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Abstract

This study investigated the insulative properties of moss layers and their effect on microclimate temperatures
within deciduous and coniferous understories at British Columbia Ecological Reserve #74. Employing small
environment data receiving objects (EDROs), temperatures were monitored both above and below the moss
layers and compared to ambient sub-canopy temperatures, exterior to the understorey layer, to delineate the
thermal buffering capacity of moss and forest understorey. Over two rounds of three consecutive days, each
EDRO recorded approximately 731 to 2122 temperature measurements per round, providing detailed
temporal profiles of each microclimate. Results indicated significant differences in temperature regulation
by moss; below-moss temperatures were consistently more stable compared to more fluctuating
temperatures recorded above the moss and in ambient conditions. Deciduous and coniferous sites saw
variations between trials without a clear trend for the understorey type’s effect on moss insulation. The study
confirmed significant differences across the vertical stratifications and concluded that moss layers
significantly moderate ground temperatures, enhancing stability against external temperature fluctuations.
However, the results of this study cannot suggest that understorey type influences the magnitude of ground
temperature insulation by moss.

Introduction

Understanding the thermal dynamics within forest ecosystems is critical for elucidating various
understorey components' roles in influencing microclimatic conditions. Mosses, as significant components
of the forest floor, are known to affect local temperature cycles through their insulative properties
(Dyrness, 1982; Turetsky et al., 2012; Chen et al., 2019; Park et al., 2021). Previous research has
demonstrated that moss layers can moderate soil temperatures, protecting the ground from extreme
thermal fluctuations and potentially influencing soil biological processes and plant growth (Turetsky,
2003; Chen et al., 2019). The insulative capacity of moss is believed to vary between different forest
types due to variations in canopy cover, which affects solar radiation penetration and local humidity levels
(Hart and Chen, 2006; O’Donnelle et al., 2009). Moreover, deciduous and coniferous forests exhibit
distinct structural characteristics that may differentially impact the underlying moss layers' temperature

buffering capacity (Van Cleve and Viereck 1981; Hart and Chen 2006; Davis et al., 2019).



This study explores how the presence of moss under different types of forest understorey —
deciduous and coniferous —affects temperature stability and insulation above and below the moss layer
and relative to ambient conditions. This study aims to quantify the temperature differences facilitated by
moss layers in deciduous and coniferous forests and assess the moss's role as a thermal buffer. By
integrating temperature measurements from below and above the moss layers under different understorey
types and comparing these to ambient air temperatures, this research aims to analyze the thermal
properties of moss. This information is crucial for forest management strategies, particularly in climate
change, where temperature regulation within forest microclimates can influence broader ecological
dynamics (Brookshire et al., 2011; Stinziano and Danielle, 2014).

This investigation is an observational study measuring temperature variations of the forest floor
within deciduous and coniferous understoreys. It also examines the stability of these temperatures over
time to determine the consistency of moss's insulative effects under varying environmental conditions.
Understanding these dynamics is essential for predicting how changes in forest composition —due to
factors like deforestation, afforestation, or natural succession—might alter forest floor microclimates and
the associated biological responses.

The significance of this research lies in its potential to contribute to the body of knowledge
regarding the ecological roles of moss and understorey types in forest ecosystems and to inform
conservation efforts aimed at preserving these vital organisms and the functions they serve. By clarifying
the conditions under which mosses exert their greatest temperature-modulating effects, this study could
help pave the way for leveraging natural understorey components to enhance forest resilience to climatic

changes.

Methods
This study was conducted at British Columbia Ecological Reserve #74 (ER) within Metro

Vancouver's Pacific Spirit Regional Park. This study compared the above and below temperatures of



bryophyte layers within coniferous and deciduous understorey and the ambient sub-canopy temperature
outside the understorey layers. I selected one site for each understorey, with the specification requirement
being that each location was at least five square meters of the understorey type of interest that measured
around three meters in height.

