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Abstract

The important factors regulating methane (CH,) fluxes in rewetted peatlands such as the vegetation types, water table depths (WTDs) and in-situ
conditions (pH, redox, soil temperature and moisture) are widely reported, but the impact of light and dark conditions on CH, fluxes from multiple
vegetation types are not widely reported. This field study investigated if the CH, fluxes from multiple vegetation communities (Sphagnum
communities, Eriophorum angustifolium, Molinia caerulea, Typha latifolia, Phragmites australis, Juncus effusus, Calluna vulgaris, Carex rostrata
and open water) responded differently to light and dark conditions. Triplicate simultaneous light and dark measurements of carbon dioxide (CO,)
and CH, fluxes were measured on the same day using the chamber method from the above-mentioned vegetation communities from five peatland
sites located in the Irish midlands. The field measurements showed that the CH, fluxes were higher in light conditions compared to dark
conditions for Carex rostrata (0.05 +0.02 in light, 0.02 +0.01 g CH, m~=2 hr~" in dark) and Eriophorum angustifolium (0.02 +0.01 in light, 0.01 £0.00 g
CH, m-2 hr-" in dark) compared to other vegetation communities. The mixed-effect model results indicated that differences between light and dark
measurements were strongly related to CO, fluxes. When the vegetation was sequestering CO,, CH, fluxes increased, alternatively, during the
respiration, CH, fluxes decreased. Future work should examine the impact of vegetation specific phenological mechanisms that influence CH,
fluxes in light and dark conditions using multiple years of field data.

Introduction

Natural or near-natural peatlands store vast amounts of carbon over millennial time scales and typically have a net radiative cooling effect (Strack
et al. 2022). However, when they are drained and degraded they become large sources of carbon dioxide (CO,). Globally, drained peatlands emit
approximately 2 gigatons of CO, annually (Joosten et al. 2016) despite covering only 3% of the Earth's land surface (Leifeld & Menichetti 2018).
Moreover, peatlands, which store 30% of the world's soil carbon, present a twofold scenario: a chance to maintain or enhance their carbon sink
capacity, or a danger of further escalating carbon losses if degradation continues (Gorham 1991; Leifeld et al. 2019; Strack et al. 2022). Total
global emissions from drained and degraded peatlands are estimated to be 57.4 Gt CO,-eq in 2022 (UNEP 2023) which accounts to 1-4.5% of
global emissions. The rewetting is the deliberate action of raising the groundwater table to the peat surface in the previously drained peatland
(Ojanen & Minkkinen 2020; Tanneberger et al. 2021). The drained peatland is considered rewetted if the average annual WTD is equal to or
shallower than 30 cm from the peat surface (IPCC 2014). However, peatland restoration is the process of actively or passively assisting the
recovery of the degraded peatland back to the state that existed before the degradation (Khan et al. 2025). The global potential for peatland
restoration estimated to be 1.1 to 2.6 Gt CO,-eq per year (Strack et al. 2022). However, even with ambitious and careful restoration programmes,
the benefits of peatland restoration will take time to achieve and are vulnerable to external pressures like poor water quality and climate change.
For instance, Wilson et al. (2022) found that even if emissions are reduced in line with the low emission scenarios (SSP1-1.9), peatland restoration
will have a warming effect until 2085. Importantly, Giinther et al. (2020) concluded that the continued CO, emissions from degraded peatlands will
result in greater radiative forcing than the CH, emissions, indicating the critical importance of peatland restoration.

