
CONCLUSIONS

Although these results are very preliminary, the biodiversity captured by the first 
five samples is lower than expected. In the analyzed samples amerospores are 
both abundant and have high diversity. There is also a rela�ve abundance of 
didymospores present along with a few simple phragmospores and bubilspores.

Future work includes documen�ng the fungal diversity in the remaining samples
and iden�fying the fungal taxa present. These fossil fungal taxa will be correlated
with extant fungal species in order to help create a database of fungal ecological 
and climatological tolerances for the upper Latah Forma�on. This database will be 
used by Northumbria University-based project members for paleoclimate and 
future climate modeling.

INTRODUCTION
Microfungi are a vital part of ecosystems as they help with key processes, such as 
carbon and nutrient cycling, especially through the ac�ons of mycorrhizal and 
saprotrophic members (Nuñez Otaño et al., 2015, 2021; Willis et al., 2018). 
Microfungi can also be good indicators of plant biodiversity in an area because 
many fungal taxa are host-specific (Ru�en et al., 2021; Francioli et al., 2021; Hu et 
al., 2021; Wijayawardene et al., 2022 ).    Despite being crucial components in 
ecosystems, they are o�en overlooked. In the fossil record, microfungi have a high
preserva�on rate and they are o�en preserved close to the original substrate they
were deposited in. This makes them an important proxy for understanding local 
past ecological and climatological condi�ons (Romero et al., 2021, O’Keefe et al., 
2017).

The Fungi in a Warmer World project seeks to use fossil fungal assemblages to 
study changes in biodiversity  during the Miocene Climate Op�mum (MCO), a 
period of peak warming that closely mirrors current and projected warming trends 
(Steinthorsdo�er et al., 2021). The current atmospheric CO2 concentra�on is 
around 420 ppm but is rapidly approaching the MCO average of 450-550 ppm 
(Steinthorsdo�er et al., 2021).

This study is looking at sediments from just below ash layer RA3 through 2m 
above, corresponding to pollen zones 1-3 of Pipis and Rember (2013)  from the 
upper por�on of the Latah Forma�on Clarkia lagerstä�en exposed at locality P-37 
near Fernwood, Idaho (Figure 1)  . This poster is the first step in a focused study of 
sediments deposited during peak MCO warming (15.31Ma). Previous studies have 
been conducted in the area and show that the sec�on is organic rich and contains 
excep�onally well-preserved plant fossils and abundant palynomorphs (Pipis et 
al., 2012). These studies also suggested that the lake was surrounded by a warm 
to warm-temperate forest similar to forests in the southeastern United States and 
eastern China today (Smiley and Rember, 1985a, b). A few studies have been done 
over the fungi present on leaves from the deposit, but preserved fungal 
biodiversity data is excep�onally scarce (Sherwood-Pike, 1985, Sherwood-Pike and 
Grey, 1988).

This study seeks to fill a gap in knowledge about Miocene fungal assemblages 
from the Northwestern United States. Results from this study will be part of a 
global fungal distribu�on dataset that will be used for climate modeling and to 
predict how fungi will react to future warming trends.

STUDY AREA
The Clarkia lagerstä�en is part of the upper Latah Forma�on  in Idaho (Figure 2). 
The sediments in this exposure of lacustrine sediments are primarily clay and silt 
with layers of ash (Steinthorsdo�er et al., 2021). The sample site is located at the 
P-37 locality with a focus on sediments just below through 2m above ash bed RA-3 
(Figure 2)  . This site was chosen based on the abundance of paleobotanical material 
(leaf fossils) (Smiley and Rember, 1985a, b, 1981, Smiley et al, 1975) and also a 
preliminary study on pollen and spores completed in this area (Pipis, 2012).

RESULTS

SAMPLE 1761

SAMPLE 1775

SAMPLE 1779

SAMPLE 1781

SAMPLE 1785

ACKNOWLEDGEMENTS
The Fungi in a Warmer World (FiaWW) project was jointly funded by NSF/Geo and 
NERC under NSF award #2015813 to JO and NERC award iden�fier NE/V01501X/1 to 
MP.
Field travel was in part supported by the Richard A. Walls Geological Research Fund 
through the Morehead State University Founda�on.
We thank William (Bill) Rember for housing, access to P37, and many excellent discus-
sions about the deposi�onal history and paleobotany of the sites. Many thanks to Ken-
neth, Riley, and Kaden Kienbaum site clean-up and excava�on endeavors at P37.
We thank Tyler Spears and Libby Lennex-Stone for excava�ng the “Stefanie’s Pit” por-
�on of Site P37 and par�cipa�ng in field sampling. 

