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I spent four months in the Florida Museum of  Natural History, University of  Florida, in Gainesville. The 
main objective of  my research visit was the comparative  study of  fossil cycads collected from Cenozoic 
deposits of  North America and to obtain insight on the biogeographic history and systematics of  these 

ancient, primitive seed plants.  As part of  the grant period I visited the Montgomery Botanical Center in 
Miami for two weeks. MBC advances botanical research, conserves rare species and has most of  the extant  

cycad species  available for first-hand comparative morphological and anatomical analyses which was 
inevitable for the adequate interpretation of  the fossil remains. Results of  the study were presented in two 
international conferences. The final outcome of  my visit is a scientific paper and two other papers are in 

progress. 
The four months of  the Fulbright fellowship spent in the Florida Museum of  Natural History helped me 
to get involved in additional international collaborative research programs supplementing my prior and 
other continuing cooperations. The outcome of  the project, the experience gained during the execution of  
the program were definitely beneficial for my future career. During the fellowship I was accompanied by 

my family; by means of  attending school and traveling they got unforgettable experiences during our small 
adventure in Florida.
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1. Introduction
My cycad enthusiasm dates back to the early years of the 
2000s. In the scope of a Hungarian-Turkish bilateral 
cooperation I could collect some nice cycad fossils in a 
Miocene brown coal mine north of Izmir. These fossils 
gave support that even during the more recent geologic 
time (~ 15 million years ago) cycads were present in Europe 
and the Eastern Mediterranean region with forms that 
are now extinct. Similarly, North American fossil cycads 
have special significance for understanding the systematics 
and biogeographic history of this ancient group of 
gymnosperms often mentioned informally among “living 
fossils”. I expected from my Fulbright research period that 
I would get answers to some of my questions about cycads 
flourishing through ancient times in North and Central 
America.  

2. Scientific purposes and research 
activities
2. 1. Background – Introduction to the cycads.

The fascinating, distinctive plants known as cycads 
are widespread today in horticulture and available in 
garden nurseries all over the world (Figs 1-2).  Although 
commonly mistaken as palms by the general public, these 
plants belong to the gymnosperms and have a much more 
ancient fossil record. Naturally occurring cycads (order 
Cycadales) are botanical curiosities, mainly confined to 
small, restricted populations often consisting of very few 
individuals in Africa, Central and South America, East and 
Southeast Asia and Australia (Hill 1998-2004 „The Cycad 
pages” - http://plantnet.rbgsyd.nsw.gov.au, Norstog & 
Nichols 1997). Diversity “hotspots” are recorded in Central 
America, in the Caribbean and in Australia.

Cycads belong to the group of the so-called “living fossils” 
comprising among others such plants like the maidenhair 
tree (Ginkgo) or the dawn redwood (Metasequoia). Their 
origin dates back to the Paleozoic, over  250 million years 

ago. The fossil record provides abundant evidence that 
cycads were flourishing some hundreds of million years 
ago during the Mesozoic, in both hemispheres.  However, 
the Cenozoic history of cycads can be described as “terra 
incognita” – we have relatively limited knowledge of past 
cycad diversity, mainly due to the scarcity of fossils in, 
hence the questions when and how the evolution of modern 
cycad groups took place have remained unanswered (or led 
to conflicting views, e.g. Nagalingum et al. 2011).

During the Cenozoic (~65 million years to present) the 
importance of cycads in forming the vegetation and thus 
the landscape has been decreasing and after the middle 
Miocene (~ 10 million years ago) these  fascinating plants 
disappeared from the macro-fossil record of Europe (the 
youngest known occurrence is Eostangeria ruzinciniana 
reported from  Bulgaria). 

In North America, the fossil record of cycads suggests 
a similar declining trend to that recognized in Europe. 
Unequivocal Cenozoic records of cycads (mainly leaves) 
are extremely rare. Nevertheless, these suggest that cycads 
were higher in diversity and more broadly distributed up to 
the Miocene than today (surveys are given by Horiuchi & 
Kimura 1987, Kvaček and Manchester 1999, etc.).  

