporal variability. We also want to investigate if the short temporal 

variability differs between high water and low water seasons. In studies measuring CH4 

fluxes in flooded soil, increasing temperatures have shown to increase the CH4 fluxes (Rulet 

et al. 1992; Bartlett and Harriss 1993, Devol et al. 1990) and this might also impact the CH4 

emissions from flooded trees. Temperature during high water and low water season does shift 

in the Amazon basin (WorldWeatherOnline 2018). Therefor also measuring tree stems during 

both seasons might be of importance. In Machacova et al. (2016) the study showed that the 

CH4 fluxes varies in boreal forests between different seasons and this is something we want 

to investigate in tropical rainforest. Furthermore, Terazawa et al. (2007) and Pangala et al.s´ 

(2013a), studies show that some tree species emit different GHG amounts at different heights 

of the stem. Therefore, we also will investigate if this is the case in the Amazon basin. We 

believe that this knowledge will increase the reliability of future studies measuring CH4 

emissions in the Amazon region.  
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2. Definitions  

Wetland: The definition of a wetland varies because of the wide variety of wetland types. 

Different wetland types have different characteristics in both soil, vegetation and 

hydrology.  Schlesinger et al. (2013) defines a wetland as a place that are mostly or 

seasonally under water and are thereby partly or mostly anoxic environments. 

Seasonal flooded wetland forests: 53% of the tropical wetlands are forested (Matthews & 

Fung 1987). A seasonal flooded wetland forest is thereby a forest that is seasonally flooded 

different parts of the year.  

Lowland tropical rainforest: Tropical rainforest that grows on flat land and at elevations 

less than 1000m. The majority of all tropical rainforests are lowland tropical rainforests 

(Butler 2012). Because if its warm climate the forest is highly productive compared with 

other ecosystems and sustains year-round growth (Banin et al. 2015).  

Lenticels: Pores in the bark and on the roots of a tree. Through these pores the gas 

exchange between the metabolically active interior tissue of the tree and the surrounding 

atmosphere and also from air in the soil to the roots occurs. Can be of different shapes and 

colors depending on the tree species (LKF 2011).  

Short temporal variability: In this study the definition of the phrase short temporal 

variability means that we study the emissions during a specific timeline. Specifically, 

during three consecutive days.  

Spatial variability: In this study the definition of the phrase spatial variability means that 

we study different heights of the CH4 emission from the tree stems.  
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3. Aim  

The aim of this study is to investigate if the trees in the Amazon basin have a short temporal 

variability in emissions of CH4 during three consecutive days and if an eventual short 

temporal variability changes during high water and low water seasons. The aim is also to 

investigate the spatial variability along the tree stem to see if the tree emits different amounts 

of CH4 in different heights of the stem during two separate seasons.  

 

3.1 Research questions  

- Is there a short temporal variability during three consecutive days in the emissions of 

CH4 from tree stems in the Amazon basin?  

- Is there a short temporal variability in the emissions of CH4 from tree stems when 

comparing three consecutive days during high water and low water seasons?  

- Is there a difference in the spatial variability in the emissions of CH4 between three 

specific heights, when comparing different tree stems? 
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4. Background  

Even though previous studies have shown that lakes, rivers and wetlands release CH4 these 

emissions have barely been recognized in the regional or global carbon budget. Freshwater 

covers such a small area on earth’s surface that of the total amount of water on earth, 

(including oceans, seas, lakes, glaciers and groundwater) freshwater is standing for 0.007% 

(Gleick 1993). But even though the areas are small, Cole et al. 2007, argues that these 

emissions of carbon can affect the global and regional carbon budgets (Cole et al. 2007). 

Recent studies show that trees are a source of CH4 to the atmosphere (Pangala et al. 2013b; 

Pangala et al. 2015; Keppler et al. 2006; Machacova et al. 2016). As pointed out by Pangala 

et al. (2013b) to estimate the total CH4 emission to the atmosphere, we need to measure both 

soil, water and trees. The amount of atmospheric CH4 has more than doubled since 1850 

(Turner et al. 2017). The knowledge about carbon sinks and sources is fundamental to 

improve the balance approach of regional and global carbon budgets (Somlai et al. 2015).   

4.1 CH4 

IPCC indicates that from 2000 to 2010, the world had the highest emissions of GHG in three 

decades (IPCC 2014) and the concentration has increased by threefold in the last 200 years 

(Wahlen 1993). CH4 is the second most important GHG after CO2, 16% of the anthropogenic 

emissions of GHG are CH4 (IPCC 2014). Frankenberg (2005), have calculated the global 

CH4 emissions with the spectrometer SCIAMACHY (scanning imaging absorption 

spectrometer for atmospheric cartography) from the environmental research satellite 

ENVISAT. This study shows that the CH4 emissions from tropical forests has been 

unexpectedly high and this means that earlier calculations and investigations have 

underestimate the CH4 emissions. He continues to argue that calculating the global budgets of 

CH4 is a top priority in climate research (Frankenberg et al. 2005).  

 

To understand the different GHG’s effects and estimate the global warming, we can calculate 

the GHG’s global warming potential (GWP). CH4 is critical because of its strength as a GHG, 

it is estimated to be 28 times stronger than CO2 (IPCC 2013). The atmospheric lifetime for 

CH4 is 8-12 years (Wahlen 1993). 

 

Wetlands are the major source of CH4 to the atmosphere (Pangala et al. 2017). The seasonally 

flooded forests in the Amazon have the same characteristics as wetlands with anoxic 

environments during longer periods of the year. In anaerobic conditions, organic matter is 

decomposed and CH4 is produced by methanogenic archaea (Conrad 2009). The CH4 is the 

final product of the organisms anaerobic respiration. These organisms can be found in a 

variety of anaerobic environments for example, flooded soils, freshwater sediments, human 

and animal gastrointestinal tracts, landfills and heartwood of trees (Liu and Whitman 2008). 

There are two groups of methanogens: hydrogenotrophs and acetotrophic methanogens. In 

hydrogenotrophic methanogenesis, CH4 is produced by hydrogen gas (H) and CO2 

 and in acetotrophic methanogenesis CH4 is produced from acetic acid (CH3COOH) (Demirel 

and Scherer 2008; Liu and Whitman 2008).  
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4.2 Emission of CH4 from Amazon basin  

According to Pangala et al. (2017) Amazon floodplains emissions of CH4 stands for 15% of 

the global wetland emissions and the emissions are equal to the CH4 amount in the entire 

Arctic. Therefore, the Amazon region potentially may have a significant impact of the future 

emissions of CH4 to the atmosphere, because of temperature increase and changes in rain 

patterns caused by climate changes (Arvor 2017). CH4 production is greater where soil is 

submerged for longer periods and an anoxic environment is created. It also shows a higher 

production rate in locations with a high pH (Pangala et al. 2013b). Furthermore, Pangala et al. 

