
Earth Syst. Sci. Data, 17, 3567–3582, 2025
https://doi.org/10.5194/essd-17-3567-2025
© Author(s) 2025. This work is distributed under
the Creative Commons Attribution 4.0 License.

Global Acritarch Database ( > 110000 occurrences)

Xiang Shu1, Haijun Song1, Yong Lei2, Daoliang Chu1, Jacopo Dal Corso1, Xiaokang Liu1, Qin Ye1,
Hanchen Song1, Lai Wei3, Enhao Jia1, Yan Feng1, Yong Du1, Huyue Song1, Wenchao Yu1,

Qingzhong Liang4, Xinchuan Li4, Hong Yao4, and Yuyang Wu1,5

1State Key Laboratory of Geomicrobiology and Environmental Changes, School of Earth Sciences, China
University of Geosciences, 430074 Wuhan, China

2School of Resources and Environment, Shanxi Agricultural University, 030801 Jinzhong, China
3School of Future Technology, China University of Geosciences, 430074 Wuhan, China
4School of Computer Science, China University of Geosciences, 430074 Wuhan, China

5College of Marine Science and Technology, China University of Geosciences, 430074 Wuhan, China

Correspondence: Haijun Song (haijunsong@cug.edu.cn) and Yuyang Wu (wuyuyang@cug.edu.cn)

Received: 4 December 2024 – Discussion started: 20 January 2025
Revised: 15 April 2025 – Accepted: 19 May 2025 – Published: 29 July 2025

Abstract. Acritarchs are microfossils of unclear biological affinities, mostly considered to be algae, with great
significance for studying the origin and evolution of early life on Earth. Acritarchs’ data are currently dispersed
across various research institutions and databases worldwide, lacking unified integration and standardization.
Palynodata was the largest database of acritarchs, containing 14 fields, 111 295 entries, 812 061 metadata items,
and 7369 references. However, it lacked references post-2007 and excluded geographic data. Here, we collect
and organize previous data, adding 29 fields, 4531 entries, 2 238 366 metadata points, and 415 references, to
build the Global Acritarch Database (GAD). The expanded database now contains a total of 43 fields, covering
genera, species, and related geological information (geological timescale, location, modern latitude and longi-
tude, paleolatitude and paleolongitude, stratum, and others), amounting to 115 860 entries, 3 050 852 metadata
points, and 7791 references. Each entry is associated with fields that facilitate a better understanding of the ge-
ographical distribution and changes over geological timescales of acritarchs, thereby revealing their temporal
and spatial distribution patterns and evolution throughout the history of the Earth. This article describes GAD
version 1.0, which is available at https://doi.org/10.5281/zenodo.15208303 (Shu et al., 2025).

1 Introduction

Acritarchs are organic-walled cysts of unicellular protists,
first defined by Evitt (1963) as a group of “unknown and
possibly varied biological affinities consisting of a central
cavity enclosed by single or multiple layers of walls, mainly
composed of organic materials” (Yin, 2018). Evitt (1963)
also noted that acritarchs are an informal, practical classi-
fication category with no taxonomic ranks above the genus
level, suggesting the use of the International Code of Botani-
cal Nomenclature to name morphological genera and species
without assigning them to a specific biological phylum
(Wicander, 2002). Morphologically, acritarchs are typically
single-celled microfossils ranging in size from a few mi-

crometers to 1 mm. The most common shape is spherical, and
they can be either smooth or covered with spines (Mendel-
son, 1987). Most of them have been interpreted as algal
cysts (e.g., Colbath and Grenfell, 1995; Grey, 2005; Moczy-
dłowska and Liu, 2022), while a few are related to non-algal
origins (e.g., Butterfield, 2005; Schrank, 2003; Servais et al.,
1997). For Precambrian acritarchs in particular, some speci-
mens with dividing cells have been attributed to animal em-
bryos/diapause cysts (Cohen et al., 2009; Xiao et al., 1998;
Yin et al., 2007), giant sulfur bacteria (Bailey et al., 2007),
or holozoan affinity (e.g., Huldtgren et al., 2011; Yin et
al., 2020), which are important for understanding the origin
and early evolution of animals. Following the foundational
work of earlier researchers, Fensome et al. (1990) made sig-
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nificant advancements by compiling a comprehensive taxo-
nomic index of acritarchs at the genus, species, and infraspe-
cific levels, thereby significantly enhancing the standardiza-
tion of classification criteria within the field. Acritarchs have
been discovered in sedimentary rocks from marine and ter-
restrial aquatic environments, with records from all conti-
nents, spanning from the Proterozoic to the present. The old-
est and most well-preserved acritarchs are derived from ap-
proximately 1.8 billion years ago in Mesoproterozoic (Buick,
2010), with evidence suggesting these rocks existed as far
back as 2.5 billion years ago (Buick, 2010; Gaucher and
Sprechmann, 2009). Acritarchs are valuable for determining
chronological ages and biostratigraphic correlations for their
high abundance, taxonomic diversity, and global distribution
patterns (Lei et al., 2012), especially in Proterozoic and Pa-
leozoic strata, where they are probably the only preserved
fossils (Beraldi-Campesi, 2013; Wicander, 2002; Xiao and
Narbonne, 2020). They are particularly valuable when com-
bined with other fossil groups for regional and global paleo-
biogeography and paleoecology research (Dale, 2023; Lamb
et al., 2009; Mudie et al., 2001). Additionally, acritarchs are
primary producers at the base of the marine food chain in the
Proterozoic and Paleozoic eras (Wicander, 2002) and played
an important role in the evolution of global marine ecosys-
tems (Falkowski and Knoll, 2011). Given their significance,
it is crucial to establish a global database.

