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Abstract:

Insects and fungi are important parts of dead wood systems. Polypores, the main
structural decomposers of dead wood, have fruiting bodies frequently visited by insects.
This could potentially be important for spore dispersal, but few studies have investigated

whether insect visitation correlates with spore production.

In this study nine time-lapse cameras were used to register beetle visits on Fomitopsis
pinicola in Nordre Pollen and @stmarka nature reserve. In addition passive spore traps
were used to monitor spore production for five polypores in Nordre Pollen once a
month, from May to August to see how visiting rates of beetles related to spore

production, time of day, air humidity and temperature.

Spore production was at its peak in May, followed by June. No spores were found in
August and only two polypores released spores during July. Activity of 4 beetle species
was estimated from 51 852 high quality images and spore production was a good

predictor for occurrence of beetles in May.
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1 Introduction:

Boreal forests are important ecosystems that harbors large amounts of species (Hongve
1999, Patriquin et al. 2007). A large portion of the biodiversity in forests is connected to
dead wood (Jonsson et al. 2005), with insects (Muller et al. 2002) and fungi (Norden et
al. 2004) making up the large majority of the species. Both can affect forest dynamics
through their involvement as decomposers, which is well documented (Ulyshen 2016)
(Boddy and Watkinson 1995). Fungi is the most important decomposer in forests,
followed by bacteria and insects (Weslien et al. 2011). Few studies have been
conducted on the interactions between either of the three groups, even though these
interactions could potentially influence species abundance, distribution and
decomposing (Ulyshen 2016).

Fungi can break down the compounds cellulose and lignin which few other organisms
are able to do, making them important and efficient decomposers of dead wood (Boddy
and Watkinson 1995, Talbot et al. 2008). Polypores are the functionally most important,
and most abundant fungi in these dead wood systems (Heilmann-Clausen and
Christensen 2004, Kebli et al. 2011). Polypores have fruiting bodies that produce large
amounts of spores on the hymenial surface, and these are frequently visited by insects
(Johansson et al. 2006). The insects could be eating spores, the hymenial layer, or
other visiting insects, but what species visit, how often they visit and what they do there
is not well known (Hagvar and Okland 1997, Schigel 2012). The visits could have
nutritional value for the insects, but they could also be important for the fungi’s ability to
spread its spores to new substrates (Jacobsen et al. 2018b). Faldt (1998) found that
insects are drawn to the smell of certain compounds secreted by polypore fruiting

bodies during periods of heavy sporulation (Faldt et al. 1998).

Jacobsen (2017) found that 54% of beetles that landed on freshly cut aspen wood
carried DNA of wood-decomposing fungi indicating that they may act as targeted
dispersers (Jacobsen et al. 2017). In a later study, they saw that the same beetles had

a similar specialization in their network of fungi to that of insect seed-dispersers



(Jacobsen et al. 2018a). The visiting behavior from beetles has previously been viewed
as mostly neutral or disadvantageous for the fungi, as beetles have been observed
eating the hymenial layer of polypore, but considering the recent findings by Jacobsen,
fungal grazing by beetles could have potential benefits for the fungus (Guevara et al.
2000).

Studies of insect activity on fungal fruiting bodies has previously been done using
manual observations (Hagvar 1999), but this is tedious due to the relative scarcity of
visits to the insects nocturnal activity. In recent times camera technology has been used
to gather data for species interactions, particularly in mammals and recently in some
insect studies (Steen and Barmoen 2017, Bjerge et al. 2021). A recent study by
Ferkingstad (2020) found that camera monitoring could work as a great supplement to
traditional observation methods when studying insects visiting polypores. It allows for
data collection over large periods of time without the need for an observer physically
present and enable estimation of visitation frequency which is highly important for the

insects potential effect on spore dispersal (Ferkingstad 2020).

The polypore Fomitopsis pinicola, is a brown-rot polypore that is common all over
Norway, although it is particularly common in older spruce forests due to these forests
often having more dead wood (Komonen 2003). The fruiting body is characterized by its
red-colored band around the side of the spore cap and can remain for decades under
optimal conditions (Hagvar and Okland 1997). It also has a relatively season dependent
spore-production rate, and it can produce many spores that are spread with the wind
(Nuss 1986). Its relatively large fruiting bodies are frequently visited by insects and
given its widespread distribution this polypore is an ideal study organism and will
therefore serve as the study organism for my thesis (Hagvar 1999).

My goal will be to observe how visiting patterns by beetles on this polypore change with
its sporulation cycle over multiple months. | will do this by using time-lapse cameras to
photograph the fruiting bodies in parallel with measurements of spore production. In
order to explore this relationship my study will aim to answer the following questions:
“How does sporulation change with month, time of day, air humidity and temperature?”

and “How does this compare to the changes in visiting rates by beetles throughout the



day?” Furthermore, since use of cameras is a relatively new technology for investigating
insects on polypores, | wanted to compare my study with the study we build upon
(Ferkingstad 2020) and evaluate improvements. Therefore an additional question was
added: “How did the image quality from the cameras change when compared to last

year?”.

| predict that F. pinicola has higher sporulation rates during the night, as the lack of
sunlight could provide less harmful situations for the spores since they are not damaged
by UV-rays (Fourtouni et al. 1998). Looking at findings from Ferkingstad (2020) and
Hagvar (1999) who both found more beetles visiting during nighttime | also expect to
observe this pattern (Hagvar 1999, Ferkingstad 2020). Furthermore, | predict a positive

relationship between spore production and beetle frequency based on these findings.