Drained peatlands have been found to have small to no CH, fluxes (Aitova et al. 2023). However, rewetted peatlands have been found to
experience elevated CH, fluxes (Evans & Gauci 2023). Three processes govern the CH, emissions from peat: production, storage, and transport
(Rey 2014; Roland et al. 2015). CH, production occurs under the anoxic conditions, where methanogens break down carbohydrates into CH, (Lai
2009). Peat soils, with high moisture contents create anoxic conditions due to persistently shallow water table at the peat surface (Hobbs 1986).
Restored peatlands that were previously subjected to industrial extraction and having a depth of less than 1.5 m, exhibited higher CH, emissions
(Aitova et al. 2023) possibly due to increased alkalinity, which favored methanogen activity (Evans & Gauci 2023). However, not all the produced
CH, reaches the atmosphere, as methanotrophs in the aerobic zone consume some CH, before it escapes to the atmosphere (Hanson & Hansen
1996). But in waterlogged conditions, limited pore space and reduced diffusion increases ebullition (sudden CH, bursts) or plant-mediated
transport via aerenchyma tissues (Vroom et al. 2022). These pathways bypass the aerobic oxidation, increasing CH, emissions. Vegetation plays a
crucial role in CH, fluxes by facilitating direct transport to the atmosphere, reinforcing the link between plant communities and CH, dynamics (Ge
et al. 2024). CH, fluxes also depend upon the vegetation type (Chanton et al. 1993), nutrient status (Lai et al. 2009), biological processes (Hanson
& Hansen 1996), hydrology (Evans et al. 2021), climatic conditions and landuse (Aitova et al. 2023). If an incomplete understanding of factors
governing the production or emission of CH, exist, it is important to determine which specific environmental and biological variables most
significantly impact these processes.

However, the incorporation of light levels into CH, flux models remains limited, representing a significant area of uncertainty. If CH, fluxes follow a
diurnal pattern independent of commonly used predictors such as soil temperature and WTD, further investigation is warranted. Differences in CH,
fluxes between daylight and night-time conditions, if unaccounted for in annual flux models, this can lead to inaccurate greenhouse gas (GHG)
balances (Saunois et al. 2020). Failure to consider light conditions in chamber measurement programs may also affect emission inventories,
potentially leading to over-or underestimation of emissions and contributing to discrepancies between atmospheric CH, concentrations and
bottom-up inventories (Saunois et al. 2020). Observational studies focusing on this pattern have typically been conducted in single vegetation
communities like Phragmites australis (Minke et al. 2014) or Sphagnum dominated communities (Lhosmot et al. 2023). Other studies have
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focused on a small sample of vegetation communities, including Phragmites australis, wetland sedges, grasses, and herbs (Juutinen et al. 2004),
Eriophorum angustifolium and Eriophorum vaginatum (Dooling et al. 2018), and Sphagnum mosses, evergreen shrubs, sedges, and forbs (Lai et al.
2012). Studies examining this have used manual closed chamber measurements with the study duration lasting few days (Dooling et al. 2018) or
over two summers (Minke et al. 2014) or four months (Juutinen et al. 2004) and using a combination of automated chambers and flux towers over
several years (Lai et al. 2012). These studies observed differences betweeen day and night flux measurements (Backstrand et al. 2008; Lai et al.
2012). However to date, most studies have not examined this from a seasonal perspective given the short duration of past studies.

Different mechanisms have been proposed to explain this including processes that affect CH, production (Doane & Rongzhong 2022) or transport
processes (Chanton et al. 1993). Recently, photochemical reactions identified as potentially important sources of CH, production. A link between
CH, fluxes and photochemistry specifically in agricultural settings and forestry, albiet under mostly mineral soils was reported (Doane &
Rongzhong 2022). Photochemical reactions were found to increase the number of ketones produced in vegetation, decayed matter and peat. This
was identified as the best predictor of CH, emission (Doane & Rongzhong 2022). While it is often assumed that the microbial activity and
associated CH, emissions decline in winter, this photochemical reaction was found to continue regardless of temperature if sufficient light levels
are present and resulted in the continued production of CH,. Chanton et al. (1993) found that as the sunlight increased, it caused air to move
through the plants, opening the stomata (tiny openings on the plant's surface). This ventilation process helped release the trapped methane from
inside the plant stems, leading to an increase in methane emissions. Minke et al. (2014) found a significant negative correlation between CO, and
CH, fluxes, though the strength of this correlation varied greatly between different plots. All recorded parameters showed a strong correlation with
Photosynthetically Active Radiation (PAR), which regulates the CO,-consuming process of photosynthesis. This study also observed that the CO,
concentrations within the chamber are typically higher at night when PAR and photosynthesis were absent, while CH, emissions were low (Minke
et al. 2014). In contrast, the study found that during the daytime, when PAR and photosynthesis are active, both CO, and CH, emissions increased.
Although the effect of CO, was significant, this study further suggested that the PAR was likely the main factor driving the differences in CH,
fluxes. This implies that the variations in CH, emissions are more directly related to light availability and the resulting photosynthetic activity, rather
than CO, levels alone (Minke et al. 2014).