I created small environment data receiving objects (EDROs; Figure A) to allow for real-time
temperature readings in the ER. The EDROs were battery-powered ESP8266s with an AHT20 sensor. |
programmed the EDROs to wake up in two-minute intervals, perform a temperature reading, and then send
it to a battery-powered ESP32 over the ESP32’s private WiFi network, which then saved each reading to a
microSD card. This approach was critical as the sensors needed to run autonomously in the ER without an
external power source. The wires connecting the AHT20 to the ESP8266 on the EDROs above the
bryophyte layers and outside the understorey were about six inches long to distance the main computer from

the sensor. The AHT20’s wire on the EDROs underneath the bryophyte layers was about 18 inches long,

Figure A: Environment Data Receiving Object (EDRO)
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Figure A— An EDRO made of an ESP8266 on a breadboard (green) glued to a battery pack
(black), an AHT20 sensor, and fixed 22-gauge wires.

making inserting the sensor underneath the moss layers easier and allowing the sensors to be distanced from
the incision opening in the moss layer.

The setup ran concurrently at both sites for three consecutive days, capturing approximately 70
hours of continuous data. An EDRO was placed below the bryophyte layer, above the bryophyte layer and

outside the understorey layer (approximately three meters above ground level within the five square meters



area). A general outline of the study setup is shown in Figure B. Each EDRO recorded 731 to 2122

temperature measurements per site per trial, yielding high temporal resolution data. The process was
Figure B: Field Setup
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Figure B — A visual of the study’s setup in the ER. The grey boxes refer to the EDROs. The moss
was approximately 10 cm thick. Figure is not to scale.

repeated once in a second trial, keeping the EDROs in the same place.

Following the trials, all EDROs were placed adjacent to one another in a temperature-controlled
area to assess the precision and ensure sensor consistency. This calibration trial determined any sensor
variance, which was accounted for in the results. The manufacturer-reported error margin for the AHT20s

was £0.3°C.

Results

Figure 1 depicts the temperature trends over time from Trial 1 in the deciduous environment,
showing temperature data from three different locations: directly below the bryophyte layer, directly above
it, and in the ambient environment outside the understorey. The graph features three temperature curves: the
curve representing the ambient temperature is generally the lowest, often remaining below 4°C, while the
curve for temperatures above the moss fluctuates more, generally staying between 2°C and 6°C. The below-
moss temperature curve closely mirrors the above-moss curve but with slightly less variation, mainly
ranging between 3°C and 6°C. Notably, there is an 8.5-hour period starting around the 11-hour mark without
below-moss data due to a power failure in one of the EDROs.

Figure 2 displays the temperature trends over 67.3 hours from Trial 1 in the coniferous environment.

It monitors temperatures at different vertical positions: directly below the bryophyte layer, directly above it,



and in the ambient atmosphere outside the understorey. The curve for temperatures below the moss remains
consistently higher throughout the period, mostly between 4°C and 7°C. The above-moss temperature curve
is moderately variable, with temperatures typically ranging between 2°C and 6°C. The ambient temperature
curve exhibits the most variability and generally trends lower than the above-moss temperatures, often
staying below 4°C but occasionally peaking at similar values.

Figure 3 presents the temperature trends over 70.66 hours during Trial 2 in the deciduous
environment. It shows measurements taken at three vertical levels: below the bryophyte layer, above it, and
in the ambient environment. The temperature below the moss is consistently the highest, predominantly
maintaining values between 10°C and 12°C, before experiencing a sharp drop near the 25-hour mark,
stabilizing around 8°C and then gradually declining to about 6°C by the end of the trial. The temperatures
above the moss exhibit more fluctuations, generally ranging from 6°C to 10°C, closely following the trends
of the ambient temperatures but consistently about 1°C to 1.5°C lower. The ambient temperatures are the
most variable and overall the lowest, typically oscillating between 4°C and 8°C, showing a similar sharp
decline around the 25-hour mark.

Figure 4 shows the temperature-time plot over 55.1 hours from Trial 2 in the coniferous
environment, capturing temperatures at three distinct levels: below the bryophyte layer, above it, and in the
ambient environment. This graph demonstrates notable temperature trends. The temperatures recorded
below the moss layer consistently show the highest readings, starting around 12°C and gradually decreasing,
stabilizing just above 10°C. This temperature line remains relatively steady throughout the trial. The
temperatures above the moss are lower, with more fluctuation, generally oscillating between 6°C and 8°C
and exhibiting a steady decline, with the latter half of the period stabilizing around 6°C. The ambient
temperatures exhibit the most variability and are the lowest among the three, typically ranging from 4°C to

7°C, with multiple fluctuations observed throughout the trial period.