(2017) argues that there is an urgent need to investigate the factors that contributes to this 

CH4 production. The interest of studying CH4 emissions from trees, to calculate the total 

ecosystem flux of CH4, has increased (Siegenthaler 2016).  

 

Studies have shown that trees in the Amazon region, which are seasonally flooded, develop 

adaptations to deal with anoxic soils. The roots of these trees possess ways to ventilate in 

these anoxic soils and increase the assimilation of O2 and also CH4. It is well established that 

the trees adapt morphologically to anoxics environments and this leads to an increasing 

gastransport during flooded periods (Pangala et al. 2013b; Kozlowski 1997; Rusch and 

Rennenberg 1998; Gauci et al. 2010; Terazawa et al. 2007). Studies also shows that wetland 

trees are not limited in the processes to transport CH4 (Pangla et al. 2013b; Rusch and 

Rennenberg 1998). Previous studies have exclusively focused on soil and water emissions 

(Pangala et al. 2013b). But in the same study, Pangala et al. 2013b, showed that trees emit 

CH4 to the ecosystems. Even more recent studies show that trees are an important factor to 

consider when calculating the CH4 budgets (Pangala et al. 2017). The emissions have shown 

to be much higher in tropical wetlands than in boreal forests. With this said, the emission of 

CH4 in the Amazon basin, is important for calculating the regional and global carbon budgets 

correct. High emissions in the Amazon basin, make it even more important that the CH4 

fluxes are measuring with reliable methods, otherwise the fluxes measured will not give a 

correct estimation of the total CH4 emissions. It is important to consider variables that can 

have an effect on the emissions, to get correct calculations for the budgets. The most recent 

study analyzing the emissions of CH4 from tree stems in the Amazon basin does not take into 

account the short temporal variability, spatial variability and the possible seasonal impact on 

the emissions (Pangala et al. 2017). These factors have shown being important regulators for 

CH4 emission in lakes (Bastviken, et al. 2010). These factors may be of importance for future 

studies in tree stem CH4 emissions as well.  

4.3 Tree stem physiology and possible pathways for CH4 emissions  

The major purpose of the tree stem is to store water, minerals and carbohydrates and also 

transport it upwards from the roots to where it is used in the trees growth process (Kozlowski 

and Pallardy 1997).  

 

The tree stem consists of different parts as figure 1 demonstrates. Going from the outside and 

in the tree stem has the outer bark, also called the Rhytidome and the inner bark, called the 
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Phloem. After that comes a thin layer called the Vascular cambium and inside of that is the 

Sapwood and the Heartwood (Kozlowski and Pallardy 1997).  

 
Figure 1. Tree stem structure (Reinelt, 2013).  

 

The sapwood and heartwood together form the xylem. The sapwood is the part of the stem 

where cell activity occurs, and it gives the stem support and structure, it produces sap and can 

also act as a reservoir for nutrients. The heartwood forms from dead sapwood cells, that dies 

do to the xylem ageing, and plays no active part in the trees physiological processes. It 

mainly provides support for the stem. The vascular cambium generates new cells for both the 

sapwood and the phloem. The phloem is the living part of the bark and when the cells die 

they form the rhytidome (Kozlowski and Pallardy 1997).  

 

Earlier studies have shown that trees transport CH4 from the soil and release it through stem 

lenticels (Pangala et al. 2013b; Rusch and Rennenberg 1998; Machacova et al. 2016). Factors 

as pH, water depth, organic matter and that the areas are seasonally flooded, do affect the 

CH4 production pathways and therefore affect plant emissions and make the forests emit 

more (Pangala et al. 2013b; Rusch and Rennenberg 1998). It is well established that the most 

wetland-adapted trees, that are seasonally flooded, have structures that make CH4 emit from 

the soil, though the physiological processes in the tree are still poorly understood. A study by, 

Rusch and Rennenberg (1998) conclude that trees with aerenchyma are possible CH4 emitter 

from the stem. Aerenchyma is the gas filled, narrow, vertical spaces in the root and the stem 

of the plant. It forms in the cortex and can form in two different ways, either lysigenous or 

schizogenous. The lysigenous formation happens through cells that die to create space for 

gases to pass and thereby form the aerenchyma. The schizogenous formation occurs through 

development that causes cell separation (Wang and Cao 2012). In the aerenchyma, gases are 

ingressed into the plant and it works as a pathway for the GHG before it is released into the 

atmosphere (Rusch and Rennenberg 1998).  
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5. Method 

5.1 Period of sampling  

The data was collected during two campaigns at different seasons of the year 2017. 

Campaign 1 was in the end of March and early April and campaign 2 was in the end of 

September and beginning of October and they represent the high water and the low water 

seasons respectively.  

The year 2017, compared with five previous years, had a slightly lower average rainfall. The 

average temperature during 2017, compared with the five previous years was 3 degrees lower 

(WorldWeatherOnline 2018).  

 

During campaign 1 the exact dates in each location were the following:  

Solimões: 28/3 - 2/4 

Negro: 6/4 - 10/4  

Tapajós: 14/4 - 17/4  

 

During campaign 2 the exact dates in each location were the following:  

Tapajós: 24/9 - 28/9  

Solimões: 1/10 - 3/10  

Negro: 6/10 - 9/10  

 

5.2 Study area 

During our field study, we were sampling near the city’s Manacapuru and Santarém. The 

exact plots are located in the rivers Solimões, Negro and Tapajós. In figure 2 and figure 3 

below the pictures show the sampling plots along the rivers and also how they are located in 

Brazil when looking at the plots from a bigger distance.  

 

 
Figure 2: Sampling area number 1 is placed in Negro river, 2°39'37.4"S 60°54'25.1"W, sampling area number 

2 is close to Manacapuru, placed in Solimões river, 3°20'45.5"S 60°42'15.3"W and sampling area number 3 is 

placed in Tapajós river, 2°28'08.7"S 54°58'22.7"W (googlemaps, 2018).  
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Figure 3: Show where we did the sampling compare to the size of Brazil. We were in the Amazon Region in the 

north-west part of Brazil (googlemaps, 2018).  