Additionally, some studies have been unable to detect any dirunal pattern (Mengyu et al. 2024) while other studies found that light oxidised CH,
emissions, (Lhosmot et al. 2022). This field study investigates whether there is a significant difference in CH, flux measurements taken under light
and dark conditions using the manual closed chamber method. By comparing flux measurements across nine vegetation communities from five
peatland sites, the study aims to evaluate the influence of light and dark conditions on CH, fluxes. Additionally, it seeks to assess the scale of this
effect by comparing its influence with environmental parameters, such as WTDs and soil temperature. Therefore this research aims to enhance our
understanding of CH, flux variations between light and dark conditions across diverse wetland vegetation communities. In doing so, it seeks to
determine whether this pattern is widespread across multiple vegetation communities. Additionally, this study will assess whether the effect of
light and dark conditions is significant compared to other important environmental factors.

Methods
Site Description

The locations used in this study were former raised bogs located in Co. Offaly and Co. Kildare in the midlands of Ireland (Fig. 1). All the bogs were
drained and subjected to peat extraction except the Sphagnum fuscum dominated site located in Mouds bog, Co. Kildare which was drained but
not extracted. The vegetation communities at Blackriver, Ballycon and Derries were rewetted approximately 40, 20 and 10 years prior to this study
respectively. The Calluna vulgaris and Molinia grasses monitored at Clonad and Mouds were former extraction sites that were revegetated. All the
vegetation communities except at Mouds and Clonad (drained and revegetated) had shallow peat depths averaging less than 1.5 m (Table 1).

Nine vegetation communities commonly found in degraded shallow and deep peatlands, as well as those associated with rewetted sites, were
selected for monitoring (Table 1). Sphagnum communities were aggregated together for the purposes of this study. Duplicate sites (e.g.
vegetation communities sampled at two separate bog locations) were included to assess intra-site variation, except for Phragmites australis and
Open Water. The peat depth was shallow at most vegetation communities, due to peat removal, while pH and presence of vegetation varied
depending on hydrology and peat depth. Calluna vulgaris and Molinia Caerulea were found in dry areas, Typha latifolia and Phragmites australis
dominated in wet areas, while basic conditions with shallow peat had variety of Sphagnum mosses (hereafter referred to as Sphagnum dominated
communities) and Eriophorum angustifolium were found over a range of peat depths with varying nutrient statuses (Table 1).
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Table 1

Site descriptions of selected locations used in this study. Chamber monitoring locations are located over nine different vegetation communities
and land use status (rewetted, drained or drained and extracted)

Site County Area Vegetation Rewetted Rewetted Status  Extraction pH MeanWTD  Depth ‘
(Ha) Community (cm)
em) |

Ballycon Co. 281 Sphagnum palustre Y 20 years ago, 1960-2001 6.5 -13 100
Kildare

Ballycon Co. 281 Eriophorum Y 20 years ago, 1960-2001 6.5 -13 100
Offaly angustifolium

Ballycon Co. 281 Molinia caerulea Y 20 years ago, 1960-2001 NA >-50 50
Offaly

Ballycon Co. 281 Typha latifolia Y 20 years ago, 1960-2001 6.5 8 100
Offaly

Ballycon Co. 281 Phragmites australis Y 20 years ago, 1960-2001 6.6 10 100
Offaly