2 Materials and methods:

2.1 Study area:

Two main nature reserves were used for this study. The first was Norde Pollen, and the
second was @stmarka (Figure 1). Nordre Pollen is the youngest reserve having been
established in 2005, but it has remained free from forestry and other intensive land use
since 1982 (Miljgdirektoratet 2005). @stmarka was established in 1990 but had been
protected since the 1960s (Miljgdirektoratet 2002).



?—— (Dstmarka

Nordre Pollen

Figure 1. Locations of both study sites used for monitoring F. pinicola, @stmarka and Nordre

Pollen.
2.2 Experimental design — cameras:

| initially planned to use 12 time-lapse cameras of the model Wingscapes®
TimelapseCam Pro, WCT-00126, each with a corresponding camera mount, used to
attach the camera beneath the polypore (Figure 2). However | ended up with nine
cameras total (four in Nordre Pollen and five in @stmarka), as a result of two cameras
malfunctioning and one being stolen during the study period. Due to the need to attach
the camera in an upward-facing position the number of suitable polypores in each area
were limited. Above the camera lens was a rubber seal with a plastic plate on top,
intended to prevent water from clouding up the photos. The cameras have a battery life

of around 1.5 months and are resistant to harsh weather, allowing them to run for long



periods of time. They have a strong flash, allowing them to take photos during night and
can record the temperature at the time of each photo.

Figure 2. Setup showing the time-lapse camera attached beneath a fruiting body of F. pinicola

using a custom mount. Photo: Tone Birkemoe

Six fruiting bodies of F. pinicola in each study area were selected and a camera was
mounted to the stump they were growing from. The camera lens was fitted 20 cm away
from the polypore, and the entire hymenial surface had to be in frame. The cameras
were set to take one picture every ten minutes and store them on an SD card. The
cameras were running from April 28" to September 2" at Nordre Pollen and from April
171 to September 18™ in @stmarka. During this time, | visited the sites twice to back up

data and change batteries.
2.2.1 Initial image handling:

At the end of the season, all the photos were downloaded from SD-cards to an external
hard-disc for image handling. The goal of the initial image handling was to automatically
remove photos with a quality too low for detection of beetles. | randomly selected a
sample of 1000 photos from each site. From these photos | manually identified 100
“high-quality” photos, defined as a photo where the hymenium of the polypore was so
clear that insects could be identified down to family level. | then used a python script

(Appendix 1) that calculated the Variance of Laplacian (VL) of each image. The
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Variance of Laplacian is an approximation of how blurry a photo is, estimating image
quality using an edge detection algorithm (Hoye et al. 2021). Using the sample of high-
guality photos as a base, the script would then calculate a VL threshold value for high-
quality photos and filtering out all that fell below this value. Each individual site was
handled separately with the script to ensure more accurate threshold values. After
filtering out all the low-quality photos from my data set, | extracted every sixth image
(e.g., 12:00, 13:00 etc.) for manual annotation work in order to reduce bias towards the
observations in the photos. | used a digital annotator named VGG Image Annotator
(VIA), which allowed me to scroll through sets of images and manually select areas that
contained visiting beetles in each photo. This was then exported into a .csv file. During
the manual annotations, all beetles visiting were identified to the lowest possible
taxonomic rank. However, the very high occurrence of Gyrophaena boleti living in the
pores of the fruiting bodies was only annotated in clusters of 10 or more individuals. The
reason for this is the assumed low impact that G. boleti has on spore dispersal, as they
don’t usually migrate between different fruiting bodies, living their lives withing the pores

of the polypore (Hagvar 2018).
2.3 Experimental design — spore measurements:

| measured spore production on the four polypores with cameras in Nordre Pollen on
four dates throughout the summer at the following dates: 20.05, 13.06, 20.06, 23.08. |
took measurements every three hours throughout 24 hours to cover differences
between day and night, resulting in 8 measurements per polypore. | used a passive
spore trap following Norros and Veera, et al. (2012), in which three 1x1 cm squares of
plastic were attached with pins to the hymenium of the polypore (Figure 3) to gather
spores (Norros et al. 2012). After three hours had passed, they were removed and
transferred individually to Eppendorf tubes and replaced with new squares. In addition,
the hymenophore area of the polypores was measured to observe differences in size.
During all trips, except the first, | measured temperature and relative air humidity using

a hygrothermometer, to see what effect these factors could have on the sporulation.



Figure 3. Setup showing the plastic squares attached beneath a fruiting body of F. pinicola

using pins. Photo: Tone Birkemoe

2.3.1 Spore counting:

Initially, each sample with plastic squares was added 400 pl of isopropanol to dilute the
sample, herein referred to as the dilution factor. This amount was reduced in July and
August due to low spore concentrations (300 pl and 200 pl of isopropanol respectively).
Each sample was then vortexed and placed in a centrifuge at 1500 rcf for 30 seconds,
after which 60 pl of the sample was put into a tube along with 60 pl of the staining
compound cotton blue. 20 ul of the dyed sample was then placed into a Neubauer
haemocytometer and the spores were counted in a microscope. The number of spores
was then divided by the dilution factor which was assumed to be equal to spore

production per 3 cm? area of the hymenium of the polypore using this formula:
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Concentration (Spores/ml) = (Number of spores * 10 000)/(Number of squares in the

haemocytometer (16) * (Dilution factor).

This number was then divided by the number of plastic squares (3) to get the

approximate spore production per cm? for each polypore.
2.4 Statistical analysis:

All analyses in this study were conducted in RStudio version 1.4.1103. Analysis of
which variables influenced spore production was done with a simple Anova test. The
variables examined were month, time of day (in three-hour intervals), temperature and
air humidity, and how each of them interacted with spore production by separately. The
spore variable had a large span between high and low measurements, so the variable
was transformed logarithmically. For one of the analyses, | also grouped times into day
(06:00-20:59) and night (21:00-05:59) to see if spores were connected to the day-night
cycle. For temperature and humidity, only the month of June was used since no

measurements of them were made in May.