 

The Amazon rainforest is the largest tropical rainforest in the world. The forest is home to 10 

% of the global biodiversity and the Amazon river, which is one of the longest rivers on the 

planet (Yale University 2018), stretching for approximately 6500 – 6800 km through Peru, 

Colombia and Brazil (Amazon Waters 2018). The Amazon basin however covers an area of 

6,8 million km2, making it the largest basin on earth, (Amazon Waters 2018) and in 

comparison to the entire continent of U.S.A. the basin covers 60% of its landmass (Nagy et 

al. 2016). The majority of the basin, 64%, is located in Brazil (Yale University, 2018). The 

majority of the basin (71 - 75%) is covered by lowland tropical rainforest (Gaillardet et al. 

1997) and the rest consist of seasonal forest, montane forest, savanna and cultivated land 

(Nagy et al. 2016). 

 

The average annual rainfall in the basin is 2200 mm year-1 (Coe et al. 2016) and the rainy 

season is from December to April, while the dry season is from June to October (Yoon and 

Zeng. 2009). The peak rainfall usually occurs during January (Coe et al. 2016). Due to the 

heavy rainfall the rivers in the basin show high river levels a few months after the peak. 

Rivers in the southern parts of the basin (Solimões, Madeira etc) have the highest levels in 

April-May while rivers in the central parts of the basin (Negro) peak in May-June (Marengo 

et al. 2016).  

According to Gaillardet et al. (1997) the Amazon basin can be divided into four major areas 

that consist of The Shields (with the Guayana shield in the north and the Brazilian shield in 

the south), the Central Amazon Trough, the Subandean area and the Western Andean 

Cordillera (Gaillardet et al. 1997). During our field study we were sampling in the Central 

Amazon Trough. The plots were carefully chosen by the researchers responsible for the 

project to represent different criteria’s to fit in the definition of flooded forest and also due to 

logistical reasons. The rivers in the Amazon basin have different water characteristics and 
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physicochemical parameters, classified as white-water, black-water, and clear-water (Junk et 

al. 2013; Junk et al. 2015). Because of our study’s involvement in the project The Global 

Methane Budget and its aim to represent the whole Amazon region, it is important that all the 

three different water types present in the Amazon basin are represented in all parts of the 

project, including our study. According to Wik et al. (2016) and Junk et al. (2010) the 

physiochemical characters in the different river types affects the fluxes of CH4 and 

incorporating this in our study is thereby relevant.   

5.3 River types 

Solimões river 

Solimões river has the water characteristics of white water. The water is white and a bit 

“muddy” because of the minerals from the soil and suspended sediments. The river basin of 

this area is the Andes and the pre-Andean zone and there the soil is rich in clay minerals. 

Dissolved material is also pretty high, and that’s give the water a conductivity of 40–80 µS 

cm-1. In the white water rivers, the pH is between 6-7, and this means natural to a little acid 

(Junk et al. 2015). 

  

Negro river 

Negro river contributes 35% if the water to the Amazon river (Molinier et al. 1995) and its 

water is clear and dark, almost black. The river is acidic and have a pH between 4-5. The 

water has a low content of minerals and that is the reason of the low conductivity, < 20 µS 

cm-1. Because of the loss of the dissolved nutrients in the annual floods do the river have a 

very low input of nutrients (Junk et al. 2015). 

 

Tapajós river 

The Tapajós river is a clear water river, meaning that the water is clear and acidic and have a 

pH under 7. The conductivity is also low, due to low electrolyte volume. Studies have shown 

that the clear water rivers have similar characteristic as the black water rivers. The black 

water and the clear water have similar trees that surrounds the floodplain and the river types 

also are similar regarding low pH and conductivity (Junk et al. 2015). 

5.4 Field method 

CH4 fluxes were measured in 36 trees at each site. These trees were grouped by four in each 

subplot by using transects and zone to divide the whole plot into smaller squares. The entire 

plot is an area of 60x60 meters so each subplot is 20x20. The transect divide the area 

vertically and the zones horizontally when viewing the area from the river (figure 4).  
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Figure 4. Design of plots in the field. The trees shown in the boxes are the fixed trees.  

 

The trees were selected based on their accessibility, occurrence, density and species and also 

the suitability of the trees for tree chamber sampling. Smooth curvature on the stems was 

important for placement of chambers and minimizing gas leaks. The information regarding 

the specific species of the trees has not yet been clarified and can therefore not be considered 

when analyzing our results. Information regarding the height and diameter of the stems is 

also, at this date, missing and cannot be considered as well. From our previous knowledge 

and from our experience in the field we estimate that each plot had between 5 – 10 different 

species of trees that differed in size and height.  

 

Of the 36 trees, 30 trees were sampled once during each campaign and 6 trees in transect 2 

(number 13, 15, 17, 19, 21 and 23, called fixed trees) were measured three consecutive days 

in a row to be able to analyze the short temporal variability. The 30 not fixed trees were only 

sampled once due to limited time in the field. The fixed trees were chosen due to their 

positions in the plot which were easy to access from each of the edges of the whole plot. The 

exact amount of six trees were chosen due to time reasons since no more than that amount 

would be able to complete on one day sampling when also sampling trees in other parts of the 

plot. 

 

Because of the complexity in the area with different tree species the original project has 

chosen to investigate 4 trees within each subplot which gives us a total of 36 trees (4 trees * 9 

subplots = 36 trees total). Another focus area in the project funding our study was to focus on 

the variability between zones and transect. It is because of this reason that the plot was 

divided into transects and zones. This method of dividing the trees into different subplots is 

beyond our purpose and we do not take this categorization into account when answering our 

research questions.  
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The chambers that were used for the trees were made of a rectangular piece of polycarbonate 

plastic (PC) with Neoprene strips around the edges. In the middle of each sheet there was a 

whole with a tube attached that had a three-way valve at the end of it. The chambers for the 

trees were made in three different sizes to enable able to take samples from trees of different 

sizes, see table 1 below. The chambers were fitted to the tree stem with straps to keep it in 

place. Because of the material used the chambers can be classified as semi-rigid chambers 

(Siegenthaler et al. 2015).  

 

Table 1: Presenting chamber surface area, volume, measurements and height on the tree stem, measuring from 

the ground or water surface, of the different chamber sizes. 