Blackriver  Co. 6 Eriophorum Y 40 years ago, Ceasedin1980s 51 2.7 50
Kildare angustifolum

Blackriver  Co. 6 Juncus effusus Y 40 years ago, Ceasedin1980s 5.1 -0.18 50
Kildare

Blackriver  Co. 6 Sphagnum Y 40 years ago, Ceasedin1980s 51 -1.2 50
Kildare papillosum

Clonad Co. 447 Calluna vulgaris N Drained, 1970-2019 43 -35 300
Offaly extracted

Clonad Co. 447 Molinia careulea N Drained, 1970-2019 49 -146 300
Offaly extracted

Mouds Co. 411 Calluna vulgaris N Drained, Ceased in 2019 4.7 -40.2 250
Kildare extracted

Mouds Co. 411 Sphagnum fuscum N Drained, not Unknow when 46 -19.8 >300
Kildare extracted drained

Derries Co. 371 Typha latifolia Y Rewetted 10 1960-2005 59 42 100
Offaly years ago

Derries Co. 371 Open water Y Rewetted 10 1960-2005 56 5 100
Offaly years ago

Derries Co. 371 Carex rostrata Y Rewetted 10 1960-2005 6.1 4.2 100
Offaly years ago

Greenhouse Gas Flux Measurement Methodology
The experimental set-up for measuring greenhouse gas fluxes involved the installation of collars

(60 x 60cm) made of stainless steel. These were inserted 12 cm into the peat profile to create a gas-tight seal and remained in place throughout
the study. Three steel collars were installed per vegetation community at each monitoring location. The monitoring frequency at each study site
was twice per month during the growing season (April to September) and once per month over the non-growing season (October to March). During
each site visit, CH, fluxes was measured three times from each collar: (i) using a clear chamber, (ii) clear chamber covered by a semi-transparent
net and (jii) clear chamber covered by a non-transparent tarpaulin (Wilson et al. 2016) using a LICOR 7810 CH, and CO, gas analyser. The chamber
measurements were taken in succession with a small break period

(2-3 min) to allow the sensor to re-calibrate to atmospheric conditions and to allow the chamber headspace to equilibrate with the atmospheric
conditions. Temperature probes were installed at 5 cm depth (Wilson et al. 2022) to continuously monitor soil temperature. Boardwalks were
constructed to minimize soil compaction and disturbance during measurements, particularly to reduce ebullition events driven by trampling during
CH, measurements. Chambers were equipped with a small 5V fan for air mixing and PAR sensors are placed in the chamber during
measurements. The closure time of the chambers was 90 seconds with 30 seconds mixing time and 60 seconds (1 min) monitoring time.
Concentrations were recorded every 2 seconds and then averaged over a 6-second period. This process was repeated to collect a total of 10
measurements during the entire closure period. This approach was adopted to minimise temperature, pressure and changes of light within the
headspace of the chamber. If PAR measurements changed significantly over the measurement period, the measurement was retaken. Fluxes were
only accepted if an R? value of > 0.90 was detected. The flux of CH, was estimated simultaneously using Eq. 1:
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(LICOR, 2024)

Where V is the chamber Volume (m®), P is the Air Pressure (Hpa), W, is the initial H,0 concentration (mmol/mol), R is the ideal gas constant
(8.3144), T is air temperature taken from an air temperature probe (Kelvin), 8C' is the change in CH, concentration and ot is the time elapsed
(seconds). CO, fluxes (Net Ecosystem Exchange) were measured simultaneously. Methane flux measurements were carried out from July 2023 to
May 2024. Given that site set up was ongoing during this time, the number of flux measurements per site varied. These measurements were
compiled into a single data base and organised according to vegetation community and whether the flux was taken in light or dark conditions.
Water table levels were obtained via manual dip measurements, internal chamber PAR values using SQ-520: Full-Spectrum Smart Quantum Sensor,
pH using a YSI pH probe and soil temperature using a Hobo soil temperature probe.