The fossil record suggests that those forms 
predominated which appear to represent extinct taxa, i.e. 
Eostangeria, Dioonopsis, Pterostoma and Pseudodioon (Barthel 
1976, Horiuchi & Kimura 1987, Hill 1980, Kvaček and 
Manchester 1999, Erdei et al. 2010) indicating no close 
relation to neither Mesozoic nor extant representatives 
of cycads.  On the other hand, some extant genera, 
like Ceratozamia have been recognized (Kvaček 2002), 
suggesting that both extinct and extant genera may have 
coexisted in parts of the Cenozoic.  

North American cycad remains bear essential pieces of 
information for this „puzzle”and may help in understanding 
systematics and biogeographic history of cycads.  There 
are some important cycad fossils in museum collections of 
North America that have not yet been analyzed in detail. 

Fig 1. 
Newly emergent leaf 
of a Cycas (photo: Erdei).
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These specimens, along with previously published material, 
were available for study during the four months of my 
Fulbright research grant.

2.2. Main objectives of my research 
stay in the Florida Museum of History

2.2.1. Systematic study of selected fossil cycad 
specimens from North America 

During my grant period I studied some fossil cycad 
specimens stored in the collections of the Florida Museum 
of Natural History. These were mainly collected from 
Eocene deposits of the Clarno Formation from Oregon. 
In addition some interesting fossils were requested on 
loan from the Smithsonian Institute and the University of 
California. 

Hereby, I would like to express my thanks to my host, 
Prof. Steven Manchester, curator of the paleobotany 
collection for helping me through the research period both 
in scientific and personal issues. 

2.2.1. Study of living cycads

In order to give an adequate interpretation of the fossil 
remains first-hand comparative morphological and 
anatomical analyses of living cycads were inevitable: it 
presents difficulty in cycad research that we have rather 
scanty knowledge of the micromorphology of modern 
cycad leaves. The published illustrations in scientific works, 
mostly text-figures or low magnification photographs 
are insufficient for thorough comparisons. In addition, a 
great number of cycad species have been discovered and 
described during the last decades, therefore unknown for 
earlier authors. 

The Fairchild Botanical Garden in Miami have good 
extant cycad collection, but the most complete one is 
housed in the Montgomery Botanical Center (MBC) in 
Miami. MBC is a nonprofit botanic garden, it advances 

botanical research, conserves rare species, and educates the 
community through workshops, lectures and publications 
(Fig 3). Montgomery’s 120-acre botanical garden has about 
5000 cycad plants growing, including nearly 240 species  
available for study (http://www.montgomerybotanical.org). 
MBC encourage research and allow to take leaf pieces for 
study. I am grateful to the MBC’s staff, especially to the 
director Dr Patrick Griffith for supporting and helping my 
studies.

2.3. Methods

The project was focused on the systematic study of selected 
fossil cycad specimens. Since the fossils intended to study 
were mainly leaf fragments their investigation comprised 
macro-morphological and anatomical (cuticular) studies. 
These included laboratory work - cuticular preparations 
for anatomical observations adopting various microscopic 
methods (light, fluorescence and electron microscopy). 
The macro-morphological and anatomical features of 
fossils were documented with size-measurements and 
photographs.

Adequate interpretation of the fossil remains required 
the comparative study of extant cycads. Comparative 
studies implied the investigation of macro-morphological 
and anatomical (epidermal) features of vegetative parts of 
cycads belonging to the families Zamiaceae and Cycadaceae.
This included sampling of vegetative parts (leaflets) of 
cycad species required for comparison from extant cycad 
collections of MBC as well as imaging (digital photographs) 
the macro-morphological traits of leaves in the sampled 
cycad specimens. Anatomical studies required laboratory 
work (epidermis preparations) and adopted various 
microscopic methods (light, fluorescence and electron 
microscopy).

Fig 2. 
A very old Cycas plant in MBC 
and my family (photo: Erdei).
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Idiom Analyzability and Variation – Attila Cserép
Fig 3. 
Charming landscape in the 
Montgomery Botanical Center 
(photo: Erdei).