Chamber nr Surface area Volume Measurements  Height on tree stem 

1 0,054 m2 4,5 L 30 x 18 cm 20 – 50 cm 

2 0,09 m2 2,7 L 30 x 30 cm 55 – 85 cm 

3 0,15 m2 1,62 L 30 x 50 cm 85 – 115 cm  

 

When samples were collected three chambers were attached to the chosen tree. In figure 5 

below the design and placement of the chambers is demonstrated. Three chambers were used 

to be able to analyze if different heights of the stem emit different amounts of CH4. Samples 

were taken five times after the chamber had been closed properly, meaning no air could come 

in or out of the chamber, at 1, 5, 10, 15 and 20 minutes. Every sample collected was 24 ml 

and was collected with a syringe, see figure 6 below. The sample was then injected into a pre-

evacuated exetainer of 12 ml, marked with the name of the area, date of sampling and also 

which tree, from which height of the chamber (number 1, 2 or 3 counting from the ground 

level) and at which minute the sample was taken. To prevent contamination, the syringe was 

flushed with atmospheric air before and after a sample was collected.  

 

 
Figure 5: Three tree chambers placed on a tree, starting with chamber number 1 at the bottom.  

Figure 6: Tree chambers and syringe attached to the chamber  
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5.5 Analysis method  

To analyze the samples in the laboratory, an equipment called Los Gatos Ultraportable 

Greenhouse Gas Analyzer (UGGA) was used. It measures the particles inside the gas with a 

laser of infrared light. An absorption technology called Off-Axis Integrated Cavity Output 

Spectroscopy, OA-ICOS (LGR 2018). Before starting the machine, a tube attached to the 

intake air valve needs to be placed outside, for example through a window, to make sure that 

atmospheric air is flowing through the equipment when the valves are open. If the tube was 

left inside the room the results would not be accurate because of people breathing in the 

room. The results that could be compromised if this procedure was not done correctly are the 

initial values that are recorded and documented right before a sample is injected. The initial 

values are called ’CH4_DRY Initial’. These values were used later to calculate the 

concentration in our samples.  

 

To analyze the samples, 3 ml of gas is collected from the exetainer with a syringe, the outlet 

valve is closed and then immediately the sample is injected into the inlet and close its valve. 

After a few seconds the result appears on the computers screen in the form of a diagram. The 

results are in part per million (PPM) and presents both the CH4 and the CO2 value at the same 

time. After documenting the result all the valves are opened to clean out the sample and after 

the value on the screen drops down to a resemblance of the previous initial values the analyze 

start over and the same thing is performed with the next sample. To prevent contamination, 

same technique as in the field is used. The syringe is flushed with atmospheric air before and 

after a sample is analyzed.  

5.6 Methane flux calculations 

To calculate the rate of increase of CH4 within each one of the chambers the method of least 

square line regression analysis of concentration versus time was used. Parameters needed to 

perform the calculation are chamber area and chamber volume. The result of the calculation 

presented an appropriate measure of ecosystem flux in ppm.   

The flux was then converted from ppm to mol m-2 hr-1 using the Ideal Gas Law.  

𝑛=𝑃𝑉𝑅𝑇 

n is here representing the number of mole of analytical gas, P is the atmospheric pressure in 

the atmosphere, V is the volume of the analyte, R is the ideal gas constant and T is the 

temperature in Kelvin. 

The flux in mol m-2 hr-1 was finally converted into mg m-2 h-1 which is the flux that was used 

in the statistical analysis.  

Example (tree nr 1 in Solimões, tree stem height 1, chamber size 2):  

Pressure (atm): 0,991068 

Atm temp (K): 299,2  

Chamber vol (L): 2,7 
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Chamber surface area (m2): 0,09 

R: 0,082057  

Molmass (g/mol): 16,0425 

Flux (g m-2 h-1): 0,016425843 - calculation: ‘Flux in mol * Molmass’  

Flux (mg m-2 h-1): 16,42584319 - calculation: ‘Flux in g * 1000’ 

5.7 Statistical analysis 

After the data was analyzed in the laboratory, statistical analysis was used. The software 

program SPSS 25.0 was used to analyze and test the data. The significant level, also known 

as the p-value, at 0.05 was used in all the statistical analysis as this follows the tradition 

within the field. The p-value explains the probability regarding if the emissions are dependent 

to our chosen factor, for example days or seasons. With a significance level of 0.05 we can 

with 95% certainty reject the null-hypothesis, which means that there is a significant 

difference. The null-hypothesis says that there is no significant difference and remains if the 

p-value is higher than 0.05.  

 

To analyze if there was a significant temporal variability in the emissions of CH4 from tree 

stems during one season, Kruskal-Wallis test has been used. Kruskal-Wallis is an alternative 

to the one way ANOVA to compare three or more independent groups (Pallant 2013). The 

data was non-parametric and thereby the non-parametric Kruskal-Wallis test was chosen. The 

three independent groups are represented by the three different days samples were collected.  

 

To analyze if there was a significant temporal variability in the emissions of CH4 from tree 

stems between high water and low water seasons, the Mann-Whitney U test was chosen. 

Mann-Whitney is a non-parametric test to test eventual differences between two independent 

groups. It is the non-parametric alternative to a T-test. The test compares the medians (Pallant 

2013). The seasons are thereby the independent variable and the data was non-parametric 

distributed.  

 

To analyze if there was a significant spatial variability in the different chamber heights on 

tree stems, a Friedman test was chosen. The Friedman test does a related pairwise comparison 

on three related groups. Friedman is an alternative to the one-way analysis of variance 

(ANOVA) (Pallant 2013). The three chamber heights are related because they are measured 

on the same tree.  

6. Method discussion  

6.1 Previous methods used measuring CH4 emissions from trees 

To investigate the CH4 emission from land vegetation, mainly two approaches have been 

used. First, top-down approach has been used with satellites that measure the emissions of 

CH4. But it has shown that this kind of measurements lack sensitivity near the ground 

(Frankenberg et al. 2005). Frankenberg et al. (2005) present the SCIAMACHY (scanning 
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imaging absorption spectrometer for atmospheric cartography) that is used to measure the 

CH4 emissions. This kind of measurements is established to get the larger-scale pattern of the 

emissions. Secondly, bottom-up approaches have been used, when looking at the emissions 

from plants individually and emission on a local scale and convert this information to 

regional and global scales (Keppler et al. 2006; Kirschbaum et al. 2006; Parsons et al. 2006). 

Covey et al. 2012, measured in a laboratory environment the content of CH4 from core 

samples taken from tree stems. To investigate the tree physiology behind the CH4 emissions, 

plant have been analyzed in laboratory experiments (Rusch and Rennenberg 1998; Garnet et 

al. 2005). When measuring emissions of CH4 directly from the tree stem, rigid chamber 

methods have previously been, and still is, used (Pangala et al. 2013a; Gauci et al. 2010; 

Rusch and Rennenberg 1998).  

