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INTRODUCTION

Cycads are the most threatened group of plants, with 
more than 63% of described taxa listed as threatened 
(Brummitt et al. 2015; Fragniere et al. 2015).  Cycads 
can be traced to the late Carboniferous period and 
offer unique research opportunities for contemporary 
scientists (Brenner et al. 2003; Donaldson 2003).  
Nevertheless, the quantity and breadth of accessible 
published research on this ancient and important group 
of plants is limited (Dehgan 1983; Sabato & de Luca 1985; 
Moretti et al. 1993; Norstog & Nicholls 1997; Vovides et 
al. 2003, 2004). 

International conferences on cycad biology were 
initiated in 1987 and have been held every three or four 
years since, with published proceedings.  Few attempts 
have been made to summarize these proceedings and/
or the rest of the primary literature in this field (Terry 
et al. 2012; Vovides et al. 2003, 2004, 2007), and to our 
knowledge there have been no attempts to capture 
recent trends in cycad biology over the past 30 years.  
We set out to do this using Google Scholar to access 
the primary literature coinciding with years in which 
international conferences of cycad biology were held 
up to 2008 (the most recently published conference 
proceedings).  We also discuss limitations of the Google 
Scholar search engine and how authors may improve 
future access to their publications, and identify which 
fields of study may deserve a greater focus in the future.  

MATERIALS AND METHODS

Collection of data
Publications were collected utilizing the search engine 

Google Scholar (scholar.google.com).  The Google Scholar 
advanced search settings were set to show results by 
relevance and to omit citations and patents and to show 
the results in English only.  Publications were retrieved 
by a Mozilla Firefox plug-in, Zotero (www.zotero.org). 
Publications were exported into a tabulated format with 
EndNoteX7, then quantified by Microsoft Office 365 
Excel.  Search terms were based on the common group 
name, 11 generic names and all genera with and without 
the search operators “and” or “or.”  The search terms 
were used and accessed between the dates of 23 June 
2014 and 22 July 2014.  The search produced 9,724 hits, 
and relevant articles were reviewed before inclusion.  
Articles were assigned to one of the following categories: 
biochemistry, conservation, cultivation, propagation, 
ecology, entomology, ethnobotany, neurobiology, 

toxicology, phylogeny, systematics, physiology, plant 
pathology, pollination biology and reproductive biology. 

Publication comparisons and range of years
Proceedings from the international conferences of 

cycad biology were used to compare with publications 
from Google Scholar that corresponded to the same 
years for each of the eight proceedings.  The comparisons 
were based on years 1984 through 2008, and grouped 
by the three years before each of the proceedings dates. 
In addition, publications retrieved by Google Scholar 
between the years 1802 through 2014 were used to 
observe long-range trends of publications that have been 
uploaded to the internet.  Publications were totaled in 
intervals of 10 years beginning with the year 1800.  The 
last interval, 2011 through 2014 was adjusted to reflect 
the amount of publications of three years, rather than 
the other intervals, which were divided by 10 years. 

RESULTS

Trends from 1987 to 2008
The number of publications accessed by Google 

Scholar exceeded that collected from the conference 
proceedings for every year except the 1990 conference 
(Fig. 1).  The trends in number of publications from 
the conference proceedings were erratic with no clear 
pattern among the years. In contrast, the publications 
accessed by Google Scholar exhibited a linear increase 
from 1987 to 2002, and roughly doubled during that 
time period. The number of Google Scholar publications 
increased drastically from 2002 to 2008.  The greatest 
number of publications from the proceedings was 

Figure 1. Total number of publications from each international cycad 
conference proceeding and from a Google Scholar search using 
the three years prior to each proceedings year as simultaneous 
publications for each year.
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in the fourth conference from 1996.  The number of 
publications from the conferences declined in the 1999 
conference and remained below what was published in 
the 1990s for all conferences through 2008.

Fields of study in conference proceedings
The most erratic pattern of publications in conference 

proceedings occurred for ecology publications, with 
a range of 1–19 publications (Fig. 2).  Neurobiology/
toxicology papers also exhibited an erratic pattern, 
although not with the same amplitude as ecology.  
The field of study exhibiting the most stable pattern 
throughout the years was phylogeny/systematics, which 
represented a high proportion of the total number 
of publications in every conference proceedings.  
Conservation papers were well represented in 1990, 
1993, and 1996, but not in the other years.  Papers on 
cultivation and propagation were well represented in 
the 1996 proceedings, but have been lacking from the 
remainder of proceedings. The remainder of fields of 
study never represented a high proportion of the total 
publications.  The categories entomology and plant 
pathology were not represented in any of the conference 
proceedings. We included all pollinator publications in 
the separate pollination category. 