The compilation of acritarch databases dated back to
the 1970s. Tappan and Loeblich (1973) pioneered system-
atic statistical work in this field by publishing a dataset
covering the interval from 0–700 Ma. However, this early
compilation exhibited relatively coarse temporal resolution
and limited data. Even for the Ordovician, which had the
highest data density, fewer than 500 species had been
recorded. Between 1971 and 2010, John Williams com-
piled the “John Williams Index of Palaeopalynology”, which
documented 1577 genera. A digitized version of this cata-
log is now archived in the Acritax online database (https:
//www.mikrotax.org/Acritax, last access: 21 April 2014).
In the 1990s, with support from the Geological Survey of
Canada (GSC), the Palynodata database was developed, in-
tegrating extensive acritarch records. Its final version, re-
leased in 2006, was published as GSC Open File 5793 (http://
geopub.nrcan.gc.ca/moreinfo_e.php?id=225704, last access:
8 August 2008), containing 14 fields, 111 295 entries,
812 061 metadata items, and 7369 references.

Despite advances in acritarch research, several challenges
remain. First, the morphological diversity and complex clas-
sification of acritarchs have limited our understanding of
this group (Agić et al., 2015; Arouri et al., 1999; Bernard
et al., 2015; Butterfield and Rainbird, 1998; Javaux and
Marshal, 2006; Moldowan et al., 1996; Wang et al., 2022;
Williams, 1998). Second, although many acritarchs have
been discovered, global spatial and temporal distribution re-
mains uneven, with certain regions experiencing relatively
low amount of research (Gray and Boucot, 1989; Huntley et

al., 2006; Jacobson, 1979; Lei et al., 2013; Schreck et al.,
2017). Additionally, existing acritarch databases are often
limited to specific regions or periods and lack comprehen-
sive, systematic, and complete global coverage (Anderson et
al., 2017; Bernardi et al., 2017; Chamberlain et al., 2016; Ser-
vais et al., 2003; Willman and Moczydłowska, 2011). These
limitations hinder further research on acritarchs in geological
history.

Here, we introduce a database that integrates global
acritarch data from various geological periods, including the
genus, geographical distribution, and geological timescales.
In the following sections, we provide information regarding
data sources and selection criteria; review and clean the def-
initions behind entries, fields, and metadata; and outline the
process. We explore the extensive compiled spatial and tem-
poral trends, discuss the future uses and limitations of the
dataset, and address the ongoing goals of the database. By
leveraging this global database, we can better understand the
diversity and evolutionary patterns of acritarchs and reveal
the structure and function of biological communities in ge-
ological history. It not only provides references for oil and
gas exploration but also promotes interdisciplinary research.
Through in-depth data mining and analysis, we can explore
the acritarchs’ stratigraphy and environmental and ecologi-
cal issues throughout the Earth’s history, ultimately provid-
ing new research ideas across different fields.