6.2 Semi-rigid chambers method 

Siegenthaler et al. (2015) said that semi-rigid chambers, may be a better alternative than rigid 

chambers. Benefits of using semi-rigid chambers in comparison to rigid chambers is that they 

can be fitted to the stem by one person, they are easy to transport due to the lightweight 

material and it is also economically beneficial because of the materials being used to build it, 

also pointed out by Seigthaler et al. (2015). 

 

Because of the benefits presented above, during this field study the semi-rigid chambers were 

chosen to be the best option. When performing sampling in a remote area that is hard to travel 

to with a lot of material, chambers made of light-weight material proved to be a better option. 

In the field, the risk of leakage from the semi-rigid chambers was always considered and 

actions were taken to prevent this at all times. The chambers were always examined before 

fitted to the trees to see if cracks had appeared in the PC cover. When the chamber was on the 

tree, before sampling started, both participants always checked if there was any light coming 

in from the sides because this could indicate a small crack that could cause leakage.  

6.3 Source of error 

The semi-rigid chambers, are less permeable than rigid chambers which can be a source of 

error needed to take into account during sampling. Limitation presented to us in the field was 

if tree stems were crooked or the bark had long, deep crevices that needed to be filled with 

some material to prevent gaps when placing the chamber on the stem. However, this problem 

is relevant regardless if using semi-rigid or rigid chambers. To prevent leakage from this kind 

of crevices we used play-doh paste to fill the gaps between the tree stem and the chambers. 

 

According to Seigenthaler et al. (2016) the truest value will be obtained if the chambers are 

connected to a consistent flow of air since then there is no need to open and close the 

chamber to collect your sample and thereby risking leakage, for example using a Los Gatos 

Ultra Portable Greenhouse Gas Analyzer (Siegenthaler et al. 2016). The Los Gatos was not 

used in the field every day because of weather conditions. The machine is highly sensitive to 

water and therefore during rainy days all the samples were carefully collected with a syringe. 

Awareness of the risk of leakage were taken into account when sampling with syringes.  
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In a study conducted in England focusing on the uncertainty surrounding measurement of gas 

fluxes with solid chamber, Levy et al. (2011) argued that a poorly fitted chamber is one of the 

biggest sources of error when it comes to misleading results. The authors also say that it is 

very important that each test is taken at the exact time intended. For example, if a sample is 

taken 1 minute too early or too late, the error margin from the true value can vary up to 10%. 

In addition, if the samples collected are small in volume then there is a very small chance that 

these errors will be balanced by the remaining samples collected at the sight (Levy et al. 

2011). Since our samples contained only 24 ml of gas in each exetainer it is considered as 

small volume in this context.  

7. Results  

7.1 Temporal variability   

The figures and tables below demonstrate if there is a short temporal variability in the 

emissions of CH4 from tree stems in three different plots, Solimões, Negro and Tapajós, in 

the Amazon basin during one season. 

 

Solimões campaign 1 – high water season  

Figure 7 present the short temporal variation in the fluxes of CH4 on the fixed trees during 

campaign 1. Tree 13, 15, 19 and 21 have a smaller distribution in the short temporal 

variability than tree 17 and 23. The figure presents data from three days, March 30 and 31, 

and April 1. Figure 8 demonstrate the same fixed trees and shows that the data is 

nonparametric and a normal curve that is skewed to the right. Table 2 shows the results of the 

nonparametric Kruskal-Wallis test and says that the null-hypothesis should be retained. The 

P-value is 0,69 and the difference in the short temporal variability is not significant. This 

means that the variation in CH4 emission in Solimões does not depend on the different days.  

 

 
Figure 7. Scatterdot diagram presenting fixed trees in Solimões during campaign 1 – high water season 
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Figure 8. Histogram fixed trees in Solimões during campaign 1 – high water season 

 

 

 

 

Table 2. Results of Kruskal-Wallis test, fixed trees in Solimões during campaign 1 – high water season 

 
 

Negro campaign 1 – high water season   

Figure 9 show the short temporal fluxes of CH4 from three different days, April 6th, 7th and 

9th. Tree 13, 15, 19 and 21 have a lower short temporal variability and tree 17 and 23 have a 

wider range of the short temporal variability. The data is nonparametric and thereby a 

Kruskal-Wallis test has been used. The result (see Table 3) is to retain the null-hypothesis, 

and the P-value is 0,137. The difference in the short temporal variability is not significant in 

Negro. This means that the variation in CH4 emission in Negro does not depend on the 

different days. 

 

 
Figure 9. Scatterdot diagram fixed trees in Negro during campaign 1 – high water season 
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Table 3. Results of Kruskal-Wallis test, fixed trees in Solimões during campaign 1 – high water season 

 
 

Tapajós campaign 1 – high water season  

Figure 10 present the short temporal variation in the fluxes of CH4 on the fixed trees in 

Tapajós during campaign 1. Tree 13 and 15 have a lower shorter temporal variability and tree 

17, 19, 21 and 23 has a wider range of fluxes in the short temporal variability. The figure 

presents data from three days, April 14, 15 and 16. The data is nonparametric and thereby a 

nonparametric test has been chosen. Table 4 shows the results of the nonparametric Kruskal-

Wallis test and says that the null-hypothesis should retain. The P-value is 0,671 and the 

difference in the short temporal variability is not significant. This means that the variation in 

CH4 emission in Tapajós does not depend on the different days. 

 

 
Figure 10. Scatterdot diagram fixed trees in Tapajós during campaign 1 – high water season 
 

Table 4. Results of Kruskal-Wallis test, fixed trees in Tapajós during campaign 1 – high water season 

 
 

Solimões campaign 2 – low water season 

Figure 11 present the short temporal variation in the fluxes of CH4 on the fixed trees in 

Solimões during campaign 2. All the trees have similar short temporal variation. No extreme 

values are measured. The figure presents data from three days, October 1, 2 and 3. Figure 12 

demonstrate the same fixed trees and shows that the data is nonparametric and have a normal 

curve that is skewed to the right. Table 5 shows the results of the nonparametric Kruskal-
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Wallis test and says that the null-hypothesis should be retained. The P-value is 0,22 and the 

difference in the short temporal variability is not significant. This means that the variation in 

CH4 emission in Solimões does not depend on the different days. 