For how beetle visits related to spore production, | decided to use a General Linear
Mixed Model for analysis. My response variable was the number of observed beetle
species per ten minutes. This variable was not normally distributed, which is the reason
why | went with a generalized model, since it handles non-normally distributed variables
(Zuur et al. 2009). | wanted to compare this to the variables of spore production,
temperature, and hour of day, however due to only having data on spore production
from a single 24-hour period each month, assumed the spore nhumbers to be
representative for each day the week the spore measurements were taken. In addition,
only data from May and June was used, as the spore numbers were too low the
following months. The data of beetle visits can be categorized as counting data, so |
assumed it followed a Poisson distribution. Poisson distribution assumes that the
variance and mean of the data set are equal, which is rarely the case for ecological
data. However, in my dataset the variance and mean were almost identical, allowing me
to utilize Poisson distribution without issue (see Appendix 2 for model diagnostics). |

then decided to go with Mixed Model to account for the random effects (Henderson Jr
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1982). Within the model, both the three-hour intervals used for spore measurements

(Timeframe) and the polypore itself (Site ID) was categorized as random effects.

3 Results:
3.1 Spore production

Spore production varied between the months (Table 1). All four fruiting bodies produced
spores in May and June with the highest production in May. In July spores were only

found on 2 polypores, and in August no spores were recorded (Figure 4).

The number of spores produced in May and June did not vary between the eight time-
intervals during the 24-hour cycle. (Figure 5, Table 2). This was also the case when the

time was sorted into day and night (Table 3).

Spore production did not vary with temperature (Table 4) or humidity (Table 5) in June

which was the only month this analysis could be carried out.

Table 1. Summary of Anova test showing the effect of month (May-August) on spore production
(per cm? per 3 hours, log10-transformed) in four Fomitopsis pinicola- fruiting bodies on spruce

snags in Nordre Pollen nature reserve, Norway.

Df Sum sq F value P-value
Month 3 3.4*10% 6.12 <0.001
Residuals 124 2.3*10%?
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Figure 4. Boxplot of spore production (per cm? per 3 hours, log10-transformed) in four
Fomitopsis pinicola- fruiting bodies from Nordre Pollen nature reserve, Norway, measured

during one diurnal cycle each month.
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Figure 5. Boxplot of spore production (per cm? per 3 hours, log10-transformed) in four
Fomitopsis pinicola- fruiting bodies from Nordre Pollen nature reserve, Norway, at 20.05 and
13.06.

Table 2. Summary of Anova test showing the effect of time (May and June) on spore production
(per cm? per 3 hours, log10-transformed) in four Fomitopsis pinicola fruiting bodies on spruce

snags in Nordre Pollen nature reserve, Norway.

Df Sum sq F value P-value
Timeframe 7 2.1*101 0.749 0.632
Residuals 56 2.2*1012
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Table 3. Summary of Anova test showing the effect of day (06:00-20:59) and night (21:00-
05:59) (May and June) on spore production (per cm? per 3 hours, log10-transformed) in four

Fomitopsis pinicola- fruiting bodies on spruce snags in Nordre Pollen nature reserve, Norway.

Df Sum sq F value P-value
Day or Night 1 4.2*10%° 1.097 0.299
Residuals 62 2.4*10%?

Table 4. Summary of regression test showing the effect of temperature on spore production (per
cm? per 3 hours, log10-transformed) in four Fomitopsis pinicola fruiting bodies on spruce snags

in Nordre Pollen nature reserve, Norway. Only data from June was included.

Df Sum sq F value P-value
Temperature 1 1.6*101° 1.569 0.220
Residuals 30 3.0*101

Table 5. Summary of regression test showing the effect of air humidity on spore production (per
cm? per 3 hours, log10-transformed) in four Fomitopsis pinicola fruiting bodies on spruce snags

in Nordre Pollen nature reserve, Norway. Only data from June was included.

Df Sum sq F value P-value
Humidity 1 3.5%10° 0.335 0.567
Residuals 30 3.1*10%

3.2 Camera and image quality

Most cameras remained operational during the entire study period. Two cameras
stopped working during the middle of the study period, and a two had some dates
missing, however 6/9 cameras showed no large deviancy (active for >95% of days
during the study period) from continuous operating times (Table 6).

15



A total of 132 590 photos were taken by the nine cameras through the summer. 35%
(46 405) were sorted out as low-quality photos using the python script (didn’t pass the
threshold VL value). This left 86 165 photos for annotation.

During annotation 37% (34 333, 25% of total photos) of the high-quality photos proved
to be of too low quality for beetle identification (false positives), not filtered out by the
script during the initial image handling. Furthermore, the level of photo quality varied
greatly between sites (Figure 6). The total number of high-quality photos were higher at
day than night (Table 7) and lowest during May and July (<50% high-quality photos)
(Table 8).

Table 6. Overview of dates with photos and dates without photos (April-September, 2020) from
cameras capturing the fruiting bodies of nine Fomitopsis pinicola every ten minutes at different

sites in Nordre Pollen and @stmarka.