2 Methods

2.1 Compilation purpose

The affinities of acritarchs are primarily linked to algae, sug-
gesting that acritarchs were the main contributors to primary
productivity in early oceans, paving the way for the subse-
quent rise in consumer numbers (Agić, 2016; Daners et al.,
2017). This implies that they played a crucial role in early
marine environments and were important for maintaining
ecological balance and carbon cycling. Quantitative analysis
of fossils (e.g., acritarchs) from different strata allows for a
better understanding of past changes in marine environments,
including shifts in marine productivity, redox conditions, and
carbon cycling. This aids in exploring the evolution of deep-
time biological pumps and enhances our understanding of the
processes and mechanisms behind the modern marine carbon
cycle (Jia et al., 2022). Previous databases (Table 1), such
as Palynodata (https://paleobotany.ru/palynodata, last access:
4 April 2025), containing a large number of acritarchs, ex-
hibit several shortcomings: (1) the database only includes lit-
erature from 1842 to 2007, with no records for the follow-
ing 17 years; (2) the numeric ages of strata in the database
have not been updated; and (3) despite including 14 fields,
Palynodata lacks critical information such as latitude, longi-
tude, lithology, stratigraphy, and paleogeography. In contrast,
the Paleobiology Database (PBDB, https://paleobiodb.org/,
last access: 4 April 2025) only collects a small amount of
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Table 1. GAD: comparison of data sources from Palynodata,
PBDB, and this study.

Database N of all Proportion N of all Proportion
entries metadata

(i.e., rows) (i.e., cells
with content)

Palynodata 111 295 96.06 % 812 061 26.62 %
PBDB 34 0.03 % 425 0.01 %
This study 4531 3.91 % 2 238 366 73.37 %
GAD 115 860 100 % 3 050 852 100 %

acritarch data (866 entries in raw). In summary, previous
databases exhibit issues such as incomplete data, difficulty
in addressing fossil sampling biases, and inapplicability for
studying spatiotemporal changes. Therefore, we aimed to
build the Global Acritarch Database (GAD) to advance re-
search in this field.

2.2 Metadata fields and criteria

GAD data come from PBDB, Palynodata, and published lit-
erature. From PBDB, 34 entries and 425 metadata points are
sourced from 7 studies. The main component of the database
was derived from Palynodata (Kroeck et al., 2022; Palyno-
data Inc. and White, 2008; Strother, 2008) contains 14 fields,
111 295 entries, and 812 061 metadata points, but it has not
been updated since 2007, and its location information is
limited to textual descriptions. In this study, we searched
recent publications using Google Scholar using keywords
(such as acritarchs, organic-walled microfossils) and col-
lected 415 additional studies from 2008 to 2023. This col-
lection includes 29 new fields, i.e., geological timescale (with
uniform high-to-low levels: eon, era, period, epoch, and age),
modern latitude and longitude, paleolatitude and paleolon-
gitude, stratigraphy, and lithology, totaling 4531 entries and
2 238 366 metadata points. We have revised and updated the
numeric age to the latest International Chronostratigraphic
Chart (December 2024) (https://stratigraphy.org/, last access:
24 July 2025). Some of the entries that have not been updated
include data without temporal information, entries spanning
multiple periods, and ambiguously described Precambrian
data. The aforementioned three sources together form a new
database, GAD, containing 115 860 entries, 43 fields, and
3 050 852 metadata points. The database contains exclusively
published data. The metadata primarily originated from orig-
inal journal articles, supplements, or public repositories con-
taining data tables. The included fields were organized to fa-
cilitate future updates of speciation/extinction models; tax-
onomic nomenclature corrections; data additions; and other
research directions, such as genus and species information,
lithological details, geological timescales, and sampling lo-
cations, thereby enabling continual data updates.

2.3 Data cleaning

To maintain clarity and consistency in data description, an
“entry” refers to each genus and species along with its related
metadata as reported in the literature (i.e., a row), while a
“field” refers to the metadata collected for each entry (i.e., a
column) (Judd et al., 2022).

To ensure accurate publishing and better utilization of the
data, we have cleaned the data using the following steps.

1. Integration: All entries are integrated into a single
data table, including entries that lack at least one type
of information such as “genus name without species
name”, “genus and species name without temporal in-
formation”, or “genus and species name without lo-
cation information”. These were treated as separate
entries to preserve them for possible future data re-
placements. Many Cambrian acritarch data were com-
piled by Palacios et al. (2009, 2012, 2014, 2017, 2020,
2021); Ordovician data by Le Hérissé et al. (2007,
2014, 2015, 2017), Paris et al. (2007), and Vecoli
and Le Hérissé (2004); and Silurian and Devonian
data by Vavrdová and Dašková (2011), Vavrdová and
Svobodová (2010), and Vavrdová et al. (1996, 2011).
Wherever possible, these compiled datasets were cross-
checked with their original publications to ensure com-
pleteness, avoid errors, and fill in missing data or appli-
cable fields.