 

  
Figure 11. Scatterdot diagram fixed trees in Solimões during campaign 2 – low water season 

 

 
Figure 12. Histogram fixed trees in Solimões during campaign 2 – low water season 

 

Table 5. Results of Kruskal-Wallis test, fixed trees in Solimões during campaign 2 – low water season 

 
 

Negro campaign 2 – low water season 

Figure 13 present the short temporal variation in the fluxes of CH4 on the fixed trees in Negro 

during campaign 2. The short temporal variability in the fluxes of CH4 are wider on tree 17, 

23 and 21 and the fluxes have a smaller span on tree 13, 15 and 19. The figure presents data 

from three days, October 6, 7 and 8. The data is nonparametric and thereby a nonparametric 

test has been chosen. Table 6 shows the results of the nonparametric Kruskal-Wallis test and 
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says that the null-hypothesis should retain. The P-value is 0,137 and the difference in the 

short temporal variability is not significant. This means that the variation in CH4 emission in 

Negro does not depend on the different days. 

 

  
Figure 13. Scatterdot diagram fixed trees in Negro during campaign 2 – low water season 

 

Table 6. Results of Kruskal-Wallis test, fixed trees in Negro during campaign 2 – low water season 

 
 

Tapajós campaign 2 – low water season 

Figure 14 present the short temporal variation in the fluxes of CH4 on the fixed trees in 

Tapajós during campaign 2. Tree number 19 have a wider short temporal variability than the 

rest of the trees. The figure presents data from three days, September 26, 27 and 28. The data 

is nonparametric and thereby a nonparametric test has been chosen. Tree number 13 and 21 

have missing data September 28th. Table 7 shows the results of the nonparametric Kruskal-

Wallis test and says that the null-hypothesis should retain. The P-value is 0,153 and the 

difference in the short temporal variability is not significant. This means that the variation in 

CH4 emission in Tapajós does not depend on the different days. 
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Figure 14. Scatterdot diagram fixed trees in Tapajós campaign 2 – low water season 

 

Table 7. Results of Kruskal-Wallis test, fixed trees in Tapajós campaign 2 – low water season 

 
 

7.2 Temporal variability between seasons  

The figures and tables below demonstrate if there is a short temporal variability in the 

emissions of CH4 from tree stems in three different plots, Solimões, Negro and Tapajós, in 

the Amazon basin when comparing two different seasons. Campaign 1 represents the high 

water season and campaign 2 represents the low water season.  

 

Solimões campaign 1 and 2 – high water and low water seasons 

Figure 15 present the short temporal variation in the fluxes of CH4 on the fixed trees between 

campaign 1 and campaign 2. The emissions of CH4 in campaign 1, high water season, have a 

wider span on the short temporal variability, the emissions are also higher. Tree number 13 

and 21 does not have as much diversity between the high water and low water season as the 

rest of the trees shows. Table 8 shows the results of the nonparametric Mann-Whitney test 

and says that the null-hypothesis should be rejected. The P-value is < 0,001 and the 

difference in the short temporal variability between seasons is statistically significant. This 

means that the variation in CH4 emission in Solimões can be explained by the different 

seasons.  
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Figure 15. Scatterdot diagram campaign 1 and 2, high water and low water season, fixed trees in Solimões. 

 

Table 8. Results of Mann-Whitney test campaign 1 and 2, high water and low water season, fixed trees in 

Solimões. 

 
 

Negro campaign 1 and 2, high water and low water season 

Figure 16 present the short temporal variation in the fluxes of CH4 on the fixed trees when 

comparing campaign 1 and campaign 2. The fluxes show a small variance between the 

seasons at tree number 13, 15, 19 and 21 but from tree number 17 and 23 the emissions are 

higher and the short temporal variability is more spread in the CH4 fluxes during campaign 1, 

the high water season. The figure shows that the fluxes of CH4 are higher during campaign 1. 

Table 9 shows the results of the nonparametric Mann-Whitney test and says that the null-

hypothesis should be rejected. The P-value is < 0,001 and the difference in the short temporal 

variability between seasons is statistically significant. This means that the variation in CH4 

emission in Negro can be explained by the different seasons. 
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Figure 16. Scatterdot diagram campaign 1 and 2, high water and low water season, fixed trees in Negro. 

 

Table 9. Results of Mann-Whitney test campaign 1 and 2, high water and low water season, fixed trees in 

Negro. 

 
 

 

Tapajós campaign 1 and 2, high water and low water season 

For campaign 2 there is no data for tree number 13 and 21 during one day of the campaign. 

This has not affected the end result of the test. Figure 17 present the short temporal variation 

in the fluxes of CH4 on the fixed trees when comparing campaign 1 and campaign 2. The 

figure shows that the fluxes of CH4 are higher during campaign 1 in all the trees but tree 13 

and 15 have a low diversity compared to the rest of the trees during campaign 1.  

Table 10 shows the results of the nonparametric Mann-Whitney test and says that the null-

hypothesis should be rejected. The P-value is < 0,001 and the difference in the short temporal 

variability between seasons is statistically significant. This means that the variation in CH4 

emission in Tapajós can be explained by the different seasons. 
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Figure 17. Scatterdot diagram campaign 1 and 2, high water and low water season, fixed trees in Tapajós.  

 

Table 10. Results of Mann-Whitney test campaign 1 and 2, high water and low water season, fixed trees in 

Tapajós 

 
 

7.3 Spatial CH4 variability between tree stem height 

The figures and tables below demonstrate if there is a spatial variability in the emissions of 

CH4 from tree stems in three different plots, Solimões, Negro and Tapajós, in the Amazon 

basin when comparing three tree chambers placed on different heights on the tree stem.  

 

In campaign 2, the low water season, the fluxes are generally lower than in campaign 1, the 

high water season. The changes in the fluxes are thereby lower and it is more difficult to find 

a pattern in the fluxes.  

 

Solimões campaign 1 – high water season  

During campaign 1 there is data missing for tree number 9 and 31 for this plot.  

Figure 18 present the spatial variation in the fluxes of CH4 of all 36 trees when analyzing the 

emissions of three chambers. The figure shows that in Solimões the pattern is that chamber 1, 

that is the chamber closest (20 cm above) to the water/soil surface has the highest fluxes on 



 
 

25 
 

almost each of the 36 trees. Thereafter follows chamber 2 and the lowest emissions is shown 

in chamber 3. The exceptions are tree number 10, 13, 24, 25 and 36 that have a very similar 

emission on each height. Figure 19 demonstrate the 34 trees (number 9 and 31 are missing) 

and shows that the data is nonparametric and have a normal curve that is skewed to the right.  

