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ABSTRACT

The year 2016 CE marked the centennial of palynology as a scientific discipline after Lennart von
Post introduced it in lectures in Kristiania (now Oslo) and Stockholm in 1916. However, palynology
is only one of many disciplines within the broad field of palaeoecology. The 100" birthday of
palynology raised the question of when palaeoecological research was actually conducted for the
first time. The first rudimentary application seems to go back to Xenophanes of Colophon (circa
570-475 BCE), who concluded from observations of shells and marine fossils on lands that these in
the past must have been covered by a sea. Although the exact date when Xenophanes formulated
his ideas is unknown, celebration of another milestone after the Von Post year may be appropriate:

that of 2500 years of palaeoecology.
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1. INTRODUCTION

2016 was the 100" anniversary of the famous
lectures that the Swedish geologist Lennart von
Post gave in Kristiania &now Oslo) at a
conference between July 10™-15" 1916, and in
Stockholm on November 2™ of the same year [1-
4]. Generally, these lectures are considered to
represent the birth of palynology as a scientific
discipline. In 1916 also pollen diagrams were
published for the first time [5].

Palynology, however, is only one of many
disciplines  within the broad field of
palaeoecology. Palaeoecology is the “study and
understanding of the relationships between past
organisms and the environment in which they
lived”, or more practically “the reconstruction of
past ecosystems” [6]. Normally in modern-day
science the past environment is reconstructed
from a variety of proxies, including the study of
plant macrofossils, algae, rhizopods, molluscs,
ostracods, Cladocera, chironomids, Coleoptera,
vertebrates, and many more [6-8]. Apart from

biological entities, even various abiotical
parameter - among others geochemistry and
sedimentation processes - are used to

characterise past ecosystems [8]. Palaeoecology
developed slowly in the course of time until the
first modern palaeoecological studies were
performed in the mid of the 19" century [8].

The centennial of palynology raised the question
when the first true palaeoecological research
was undertaken, or in other words: when was the
first time that fossils were used for the
reconstruction of a past environment. The
earliest work seems to be that of Xenophanes of
Colophon (circa 570-475 BCE), of whom the
name and works are largely and unfortunately

forgotten by present-day earth scientists.
Therefore, this paper commemorates
Xenophanes and the beginning of

palaeoecology.

2. DISCUSSION

2.1 Science in Prehistory and Antiquity
People have always wondered about how the
world around them came into being, and how it

developed and functioned. This is testified by an
enormous amount of legends on the creation of

the world, and about gods and goddesses who
controlled the sun, moon, thunder and lightning,
floods and droughts, earthquakes, volcanic
eruptions, diseases, and so on [9,10]. As early as
the Palaeolithic, cave paintings from all over the
world indicate a keen awareness of the natural
environment [11]. It was necessary to know all
about the habits of prey animals, to know which
plants were nutritious and which were poisonous,
how to heal injuries, how to make fire, how to
make and use tools, and later also to know the
techniques of agriculture and metal production
[10]. Many prehistoric objects and monuments
having an astronomical intention as well as
numerous  mathematical and  calendrical
concepts of ancient societies illustrate great skill
in understanding the natural world [10,12-17].
But in a world-view dominated by gods there is a
mixture  between the natural and the
supernatural, which needed to become
separated before proper science could develop
[10,16,18].

The first true science is generally attributed to
ancient Greeks around the 6" and 5" centuries
BCE [18]. Their works on mathematics, physics,
astronomy, geography, botany and medicine, in
particular, are renowned and highly regarded
[10,13,19,20]. Geological and geomorphological
processes were regularly addressed by antique
writers and sometimes show a remarkable
understanding of the underlying processes [21].
Fossils were well-known in Antiquity and before,
but not always recognised as such. Fossils
attracted tourists and collectors, and were
displayed in temples, shrines and tombs [21-26].
Nowadays in many cases where fossils were
found in such archaeological settings the
archaeologists did not consult palaeontologists
[22], which inhibited understanding of the
meaning of fossils for ancient people.

2.2 Xenophanes of Colophon

Little is known of the life of Xenophanes
[13,19,27]; (Fig. 1). According to these sources,
that base predominantly on a short biography
from the third century CE by Diogenes Laertius in
“Lives of eminent philosophers” (9.18-20) [28], he
was born around 570 BCE, and died at an
extremely old age around 478-475 BCE. He left
his home-town of Colophon (lonia, present-day
western Turkey) at the age of 25, probably
because of a Persian invasion in the region. He



wandered through the Greek world for some 70
years and is known to have lived in lonian
colonies on Sicily and the Italian mainland. Much
of his work has been lost, and his ideas are
predominantly known through citations by other
authors. It has been transmitted that he wrote on
the histories of Colophon and Elea, poetry, and
that he criticised especially the theological
visions of Homer and Hesiod. He wrote
elaborately on his own religious views that were
mainly of a pandeistic character as opposed to
the  dominant  worshiping of  multiple
anthropomorphic gods of his times.

Fig. 1. Sculpture generally assumed to depict
Xenophanes of Colophon. It was not possible
to trace where it is currently located
Source for the picture:
https://ru.wikisource.org/wiki/%D0%A4%D0%B0%D0
%B9%D0%BB:Xenophanes.jpg, which claims that the
picture is in the public domain (accessed
March 30", 2017)

One of Xenophanes's work was “on nature”,
which is summarised in the “Refutation of all
Heresies” (1.14.5-6) by Hippolytus of Rome (170-
235 CE; Fig. 2) [29]. This work was intended as
an inventory of various pagan and Christian
ideas that Hippolytus rejected at a time when
official Christian doctrine was still developing.
Copies of the original work were probably still
available for scholars in the time of Hippolytus
and will have been lost afterwards: it is evident
from his text that Diogenes Laertius had access
to (some of the) complete writings of
Xenophanes [28].