Analysis of differences between light and dark CH chamber measurements

To assess differences in CH, flux between light and dark conditions, Mann-Whitney U tests and a linear mixed-effect model (Lindstrom & Bates
1988) were employed. Given the non-normal distribution of the data, the Mann-Whitney U test compared rankings between groups, while the
mixed-effect model accounted for fixed effects (light/dark) and random effects (vegetation communities) to analyse CH, flux variability.
Preliminary tests, including the Shapiro-Wilk test for normality and Levene’s test for heteroscedasticity, were conducted, with QQ plots and
residuals examined using PYTHON 3.1.1 (Figures S1-S9; Supplementary material). The Mann-Whitney U test provided p-values to assess
significance, and Cohen’s d test quantified effect size. As CH, fluxes are influenced by multiple factors such as temperature, water table, CO, flux,
and pH, the mixed-effect model was essential for capturing these interactions. Cross-validation was performed by partitioning the dataset into
multiple subsets to evaluate predictive performance. Model outputs included intercepts (baseline CH, flux) and coefficients indicating effect
magnitude and direction, where a positive coefficient for "Dark to Light" suggested increased CH, flux under light conditions. Model accuracy was
assessed using Mean Square Error (MSE), with lower values indicating better performance (Lohse et al. 2023).

Results

This study found that the vegetation communities such as the Carex rostrata and Eriophorum angustifolium exhibited higher CH, fluxes in light
conditions compared to dark conditions, while the other vegetation communities did not show any observable differences between light and dark
CH, fluxes (Fig. 2). However, on average, the Carex rostrata exhibited the largest difference (0.03 g CH, m~ 2hr™ 7, p-value < 0.05) followed by
Eriophorum angustifolium (0.01 g CH, m™2 hr™ !, p-value < 0.05). But the Juncus effusus exhibited the opposite trend i.e., the CH, fluxes were
higher in dark conditions compared to the light conditions, albiet with a non-significant effect. The box plots of each individual vegetation highlight
the differences between the light and dark measurements (Fig. 3). The Carex rostrata and Eriophorum angustifolium had notable differences in
CH, flux values (median and upper quartile) (Fig. 3) while other species such as Calluna Vulgaris, Juncus effusus, Molinia Caerulea and Sphagnum
communities showed minor to no differences in CH, fluxes between light and dark conditions (Fig. 3).

Table 2 shows the results of Shapiro-Wilk Test and Levene's test. The CH, flux data was found to be non-normally distributed across all nine
vegetation communities (e.g. p-values were < 0.05) and this was supported by the QQ plots (Figures S1-S9; Supplementary material) and
histograms and Kernal Density Estimates (KDEs) (Figure S10; Supplementary material). Outliers retained in the dataset given that the ebullition is
an important process within bogs that results in large and abrupt CH, fluxes (Bieniada & Strack 2021). Heteroscedasticity was detected in Carex
rostrata and Eriophorum angustifolium (e.g. p-values were < 0.05) meaning that the parametric tests on these vegetation communities may be
biased and invalid. However, given the non-normality, the Mann-Whitney U statistic was used to determine if there was a significant difference
between light and dark CH, flux measurements (Table 3). The results showed a significant difference in light and dark measurements for Carex

rostrata and Eriophorum angustifolium compared to other vegetation communities (Table 4).
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Table 2

Sample size of chamber measurements included in the study at each vegetation community and provides an
assessment of normality and heteroscedasticity