 

 
Figure 18. Scatterdot diagram all trees, three chambers, in Solimões campaign 1 – high water season  

 

 
Figure 19. Histogram all trees in Solimões, campaign 1 – high water season  

 

Table 11 shows the results of the nonparametric Friedman test and says that the null-

hypothesis should be rejected. Table 12 shows that the P-value is < 0,001 between chamber 3 

- chamber 1 and between chamber 2 - chamber 1. The P-value is 0,001 when analyzing 

chamber 3 - chamber 2. The difference in the spatial variability between chambers is 

statistically significant. This means that the emissions of CH4 from the different chamber 

heights varies in Solimões.  

 

Table 11. Friedman test results for chamber height comparison, Solimões campaign 1 – high water season  
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Table 12. Friedman test results, details for chamber height comparison, Solimões campaign 1 – high water 

season  

 
 

 

Negro campaign 1 – high water season  

Figure 20 present the spatial variation in the fluxes of CH4 of all 36 trees when analyzing the 

emissions of three chambers. The figure shows that the highest flux of CH4 emits to chamber 

1, at the lowest height of the tree stem. Thereafter follows chamber 2, at a medium height and 

the lowest emissions of CH4 is in chamber 3, at the highest level on the tree stem. All trees 

follow this order accept tree number 31. For tree number 31 the fluxes are in the following 

order, from highest to lowest, chamber number 2, 3 and 1. Trees 1, 9 to 16, 19, 26, 28, 29, 30 

and 33 to 36 all have similar fluxes from all the chamber heights. This might be explained by 

the low values displayed in these trees. 

 

 
Figure 20. Scatterdot diagram all trees, three chambers in Negro campaign 1 – high water season  
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Table 13 shows the results of the nonparametric Friedman test and says that the null-

hypothesis should be rejected. Table 14 shows that the P-value is < 0,001 between all the 

chambers. The difference in the spatial variability between chambers is statistically 

significant. This means that the emissions of CH4 from the different chamber heights varies in 

Negro. 

 

Table 13. Friedman test results for chamber height comparison, Negro campaign 1 – high water season  

 
 

Table 14. Friedman test results, details for chamber height comparison, Negro campaign 1 – high water season  

 
 

Tapajós campaign 1 – high water season  

Figure 21 present the spatial variation in the fluxes of CH4 of all 36 trees when analyzing the 

emissions of three chambers. The figure shows that the highest flux of CH4 emits to chamber 

1, at the lowest height of the tree stem. Thereafter follows chamber 2, at a medium height and 

the lowest emissions of CH4 is in chamber 3, at the highest level on the tree stem. In Tapajós 

tree number 3, 11 to 15 and 33 to 35 have very similar emission from all the chambers.  

 

Figure 21. Scatterdot diagram all trees, three chambers in Tapajós campaign 1 – high water season  
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Table 15 shows the results of the nonparametric Friedman test and says that the null-

hypothesis should be rejected. Table 16 shows that the P-value is < 0,001 between all the 

chambers. The difference in the spatial variability between chambers is statistically 

significant. This means that the emissions of CH4 from the different chamber heights varies in 

Tapajós. 

 

Table 15. Friedman test results for chamber height comparison, Tapajós campaign 1 – high water season  

 
 

Table 16. Friedman test results, details for chamber height comparison, Tapajós campaign 1 - wet season  

 
 

 

Solimões campaign 2 – low water season  

Data from tree number 11 is missing from Solimões campaign 2.  

Figure 22 present the spatial variation in the fluxes of CH4 of all 36 trees when analyzing the 

emissions of three chamber heights. Figure 22 shows that the highest flux of CH4 emits to 

chamber 1, at the lowest height of the stem. Thereafter follows chamber 2, at a medium 

height and the lowest emissions of CH4 is in chamber 3, at the highest level on the tree stem. 

A lot of the values is close to the zero line and it is thereby difficult to see a pattern in the 

data. Tree number 7, 8, 10, 12 to 16, 19, 21, 24 to 26, 28, 29, 33, 35 and 36 show a small 

variation between the chamber heights compared to the rest of the trees at the plot. 

 

Figure 23 demonstrate the 35 trees (number 11 is missing data) and shows that the data is 

nonparametric and have a normal curve that is skewed to the right.  
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Figure 22. Scatterdot diagram all trees, three chambers in Solimões campaign 2 – low water season  

 

 

 
Figure 23. Histogram all trees in Solimões, campaign 2 – low water season  

 

Table 17 shows the results of the nonparametric Friedman test and says that the null-

hypothesis should be rejected. Table 18 shows that the P-value is < 0,001 between all the 

chambers. The difference in the spatial variability between chambers is statistically 

significant. This means that the emissions of CH4 from the different chamber heights varies in 

Solimões. 

 

Table 17. Friedman test results for chamber height comparison, Solimões campaign 2 – low water season  
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Table 18. Friedman test results, details for chamber height comparison, Solimões campaign 2 – low water 

season  

 
 

Negro campaign 2 – low water season  

Figure 24 present the spatial variation in the fluxes of CH4 of all 36 trees when analyzing the 

emissions of three chamber heights. Figure 24 shows that the highest flux of CH4 emits to 

chamber 1, at the lowest height of the stem. Thereafter follows chamber 2, at a medium 

height and the lowest emissions of CH4 is in chamber 3, at the highest level on the tree stem. 

A lot of the values is close to the zero line it is thereby difficult to see a pattern in the data. In 

Negro the lowest emissions for this season is demonstrated. Only 14 of the 36 trees (number 

2 to 8, 20, 21, 24, 25, 27, 29, 31 and 32) have a visible spatial variability between the 

chamber heights but the majority of the trees show a small spatial variation. 

 

 
Figure 24. Scatterdot diagram all trees, three chambers in Negro campaign 2 – low water season  

 

Table 19 shows the results of the nonparametric Friedman test and says that the null-

hypothesis should be rejected. Table 20 shows that the P-value is < 0,001 between all the 

chambers. The difference in the spatial variability between chambers is statistically 

significant. This means that the emissions of CH4 from the different chamber heights varies in 

Negro.  

  
Table 19. Friedman test results for chamber height comparison, Negro campaign 2 – low water season  
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Table 20. Friedman test results, details for chamber height comparison, Negro campaign 2 – low water season  

 
 

 

Tapajós campaign 2 – low water season  

Figure 25 present the spatial variation in the fluxes of CH4 of all 36 trees when analyzing the 

emissions of three chamber heights. Figure 25 shows that the highest flux of CH4 emits to 

chamber 1, at the lowest height of the stem. Thereafter follows chamber 2, at a medium 

height and the lowest emissions of CH4 is in chamber 3, at the highest level on the tree stem. 