2. Taxonomic field: acritarchs are generally considered
form-taxa and are morphologically identified at the
genus/species level. During data cleaning, we regulated
the representation of “sp.” and punctuation marks, such
as question marks, commas, and parentheses, and minor
spacing issues were removed to standardize the nam-
ing format and ensure proper characterization (Fig. 1).
Considering that this database contains biological fos-
sils, outdated taxonomies or misspellings may have led
to analytical errors. We traced back to original publica-
tion to validate taxonomic reliability for each taxonomic
entry (those questionable or illegitimate taxa, invalidly
named taxa, taxa retained in open nomenclature, etc.)
and implemented PyRate to check for spelling errors
and inconsistencies among the listed species (Silvestro
et al., 2014, 2019). The function check_names was uti-
lized, which requires a text file with one species name
per line. In the returned file, ranks 0 and 1 indicated the
most likely spelling errors, whereas ranks 2 and 3 repre-
sented genuinely different names. It is noteworthy that
this algorithm does not check for synonyms. Ultimately,
species data accounted for 90.7 % of the database, with
19.4 % represented by “sp.”.

3. Age: includes 12 separate columns collectively. During
data integration, several entries lacked temporal infor-
mation or had insufficient resolution. Therefore, tempo-
ral information at the stage level was supplemented to

https://doi.org/10.5194/essd-17-3567-2025 Earth Syst. Sci. Data, 17, 3567–3582, 2025

https://stratigraphy.org/


3570 X. Shu et al.: Global Acritarch Database (> 110000 occurrences)

ensure consistent information retrieval (Fig. 2). If pre-
cise data were unavailable, the highest possible resolu-
tion level was retained using the stage level as the pri-
mary reference, including numerical ages (in Ma) and
period and stage information to provide relative ages.
Ages were assigned by entering a numeric age and
automatically matching to fill in relative age informa-
tion, entering relative age information and automatically
matching to fill in numeric age information or retain-
ing manually entered numeric and relative ages. If the
numeric age was not recorded in the literature, it was
manually set the age of the top and bottom of its strata
using the latest International Chronostratigraphic Chart
(December 2024). In the absence of a precise numeri-
cal age, a stage position (i.e., early, middle, or late) was
used to further define the relative age and match it with
the numerical age. Entries with numerical age records
accounted for 89.9 % of the database, and the remain-
ing 11.1 % (11 726 entries) lacked numeric age data
(Table 2). Additionally, entries with genus and species
names were resolved to the stage level once supple-
mented, and they accounted for 34.8 % of the total data
(excluding entries in which the numerical age could not
be determined).

4. Location: includes nine separate columns collectively.
During the data integration process, it has been ob-
served that only broad location information was avail-
able. To enhance the application of the data in the
geospatial field, a minor location information field was
added, specifically the “point” (the center point of text
location information) determined by latitude and longi-
tude (Fig. 1). After supplementation, latitude and longi-
tude information accounted for 82.0 % of the database.
Modern latitude and longitude information were de-
rived from detailed references to Google Maps (http:
//www.gditu.net, last access: 28 August 2023). If lo-
cation information was not recorded in the literature,
it was left blank. When it was impossible to deter-
mine the precise location, the latitude and longitude in-
formation of the center point of the broader location
were added to the remarks field, affecting 5972 entries.
Paleolatitude conversion primarily relied on GPlates
(https://www.gplates.org/download/, last access: 8 Oc-
tober 2024, version 2.5), and map alignment was per-
formed using QGIS (https://qgis.org/download/, last ac-
cess: 8 October 2024, version 3.32.3). All maps were
based on Scotese (2021).

5. Lithology and stratigraphy: this information covered
only 0.11 % and 2.7 % of the total entries in the
database, respectively, accounting for a very small pro-
portion. The data on lithology and stratigraphy are the
next priority for addition.

6. References: the reference field achieved 100 % cover-
age in the database. It included the main (first) author,
publication year, and journal. DOIs of relevant litera-
ture were supplemented through Crossref (https://www.
crossref.org/, last access: 3 June 2024). Concurrently,
for the convenience of machine reading, special charac-
ters and garbled combinations in other applicable fields
were deleted.

Each field was evaluated based on a set of standardized
criteria to ensure consistency throughout the process (Fig. 1).
Any issues discovered during this process were corrected. A
summary of entries by fields is shown in Table 2.

3 Results

3.1 Data statistics

Each entry in the GAD is associated with a set of fields, all
of which represent information related to fossils. There are
39 fields can be broadly divided into five categories (Fig. 3):
(1) taxonomy, (2) age, (3) site, (4) reference, and (5) others.
A basic description of these fields is summarized in Table 3,
with details on how and why each field was assigned.

