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Funding information aspect in particular, nature's contributions to communication (NCC), has so far
Universitat Leipzig; Helmholtz-Zentrum fiir been neglected. Recent advances in automated language processing tools enable
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us to quantify diversity patterns underlying the distribution of plant and animal

Handling Editor: Shonil Bhagwat taxon labels in creative literature, which we term BilL (biodiversity in literature).
We assume BilL to provide a proxy for people's openness to nature's non-material
contributions enhancing our understanding of NCC.

2. We assembled a comprehensive list of 240,000 English biological taxon labels.
We pre-processed and searched a subcorpus of digitised literature on Project
Gutenberg for these labels. We quantified changes in biodiversity indices com-
monly used in ecological studies for 16,000 books, encompassing 4,000 authors,
as proxies for BiL between 1705 and 1969.

3. We observed hump-shape patterns for taxon label richness, abundance and
Shannon diversity indicating a peak of BiL in the middle of the 19th century. This
is also true for the ratio of biological to general lexical richness. The variation
in label use between different sections within books, quantified as p-diversity,
declined until the 1830s and recovered little, indicating a less specialised use of
taxon labels over time.

4. This pattern corroborates our hypothesis that before the onset of industrialisa-
tion BiL may have increased, reflecting several concomitant influences such as
the general broadening of literary content, improved education and possibly an

intensified awareness of the starting loss of biodiversity during the period of
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1 | INTRODUCTION

Our planet is losing biodiversity at unprecedented rates due to
land-use change, direct exploitation, climate change, pollution and
the invasion of exotic species (Cardinale et al., 2012; IPBES, 2019;
Millennium Ecosystem Assessment, 2005; Tilman, 1999). In Western
countries, for example, this loss had started already in the second
half of the 18th century, with the onset of industrialisation and mod-
ern agriculture (Krausmann & Haberl, 2002; Lambin & Geist, 2006;
Ulloa-Torrealba et al., 2020). Ecosystems and their biodiversity con-
tribute to human wellbeing and the functioning of societal subsys-
tems (IPBES, 2019; Millennium Ecosystem Assessment, 2005) in
various ways. There is conclusive evidence that biodiversity loss is
harmful for ecosystem functioning (Cardinale et al., 2012; Schmid
et al., 2009) and consequently for nature's contributions to people
(NCP; Diaz et al., 2015, 2018), as the anthropological side of the en-
tangled nature-culture (Barad, 2007; Haraway, 2016; Haraway &
Begelke, 2003). Understanding and evaluating NCP is critical to facil-
itating governments’ decision making if they are to achieve a healthy
and sustainable future (Diaz et al., 2015; Pascual et al., 2017).
However, assessing the various forms that NCP take is challeng-
ing, because the majority of contributions are difficult to quantify
(Daily, 2000; Daniel et al., 2012; Martinez-Alier, 2002). Substantial
progress has been made to assess material contributions using new
data-acquisition tools and modelling approaches (de Araujo Barbosa
et al., 2015; Maes et al., 2015) and to quantify their monetary values
(Lautenbach et al., 2012; Schmidt et al., 2016; Sumarga et al., 2015).
However, non-material contributions—including recreation and edu-
cation, as well as cultural and religious uses, but also nature's aesthetic
value and the appreciation of acknowledging nature as a necessary
complement to human culture—remain difficult to measure and can-
not be comprehensively and reliably reduced to a similar single value
(Lautenbach et al., 2019; Pascual et al., 2017; Seppelt et al., 2011).
Fundamental to understanding non-material contributions, espe-

cially towards human wellbeing, is quantifying people's valuation of

romanticism. Given that these positive trends continued and that we do not find
support for alternative processes reducing BilL, such as language streamlining, we
suggest that this pronounced trend reversal and subsequent decline of BiL over
more than 100 years may be the consequence of humans’ increasing alienation
from nature owing to major societal changes in the wake of industrialisation.