Figure 1: Trial 1 Deciduous Temperature
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Figure 1 — A temperature-time plot for each EDRO: below the bryophyte layer, above the
bryophyte layer, and outside the understorey. Each temperature line has an uncertainty bar of
+0.3°C. This trial contains 731 temperature readings taken every two minutes over 24.3 hours.

Figure 2: Trial 1 Coniferous Temperatures
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Figure 2 — A temperature-time plot for each EDRO: below the bryophyte layer, above the
bryophyte layer, and outside the understorey. Each temperature line has an uncertainty bar of

+0.3°C. This trial contains 2021 temperature readings taken every two minutes over 67.3 hours



Figure 3: Trial 2 Deciduous Temperatures
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Figure 3 — A temperature-time plot for each EDRO: below the bryophyte layer, above the
bryophyte layer, and outside the understorey. Each temperature line has an uncertainty bar of

+0.3°C. This trial contains 2122 temperature readings taken every two minutes over 70.66 hours.

Figure 4: Trial 2 Coniferous Temperatures
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Figure 4 — A temperature-time plot for each EDRO: below the bryophyte layer, above the
bryophyte layer, and outside the understorey. Each temperature line has an uncertainty bar of

+0.3°C. This trial contains 1655 temperature readings taken every two minutes over 55.1 hours.



Figure 5: Below - Above Figure 6: Below - Ambient Figure 7: Above - Ambient
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Figure 5 — A box plot of the below moss temperature minus the same-time above moss
temperature for each trial site. The deciduous site had medians of 1.74°C and 1.00°C for trials one
and two, respectively. The coniferous site had medians of -0.36°C and 1.27°C for trials one and
two, respectively. Statistically significant differences (p < 0.001) between Trial 1 Deciduous and
Trial 1 Coniferous, and Trial 2 Deciduous and Trial 2 Coniferous, are indicated by '"***' above the
respective comparisons.

Figure 6 — A box plot of the below moss temperature minus the same-time ambient temperature
for each trial site. The deciduous site had medians of 2.91°C and 1.83°C for trials one and two,
respectively. The coniferous site had medians of 1.97°C and 2.21°C for trials one and two,
respectively. Statistically significant differences (p < 0.001) between Trial 1 Deciduous and Trial 1
Coniferous, and Trial 2 Deciduous and Trial 2 Coniferous, are indicated by "***' below the
respective comparisons.

Figure 7 — A box plot of the above moss temperature minus the same-time ambient temperature
for each trial site. The deciduous site had medians of 0.53°C and 0.88°C for trials one and two,
respectively. The coniferous site had medians of 2.30°C and 0.90°C for trials one and two,
respectively. Statistically significant differences (p < 0.001) between Trial 1 Deciduous and Trial 1
Coniferous, and Trial 2 Deciduous and Trial 2 Coniferous, are indicated by '"***' above the

respective comparisons.



Discussion

The results from the study demonstrate significant microclimatic differences between the
temperatures below and above the moss layer and compared to ambient conditions in deciduous and
coniferous environments. Figure 5 shows three of the four sites had a significant temperature difference of
1.00°C to 1.74°C between below and above the moss. Figure 6 shows that all sites had a significant
temperature difference of 1.83°C to 2.91°C between below the moss and outside the understorey
environment. This suggests that both moss and the understorey act as an insulative layer to the forest floor,
which appears to moderate ground temperatures relative to air temperatures above and the ambient
conditions, consistent with the insulation properties reported in prior studies (Dyrness, 1982; Hart and Chen,
2006; Blok et al., 2011; Soudzilovskaia et al., 2013; Park et al., 2018). Although the results suggest a degree
of magnitude for the moss’ insulativeness, the direction remains unknown (i.e., if the moss is strictly
warming as it did in this study or if it could provide cooling insulation during different seasons). Looking at
Figures 1 through 4, all sites had the below moss layer being notably more stable compared to the more
variant temperatures of the above moss and ambient areas. This suggests that the moss layer not only acts as
an insulator but also as a buffer. However, the understorey appears to provide only insulative properties; the
understorey does not act as a buffer, as the above moss temperatures follow the ambient temperatures with a
similar rate of change.