3.2 GAD statistics

The GAD contains 115 860 entries from 7791 references,
representing 1146 different sampling locations and records
throughout geological history. Among these, 36 187 are
marked as “stage level”, covering 101 out of the 102 stages
in the Phanerozoic. In terms of biological fossil records, the
database included 1456 genera and 9865 species (excluding
those classified as sp.). During the process of correcting the
numeric age, 7131 data points lacked a numeric age due to
the inability to obtain geologic age from the original litera-
ture. The Paleozoic is the most well represented, accounting
for 70.9 % of total entries (Table 4), followed by the Meso-
zoic (13 044 entries) and Neoproterozoic (9040 entries). Re-
garding the spatial distribution of acritarchs, 93 201 entries
originated from the continent, with a small portion from
oceanic or marine areas accounting for 1.9 %.

The sections below focus on fossil classification, litera-
ture sources, and paleogeographic and spatiotemporal distri-
bution trends. These examples illustrate the unique aspects
of this compilation method and demonstrate the potential of
the database for promoting research in the paleoproductivity,
paleoenvironment, and biological evolution.

3.3 Taxonomy statistics

At the genus level, the database includes 1456 genera and
9865 species (excluding sp.). The top 10 genera, in terms
of quantity that account for 36.0 % of the total data vol-
ume, are Baltisphaeridium (7.0 %), Micrhystridium (6.7 %),
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Figure 1. Criteria are used to evaluate whether each entry matches a field.

Figure 2. Specific supplementary process for stage level.

Veryhachium (5.7 %), Leiosphaeridia (3.9 %), Multiplicis-
phaeridium (2.7 %), Cymatiosphaera (2.7 %), Tasmanites
(2.1 %), Leiofusa (1.8 %), Acanthodiacrodium (1.8 %), and
Lophosphaeridium (1.5 %), and the specific number of en-
tries can be obtained in Fig. 4. Baltisphaeridium (includ-
ing 647 species accounting for 8076 entries in the database,
including 337 entries having only the genus name and
1049 entries classified as sp.), the most abundant genus, has
been present since the Precambrian period (approximately
1600 Ma) and is the most prolific during the Paleozoic Era.

3.4 Literature sources and statistics

Data in this database were obtained from 7791 references
spanning from 1842 to 2023. The temporal distribution of
publication years is presented in Fig. 5. The average number
of research outputs after 1930 (83.9 papers per year) is an
order of magnitude greater than that before 1930 (0.12 pa-
pers per year). This difference is not significant in the number
and was thus not displayed on the graph. Even the relatively
lower research outputs of the 1950s and 2020s were more

than 2.5-fold higher than the total output from the 1930s
and 1940s combined over 20 years. More than half of re-
search output occurred in the 1970s and 1980s, with 4320 pa-
pers accounting for 55.4 % of the total.

3.5 Temporal distribution

Figure 6a indicates that over a long timescale, data volume
steadily increases during the Proterozoic but remains below
5000 entries, peaking in the Ediacaran with 3137 entries.
However, there are almost no records for the Paleoprotero-
zoic, accounting for only 1.9 % of the Proterozoic data. The
Ordovician (Paleozoic) exhibits the highest number of en-
tries at 21 880, followed by a decline to the Carboniferous
low point of 1682 entries. Subsequently, a minor peak occurs
during the Cretaceous (5959 entries) before the data volume
drops below 5000 entries. Figure 6b presents the maximum
data volume of 4431 entries during the Tremadocian (Or-
dovician), whereas the minimum is zero during the Jiang-
shanian (Cambrian). Two significant increases in data den-
sity occur at the intersections of Stage 10 and the Tremado-
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Table 2. Summary of entries by fields.

Fields N of all entries Proportion Notes

Taxon filed With species name 105 103 90.7 % There are 20 374 indefinite species,
accounting for 19.4 % of “With species name”.

Without species name 10 757 9.3 % Refers to the genus level.

Total 115 860 100 %

Age field With age 104 134 89.9 % Include Entries

N Proportion

Eon level 104 134 100 %
Era level 101 149 97.1 %
System level 91 476 87.8 %
Series level 60 286 57.9 %
Stage level 36 187 34.8 %
Substage level 5996 5.7 %

Without age 11 726 10.1 % This includes all entries that cannot detect the
numeric age.