5. We conclude that our computational approach of analysing literary communication
using biodiversity indices has a high potential for understanding aspects of non-
material contributions of biodiversity to people. Our approach can be applied to other

corpora and would benefit from additional metadata on taxa, works and authors.

biodiversity in literature, computational literary studies, cultural ecosystem services,
environmental humanities, historical biodiversity, Nature's Contributions to People, non-

material contribution, text mining

biodiversity. Recentattemptsinclude surveys (Ainscoughetal.,2019),
qualitative and quantitative assessments of the disconnection
from nature in cultural products (Celis-Diez et al., 2016; Kesebir &
Kesebir, 2017; Prévot-Julliard et al., 2015) and analyses of knowledge
loss within graphical media (Wolff et al., 1999). The recently estab-
lished field of conservation culturomics further enhances our under-
standing by analysing word frequencies of limited word lists within
mainly contemporary corpora (e.g. from social media platforms). It
does so to approximate ongoing cultural change (Michel et al., 2011)
as a means of comprehending and eventually predicting public inter-
est in certain species, areas and human-nature interactions (Ladle
et al., 2016; Willemen et al., 2015).

Despite these efforts, there is still a fundamental lack of under-
standing regarding the influence of nature on various aspects of our
culture and its development. Culture can be seen as interpersonally
transferred information (Mesoudi, 2011) that requires communica-
tion to exist and function, a subject which so far has received little
attention in research on NCP. Our communication is certainly influ-
enced by the appearance and behaviour of animals and plants and by
their semiotics (Ttur & Tgnnessen, 2014), as in the floriography (lan-
guage of flowers) of the 19th century, where plant taxa were related
to personal character traits (Gagliano et al., 2017; Greenaway, 1884),
or in the naming of precise colours after certain plants or animals,
as with ‘violet’ or ‘vermilion’ (from Latin for ‘worm’) respectively.
This biodiversity-aided precision and sophistication of communica-
tion may be critical in the development of a socially and technically
advanced civilisation, and thus facilitates a high standard of human
wellbeing.

To address this critical lack, we present an approach that extracts
and analyses biodiversity information from creative literature, which
here is defined as the category combining works of fiction (consti-
tuting the preponderance of our corpus), travelogues, biographies
and letters. We recognise literature as one important form of long-
preserved communication that allows us to quantify the degree to

which our culture uses labels for biological taxa within communication
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over time. As texts are cultural products of their time, we may assume
that the usage of taxon labels in those texts is correlated with the
societal awareness of biodiversity at that time. We recognise this as a
part of nature's contribution to communication and as a component of
non-material contributions by nature to people.

In order to quantify the usage of taxon labels and investigate its
diachronic development, we analysed a corpus of 16,000 digitised
literary works covering nearly 300 years of Western literature in
English, including English translations of works originally published
in other languages. This corpus contains more than 1.2 billion tokens
(words) that were searched for about 240,000 English taxon labels.
In contrast to related studies (Kesebir & Kesebir, 2017; McCrindle &
Odendaal, 1994; Queiroz et al.,, 2015; Willemen et al., 2015; Wolff
et al.,, 1999) that either only analysed a small fraction of the size
of our corpus or searched only for a limited set of taxon labels (an
order between 1 and 10? labels), we aimed for a comprehensive in-
vestigation that tried to find every non-human living being that is
mentioned in the corpus. This comprehensiveness was the precon-
dition for calculating the diversity of taxon labels using both richness
(number of taxon labels) and diversity indices, for example Shannon
diversity (Magurran & McGill, 2011, Chapter 5), and for evaluating
this biodiversity in literature (BiL) against the background of changes
in general lexical richness, which we determine by the number of
types (unique tokens). It also allowed us to calculate several fac-
ets of biodiversity borrowing from ecological theory (Magurran &
McGill, 2011, Chapter 7). By distinguishing diversity at different
scales (local a-diversity at the ‘plot scale’, i.e. a book section of 1,000
words, and y-diversity of ‘regions’, i.e. a size-normalised work), we
were able to calculate the sequential dissimilarity (B-diversity), that
is, the dissimilarity of taxon labels used in different sections of a
book. Consequently, we can quantify how pervasive or, in contrast,
exceptional the use of taxon labels is.