Hippolytus wrote about the ‘heretic’ ideas of
Xenophanes: “This man postulates that the sea
is salt because many mixtures flow into it [i.e.
water and sediments transported by rivers]. (...)
And Xenophanes thinks that there is a mixing of
earth and sea, and that the earth interchanges
with sea [i.e. the dry lands were regularly
completely flooded, after which dry grounds
developed again]. He claims to have the
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following evidence: in the centre of lands and in
mountains shells occur. And he mentions that
imprints of a fish and of seals were found in
guarries in Syracuse, that on Paros the imprint of
a laurel was discovered deep in rock, and that on
Malta remains of all kinds of marine animals
were present. He states that this is because
these objects were embedded in mud and that
the imprint was preserved when the mud dried.
All humans perish when the earth is washed-
away into the sea and transformed into mud.
Afterwards, however, the earth forms again
which is the origin for all lands” (modified after a
German translation [27]).

Fig. 2. Statue from the 4" or 5" century CE
probably depicting Hippolytus of Rome. The
sculpture was found in 1551 at the Via
Tiburtina in Rome and is currently exhibited
at the Vatican library
Source for the picture:
https://commons.wikimedia.org/wiki/File:HippolytusSta
tue.JPG#/media/File:HippolytusStatue.JPG, which
claims that the picture is in the public domain
(accessed March 30", 2017)

The reference to an imprint of a laurel is
enigmatic, since this is not an evidence that a
sea previously covered that area. According to
Bromehead the translation is erroneous and
Xenophanes had actually meant imprints of
sprats [21]. Bromehead even mentioned that in
various translations reference is made to the
imprint of an anchor, which does not make sense
at all for the time-period of Xenophanes when
anchors consisted of large heavy stones
attached to ropes: an imprint of a stone in a
stone is just highly illogical [21]. It is interesting
that — although written in Latin instead of Greek -
Ovid (43 BCE-17 CE) also mentioned the



occurrence of an anchor in the mountains which
he used as evidence—together with observations
of shells—for the persistence of a former sea
(“Metamorphoses” 15.259-267) [30]; perhaps he
made a similar error when reading Greek texts
which he used as sources.

The work of Xenophanes is the oldest-known
example in which observed fossils were used to
deduce a palaeoenvironment, and — although still
rudimentary — marks the first application of
palaeoecology. However, since the original work
is lost and was only transmitted to us in the work
by Hippolytus written some 700 years later, it is
difficult to estimate how widespread such views
were, and whether Xenophanes was the
original author or whether he only repeated
views developed by others: Burnet posed
that the fossils may have been actually
observed by Anaximander (circa 610-546
BCE) who may have been a teacher of
Xenophanes [31], but there is no evidence for
this assumption.

Fig. 3. Portrait of Herodotus, Roman copy
from the 2™ century CE of a Greek original of
the early 4" century BCE, displayed at the
Metropolitan Museum of Art, New York. The
sculpture was found shortly before 1891 in
Banha (Egypt) [37]
Source for the picture:
http://www.metmuseum.org/art/collection/search/2458
29, which claims that the picture is in the public
domain (accessed March 30”‘2017)
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Herodotus (Fig. 3) wrote around 440 BCE in his
“Histories” (2.11-12) that Egypt was a sea once,
and also mentioned as evidence the occurrence
of shells in mountains [32]. Xanthus of Lydia
(480-440 BCE) and Eratosthenes of Cyrene
(circa 276-195 BCE), both quoted by Strabo
(circa 64/63 BCE-24 CE), came to the same
conclusion for various regions (“Geographica”
1.3.4) [33]. Later Strabo also drew this
conclusion for Libya (“Geographica” 17.3.11)
[33]. Plutarch (80-120 CE) stated that Egypt
once was a sea based on many finds of shells in
mountains and quarries (“On Isis and Osiris” 40)
[34]. Furthermore, Pausanias (circa 110-180 CE;
“Description of Greece” 1.44.7) wrote about
calcareous rock in Megara that included many
seashells [35]. All these examples postdate
Xenophanes. These authors may have known of
the work of Xenophanes, but perhaps they also
drew the same conclusion themselves.

Although several modern scholars praise the
great insights of ancient palaeoecologists
[12,20], Rudwick points out that interpreting the
existence of a former sea from occurrences of
shells is very easy and did not require much
scientific understanding [36].

3. CONCLUSION: 2500
PALAEOECOLOGY

YEARS OF

It is an important notion for the history of earth
sciences in general, and for the history of
palaeoecology in particular, that people during
early times were careful observers of their world,
and that they thought about the natural
background of their environment. Thus, ‘earth
sciences’ in a broad sense have a long and rich
history dating back to Antiquity and prehistory.
Xenophanes developed a new way of thinking
about the past environment using observations
from the field, and so he laid the foundation for a
valuable scientific discipline that developed over
time along various pathways into modern
palaeoecology [8].

We do not know in what year Xenophanes wrote
his work; the present year (2017 CE) is 2586
years after his assumed birth and 2491 years
after his alleged death (omitting the non-existing
year 0). Assuming that he did not write his work
prior to leaving Colophon at the age of 25, then
palaeoecology rose between 2561-2491 years
ago. It seems, therefore, appropriate after the
100" birthday of pollen analysis to commemorate
another milestone: that of 2500 years of
palaeoecology.
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