Include Entries

N Proportion

Eon level 2070 17.7 %
Era level 403 3.5 %
Cross level 2520 21.5 %
Not detected 7131 60.8 %

Total 115 860 100 %

Location With modern latitude and 94 997 82.0 % This contains 1796 entries from oceans or
field longitude records seas, accounting for 1.9 %, and 93 201 entries

from continents, accounting for 98.1 %.

Without modern latitude and 20 863 18.0 % This includes 6264 entries that have location
longitude records names but cannot determine latitude and

longitude, accounting for 30.0 %.

Total 115 860 100 %

Others Lithological field 128 0.11 %

Occurrence Incomplete 50 288 43.4 % Judgment principle: whether there is a species
status Complete 65 572 56.6 % name, numeric age, and modern latitude and

longitude.

Stratigraphic field 3122 2.7 %

Reference field 115 860 100 %

DOI 20 903 18.1 %

cian (Cambrian–Ordovician) and between the Dapingian and
Darriwilian (Ordovician). Four significant decreases occur at
the transition between the Darriwilian and Floian (Ordovi-
cian), Darriwilian and Sandbian (Ordovician), Lochkovian
and Pragian (Devonian), and Famennian and Tournaisian
(Devonian–Carboniferous). Such data distribution may be at-
tributed to (1) limited research intensity and (2) low tempo-

ral resolution in the study area, both of which constrain the
availability of material for analysis.

3.6 Spatial distribution

The spatial distribution of data collection is uneven. In terms
of its modern distribution (Fig. 7), the peak in the longitu-
dinal distribution lies primarily between − 10 and 30°, with
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Figure 3. Classification of each field in database settings.

Figure 4. Statistical pie of the occurrence number of genera in the
database.

Figure 5. Statistics of publication distributions in the database.

a small amount collected between −50 and −90° and 90 to
130°. According to the latitudinal distribution, most of the
data are from the Northern Hemisphere (Europe, China, and
North America) and predominantly between 25 and 65°, ac-
counting for 82.0 % of the GAD. Figure 8 presents the mod-
ern geographic distribution by era. Most Precambrian data,
primarily sourced from China and Europe, accounted for
86.4 % of the total, whereas most of the Phanerozoic data are
from North America, Europe, Australia, and China, account-
ing for 93.2 %. The Cenozoic and Paleozoic data exhibit the
widest spatial distribution (−176.2 to 176.1°), with the Pale-
ozoic containing the highest quantity of data (61 717 entries,
representing 69.6 % of the total geographic data).

The paleogeographic distribution of data across periods
(Fig. 9) highlights how data are concentrated in different re-
gions over time. The diagram indicates that most of the data
from the Cambrian to the Quaternary are from shallow ma-
rine environments, favoring continental edges. As the conti-
nents migrated northward from the Mesozoic to the Ceno-
zoic, records begin to concentrate in the mid-latitude re-
gions in the Northern Hemisphere. Taking the peak values
of each period as examples and starting with the Cambrian,
the highest data concentration is observed between −35 and
−45° (3688 entries), mainly in Gondwana and the Baltic,
which shifted to −25 and −35° (3708 entries) by the Or-
dovician. In the Carboniferous, the highest data concentra-
tion is near −5 to −15° (468 entries) in the North Ameri-
can and Eurasian plates. In the Permian, data are evenly dis-
tributed across the mid-latitude regions near the coast of the
Tethys Ocean in both hemispheres. Thereafter, fossil records
start to tilt towards the mid-latitude regions of the Northern
Hemisphere (such as North America, Europe, and Asia) dur-

https://doi.org/10.5194/essd-17-3567-2025 Earth Syst. Sci. Data, 17, 3567–3582, 2025



3574 X. Shu et al.: Global Acritarch Database (> 110000 occurrences)

Figure 6. The number of entries from the “have digital age” data split by “timescales include 2500 Ma” (a) and Phanerozoic (b) and binned
by geologic stage. Each stage is divided into data with species name and data without species name for statistics according to the storage
type of the genus and species field in the database.

Figure 7. Spatial distribution of all data from the GAD.
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Figure 8. Summary of the spatial distribution of sampling sites by era (a–d), with the size of each point scaled to the number of occurrences
at each site. All panels are plotted on the same scale.

ing the Mesozoic and Cenozoic. The highest data concentra-
tions were between 25 and 35° during the Triassic and moved
to between 35 and 45° and between 45 and 55° during the
Jurassic–Cretaceous and Paleogene–Quaternary periods, re-
spectively.