Site ID Dates with photos Dates without photos

POL5 28.04 —21.07,23.08-02.09 22.07-22.08

POL4 28.04 - 02.09 0

POL3 28.04 - 02.09 0

POL2 28.04 —02.09 0

OST6 17.04 —18.09 0

OST5 17.04-30.04,01.06 —01.07 01.05 - 31.05, 02.07 — 18.09
OST4 17.04 -09.15 16.09 — 18.09

OST3 17.04-17.06 18.06 — 18.09

OST2 17.04 -20.04, 23.04 -18.09 21.04 —22.04

16
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Figure 6. Photo quality, including falsely sorted high-quality images, in percent of total number

of images per site. Total number of images is given to the right. Photos taken by cameras

capturing the fruiting bodies of nine Fomitopsis pinicola every ten minutes at different sites in

Nordre Pollen and @stmarka.
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Table 7. Overview of high-quality photos taken at day vs. night (April-September, 2020) from

cameras capturing the fruiting bodies of nine Fomitopsis pinicola every ten minutes at different

sites in Nordre Pollen and @stmarka.

Locality Site Day Night
Nordre Pollen POLS5 4178 3207
Nordre Pollen POL4 5658 1522
Nordre Pollen POL3 3370 2510
Nordre Pollen POL2 6356 3504
Sum Nordre Pollen 19 562 10 743
@stmarka OST6 1951 2651
@stmarka OST5 1361 1495
@stmarka OST4 5247 2118
@stmarka OST3 4844 1914
@stmarka OST2 2519 3316
Sum Jstmarka 15 922 11 494
Total 35484 22 237

Table 8. Overview of high-quality photos taken per month (April-September, 2020) from

cameras capturing the fruiting bodies of nine Fomitopsis pinicola every ten minutes at different

sites in Nordre Pollen and @stmarka.

April May June July August September
High-quality 6727 10075 17423 5664 10075 2317
photos
Total 7052 20491 22731 19119 15801 3325
photos
Percent 95% 49% 77% 30% 64% 70%
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3.3 Beetle visits:

A total of 1851 beetles were observed on photos throughout the study period, and these
were found on 2,7% of the total number of high-quality photos. An expert on beetles

was able to identify eight species and one genus (Table 9).

Thymalus limbatus was the most frequently observed beetle overall, being observed
throughout the whole summer in both forests. Second was Peltis ferruginea which only
appeared at two polypores in Nordre Pollenvann, but with high numbers. Ipidia binotata
and Lordithon lunulatus were both found primarily in @stmarka and showed a similar
number of observations. The rest of the beetles identified were only observed 1-2 times
throughout the season.

Table 9. Overview of number of beetle observations from 57721 photos. Images taken from
cameras capturing the fruiting bodies of nine Fomitopsis pinicola every ten minutes, at different

sites in Nordre Pollen and @stmarka

Species @stmarka Nordre Pollen Total
Thymalus limbatus 927 254 1181
Peltis ferruginea 0 335 335
Ipidia binotata 85 11 96
Lordithon lunulatus 94 0 94
Rhizophagus dispar* 1 1 2
Arpidiphorus 0 1 1
orbicularis**

Dendrophagus crenatus 1 0 1
Melanotus castanipes 1 0 1
Sepedophilus sp. 1 0 1
Unknown beetles 26 115 139
Total observations 1136 717 1851

* Correct genus, uncertain species

** Uncertain classification
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The four beetle species with the most observations seemed to have different
occurrences throughout the summer (Figure 7). Ipidia binotata was observed almost
exclusively in May and July, while Lordithon lunulatus was almost exclusively observed
during April. Peltis ferruginea had a large spike in observations during the middle of
June, before rapidly dropping for the rest of the season. Thymalus limbatus was the
only beetle that was observed across all months, with highest observations in June.

Patterns in observations throughout the day varied between species (Figure 8). One
species, T. limbatus, was observed much more frequently during nighttime, while the
other 3 species had more occurrences during daytime. Observations also seemed to
vary with different temperatures, with higher temperatures giving more observations for

most species (Figure 9).
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Figure 7. Observations of the beetle species Ipidia binotata, Lordithon lunulatus, Peltis
ferruginea and Thymalus limbatus visiting nine fruit bodies of Fomitopsis pinicola in the period
17.04 to 18.09 in Jstmarka and Nordre Pollen nature reserves at 1-day intervals, based on a

total of 57721 photos taken at ten minute intervals.
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Figure 8. Observations of the beetle species Ipidia binotata, Lordithon lunulatus, Peltis
ferruginea and Thymalus limbatus visiting nine fruit bodies of Fomitopsis pinnicola in the period
17.04 to 18.09 in @stmarka and Nordre Pollen nature reserves at 1-hour intervals, based on a
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Figure 9. Observations of the beetle species Ipidia binotata, Lordithon lunulatus, Peltis
ferruginea and Thymalus limbatus visiting nine fruit bodies of Fomitopsis pinnicola in the period
17.04 to 18.09 in dstmarka and Nordre Pollen nature reserves by 1 °C-intervals, based on a

total of 57721 photos taken at ten minute intervals.

3.4 Beetle visits in relation to spore production

Spore production could not explain frequency of beetle visits when looking at the
combined data from May and June. However, the number of beetles increased with

temperature and was at its highest during nighttime (Table 10).

When analyzing data from May separately, as this month represent the highest spore
production, spore production was able explain the occurrence of beetles. The effect

from hour of day and temperature was no longer present however (Table 11).

When the same analysis was conducted for July separately the effect of spore
production disappeared, and temperature was the only explanatory variable of

significance (Table 12).
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Table 10. Results of GLMM analysis testing the effects spore production (log10-transformed),

temperature and hour of day on beetles observed on Fomitopsis pinicola by photos taken at ten-
minute intervals in Nordre Pollen nature reserve from 18.05.2020-24.05 & 08.06-13.06 using

three-hour time intervals (Timeframe) and Site ID as random effects.