We acknowledge that biodiversity and its distribution in texts is
likely to be controlled by a complex set of drivers (e.g. the percent-
age of authors socialised in urban environments, changing poeto-
logical/narrotological norms in different times and different cultures
and historical changes in the social function of creative literature)
which we currently cannot approximate quantitatively. For this rea-
son, we have deliberately avoided disentangling causal relationships
at this stage. Furthermore, BiL does not only reflect authors’ bio-
diversity awareness, but may also be driven by general processes
of language transformation, such as streamlining of vocabulary.
Alongside the description of temporal trends in components of BiL,
we nevertheless put forward a hypothetical scenario to discuss our
findings in a qualitative fashion: We expect that the growing dis-
connection from nature, induced by industrialisation, urbanisation
and extensive land-use change at the onset of industrial agriculture
and forestry in the 19th century (Brown & Harrison, 1978, Chapter
2; Grigg, 1987; Seppelt & Cumming, 2016), is temporally correlated
with a decrease in BiL towards the end of the 19th century. With our
time series starting in the early 1700s, we also hypothesise that the
usage of taxon labels initially increases during the time of enlight-

enment, which promoted the natural sciences and the educational

system, and romanticism, which has partly been interpreted as a
proto-ecological countermovement opposing the industrialisation of
life (Trepl, 1987), and which begins to understand nature as a com-
plex system of interrelated and interdependent dynamic elements
(Detering, 2020, pp. 307-370; Morton, 2007; Rigby, 2014, 2020),
reaching a peak in the 1830s.

2 | METHODS

The process for obtaining the necessary data involves several steps,

which we illustrate in Figure 1 and detail in the following sections.

2.1 | Corpus

A corpus reflecting cultural dynamics (Ladle et al., 2016) has to contain
a sufficiently extensive proportion of literature to enable us to draw
random subsamples throughout the time span analysed, in our case,
1705-1969. We chose this period for three reasons: (a) It provides
sufficient digitised print products for building a corpus; (b) its start-
ing point predates the peak of the industrial and agricultural revolution
and thus allows us to study its potential effect over time; (c) its end-
point predates the digital revolution that has fundamentally changed
access to knowledge with potential consequences for label usage in
literature. Subsamples from a corpus have to be large enough to repre-
sent the population of texts of a given time period, thereby avoiding bi-
ases introduced by idiosyncrasies of authors’ attitudes, regions, genres
and text types. In most available corpora, creative literature is under-
represented or biased towards only a few canonical authors or works.

For its extensive and random (i.e. non-selective) content, as well
as its open access, which benefits the reproducibility of our project,
we are working with the corpus of Project Gutenberg. We down-
loaded the Standardized Project Gutenberg Corpus (SPGC; Gerlach
& Font-Clos, 2020) in February 2019. The complete downloaded
SPGC corpus contained approximately 59,000 works. The SPGC
contains a file for basic metadata provided by uploaders to the
Project Gutenberg Library.

However, these metadata do not contain the works’ years of publi-
cation. Therefore, we applied an estimation by using the dates of birth
and death of the corresponding authors as given by Project Gutenberg.
The formula applied was: year = 0.5 x (birth + 21 + death), corre-
sponding to the central year between the starting age of 21 and the
year of death. The parameters of the formula were derived by screen-
ing sensible values for a starting age and ratios between this starting
age and death. For each combination, we determined the standard
deviation from the actual year of publication, based on randomly gath-
ered metadata for a subset of 4,705 works. We attained the lowest
standard deviation of approximately 6.9 years with the parameters of a
starting age of 21 and the ratio of 0.5.

From the 59,000 works, we selected all works with an estimated
publication date between 1705 and 1969. We excluded all items

that were not categorised as English text, thereby also including all
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Corpus (Project Gutenberg)

Wikidata & Wikispecies

Lemmatization of 16,000 Western works, 1705-1969

Extraction of 240,000 English taxon labels

Search of taxon labels in lemmatized works

Taxon label list

Occurrence database

Normalization of works to 10,000 tokens

Normalization of works to 10,000 tokens

Subsampling of 10 works per 5 years

Subsampling of 10 works per 5 years

Lexical richness metrics

Biodiversity parameters

Relative diachronic development of BiL

Absolute diachronic development of BiL

FIGURE 1 The key steps in estimating an absolute and relative trend of biodiversity in literature (BiL) from the selection of 16,000
Western works of the Project Gutenberg corpus and the databases of Wikidata and Wikispecies as sources for taxon labels

English translations from other languages. The subject flags within
the metadata were searched for specific keywords (e.g. ‘fiction’,
‘novel’ and ‘travel’, see Appendix A1) in order to include only authors
that published creative literature. We included only works that were
unambiguously ascribed to a single author, as opposed to institu-
tions (e.g. departments, universities and journals, see Appendix A2).
For each text, we determined its length by the number of individual
tokens and its vocabulary size by the number of unique tokens. As
we applied subsampling for bias reduction, we chose to only include
works with a length of 15,000 words or more to allow for a represen-
tative size of our subsamples as described in Section 2.4. The final
corpus contains 15,798 works by 3,832 authors.