3.7 Spatial–temporal trends in proxy values

The large volume and consistent structure of data in
GAD provide opportunities to investigate research trends in
acritarchs (e.g., regional research focus and taxonomic vari-
ations). Figure 10 presents heatmaps for each time interval
from database entries, where the data is temporally averaged
by stage level and spatially into 10° paleolatitude bins. Ver-
tical trends indicate the latitudinal gradient for any given
“stage”, while horizontal trends indicate the temporal evo-
lution of entries within latitudinal intervals. Notably, the data
volume is predominantly observed in the mid- to low lati-
tudes of the Southern Hemisphere during the Paleozoic, with
over 400 entries and peaks reaching above 1400. A clear
migration pattern is observed as the majority of data shift
from the Southern Hemisphere to the Northern Hemisphere
over time. Tectonic movements appear to have been a signifi-
cant contributing factor since the formation of Pangaea about
250 million years ago, as Gondwana gradually split apart.
The plates of South America, Africa, Antarctica, Australia,
and India have been drifting northward progressively, affect-
ing the geographical pattern and biodiversity of the Earth
(Park, 1988). However, the spatial–temporal trend may be
influenced by sampling biases arising from uneven research
distribution as well as inherent taxonomic uncertainties as-
sociated with acritarchs. The heatmap (Fig. 10) clearly indi-
cates that all entries exhibited discontinuous spatial and tem-

poral coverage, but the Mesozoic (Cretaceous) and Paleozoic
(Ordovician and Devonian) generally exhibited good cover-
age, extending from 30 to −90°. During the mid-Cretaceous,
coverage reached 90 %. In contrast, the Paleozoic (middle
to late Cambrian and Permian), Mesozoic (Jurassic), and
Cenozoic exhibited highly discontinuous geographic cover-
age with a significantly reduced range.

4 Data availability

All data for GAD (version 1.0) can be found on Zenodo:
https://doi.org/10.5281/zenodo.15208303 (Shu et al., 2025).
A static copy of GAD (version 1.0) is archived in the Geobi-
ology database (https://geobiologydata.cug.edu.cn/, Geobi-
ologyData, 2025). We will continuously update and enhance
the database and welcome collaboration with existing com-
pilation authors to expand its content.

5 Code availability

All available example codes and auxiliary
functions have been uploaded on Zenodo:
https://doi.org/10.5281/zenodo.15147118 (Shu, 2025).

6 Conclusions

The Global Acritarch Database (GAD) is a global acritarch
database that integrates data from Palynodata and Paleobi-
ology Database (PBDB) and additional published literature
not included in previous collections. Building on the foun-
dation of Palynodata, which originally contained 14 fields,
111 295 entries, 812 061 metadata points, and 7369 ref-

https://doi.org/10.5194/essd-17-3567-2025 Earth Syst. Sci. Data, 17, 3567–3582, 2025

https://doi.org/10.5281/zenodo.15208303
https://geobiologydata.cug.edu.cn/
https://doi.org/10.5281/zenodo.15147118


3576 X. Shu et al.: Global Acritarch Database (> 110000 occurrences)

Figure 9. Summary of the paleogeographic spatial distribution of sampling sites (a–l) separated by geologic period. Histograms to the right
of each map show the relative latitudinal distribution of all unique sampling sites within 10° bins, with the horizontal axis representing the
number of occurrences. The chronology number indicates the exact point in time for the map selection. For example, Ordovician: 461 Ma
represents the Middle Ordovician. All maps are based on Scotese (2021).
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Table 3. Detailed description and notes for each field.

Category name Description of category (individual fields) Notes

Taxonomy

Genus name Genus names of biological fossils. Unified format, all data available.

Species epithet Species epithet of biological fossils. It may contain blank spaces or sp.

Subspecies Subspecies names of biological fossils. It may contain blank spaces.

Original genus name Record of genus name.

Original species epithet Record of species epithet.

Species name Species name of biological fossils.

Species ID The serial number of the species.

Author The name of indefinite species.
It may contain blank spaces.

Identification Used to explain “aff./cf./certain/ . . . ”.

Age

Eonothem/eon The unit of time representing the longest time, typically Source: International
used to describe geological periods exceeding Chronostratigraphic Chart
billions of years. (December 2024)

Erathem/era A unit of time under the eon, typically referring to a large (https://stratigraphy.org/,
period lasting several hundred million years. last access: 24 July 2025).

System/period A unit of time under the era, typically indexed to a period
of tens of millions of years.

Series/epoch A unit of time under the period, typically measured in
millions to tens of millions of years.

Stage/age A unit of time under the epoch, each stage typically
represents a time span of several million years.