Fields of study from Google Scholar
Google Scholar accessed more articles within the 

phylogeny/systematics disciplines than any other 

discipline throughout the years 1987–2008 (Fig. 3).  The 
number of publications for these disciplines increased 
with each successive year, and an abrupt increase in 
the number of publications occurred between 2002 and 
2005.  The other disciplines were represented by less 
than 10 publications annually for each successive three-
year increments from 1987 to 2002.  Conservation, 
ecology, and physiology publications noticeably 
increased in between 2002 and 2008. 

Long range trends
The use of Google Scholar to access publications 

from 1800 through 2014 revealed a very limited ability 
to find publications until the last five decades (Fig. 
4).  In parallel with Fig. 3, the phylogeny/systematics 
and ecology disciplines exhibited the greatest volume 
of change in recent years, indicating the upswing in 
publications within these categories pre-dated the 
conference proceedings. 

The oldest biochemistry article that was accessed 
was published in 1921 (Clevenger 1921).  The oldest 
publication that was classified as a conservation article 
was accessed from 1978 (Frederiksen 1978).  We 
categorized a 1958 economic botany paper (Thieret 
1958) as a cultivation/propagation publication. An 
article by Chamberlain (1926) was considered the 
oldest publication on ecology.  Entomology was first 
represented by a 1981 article by Pant et al. (1981). 
The oldest article from the discipline ethnobotany was 

Figure 2. Total number of 
publications within nine 
subject matter categories 
for eight international 
conferences on cycad biology.
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accessed from 1951 (Smith 1951).  Neurobiology and 
toxicology disciplines were first represented in 1956 
when Nishida et al. (1956) described cycasin.  The 
category phylogeny and systematics is the only category 
that dates back to the early 1800s (Smith 1802).  This 
category exhibited an increase in publications between 
1891 and 1920, then a second abrupt increase beginning 
1961.  We categorized an 1887 article (Gregg 1887) as 
the oldest retrieved physiology article, and a 1970 article 
(Forgacs 1970) as the oldest pathology article.  Lastly, 
the oldest article we categorized as pollination biology/

reproductive biology publication was accessed from 
1898 by way of an 1899 book review (Ikeno 1898). 

We quantified the number of publications for each 
binomial that was easily identified from search results, 
and nine species emerged as having more than 10 
publications from the 1802 to 2014 search (Table 1).  
Cycas revoluta was the subject of more publications 
than any other cycad species.  More than 50% of the C. 
revoluta papers were published since 2001.  Three other 
Cycas species were also represented in this short list.  
Only six species were clearly identified as the subject of 

Figure 4. Total number 
of publications within 11 
subject matter categories 
collected between the 
years 1802 and 2014 and 
sorted by decade.

Figure 3. Total number 
of publications within 11 
subject matter categories 
collected using Google 
Scholar.  Each year represents 
all publications from the 
previous three years.
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20 or more publications. 

DISCUSSION

Scientific information management is becoming 
critical due to the burgeoning online database of 
publications.  All of the publications that convey 
information about cycads should be valued for 
contributing to building the foundation of knowledge 
needed to understand and conserve this plant group.  
The extensive work on cycad biology carried out since 
the international cycad conferences were begun in 1987 
has rendered wide-ranging information that needs to 
be fully organized and condensed to enable a wealth of 
desirable information. 

Both of our search methods indicated that 
phylogeny, systematics and ecology are among the 
disciplines that are most heavily represented in recent 
cycad literature.  Google Scholar results indicated 
conservation, biochemistry and physiology publications 
were also increasing in quantity in recent years. In 
contrast, publications within these disciplines did not 
increase in recent conference proceedings.  The study of 
cycad horticulture and physiology has been inadequate 
even though the International Union for Conservation 
of Nature recommends improved efforts to propagate 
and cultivate cycads to advance conservation efforts 
(Donaldson 2003).  Considering the fact that more than 
63% of described cycad taxa are listed as threatened 
(Brummitt et al. 2015; Fragniere et al. 2015), this means 
that most of the described species have not been directly 
studied to refine their horticultural needs.  This lack of 

applied research hinders conservation efforts. 
The publisher of each cycad conference proceedings 

has control over how effectively Google Scholar is able to 
find the articles.  For example, the 1990 conference was 
the only conference that revealed more publications in 
the proceedings than in corresponding Google Scholar 
publications (Fig. 1).  These proceedings were published 
as a stand-alone book by the Palm & Cycad Societies 
of Australia.  Because the proceedings from these 
conferences generally take 2 or 3 years to publish, our 
methods would have found those articles in the Google 
Scholar search for the 1993 data.  The trends in Fig. 1 
indicated that Google Scholar was unable to find most 
of the articles from the conference proceedings in the 
earliest conferences, but was able to find the articles 
from the conference proceedings in more recent 
conferences. 