A lot of the values is close to the zero line it is thereby difficult to see a pattern in the data. In 

Tapajós there is also low emissions and only tree number 1 to 5, 8, 22 and 24 to 32 are 

displaying a visible spatial variability when looking at the diagram. 

 

 
Figure 25. Scatterdot diagram all trees, three chambers in Tapajós campaign 2 – low water season  

  

Table 21 shows the results of the nonparametric Friedman test and says that the null-

hypothesis should be rejected. Table 22 shows that the P-value is < 0,001 between all the 

chambers. The difference in the spatial variability between chambers is statistically 
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significant. This means that the emissions of CH4 from the different chamber heights varies in 

Tapajós.  

 

Table 21. Friedman test results for chamber height comparison, Tapajós campaign 2 – low water season  

 
 

Table 22. Friedman test results, details for chamber height comparison, Tapajós campaign 2 – low water 

season  
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8. Discussion  

The variation in the CH4 fluxes can depend on a number of different variables. The difference 

in the CH4 fluxes comparing short temporal variability between seasons and the spatial 

variability can depend on if the trees were flooded or not. As studies have shown, higher CH4 

emission occur when the water table are higher, and the sediment are more filled with water, 

anoxic environments are created and the methanogenesis is greater (Sebacher et al. 1986; von 

Fischer et al., 2010). This is also shown in our results, that during the high water season the 

CH4 fluxes are higher. Potter et al., (2014) show that there is a correlation between water-

table depth and CH4 emissions in the Amazon floodplain. To measure the water depth can 

thereby be of importance when measuring and comparing CH4 fluxes in different floodplains. 

In Solimões all the trees were flooded during high water season and in Negro and Tapajos all 

the trees except from number 13 and 15 were flooded in the high water season. Our result 
shows a clear example of how the CH4 fluxes are affected by the water depth. Tree number 

13 and 15 in Negro and Tapajós that were not flooded during any of the two seasons, see 

figure 16 and 17, and these trees showed low emissions during both high water and low water 

seasons. All the other fixed trees were flooded and had higher emissions during high water 

seasons and this gives a strong indication of the water-table depths impact on the emissions 

from tree stems. Although, in Negro we had two trees, number 19 and 21, that were flooded 

during the high water season and dry during the low water season, that had similar emissions 

both the high water and low water season, see figure 16. We do not know why these fluxes 

were similar. Further studies are needed to correctly answer this.  

 

Regarding the methanogenic process, temperature and pH have been identified as the main 

regulating factors influencing this process. Shifts in temperature in soil and tropical lake 

sediments, due to seasonal changes has shown to affect the number of methanogens. A higher 

temperature is increasing the number of methanogens (Zeikus and Winfrey 1976; Bastviken 

et al. 2010; Devol et al. 1990). During the high water season the average temperature in the 

Amazon basin were 30 degrees Celsius in March and 26 degrees Celsius in April. During the 

low water season the average temperature were 23 degrees Celsius in September and 26 

degrees Celsius in October (WorldWeatherOnline 2018). The weather was, when comparing 

the average temperature, warmer during the high water season and this might be one of the 

impacts explaining our results that showed higher emissions during the high water season in 

all plots. 

 

In a study performed by Ye et al. (2012) the results indicated that a low pH can limit the 

efficiency of methanogens which can lead to a slower CH4 production rate (Ye et al. 2012). 

The lower pH in Negro and Tapajos can be a regulating factor partly explaining the lower 

emissions comparing to Solimões. Previous studies have shown that nutrient content is also a 

regulating factor (Junk, et al. 2011) and this can explain the differences between the plots in 

our results. In figure 18, high water season in Solimões, the highest emissions were found, 

which corresponds with the knowledge about how water characteristics as pH and nutrient 

content influences the CH4 emissions. Our results show that the emissions differ between the 

plots, and we conclude that the differences in water characteristics is one of the factors 

affecting the fluxes.   

 

A parameter that may influence the fluxes is what kind of tree species that were sampled and 

the age and size of the trees. Tree age and size showed to be factors that can affect the 

emissions in Pangala et al. (2017), study performed in the Amazon basin when measuring 

emissions of CH4 from tree stems. In this study this information was not obtained. Even 
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though, it can be a relevant factor to help explain the variation in the fluxes that might be 

needed to take into account in future measurements.  

 

When analyzing the spatial variability, the results show the same pattern in all the plots with 

the highest emission from the lowest chamber height during high water season, see figure 18, 

20 and 21. Even though figure 22, 24 and 25 showed a lower variability for the majority of 

the trees during the low water season the pattern remains the same during this season. The 

water type and the water-table depth may also have an impact on the emission during both 

low water and high water season since the fluxes display a variation between the different 

plots and seasons. In Negro and Tapajós the variability was especially similar. This might be 

explained by that the black water and the clear water have similar trees that surrounds the 

floodplain and also have many similar elements, for example the low pH and conductivity 

(Junk et al. 2015). 

 

The result on the short temporal variability, makes it easy for us to argue that we do not need 

to take the days into account when measuring in the field during the wet or the dry season. It 

is possible to measure CH4 during a consecutive three-day period in the field without it 

having a significant impact on the results during both the high water and low water season. 

Though we do not know what the results would be if measurement would be done during a 

longer time period. Our results also show that in future studies, there is a need to address both 

short temporal variability between seasons and spatial variability as a factor to determine 

representative CH4 fluxes from tree stems.  

 

Our results thus provide guidance on parameters that needs to be considered when sampling 

tree stems in the future, even out of the Amazon region. To measure at different heights on 

tree stems and to measure during different seasons is important to determine representative 

CH4 fluxes for the regional and global GHG budgets. 
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9. Conclusions  

 

- The variation in the CH4 emissions between three consecutive day is not significantly 

different. It is possible to measure in the field during three days in a row without it 

having an affecting on the result. 

 

- The variation in the CH4 emissions between high water and low water season is 

significantly different. It is important to collect samples during all of the seasons to 

get the most reliable result if the samples are supposed to represent the CH4 emissions 

of an entire year.  

 

- The highest flux of CH4 is released from the lowest part of the tree stem, at 20 – 55 

cm measuring from the ground, when sampling three different heights of the stem. It 

is a significant difference between the different heights of the stems and thereby it is 

important to not only sample from one height of the tree stems.  
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