No. of Chamber Measurements  Shapiro-Wilk Test Levene's Test
Vegetation Communities Dark Light W-statistic  p-value  W-statistic  p-value
Carex rostrata 35 25 0.71 0.00 6.31 0.01
Eriophorum angustifolium 53 36 0.63 0.00 6.81 0.01
Calluna vulgaris 37 19 0.62 0.00 0.41 0.52
Juncus effusus 29 24 0.46 0.00 0.99 0.32
Molinia Caerulea 46 30 0.85 0.00 1.28 0.26
Open Water 22 17 0.30 0.00 0.13 0.72
Phragmites australis 10 13 0.82 0.00 3.61 0.07
Sphagnum Communities 83 40 0.69 0.00 0.97 0.33
Typha latifolia 12 15 0.77 0.00 0.12 0.74
Table 3

Assesses if there is a significant difference between vegetation
communities. The t-statistic assumes normality while the Mann-
Whitney U statistic does not

Vegetation Communities Mann-Whitney U statistic ~ p-value

Carex rostrata 603.00 0.01
Eriophorum angustifolium  1217.00 0.03
Calluna vulgaris 332.00 0.74
Juncus effusus 324.00 0.67
Molinia Caerulea 765.00 0.43
Open Water 147.00 0.26
Phragmites australis 75.00 0.56
Sphagnum Communities 1674.50 0.94
Typha latifolia 109.00 0.36

The mixed-effect model provided additional information as compared to the non-parametric tests. It also showed that Carex Rostrata and
Eriophorum angustifolium had significant differences in CH, fluxes. Table 4 shows that when switched from dark to light conditions the fluxes
increased by 0.0201 g CH, m~ 2hr™ 1 for Carex Rostrataand 0.0153 g CH,m™ 2hr™ " for Eriophorum angustifolium. An opposite trend was observed
for Juncus effusus and Typha latifolia where fluxes decreased in light conditions (-0.0135 &-0.0104 g CH, m~2 hr™ " respectively). The presence of
outliers best explained these differences. The overlapping confidence intervals also suggests a less clearly defined role between light and dark
conditions. Moreover, the influence of pH and WTD were found to have an equally important effect on CH, fluxes. pH was found to influence CH,
fluxes from Juncus Effusus and open water with higher pH values (more alkaline conditions) associated with higher fluxes (Figures S11, S12 and
S13; Supplementary material). Typha /atifolia also showed that higher pH values influenced CH, fluxes (-0.0102 g CH, m~2hr~™), in addition to the
switch between dark to light conditions (-0.01043 g CH, m~2 hr™ ") and water table level (+ 0.0141 g CH, m~2 hr™ ). CO, fluxes were also found to
strongly influence CH, fluxes in Carex Rostrata, Eriophorum angustifolium, Open Water, Sphagnum Communities and Typha Latifolia (Table 4). In
nearly all vegetation communities, this was found to be a negative effect, implying that while these vegetation communities sequester CO,, CH,

emissions increase simultaneously. Conversely, during respiration, CH, emissions decrease. In the Sphagnum communities and Open water, the
opposite trend was observed.
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Table 4

Presents the intercept, coefficients, and cross-validation mean squared error (MSE) for various vegetation communities, considering
factors such as dark to light transitions, water table (WT), pH, soil temperature, and photosynthetically active

Vegetation Communities Intercept Darkto Light WT pH Soil Temp PAR Co2 CV MSE
Carex Rostrata -0.15086  0.02010 -0.00260 0.03392  -0.00372 0.00000 -0.02134 0.00164
Eriophorum angustifolium  -0.03823  0.01536 0.00202 0.00568 0.00197 -0.00002 -0.02650 0.00081
Calluna vulgaris 0.00003 -0.00005 0.00000 0.00002  0.00000 0.00000 -0.00012 0.00000
Juncus effusus -0.14121  -0.01357 0.00073 0.02787 0.00109 0.00001 -0.00786  0.00061
Molinia Caerulea 0.00077 0.00001 0.00001 -0.00009 0.00005 0.00000 -0.00015 0.00000
Open Water 0.05148 -0.00335 0.00008  -0.00947 0.00011 0.00000 0.07981 0.00009
Phragmites australis -0.00667 -0.00025 0.00006 0.00036 0.00055 -0.00000 -0.00049 0.00001
Sphagnum communities -0.00087  0.00029 0.00000  0.00002 0.00015 -0.00000 0.01203  0.00000
Typha latifolia 0.08231 -0.01043 0.01411 -0.01023 -0.00637 0.00006  -0.04793 0.00355
Discussion

