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How do we bridge the| methodological gap(s) between
molecular microbiology and citizen science observations?

The link between autumnal fungal fruiting and a shift in
Andrew et al. 2018). Autumn-fruiting fungi fruited earlier at
higher latitudes and altitudes, and in more continental loca- the balance of carbon allocation to aboveground plant parts
tions, in accord with earlier onset of autumn in those locali- and the belowground root systems is well established
ties (Fig. 1). Spring-fruiting fungi fruited later with higher (Abramoff and Finzi 2015). The lack of statistical signifi1949
latitudes and altitudes, and in more oceanic locations, in line cance of NDVI to autumnal-fruiting ectomycorrhizal fungi
with later start of spring in those areas. Stronger impacts at was contrary to our expectations, and likely due to the
higher latitudes and with more sharply increasing altitude emphasis that NDVI places on the onset of primary produccaused greater phenology variance to the spring than the tion in the spring (Pettorelli et al. 2005, Nielsen et al. 2012).
autumn fungi. The extent to which this is a result of sea- It may not be a proper indicator for carbon dynamics across
sonal, climatic, photoperiodic, or other variables should be all seasons, especially for autumnal-based phenology. That
further investigated, as it has parallels to previous findings the spring-fruiting ectomycorrhizal fungi could fruit earlier
with increased primary productivity (NDVI) was likely
for plants (Pau et al. 2011, Gill et al. 2015).
In contrast to the geographical effects, direct bioclimatic appropriately captured (Fig. 2). Other measures relating to
impacts on fruiting phenology were generally greater for belowground carbon transfer, such as leaf senescence,
and
nutrient
resorption, or even the
autumn-fruiting than spring-fruiting fungi (Fig. 2, Table Applications
2). belowground
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Climate especially impacted autumnal-fruiting fungi while climatic indicator of frost days, would likely better explain
NDVI, though less in magnitude, affected spring-fruiting the onset of autumnal fungal phenology. There is clearly
fungi. Related botanical research found early-season (i.e., need for further investigations of ectomycorrhizal fruiting
spring) responses were more often affected by abiotic features comparing measures and indicators of primary production.
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Observational records (e.g., citizen science data)

Where can citizen science records be found?

A ’walk in the park’: Observational data recorded by people on
species which they have encountered in the outdoor
environment, and often combined with associated temporal
(date) & locational (GPS) information.

See
Record
-----------------------

Create data

90

What are citizen science observations?

-

Nationally curated databases (e.g., artportalen.se)
Often in association with museums and specimen collections

What information can be obtained with the observations?
Historical to contemporary changes

Future
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Citizen science observations are valuable resources for building databases

Diversity

ectomycorrhizal
fungal assemblage
similarities in
Europe

7338604

http://www.zdravgozd.si/
mikoteka_index_en.aspx
http://www.fieldmycology.net/

a AT: Austria, CH: Switzerland, DE: Germany, DK: Denmark, EE: Estonia, NL: Netherlands, NO: Norway, SI: Slovenia, UK: United Kingdom.
b Of those with an updated taxonomy.
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Listed above are 9 sources of national-scale fungal fruiting records that have been combined into a “metadatabase”, as an example of the power that citizen science observations can contribute to.

ectomycorrhizal
fungi

-

Online initiatives, available to anyone with internet access & a digital device

saprotrophic fungi

Species’ distributions
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Sequences are stored as vouchered eDNA
- Public databases (e.g., unite.ut.ee)
- Can include temporal, spatial & environmental attributes
- OTUs are not always possible to link to physical
specimens

Why bridge citizen science initiatives & molecular microbiology?
More can be “seen”

Global initiatives to connect the data: GBIF & UNITE

- Public involvement
- As available data increases for both, why not combine them?
- Greater scope and informative capacity

No such thing as “the best”
- eDNA and observation data are both helpful for characterizing the
presences of microbes, especially concerning fungi
- Numerous studies have demonstrated that taxa are identified by both
methods, but also singularly for each method, e.g.,:
2003 Belowground
Ambient
Amanita muscaria (L.) Lam.
Cortinariaceae (Hymenogastraceae) sp.
Cortinarius obtusus (Fr.) Fr. group
Galactinia sp.
Geopora sp. 'A'

4.82 ± 4.82
27.25 ± 17.41

CO2

O3

CO2 & O3

0.81 ± 0.81
26.07 ± 14.11
0.18 ± 0.18

10.53 ± 10.53
0.22 ± 0.22

14.07 ± 8.47
2.62 ± 2.62

2003 Aboveground
Ambient

CO2

O3

CO2 & O3

16.30 ± 16.30

1.20 ± 1.20
Table 2 continued.
Amanita muscaria (L.) Lam.
Cortinariaceae (Hymenogastraceae) sp.
Cortinarius obtusus (Fr.) Fr. group
Galactinia sp.
Geopora sp. 'A'

0.05 ± 0.05

<0.01 ± <0.01

0.45 ± 0.31

0.60 ± 0.60
2006 Belowground
Ambient
5.94 ± 5.94
17.46 ± 9.20
1.69 ± 1.35

CO2

O3

CO2 & O3

7.86 ± 7.86
3.60 ± 1.97
8.87 ± 8.87

10.64 ± 10.55
0.94 ± 0.72
1.16 ± 1.16

2.67 ± 1.34
11.17 ± 5.79

2006 Aboveground
Ambient

CO2

O3

CO2 & O3

0.02 ± 0.02

0.01 ± 0.01

0.26 ± 0.16

4.65 ± 4.65
0.02 ± 0.02

3.49 ± 3.49

Listed above is an example, for just a few species’ abundances in a field experiment, demonstrating how
eDNA & observations can each capture unique species, with temporal changes challenging to separate
from the spatial variability of microbes.
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