Attempts to advance cycad biology research are 
diminished when articles containing data on cycads 
are published without sufficient titles or keywords 
(e.g., Beaton 1991; Wright & Westoby 2003; McAdam 
& Brodribb 2015).  Numerous articles from the medical 
literature have been published on neurodegeneration 
and included administration of the cycad tissue to test 
subjects.  This vast literature is one example of what 
was not captured by our search methods because the 
authors did not include key words that enabled a hit.  Hao 
et al. (2014) studied this phenomenon for agroforestry 
literature and suggested that the word “agroforestry” be 
prominently located in the title to increase search engine 
access. As a minimum, we suggest a similar approach by 
the inclusion of “cycad” and the genus of each cycad 
taxon in the publication title or key word list. 

Google Scholar is quick in retrieving results, but not 
very selective.  Of the 9,724 publications retrieved using 
Google Scholar, 63% were omitted for this study.  Most 
of these were omitted due to duplication (Haddaway et 
al. 2015).  Google Scholar is dependent on the precise 
metadata (title, author, journal etc.) entered with each 
publication. If these metadata were incorrectly keyed 
in (misspelling or differing in the number of spaces) or 
were keyed in differently (abbreviations used for title 
or author), Google Scholar registers the publications 
as separate hits despite the fact they are the same 
publication.  A total amount of 3,636 publications 
remained after this first culling, but only 35% of these 
were unambiguously cycad publications. Fortunately, 
the first few pages of hits were the most relevant 
(Haddaway et al. 2015).  Google Scholar can only retrieve 
up to 1,000 results at any time. After the first 100 results, 
there is a timed block, preventing a researcher from 

Table 1. The top 10 cycad species with the most publications from 
Google Scholar search methods.

Genus species Total publications

Cycas revoluta 90

Cycas circinalis 37

Cycas micronesica 32

Dioon edule 21

Macrozamia communis 20

Zamia pumila 20

Cycas panzhihuaensis 17

Zamia floridana 14

Macrozamia riedlei 12
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searching Google Scholar; a feature that does not apply 
to the regular Google search engine.  For this study, a 
work around was used to bypass the block.

Our exercise in retrieving publications beginning 
1801 was an attempt to define the origin of digitized 
publications on cycad biology as a whole.  A majority 
of the publications that were retrieved from the years 
1801 through 1950 were categorized under phylogeny 
and systematics.  The existence of these articles, albeit 
few, serves as the foundation for the field of cycad 
biology.  The “silence” during those 150 years will likely 
improve with time, as more historical publications from 
the primary literature are digitized and uploaded to 
the internet. Scott (2004) searched for bibliographic 
information of geoscience literature that predated the 
1900s and found that much of it had not been digitized. 
Bibliographic databases do not contain full text journals 
but are beneficial due to the wide range of years a 
researcher can uncover on a specific topic (Jesson et 
al. 2011).  However, the range of years of publications 
that have been indexed by Google Scholar is not known 
(Jacso 2005).  The earliest article retrieved for this study 
was published in 1802, but earlier publications may 
become available in future searches as more historical 
publications are digitized and uploaded. 

Publications on Cycas circinalis and Zamia pumila 
represent problematic assessments because these 
binomials have been used for many taxa that are no 
longer considered C. circinalis or Z. pumila.  Identification 
and classification of taxa have been revised many times, 
and some records may be inaccurate.  Research is still 
ongoing for resolving many phylogenies.  In order to 
determine how easily these retrospective changes 
in epithet could be corrected, we tried to determine 
the origin of the plants used for each publication as 
discerned by information extracted from the abstract 
or methods.  Of the Cycas circinalis publications, 11% 
unambiguously originated from Guam.  A correction 
in the publication list in Table 1 would indicate there 
were 36 Cycas micronesica (the Cycas from Guam) 
and 33 Cycas circinalis publications, advancing Cycas 
micronesica to second on the list.  Similarly, 70% of the 
Zamia pumila publications contained information on 
where the Zamia occurred. Some of these publications 
may actually be on Zamia floridana. 