The mixed-effect model found that the Carex rostrata and Eriophorum angustifolium had the largest differences between light and dark conditions.
The effect of light and dark conditions was significant and found to have a more profound impact than the water table, soil temperature and PAR
on CH, fluxes (Table 4). In contrast, the Juncus effusus was found to have higher fluxes in the dark conditions compared to the light conditions.
However, research to date on CH, fluxes under varying light conditions has yielded mixed results. For instance, some studies found higher CH,
fluxes in light conditions compared to the dark conditions (Minke et al. 2014), while other studies found no differences between CH, fluxes in light
and dark conditions (Mengyu et al. 2024) while some studies showed higher CH, fluxes in dark conditions compared to light conditions (Dooling et
al. 2018; Lhosmot et al. 2022). All three scenarios were replicated in this study albeit for different vegetation communities. This indicates a high
degree of heterogeneity in CH, fluxes among peatland species in response to varying light and dark conditions.

To understand why this might be the case, it is important to distinguish whether the observed differences arise from CH, production or CH,
transport. This distinction helps to determine whether the vegetation is actively producing CH, or primarily facilitating its movement to the
atmosphere. This distinction is not only important for accurately estimating CH, fluxes, but also for informing management decisions in restored
bog and fens, such as water table regulation and vegetation control. Previous research has reported both scenarios, where differences between
light and dark measurements were due to the changes in the CH, production rate (Dooling et al. 2018) or changes in the rate of CH, transport
(Minke et al. 2014). Processes that account for increases in the CH, fluxes are due to increasing rates of CH, production via root exudates
(Dooling et al. 2018) or via photochemical reactions linked with the production of keytones (Doane & Rongzhong 2022). Studies found that either
atmospheric turbulence (Lai et al. 2012) or stomatal conductivity which was affected by higher CO, concentrations (Minke et al. 2014) were the
main drivers of CH, fluxes between light and dark conditions. While turbulence was not measured here, given that the light and dark
measurements were taken concurrently, it's unlikely that the atmospheric turbulence can account for differences in this study.

Vegetation species such as Carex rostrata, Eriophorum angustifolium, Juncus effusus, Phragmites australis and Typha latifolia, all possess
aerenchyma tissues allowing transport of CH, from peat-surface to atmosphere. However, not all species containing aerenchyma exhibited
differences between light and dark measurements such as Phragmites australis and Typha latifolia. Phragmites australis was found to have low
CH, fluxes in general which was surprising given it was an aerenchyma species. Alternatively, Typha /atifolia exhibited the highest CH, fluxes in
both light and dark conditions. This provides evidence that production may not be responsible for observed differences between light and dark
conditions. If light levels were important in determining the production of CH,, a pronounced effect should be observable in all vegetation
communities with high CH, fluxes. However, this was not the case. No difference was detected for Typha /atifolia suggesting that the light levels
were not influencing CH, production. This contrasts with the findings of other studies which found the CH, production to be the main reason for
differences between light and dark CH, fluxes (Dooling et al. 2018; Doane & Rongzhong 2022).