Predictors

Sum

Mean Cl P-value

(Intercept)

-10.74 -14.97 - -6.51 <0.001

Spores produced -0.03 -0.07-0.01 0.141
Temperature in °C 0.19 0.12-0.26 <0.001
Hour of day 0.24 0.03-0.44 0.024
Random Effects: Variance Std.Dev.
Three-hour intervals 9.769 3.126

Site ID 2.832 1.683
Observations (N) 4445

Marginal R? / Conditional R? 0.258/0.783
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Table 11. Results of GLMM analysis testing the effects spore production (log10-transformed),
temperature and hour of day on beetles observed on Fomitopsis pinicola by photos taken at ten-
minute intervals in Nordre Pollen nature reserve from 18.05.2020-24.05 using three-hour time

intervals (Timeframe) as a random effect.

Sum
Predictors Log-Mean CI P-value
(Intercept) -12.55 -16.21 —-8.89 <0.001
Spores produced 0.64 0.39-0.90 <0.001
Temperature in °C 0.04 -0.10-0.18 0.564
Hour of day -0.01 -0.16 -0.15 0.949
Random Effects: * Variance Std.Dev.
Three-hour intervals 1.742 1.32

Observations (N) 2170
Marginal R? / Conditional R? 0.480 /0.611

*Sijte ID had a variance of 0 for this test and was therefore excluded
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Table 12. Results of GLMM analysis testing the effects spore production (log10-transformed),
temperature and hour of day on beetles observed on Fomitopsis pinicola by photos taken at ten-
minute intervals in Nordre Pollen nature reserve from 08.06.2020-13.06 using three-hour time

intervals (Timeframe) and Site ID as random effects.

Sum
Predictors Mean Cl P-value
(Intercept) -11.34 -16.69 — -5.99 <0.001
Spores produced 0.00 -0.08-0.08 0.984
Temperature in °C 0.21 0.10-0.32 <0.001
Hour of day 0.21 0.04 -0.46 0.095
Random Effects: Variance Std.Dev.
Three-hour intervals 11.680 3.418
Site ID 3.081 1.755

Observations (N) 4445
Marginal R? / Conditional R? 0.219/0.805

4 Discussion:

Contrary to expectations, | did not find higher spore production during nighttime, but the
production varied noticeably throughout the season with highest numbers in May and
June. Neither temperature, nor air humidity had effects on the spore production |
measured. The number of beetles that visited the polypores increased with spores
produced in May, but not in June. Our changes in analysis of photos and setup of

cameras did not lead to significant improvements when compared to earlier years.

4.1 Variation in spore production
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Spore production being significant between months, and at its highest in May, falls in
line with what has previously been found on the sporulation patterns of F. pinicola (Nuss
1986, Hagvar 1999). Studies have also shown that time of day, temperature and
humidity have impacts on spore production despite my study showing no effect from
these factors (Haard and Kramer 1970, Hagvar 1999). Nuss (1986) found that spore
production in F. pinicola needed a threshold value of around 0 °C, below which, no
sporulation would occur. There were no recorded temperatures below 0 °C during my
study period, which could explain why temperature did not appear to have any effect on
spore production. Temperature values were similar both between months and through
the day (only showing slightly cooler temperatures at night in May) in my study, despite
large differences in sporulation between early and late months (Figure 4), which again
can help explain why | did not observe a pattern. In addition, | had no temperature
measurements from May, when Nuss (1986) observed the strongest temperature
impacts (Nuss 1986). Humidity followed similar patterns to temperature in my study, in
addition to also lacking measurements in May. This could explain why humidity, in a
similar vein to temperature, showed no effect on spore production. Humidity has,
however, been observed to be important for sporulation rate in other studies, due to
spores being reliant on moisture to successfully germinate (Haard and Kramer 1970,
Anco et al. 2013, Oneto et al. 2020). Many fungi have been observed to produce more
spores during nighttime, following the levels of humidity, however little research has
been done on this relationship for F. pinicola specifically. Hagvar (1999) observed
occasional spikes in sporulation around midnight in the closely related species F.
fomentarius, but this pattern was not observed in F. pinicola during my study. This could
suggest that F. pinicola has different spore patterns, less reliant on time of day than

other related polypores.

The discrepancies in my findings when compared to other studies, could however also
be explained by the low number of days used for spore collecting. Using a single 24-
hour period each month was likely not sufficient to properly quantify spore production
throughout the day, especially given how only the first two months had spore numbers
above 1 spore per sample. With May being the month with the highest spore production

overall, it would be far more advantageous to focus on this month with multiple
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measurements, preferably continuously throughout an entire week. It would also give
stronger data to compare to the visits recorded from the time-lapse cameras, as single
24-hour intervals do not produce many beetle visits overall. If multiple measurements
are to be performed per week it would likely require more than one person, as staying

awake for more than 24 hours to gather samples is difficult for one individual.

4.2 Ecological information obtained from beetle visits

With L. lunulatus, I. binotata and P. ferruginea being mostly present during the early
months of the season (Figure 7), it supports findings that they all primarily visit the
hymenial layer to consume spores (Krasutskii 2007). In addition to consuming spores,
L. lunulatus has also been observed to predate on other visiting beetles and has been
classified as a generalist predator, therefore its frequency could also be affected by the
visits of potential prey (Hagvar and Okland 1997, Faldt et al. 1999, Krasutskii 2007). T.
limbatus was more frequent through all months, which could be explained by it grazing
on the hymenial layer of the polypore in addition to eating the spores it produces
(Hagvar 1999). However, the high frequency of T. limbatus could potentially also be
caused by its long visit times. Since each image with a beetle was counted as a
separate visit for that species in order to reduce bias, there is the possibility that one
individual was captured across multiple images, thus splitting up a single visit into
multiple. T. limbatus has been shown to visit F. pinicola for as long as 32 hours,

meaning up to 191 different visits could in reality be one singular (Ferkingstad 2020).