SUGGESTIONS

a. Our results indicate that the global community 
has not adequately responded to the IUCN’s suggestions 

concerning improved propagation and cultivation of rare 
cycad taxa (Donaldson 2003).  More applied horticulture 
research on each of the threatened species is needed to 
adequately respond to this need. 

b. The lack of publications on cycad pathology is 
an indication that diseases are not among the greatest 
limitations for growing cycads or representative of 
the most important threats to cycad conservation.  
Despite these reasons for the lack of historical research 
on pathology, we suggest greater interest in focused 
research on cycad diseases to fill this void. 

c. Few attempts have been made to review portions 
of the cycad literature (Vovides et al. 2003, 2004, 2007; 
Terry et al. 2012).  The immense literature on phylogeny 
and systematics is in effect reviewed with each update 
of “The World List of Cycads” that appears in each set 
of conference proceedings, but a review on how tools 
and methods have evolved over the years may be 
warranted.  The recent increase in publications on cycad 
ecology and how those recent publications contribute to 
the historical foundation of knowledge on this subject 
indicates a review on this subject is overdue.  Some 
portions of the cycad literature may have accumulated 
to the point that meta-analyses are possible. 

d. One endeavor that would clarify the cycad 
literature would be a retrospective assessment of all 
publications from the species complexes, as the names 
within these complexes have been heavily modified 
over the years.  The ongoing updates of epithets that 
coincide with accepted cycad taxa can be found in the 
sequential publications of The World List of Cycads in 
each of the conference proceedings.  However, using 
the contemporary list of binomials to correct all past 
publications that used a previously accepted binomial 
has not been done to date.  A knowledgeable cycad 
biologist could correct each of the historical publications 
to be properly attached to the contemporary accepted 
name for each publication.  The results would clarify the 
cycad literature for all users, especially for the literature 
on Cycas circinalis and Zamia pumila. 

e. The first of two increases in the number of 
phylogeny and systematic publications occurred 
between 1891 and 1920 (Fig. 4).  A detailed look at this 
historical phenomenon and how it compares with the 
recent increase of publications in the same categories 
would be of interest.

f. Our suggestion to include “cycad” and the genus 
of each cycad taxon in a publication title or keyword 
list cannot retrospectively correct historical oversights 
in the original publications.  However, the recent 
emergence of social networking sites for scientists, 
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such as ResearchGate, offer an updated opportunity for 
authors to improve their list of keywords associated with 
an uploaded publication. The custom list of keywords 
allowed by the researcher could include our suggested 
key words. 

g. The application of web-based data to improve the 
advancement of cycad biology need not be restricted 
to standard search engines that search the primary 
literature.  Studying search behavior directly, quantifying 
how online journalism information links to research, 
web-crawling approaches to uncovering trends, and 
embracing social networking approaches (Proulx et al. 
2013; Kim et al. 2014; Parsons et al. 2014; Do et al. 2015; 
Papworth et al. 2015) all promise to have a role in keeping 
up with cycad biology developments, if appropriate 
cycad researchers elect to employ these tools. This may 
serve as an example of the principles that underlie the 
Red Queen hypothesis (van Valen 1973), which proposes 
that constant adaptation and proliferation is required to 
simply to survive while responding to ever-evolving and 
ever-changing environments.  The failure to apply these 
evolving web-based tools to the cycad literature may 
hinder progress in understanding this segment of the 
literature at the same pace as progress in the remainder 
of the biology literature. 

In summary, the general trends of cycad research 
in biochemistry, conservation, cultivation, propagation, 
ecology, entomology, neurobiology, toxicology, 
phylogeny, systematics, physiology, and plant pathology 
are increasing in recent years.  Phylogeny, systematics, 
and ecology have been highly represented in the 
recent cycad literature.  Our results indicate that Cycas 
revoluta is the subject of more published cycad 
research than any other cycad species.  Moreover, the 
horticulture and pathology related fields have not been 
adequately represented in publications.  Continued 
assessments such as this may reveal which components 
of cycad research have accumulated a sufficient body of 
literature to enable meta-analyses and detailed reviews.  
The Google Search engine is powerful but does have 
limitations and cannot function autonomously.  Google 
Scholar is clearly a valuable tool for readers and authors 
to utilize in searching for cycad literature. 
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