Minke et al. (2014) found that because of the dense network of interlinked rhizomes, the CH, emissions may be rerouted to rhizomes which may
be located outside of the closed chamber due to the pressure gradients created by the manual closed chamber method. Therefore, both CH, fluxes
and the differences observed between light and dark measurements may be obscured by enhanced transport between the stands. This further
supports the importance of understanding the role of transport mechanisms of gases within vegetation communities. Given the observed
association between CH, and CO, fluxes, our study results are consistent with Minke et al. (2014), where field measurements showed that the CH,
fluxes increased when the CO, concentrations decreased and vice versa. Chanton and Whitney (1994) found this pattern to be related to
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decreased stomatal conductance at high CO, concentrations. One important difference between our study and that of Minke et al. (2014), was that
PAR and relative humidity were found to strongly control CH, fluxes in Minke et al. (2014) while the PAR was not observed to control CH, fluxes in
our study. Of note, both Minke et al. (2014) and this study agreed that little differences were observed in CH, fluxes from Phragmites australis in
light or dark conditions. The results of this study support Chanton and Whitney (1994) findings that the stomatal conductivity could be controlling
CH, fluxes. This aligns with Noyce et al. (2014) who have found that the removal of above-ground biomass in the case of Carex rostrata reduced
CH, fluxes by 40—70%, indicating that the transport may be the main factor controlling CH, fluxes. Therefore, considering light levels could
improve the precision of CH, flux estimation. As our results show evidence of differences in light and dark measurements for two vegetation
communities, this may result in underestimation or over estimation of CH, fluxes. The implications of this study mean that the inclusion of light
and dark measurements in future chamber measurement programs is advisable and subsequent modelling approaches should seek to incorporate
light and dark response curves and CO, fluxes in addition to water table and soil temperature (Wilson et al. 2016).

Conclusion

This study utilized statistical techniques (Mann Whitney U test, mixed-effects model) to determine if there were any potential differences in CH,
fluxes from different wetland vegetation types (Sphagnum communities, Eriophorum angustifolium, Molinia caerulea, Typha latifolia, Phragmites
australis, Juncus effusus, Calluna vulgaris, and Carex rostrata) subjected to light and dark conditions over a one-year period. The mixed-effect
model showed that only two wetland vegetation species (Carex rostrata and Eriophorum angustifolium) exhibited different CH, fluxes in light and
dark conditions and this effect was greater than the impact exerted by measured in-situ environmental variables such as pH, redox and soil
temperature. However, it is important to note that the limitations of this study include the presence of outliers, the abnormal distribution of the
vegetation communities and heteroscedasticity, meaning that some statistical analyses need to be interpreted with caution. However, all statistical
tests show the same result-a difference between light and dark measurements for two vegetation species (Eriophorum angustifolium and Carex
rostrata). As the study was conducted over a single year, it does not account for interannual variability, so future research should seek to conduct
multiple year measurements. While this study identifies differences in CH, fluxes between light and dark conditions, it does not elucidate the
underlying mechanisms driving these differences. Without direct measurements of plant specific phenological characteristics, soil microbial
activity or pore water CH, concentrations to explain the observed patterns, the underlying drivers remain somewhat speculative. To identify the
driving mechanism/s impacting the plant-specific CH, fluxes, future field monitoring programs can measure plant biomass, amount of permeable
root surface (taking proxy measurements of root length), presence and diversity of methanogens and methanotrophs within the plant shoots along
with the measurements of in-situ environmental parameters (pore-water CH, concentrations, WTDs, pH and soil temperature).
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Figure 1

Location of peatlands in this study, where nine vegetation communities were monitored for
CO, and CH, fluxes. The latitude and longitude of Ballycon bog is 53.282412,-7.194488, Blackriver bog is 53.261918, -6.977151, Clonad is
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53.272977,-7.280195, Mouds bog is 53.251345, -6.793346 and finally Derries is 53.254687, -7.756066
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Figure 2

CH, flux measurements collected using manual closed chamber measurement technique between August 2023 and May 2024

CH4 Measurements by Vegetation Type and Data Type (Boxplot)
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Figure 3

Highlights that the vegetation communities like Carex rostrata and Eriophorum angustifolium had notable differences in median and upper quartile
values while other species like Calluna Vulgaris, Juncus effusus, Molinia Caerulea and Sphagnum communities showed only minor or no

differences between light and dark conditions
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