Fig 4. One of the fossil cycad 
leaves investigated from an 
Eocene locality in Hamilton 
Bay, Alaska. The specimen 
is stored in the collections of 
Smithsonian Institute 
(Photo: Manchester).

Fig 5. Cuticle of a fossil cy-
cad leaf from Alaska. Stomata 
are nicely observable due to 
fluorescing when adopting UV 
light on the fragments 
(photo: Erdei). 
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2.4 Results

Reexamination of western North American Cenozoic cycad 
leaves (Fig 4), with attention to epidermal anatomy as well 
as morphology and venation, indicates that species formerly 
assigned to extant genera Ceratozamia, Dioon and Zamia 
from the Eocene of California and Alaska, do not actually 
represent these modern cycad genera. 

A novel method, epifluorescence applied on intact and also 
some macerated fragments revealed minute morphological 
details (Figs 5-6) and helped to distinguish unambiguously 
the specimens formerly described by Hollick (1932, 1936) 
and Potbury (1935) from modern genera. Both macro- and 
micromorphological traits of Hollick’s Ceratozamia and 
Dioon species from Hamilton Bay, Alaska and Potbury’s 
Zamia species from La Porte, California compare favorably 
with an extinct cycad, Dioonopsis, first described from the 
Paleocene of Japan (Horiuchi & Kimura 1987).

The results of the study had significant biogeographic 
and paleoecological implications. Confirmation of the 
extinct cycad, Dioonopsis in the Eocene of western North 
America as well as Japan, combined with its apparent 
absence in the European Tertiary, indicates that it probably 
spread via the Beringial phytogeographic pathway. 

The presence of Dioonopsis in southern Alaska during 
the Eocene, along with current understanding that these 
fossiliferous strata were nearly in their modern latitudinal 
position by the Eocene, leads to the conclusion that these 
cycads were able to occupy high latitude environments. 
This, however, implies that Alaskan Dioonopsis was 
exposed to light stress contrary to the present-day 
environment of modern cycads between the Tropics of 
Cancer and Capricorn where light is not a limiting factor. 
The ecological constraints, such as an elongated dark winter 
period, may be addressed in the scope of future projects. 

Results contributes with essential data to knowledge 
of the Cenozoic evolution of cycads in the Northern 
Hemisphere. It is further supported by the study of various 
cycad fossils that extinct lineages are quite frequently 
documented in the Cenozoic fossil record of cycads, thus 

cycads were unequivocally present with diverse, extinct 
taxa. Diversification of cycads leading to the appearance 
of modern genera certainly started as early as the Eocene, 
which is suggested by the first fossil records of Zamia and 
Dioon-like leaves from the Eocene of Panama and Oregon. 
Records from Alaska and California support the relatively 
broad distribution of the extinct cycad Dioonopsis in North 
America during the early Paleogene. The fossil records 
show a ‘higher’ latitude distribution falling outside the 
present-day distribution of cycads.
Scientific results of my Fulbright research visit have been 
disseminated in conferences (Erdei & Manchester 2011a,b) 
and published in a research paper in the “International 
Journal of Plant Sciences” (Erdei et al. 2012).

3. Life in the U.S. and personal 
experience

Since I was accompanied by my 5 year-old son we got 
insight on the everyday life of children in the United States. 
He attended elementary school (kindergarten grade) and 
the so-called ESOL program developed for children who 
do not speak English at all (Fig 7). At the beginning of the 
grant period I was worrying about him because of the new 
language, the new and unexpected circumstances but on the 
contrary, he showed great advance in many skills thanks to 
his devoted teachers and the positive non-discriminating 
attitude I have experienced in his school. 
The most compelling impact personally is the positive and 
tolerant way of approach in nearly all fields of everyday life. 
I experienced this in my host institution, in the university, 
in the school, when travelling by public transport or just 
simply shopping. Another highly positive experience 
is the real non-discriminating attitude of people when 
communicating or contacting others.
The broad network of volunteers is really admirable 
and a system functioning excellently. During my visit I 
experienced that „to be well-organized” stands always in the 