METHODS

The samples were processed using acid-free methods (O’Keefe and Eble (2012) as 
modified by Pound et al. (2021)). The residues were then mounted in PVA. A total of 
13 samples were analyzed using brigh�ield microscopy at 1000x magnifica�on on 
Leica DM750P microscopes with integral ICC50W cameras and Leica Applica�on 
Suite® so�ware. Images presented are z-stacked composites produced using Helicon 
Focus® so�ware; this method makes fine details easier to interpret. Results from the 
first 5 analyzed samples are presented here, with the caveat that iden�fica�ons using 
primary literature on extant fungi are s�ll underway.
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Figure 2. Stra�graphy and Exposure of the Study 
Sec�on
Ash RA 3 is the third ash deposit from the top of 
the composite stra�graphic sec�on from the 
upper Latah Forma�on “Clarkia” sec�ons (a). It is 
exposed in the Pipis (2012) study sec�on at P33, 
known as “Stefanie’s Pit,” which was re-excavated 
in July 2021 and re-sampled for study (b & c). This 
sec�on consists lacustrine sediments underlying 
an airfall volcanic ash and re-worked ash material 
in overlying lacustrine sediments (a). Samples 
were obtained from the pit (d) and overlying la-
custrine sediments (e). Stra�graphy adapted from 
Pipis (2012).

A
B C E

D

REFERENCES
1. Nuñez Otaño, N.B., di Pasquo, M. and Muñoz, N. (2015). “Airborne fungal richness: proxies for floral composi�on and local climate in three 
sites at the El Palmar Na�onal Park (Colón, Entre Ríos, Argen�na).” Aerobiologia, 31, 537–547. doi: 10.1080/01916122.2017.1366193.
2. Nuñez Otaño, N.B., Bianchino�, M.V., Saparrat, M.C.N., (2021). Palaeomycology: a modern mycological view of fungal palynomorphs. In Appli-
ca�ons of Non-Pollen Palynomorphs: from Palaeoenvironmental Reconstruc�ons to Biostra�graphy (91-120). The Geological Society of London.
3. Willis, K.J. (ed.) (2018). State of the World’s Fungi. Royal Botanic Gardens, Kew.
4. Ru�en, G, Hönig, L, Schwaß, R, et al. (2021). More diverse tree communi�es promote foliar fungal pathogen diversity, but decrease infesta�on 
rates per tree species, in a subtropical biodiversity experiment. J Ecol.; 109: 2068– 2080. doi: 10.1111/1365-2745.13620
5. Francioli, D., van Rijssel, S.Q., van Ruijven, J. et al. (2021). Plant func�onal group drives the community structure of saprophy�c fungi in a grass-
land biodiversity experiment. Plant Soil 461, 91–105. doi: 10.1007/s11104-020-04454-y
6. Hu, W., Ran, J., Dong, L. et al. (2021). Aridity-driven shi� in biodiversity–soil mul�func�onality rela�onships. Nat Commun 12, 5350. doi: 
10.1038/s41467-021-25641-0
7. Wijayawardene, N.N., Phillips, A.J.L., Pereira, D.S. et al. (2022). Forecas�ng the number of species of asexually reproducing fungi (Ascomycota 
and Basidiomycota). Fungal Diversity. doi: 10.1007/s13225-022-00500-5
8. Romero, I.C., Nuñez Otaño, N.B., Gibson, M.E., Spears, T.M., Fairchild, C.J., Tarlton, L., Jones, S., Belkin, H.E., Warny, S., Pound, M.J., O’Keefe, 
J.M.K. (2021). First record of fungal diversity in the tropical and warm-temperate Middle Miocene Climate Op�mum forests of Eurasia. Fron�ers in 
Forests and Global Change, 4, 768405. doi: 10.3389/ffgc.2021.768405.
9. O'Keefe, J.M.K., (2017). Fungal palynomorphs from the Miocene Heath Forma�on, Tumbes Province, Perú. Palynology 41, 309-326.
10. Steinthorsdo�r, M., et al. (2021). “The Miocene: The Future of the Past.” AGU: Paleoceanography and Paleoclimatology. doi: 10.1029/2020-
PA004037.
11. Pipis, S.A., and Rember, W.C. (2013). Regional clima�c effects of a large ashfall on the microfossils of the Miocene Latah Forma�on. Annual 
Mee�ng of the Geological Society of America, Denver, CO. h�ps://gsa.confex.com/gsa/2013AM/webprogram/Paper225933.html.
12. Pipis, S.A., (2012). Regional effects of ash bed RA-3 on the Miocene Clarkia Forma�on. Unpublished M.S. Thesis, University of Idaho, Moscow, 
ID. 58p.
13. Smiley, C. J., & Rember, W. C. (1985a). Composi�on of the Miocene Clarkia flora. In C. J. Smiley (Ed.), Late Cenozoic History of the Pacific North-
west, (pp. 95–112). San Francisco: Pacific Division of the American Associa�on for the Advancement of Science. 
14. Smiley, C. J., & Rember, W. C. (1985b). Physical se�ngs of the Miocene Clarkia fossil beds. In C. J. Smiley (Ed.), Late Cenozoic History of the Pa-
cific Northwest, (pp. 11–31). San Francisco: Pacific Division of the American Associa�on for the Advancement of Science.
15. Sherwood-Pike, M.A., (1985). A preliminary checklist of the fungi of the Clarkia flora, Unit 2, P-33. In: Smiley, C.J., Levinton, A. (eds.). Late Ce-
nozoic History of the Pacific Northwest: interdisciplinary studies on the Clarkia fossil beds of northern Idaho. Publica�on of the Pacific Division of 
A.A.A.S., San Francisco. 241-244.
16. Sherwood-Pike, M., Gray, J., (1988). Fossil leaf-inhabi�ng fungi from Northern Idaho and their ecological significance. Mycologia 80, 14-22. 
17. Smiley, C. J., & Rember, W. C. (1981). Paleoecology of the Miocene Clarkia Lake (northern Idaho) and its environs. In J. Gray, A. J. Boucot, & W. 
B. N. Berry (Eds.), Communi�es of the Past, (551–590). Stroudsburg: PA, Hutchinson & Ross.
18. Smiley, C. J., Gray, J., & Huggins, M. (1975). Preserva�on of Miocene fossils in unoxidized lake deposits, Clarkia, Idaho. Journal of Paleontology, 
49, 833–844.
19. O'Keefe, J.M.K., Eble, C.F., (2012). A comparison of HF-based and non-HF-based palynology processing techniques in clay-rich lignites from the 
Claiborne Group, upper Mississippi Embayment, United States. Palynology 36, 116-130.
20. Pound, M. J., O’Keefe, J. M. K., and Marret, F. (2021). “An overview of techniques applied to the extrac�on of non-pollen palynomorphs, their 
known taphonomic issues and recommenda�ons to maximize recovery,” in Applica�ons of Non-Pollen Palynomorphs: from Palaeoenvironmental 
Reconstruc�ons to Biostra�graphy, eds F. Marret, J. O’Keefe, P. Osterloff, M. Pound, and L. Shumilovskikh.