Substage A unit of time under the Stage, usually used to describe a
shorter period within the stage.

Min age (Ma) Numeric age of the lower boundary of stratigraphic age.

Max age (Ma) Numeric age of the upper boundary of stratigraphic age.

Old age name The lower boundary of stratigraphic age.

Keep the original division.Young age name The upper boundary of stratigraphic age.

Old age (Ma) Numeric age of the lower boundary of stratigraphic age.

Young age (Ma) Numeric age of the upper boundary of stratigraphic age.

Site

Continent The continent where the geographical location is located.

Ocean/sea The sea area where the geographical location is located.

Country The country where the geographical location is located.

Location The major locations where the original data is used. Including sectors, may be precise
to a province or country.

Location (detail) Fixed point determined by longitude and latitude.

Longitude Longitude determined by location. If it is not represented in the

Latitude Latitude determined by location. literature, use the center of the
“location” to represent it.

https://doi.org/10.5194/essd-17-3567-2025 Earth Syst. Sci. Data, 17, 3567–3582, 2025
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Table 3. Continued.

Category name Description of category (individual fields) Notes

Site

Paleolongitude The longitude of a certain period and location in According to modern latitude and longitude
geological history. conversion.

Paleolatitude The latitude of a certain period and location in geological
history.

Reference

Doc # The serial number of the literature in Palynodata. Unified format; all data available.

Reference (author Literature information includes author, year, title, and
and year) journal.
Reference (title and
Journal)

DOI A permanent link to the literature.

Ref ID The serial number of the literature in GAD.

Doc ID The serial number of the literature in the database
(Supplement for 2008–2023).

Reference_no The serial number of the literature in PBDB.

Others

Formation Stratigraphic information of fossils.
Insufficient data volume.

Lithology Lithological information of fossils.

Occurrence status Whether the information records are complete or not.

Verification Returning to the original to verify information.

Original acquisition Acquisition status of original literature.

Notes Other remarks.

Incidentally, “Nd” represents “not detected”; it is just that the corresponding information cannot be obtained from the original literature.

Figure 10. Summary of the spatial–temporal trends binned temporally by stage and spatially by 10° paleolatitudinal bins; cooler colors
correspond with lower number of occurrence and vice versa.

Earth Syst. Sci. Data, 17, 3567–3582, 2025 https://doi.org/10.5194/essd-17-3567-2025
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Table 4. Summary of the proportion of entries and sites by geologic
era.

Era All entries All sites

N Proportion N Proportion

Cenozoic 5997 5.9 % 5466 6.2 %
Mesozoic 13 044 12.9 % 11 911 13.5 %
Paleozoic 72 024 70.9 % 61 717 69.6 %
Neoproterozoic 9040 8.9 % 8162 9.2 %
Mesoproterozoic 1251 1.2 % 1167 1.3 %
Paleoproterozoic 196 0.2 % 191 0.2 %

Total 101 552 100 % 88 614 100 %

erences, GAD added 29 new fields, 4531 new entries,
2 238 366 new metadata points, and 415 new references, re-
sulting in a database comprising 115 860 entries, 43 fields,
3 050 852 metadata points, and 7791 references. GAD rep-
resents records from 1146 different sampling sites spanning
geological history from the Precambrian to the Phanerozoic.
The fossil records include 1456 genera and 9865 species (ex-
cluding sp.). Additionally, the database records information
related to occurrences, such as stratigraphy, lithology, and
paleogeography. Among all entries, Paleozoic data are the
most abundant, accounting for 70.9 % of the total, followed
by 13 044 Mesozoic, 9040 Neoproterozoic, 5997 Cenozoic,
1251 Mesoproterozoic, and 196 Paleoproterozoic entries.
Regarding the spatial distribution of acritarchs, 93 201 are
derived from continents and primarily concentrated in Eu-
rope, North America, China, and India, with the remaining
1.9 % originating from oceanic or marine regions.

Although substantial efforts have been made, the dataset
remains incomplete. For example, information regarding the
size dimensions of acritarchs, lithology, and strata are lacking
and will be continuously supplemented in the future. Addi-
tionally, while meticulous care was taken to ensure accuracy,
some errors may have been overlooked due to the sheer vol-
ume of data. When reusing GAD, we recommend citing both
the GAD and original data sources to ensure proper attribu-
tion. Any issues or omissions discovered by the end users can
be reported to us, and the relevant information will be up-
dated in future versions of the database. GAD is expected to
remain a valuable resource for ongoing and future research.
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