With time of day, the small increase in visits during the daytime (Figure 8), can be
explained by daytime having approximately 60% more high-quality photos than
nighttime (Table 7). The same problem appears for temperature, as it is a variable
heavily correlated with time of day and therefore impacted by the discrepancy in photo
guality between night and day. Looking at observations, the higher numbers of
observed T. limbatus during the night seems to support it being more active at nighttime
but can also be present during daytime. Ferkingstad (2020) found that time of day was

the most important variable in explaining the activity of T. limbatus, stating that the
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expected highest frequency of observations was at 1:11 a.m. (Ferkingstad 2020). .
binotata was only observed during the day, indicating its activity is largely day focused,
however given only 96 total observations it suggests either scarcity or short visiting
times, resulting in fewer individuals being captured on camera. Looking at comparisons
between species we can see that P. ferruginea had a similar frequency to T. limbatus
during the daytime, which could suggest that P. ferruginea is more active during the
daytime. Alternatively it's possible that T.limbatus has comparatively low visiting

numbers during the daytime, making P.ferruginea appear more frequent.

4.3 Ecological significance of relationship between beetle visits and spore

production.

With May showing a positive relationship between spore production and beetle visits
(Table 11), there is evidence to support that visiting frequency of fungivorous beetles
are regulated by sporulation when production is high. Finding a relationship between
beetles and their attraction to fruiting bodies of polypores falls in line with findings from
multiple other studies (Jonsell and Nordlander 1995, Johansson et al. 2006). Johansson
(2006) found that beetles can be drawn to volatiles emitted by wood infested with F.
pinicola. While Jonsell and Nordlander (1995) found that odors emitted by the fungus
during sporulation could attract beetles towards its fruiting body. Since the relationship
was only positive during the month with the highest production, the visits seem to be
driven by other factors when spore production is lower, mainly temperature and hour of
day (Table 10). It should be noted that many of the observed species are active at
different times throughout the summer, and have alternate diets when spores are less
available (Faldt et al. 1999, Hagvar 1999). Temperature, for instance, has been noted
as important for species such as P. ferruginea, with colder temperatures generally being
preferred for their distribution (Grammer 2018), which could explain its low frequency

during the warm summer months in addition to spores being less prevalent (Figure 6).

The relationship between spore production and beetle visits from this study seems to

enforce the idea that they play an important role in spore dispersal. While spore
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dispersal by wind is largely random and has a limited range, insects dependent on dead
wood are generally resource focused and can move with better precision from suitable
substrate to another (Hagvar 1999, Komonen 2003, Vasiliauskas et al. 2005, Galante et
al. 2011). Jacobsen (2018) found that limiting the access of invertebrates had significant
effect on establishment of fungal communities in dead wood (Jacobsen et al. 2018b).
Based on my findings the beetles most likely to act as spore dispersers in this study
were T. limbatus and P. ferruginea, who both were frequent visitors during the predicted
peak of spore production in late May and early July (Figure 7) (Nuss 1986). While no
study has yet shown them to be attracted to volatiles emitted from F. pinicola during
sporulation, they made up most visits used to generate the significant relationship
between spore production and beetle visits in May. They have been shown to be active
flyers during the sporulation period, making them ideal for spore dispersal from one
suitable substrate to another (Gillespie et al. 2017). T. limbatus is an especially strong
candidate given its high numbers and recently spores of F. pinicola have been shown to
survive within the digestive tract of T. limbatus and successfully germinate afterwards

(Lunde et al. [unpublished]).

4.4 Improvements on cameras & image quality

Overall a larger number of photos were taken this year (132 590), when compared to
last year (84 354) (Ferkingstad 2020). This 57% increase in photos was partly attributed
to a lengthier study period overall, starting a month earlier, and ending around the same
time. More importantly Ferkingstad (2020) had significant downtime in many of his
cameras during most of July, due to technical problems. This gave me an additional
month of photos despite my study having two less cameras operating (Nine as opposed
to 11). Longer operating times of my cameras also proves that the increased number of
maintenance trips had good effect, especially given that all the cameras needed a

battery change during the season.

With 40% (51 852) of total photos being good enough to identify visiting beetles, | saw

an increase of 4% in high-quality photos compared to last year. While not a large
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increase, it could be the result of some of the improvements made since the last study.
One of the measures used to improve photo quality was implementing a new rubber
seal between the camera lens and a glass that helped protect the lens, to help keep out
moisture from away. Last years study used a foam seal instead of a rubber one leading
to moisture being one of the main causes for low-quality images (Ferkingstad 2020).
However, moisture ended up being one of the primary problems this year as well, so it
is unlikely that this new rubber seal ensured less moisture. The issue reduced photo
guality the most during the night, when the strong flash reflected of the water in the lens
and made the photo too bright. This was also a problem without moisture, as the flash
would occasionally light up the white hymenial layer of the polypore to such an extent
that visiting arthropods would no longer be visible. The flash could potentially also
impact beetle behavior, as sudden, bright lights have been proven to be disorienting to
beetles active during the night (Horridge et al. 1983). Part of the issue with the rubber
seal seemed to be how it was slightly too small to fit over the lens, so it had to be
balanced on top and sealed with a plexiglass cover mounted above the seal. This cover
was only fastened with one screw, leading to the glass being mounted in a slight skew.
This probably allowed some moisture to enter from the other side, which then had
trouble getting out thanks to the seal. A potential fix would either be a larger rubber seal,

or a screw on the other side of the glass, to press the cover down better.