Figures 5 and 6 show that the temperature differences under deciduous understorey are greater than
those under coniferous in trial one but lesser than those under coniferous in trial two. While the results
suggest that moss and understorey offer significant insulation to the forest floor, they do not show an overall
trend in the difference between the understorey type and the insulation of the forest floor. In other words, the
results are inconclusive regarding the effect of the type of understorey on the forest floor temperature.

This study could have been significantly strengthened by incorporating additional control sites,
specifically areas with deciduous and coniferous understorey that lack moss coverage and completely bare
sites with no understorey or moss. Including these controls would allow for a more robust comparison of
temperature differences directly attributable to the presence of moss and understorey, isolating their
individual and combined thermal effects. These control sites are necessary to definitively attribute observed

temperature modulations to the moss itself, as other understorey elements could also influence



microclimatic conditions. For example, the thermal properties of the forest floor not covered by the
understorey could differ significantly from those within the deciduous or coniferous understorey, potentially
due to differences in soil moisture retention, exposure to solar radiation, ground topography, and branch
litter. Therefore, the absence of these control groups in the study design leaves a gap in understanding the
precise role of moss versus other understorey components, potentially confounding the interpretation of how
understorey type contributes to microclimate regulation within forested ecosystems. This limitation restricts
the conclusive generalization of the results across different forest management and conservation practices.

Further insight into the insulation properties of bryophyte layers under deciduous and coniferous
understorey could be achieved by conducting these observations across different seasons. Seasonal
variations, such as changes in precipitation, solar angle, and vegetation phenology, could substantially
influence moss layers' insulative and buffering capacity. More trials would capture these dynamic
conditions, providing a more comprehensive understanding of how moss and understorey interact with
environmental factors throughout the year. For instance, the insulating effects of moss might be enhanced
during wetter seasons due to increased water retention, while reduced effectiveness might be observed
during dry seasons or in freezing conditions when physiological changes occur within the moss structure
(Atanasiu, 1971). Additionally, by performing longer trials, it would be possible to see the below moss make
a complete oscillation in temperature. As seen in Figures 1, 3, and 4, the temperature below the moss mainly
was cooling. Longer trials would allow for periods of warming, which would then show oscillating
temperature curves below the moss, as seen in Figure 2. Using these curves, it may be possible to construct
a temperature gradient model with a respective heat capacity to quantize the thermal insulative properties of
moss and understorey type.

The strength and reliability of these results can also be significantly reinforced by performing
multiple trials for each understorey type. Replicating trials could increase the robustness of the study by
minimizing the effects of anomalous data and allowing for more precise estimates of average conditions.
This approach would help clarify any inconsistencies observed between trials, as noted in the varying
temperature differences under deciduous and coniferous understories between trials one and two. By
averaging over multiple trials, we could reduce the impact of outliers or unique environmental events that

may skew results in a single trial. This could also provide a more solid statistical foundation for comparing
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the insulation effects of moss under different types of understorey, thus possibly offering more explicit
guidance for forest management practices that aim to leverage natural insulation for climate control or
habitat management.

In summary, expanding the scope of the study to include more extended monitoring periods and
additional replicates could provide a deeper, more reliable understanding of how bryophyte layers function
as insulators under varying environmental and climatic conditions, like forest understorey. Such
comprehensive data may become essential for developing effective conservation strategies and managing

forest ecosystems in changing global climates.

Conclusion

The results of this study illustrate that moss layers enhance thermal stability on the forest floor,
demonstrating a marked difference in temperature regulation between the layers below and above the moss,
as well as compared to the ambient conditions. Specifically, temperature differences of up to 1.74°C were
recorded between the below and above moss layers and up to 2.91°C between the below moss and ambient
temperatures. This study confirms that moss acts as both an insulator and a stabilizer of ground
temperatures, mitigating the effects of external temperature fluctuations. Although variations were observed
between deciduous and coniferous understorey types, these did not follow a consistent trend across trials,
suggesting that other environmental or biological factors may influence the insulative properties of moss.
The significance of this work lies in its contribution to the understanding of microclimatic regulation by
moss layers, potentially informing conservation strategies and forest management practices aimed at

leveraging natural understorey components to enhance ecosystem resilience to climate variability.
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