Fig 6. 
A stoma showed by 
the cuticle of a fossil 
cycad leaf from Alas-
ka. Minute details of 
the cuticle could be 
revealed when adopt-
ing epifluorescence 
microscopy on the 
fossil leaves 
(photo: Erdei).
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first place. There were some occasions to get more involved 
in social life; these were mainly connected to festivities, 
like Thanksgiving, Christmas or even Halloween. These 
gatherings provided the opportunity to learn a bit the 
multicultural aspects of every day life in the United States.
The neighbourhood of our apartment was characterized by 
a multicultural environment which meant that local culture 
was a combination of the cultures of nations mainly from 
Central and South America, or East Asia. This cultural 
overlap resulted in a great variation of national festivities, 
e.g. Chinese New Year. However, all these nationalities 
integrated and adapted themselves quite well to the way of 
life in the United States.  
My host institution, The Florida Museum of Natural 
History, UF, is located in a relatively small town, Gainesville 
(Fig 8). It is always helpful to belong to the network of a 
university, e.g. it is easier to have access to specific literature, 
to search in university databases like library database, to get 
acquainted with groups or students of similar interest or 
nationality, to learn special programs.
The town was really charming with alternate patches of 
tiny lakes and forests giving a countryside feeling and the 
symbolic animals of Florida, the aligators. Nevertheless, 
distances proved to be always great, consequently without a 
car it was nearly impossible to have even everyday shopping. 
Public transport exists and it was quite useful inside the 
campus, however, during the week-ends there was no bus 
service at all and outside the campus area service was rather 
scanty. On the other hand  cycling could be a solution; bike-
lanes were developed excellently all over the town. I express 
my thanks again to my host, Steven Manchester for offering 
generously his car even for longer periods which sometimes 
was really of vital importance.
During the grant period we traveled a lot in the vicinity 
of Gainesville, especially during the week-ends we had 
the possibility to have adventures and discover the really 
amazing national parks, monuments and wildlife of Florida. 

We could visit several times both the Atlantic and the 
Mexican Gulf coast of Florida and numerous hot springs 
which offered an unbelievable and unexpected diversity of 
wildlife. The wintering “refugee” of wild manatees with 
dozens of manatees, both adults and juveniles, was a great 
experience. However, even inside Gainesville we were 
amazed by the armadillos or the bald eagles and various 
kinds of vultures circling round above our apartments. 
There are extensive forests around the town through 
hundreds of kms with a quite interesting forest structure, a 
diverse mixture of oaks, palms and pines.
The various tillandsias (bromeliads) or called also as 
Spanish moss, on the trees all over Florida gives a unique 
character to the general landscape. We were lucky to visit 
the Everglades and the Big Cypress National Parks (Fig 
9) and some parts of the Florida Keys offering remarkable 
spectacles, like the mangrove vegetation and the coral reefs 
or the magnificent frigatebirds.
The two weeks we spent in the Montgomery Botanical 
Center in Miami was also unforgettable. In an environment 
in Coral Gables recalling the athmosphere a hundred years 
before we could walk among the rarest species of cycads and 
palms or the Royal Palm Colonnade designed and planted 
by Robert Montgomery in 1932 (Fig 10).

The four months of the Fulbright fellowship spent in 
the Florida Museum of Natural History helped me to get 
involved in additional international collaborative research 
programs supplementing my prior and other continuing 
cooperations. The outcome of the project, the experience 
gained during the execution of the program were definitely 
beneficial for my future career.

Finally, I express again my gratitude to the Fulbright 
Commission for the opportunity to participate in the 
program and to my hosts Steven Manchester (Florida 
Museum of Natural History) and Patrick Griffith 
(Montgomery Botanical Center) for their hospitality and 
great help during my visit.

Fig 7. 
The entrance of the 
school J.J.Finley 
(photo: Erdei).
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Fig 8. 
The entrance of the 
Florida useum of 
Natural History in 
Gainesville (photo: 
Erdei).

Fig 9. 
A snapshot from the 
Everglades National 
Park 
(photo: Erdei).

Fig 10. 
A friendly corner in 
the guesthouse of the 
Montgomery Botanical 
Center, with a window 
opening to a very old 
Cycas plant (photo: 
Erdei).
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