Despite more high-quality photos being taken during the day, there were still some
problems that reduced the photo quality during this time. The main issue was glares
from the sun, as all sites experienced some direct sunlight throughout daytime. Given
the cameras being mounted at close to a 90° angle, the sunlight could reflect of the
plastic covering the camera lens, making the photos unclear. While last years study
listed this as a problem as well, similar studies using camera trapping earlier has not
listed sun glare as an issue (Nichols et al. 2017, Hoye et al. 2021). This is likely
because none of these studies had cameras mounted facing upwards. One possible
solution to this issue would be to seek out polypores in more shaded areas but given
the strict criteria already in place for selecting suitable polypores, further restricting
available individuals might not be feasible. Alternatively, a polarizing filter could be

applied over the camera lens, to help reduce the effect of sunlight in general.

30



Using the script calculating VL to filter out low-quality images led to worse results when
compared to the study last year. With 20% (10 867) of photos being false positives last
year compared to 25% (34 333) this year, we saw a 5% increase in false positives. This
does seem to indicate that making a separate VL value for each site, instead of using
one for all sites had a negative effect on reducing the number of false positives. The
most likely explanation for this is that the number of photos used to calculate the VL
value was too low per site. As the cameras were operating for a long time, the angle at
which they captured images shifted slightly for some sites, most likely due to the weight
of the cameras. This means there were high variance in what would be defined as a
high-quality photo, something which could be solved by increasing the overall number of
photos. It is important to make sure that the number of false positives is as low as
possible, as they must be filtered out through manual annotation work, which is very
time consuming and inefficient. For the future | believe that doubling the sample size
from 100 to 200 could have better effects on the number of false positives.

Conclusions:

Use of cameras to monitor insect visits in polypores worked, but there is still room for
improvement. Beetles visit polypores to consume spores, but it appeared that the visits
only showed this interaction when spore production was at its highest. In order to
ensure that this is a general pattern, new studies with more data are necessary. It was
unexpected not finding increases in spore production during nighttime as well as finding
high visiting numbers during daytime along with nighttime, if we exclude the most
common species T. limbatus. This contrasts with earlier studies and needs to be
repeated to be sure of the outcome. The fact that nine different beetle species was
found on the nine randomly selected polypores does however imply that they are both
an important food source for the insects and that spore dispersal is a likely outcome of
the visits. This should therefore be researched further to answer if this is of ecological

significance.
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Appendix 1: Python script for calculating the Variance of Laplacian (VL) in

photos

# -*- coding: utf-8 -*-

Created on Tue Oct 22 16:51:02 2019

This script calculates the variance of the Laplacian (VL) as a measure for sharpness of an

image for each image in a given directory.

The mean and SD is calculated.

The Sortimages function sorts images in a given directory on the basis of a threshold value.

@author: Hjalte Mann

HHARRRR AR

### Import the necessary packages

import cv2 # Handling images. This is the openCV package and it needs to be installed.
from statistics import mean, pstdev # Calculate mean and SD
import os #Create folders etc

import shutil # Move files
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HHH
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### Set paths til the relevant folders

path_to_good = "D:/Example/Good" # Folder with good images (manually categorised)
path_to_test = "D:/Example/Test" # Folder with images that need to be sorted

it

HHHHHHR B

HHHAHHAH R

### Make a couple of empty lists

blur_good =[] # Make an empty list that will contain the VL's for the good images
blur_bad = [] # Make an empty list that will contain the VL's for the bad images
HHt

HHHHHHH B

HHAHHHAHR AR

## Below three different functions are defined.

def variance_of_laplacian(image):
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# Function that computes the Laplacian of the image and then returns the focus
# measure, which is simply the variance of the Laplacian

return cv2.Laplacian(image, cv2.CV_64F).var()

def GetBlurry(path, output_list):

# Function that loops over the images in a directory, calculates the VL and append the

value to a list.

# The function needs the path to the images (path) and the name of the list to output to

(output_list).
for images in os.listdir(path): # Loop over images in the given directory
path_to_image = os.path.join(path, images) # Set the full path to an image
image = cv2.imread(path_to_image) # Load the image

gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY) # Convert the image to

grayscale

VL = variance_of_laplacian(gray) # Calculate VL with the variance_of_laplacian-

function

output_list.append(VL) # Append the VL value to the output_list

def Sortimages(path):
# Function that sort images on the basis of their VL and a given threshold.

sorted_good = os.path.join(path, "sorted_good") # Create a string with the path for

sorted good images

sorted_bad = os.path.join(path, "sorted_bad") # Create a string with the path for sorted

bad images
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os.mkdir(sorted_good) # Create the directory (folder) for the sorted_good images in the

test directory

os.mkdir(sorted_bad) # Create the directory (folder) for the sorted_bad images in the

test directory
for images in os.listdir(path): # Loop over images in the direcotry given by "path”

if images.endswith('.JPG"): # But only do the rest if the filename ends with .JPG
(we have just created two folders in the test directory and we don't want to include these in the

next.)

path_to_image = os.path.join(path, images) # Set the full path to the

image
image = cv2.imread(path_to_image) # Load the image

gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY) #Convert the
image to grayscale

VL = variance_of_laplacian(gray) # Calculate VL with the

variance_of _laplacian-function
if VL > threshold: # If the VL for the image is above the given threshold...

shutil.move(path_to_image, sorted_good) #... then move it to the

sorted_good folder
if VL < threshold: # If the VL for the image is below the given threshold...

shutil.move(path_to_image, sorted_bad) #... then move it to the

sorted_bad folder

HHH#
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### Now we use our function on our data

GetBlurry(path_to_good, blur_good) # Run out GetBlurry-function on the good images. Set the

output_list to blur_good (the empty list we defined earlier in the script)