Amerospores Didymospores

Phragmospores

Bubilspores

Amerospores

Amerospores

Amerospores

Amerospores Didymospores

Didymospores

Didymospores

Didymospores

Phragmospores

Phragmospores

Phragmospores

Phragmospores

Bubilspores

Bubilspores

Fairchild, J.1, Romero, I.C.1, Nuñez Otaño, N.B.2, Warny, S.3, Pound, M.J.4, O’Keefe, J.M.K.1

Fungi in a Warmer  World - Fungal diversity from the Peak Warming of the Miocene Climate Op�mum as Recorded in the Latah Forma�on, 
Clarkia, Idaho, USA

1Morehead State University, Department of Physics, Earth Science, and Space Systems Engineering, Morehead, MS 40351, 2Universidad Autónoma de Entre Ríos, Sede Diamante, CICyTTP (CONICET-UADER-Prov.ER), Lab-
oratorio de Geología de Llanuras, Facultad de Ciencia y Tecnología, Diamante, MS E3105, 3Department of Geology and Geophysics, and Museum of Natural Science Baton Rouge, USA, Louisiana State University, E235 

Howe-Russell Geoscience Complex, Baton Rouge, LA 70803, 4Department of Geographyand Environmental Sciences, Northumbria University, Newcastle upon Tyne, NE1 8ST, United Kingdom

1.6 km

P37

P33

Figure 1. Study Area - The Clarkia lagerstä�en is exposed at two main sites, P33 near Clarkia, ID, and P37 in 
Rural Fernwood, ID. This study concentrates on sediments exposed in the upper part of site P37. 
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