#GetBlurry(path_to_bad, blur_bad)# Run out GetBlurry-function on the bad images. Set the
output_list to blur_bad (the empty list we defined earlier in the script)

good_mean = mean(blur_good) # Calculate the mean VL for the good images

good_sd = pstdev(blur_good) # Calculate the VL SD for the good images

bad_mean = mean(blur_bad) # Calculate the mean VL for the bad images

bad_sd = pstdev(blur_bad) # Calculate the VL SD for the bad images

threshold = good_mean - good_sd # Set the threshold as VL-SD ( values from good images)

Sortimages(path_to_test) # Run our Sortimages function on the images in the test folder. The

function uses the threshold above, which can also just be set manually (e.g. threshold = 5)
Hi#
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### Print some stuff

print("Mean VL for good: ", good_mean)
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print("VL SD for good: ", good_sd)
print("Mean VL for bad: ", bad_mean)
print("VL SD for bad: ", bad_sd)
print("Threshold set to: ", threshold)

print("All done")

HH#
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Appendix 2: Model diagnostics from the General Linear Mixed Models

1 Analysis including both May and June:

Normal Q-Q Plot
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Theaoretical Quantiles

Appendix 2.1. Q-Q plot of distribution of residuals for GLMM analysis testing the effects spore

production (log10-transformed), temperature and hour of day on beetles observed on
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Fomitopsis pinicola by photos taken at ten-minute intervals in Nordre Pollen nature reserve from
18.05.2020-24.05 & 08.06-13.06 using three-hour time intervals (Timeframe) and Site ID as
random effects.

There appears to be deviation from the normality of residuals assumption for the

analysis from May and June.
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Appendix 2.2. Plot of the residuals versus the response variable for GLMM analysis testing the
effects spore production (log10-transformed), temperature and hour of day on beetles observed
on Fomitopsis pinicola by photos taken at ten-minute intervals in Nordre Pollen nature reserve
from 18.05.2020-24.05 & 08.06-13.06 using three-hour time intervals (Timeframe) and Site ID
as random effects.

Response variable looks linear in accordance with the residuals in the fitted model for

the analysis from May and June.
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Appendix 2.3. Plot of the number of beetle visits versus spore production (log10-transformed)
variables used in GLMM analysis testing the effects spore production (log10-transformed),
temperature and hour of day on beetles observed on Fomitopsis pinicola by photos taken at ten-
minute intervals in Nordre Pollen nature reserve from 18.05.2020-24.05 & 08.06-13.06 using

three-hour time intervals (Timeframe) and Site ID as random effects.

Assumption of Poisson appears to be violated, due to no linearity in spores variable for

the analysis from May and June.
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2 Analysis from May

Normal Q-Q Plot
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Thearetical Quantiles

Appendix 2.4. Q-Q plot of distribution of residuals for GLMM analysis testing the effects spore
production (log10-transformed), temperature and hour of day on beetles observed on
Fomitopsis pinicola by photos taken at ten-minute intervals in Nordre Pollen nature reserve from

18.05.2020-24.05 using three-hour time intervals (Timeframe) and Site ID as random effects.

There appears to be deviation from the normality of residuals assumption for the
analysis from May.
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Appendix 2.5. Plot of the residuals versus the response variable for GLMM analysis testing the
effects spore production (log10-transformed), temperature and hour of day on beetles observed
on Fomitopsis pinicola by photos taken at ten-minute intervals in Nordre Pollen nature reserve
from 18.05.2020-24.05 using three-hour time intervals (Timeframe) and Site ID as random
effects.

Response variable looks linear in accordance with the residuals in the fitted model for

the analysis from May.
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Appendix 2.6. Plot of the number of beetle visits versus spore production (log10-transformed)
variables used in GLMM analysis testing the effects spore production (log10-transformed),
temperature and hour of day on beetles observed on Fomitopsis pinicola by photos taken at ten-
minute intervals in Nordre Pollen nature reserve from 18.05.2020-24.05 using three-hour time

intervals (Timeframe) and Site ID as random effects.

Assumption of Poisson appears to be violated, due to no linearity in spores variable for

the analysis from May.
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3 Analysis from June

Normal Q-Q Plot
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Thearetical Quantiles

Appendix 2.7. Q-Q plot of distribution of residuals for GLMM analysis testing the effects spore
production (log10-transformed), temperature and hour of day on beetles observed on
Fomitopsis pinicola by photos taken at ten-minute intervals in Nordre Pollen nature reserve from

08.06-13.06 using three-hour time intervals (Timeframe) and Site ID as random effects.

There appears to be deviation from the normality of residuals assumption for the

analysis from June.
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Appendix 2.8. Plot of the residuals versus the response variable for GLMM analysis testing the

effects spore production (log10-transformed), temperature and hour of day on beetles observed

on Fomitopsis pinicola by photos taken at ten-minute intervals in Nordre Pollen nature reserve

from 08.06-13.06 using three-hour time intervals (Timeframe) and Site ID as random effects.

Response variable looks linear in accordance with the residuals in the fitted model for

the analysis from June.
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Appendix 2.9. Plot of the number of beetle visits versus spore production (log10-transformed)
variables used in GLMM analysis testing the effects spore production (log10-transformed),
temperature and hour of day on beetles observed on Fomitopsis pinicola by photos taken at ten-
minute intervals in Nordre Pollen nature reserve from 18.05.2020-24.05 & 08.06-13.06 using

three-hour time intervals (Timeframe) and Site ID as random effects.

Assumption of Poisson appears to be violated, due to no linearity in spores variable for

the analysis from May and June.

49



U
= Norges milje- og biovitenskapelige universitet Postboks 5003
I— J Noregs miljg- og biovitskapelege universitet NO-1432 As
N Norwegian University of Life Sciences Norway