Plotting these works shows that the SPGC contains an uneven
temporal distribution, as shown in Figure 2. This distribution mainly
reflects the status of digitisation of books generally and the initially
low publishing rates of fiction prior to the 19th century, and corre-
sponds to the strong increase in population in the regions related to
the corpus, mainly Europe and North America, throughout the inves-
tigated time period (Biraben, 2003). Additionally, the first half of the
investigated period sees the successive development of a prominent
middle class as the main producers for literature (Hudson, 2015).
The decline within the 20th century mainly reflects the limited avail-
ability of works within the public domain, which in turn depends on
copyright expiration dates. In the United States, the Copyright Term
Extension Act of 1998 determines that a work published within the
investigated period typically enters the public domain 95 years after
publication. In specific cases and countries, this date may also de-
pend on the death of the author.

Further preparation of our corpus was required as the label
database contains only the non-inflected base form (lemma) for
each taxon label (see Section 2.2). To overcome this we used the
Lemmatiser of the Stanford CoreNLP Toolkit (Manning et al., 2014)
to normalise all tokens within the corpus to their lemma. This step
allowed the search algorithm to find inflected taxon labels.

2.2 | Label database

Our label database aims to contain the largest possible number of
English biological taxon labels to allow us to calculate meaningful
diversity indexes (see below). The bases for the label database are
the open encyclopaedias Wikispecies and Wikidata (Vrandeci¢ &
Krétzsch, 2014), downloaded in February 2019. From both sources,
we collected all taxonomic data. Subsequently, we extracted and
compiled all English labels, which we here call taxon labels. However,
because we could not rule out that the authors represented within
the corpus may have used spelling variants of taxon labels, in addi-
tion to the taxon label at hand, we included all spelling variants that
would result from replacing spaces by hyphens and vice versa as well
as from omitting spaces, apostrophes, hyphens and leading adjec-
tives altogether. We reduced the character set of all taxon labels to
the English alphabet (e.g. by simplifying letters with diacritics), re-
taining only spaces, apostrophes and hyphens as additional symbols.

Furthermore, we manually produced a blacklist (Appendix A3)
containing ambiguous labels with a probability of generating false

positives due to homography (e.g. ‘bishop’, ‘diver’ and ‘ray’) or



LANGER ET AL.

People and Nature 5

1,500
o 1,000
-
¥
o
=
&
o
Nt
(9}
o)
1S
3
z
5001
oA - -_-_-_-.-.-.II.
O O F ©® O~ O O M MO O T MM MO 0N O N T 0 W T O
R2EI "2 " R2RABeRRRBRISBRIR

® M © O N © WO © © <+ o
© O © N @ QT o v A
WD OO Ww oD -6 N~

US Public domain margin

©
]
©

+ = © o <
= ¥ ® N 0
N -

© N
© © o o
© © ® - - -

0N O K~ O O
888 RR
-2 I B 8 S

1,161
161

1700 1800

Year

FIGURE 2 Temporal distribution of works. The metadata of the corpus did not contain the year of publication, but the authors’
biographical data. Hence, we estimated the publication year and placed the works into intervals of 5 years. For reference, we marked the
typical US margin for works entering the public domain, which significantly contributes to the decrease in the number of works within this

openly available corpus

artefactsin the label extraction (e.g. ‘european’, ‘alexander’ and ‘red’),
as a result of indistinguishable formatting in the original data. In
order to match a label from the label list with a token within the cor-
pus the sequences of the characters had to be identical. This is why
automated text extraction, in particular when concerning unusual
tokens such as rarely used species names, is generally dependent
on the accuracy of the individual uploaders when formatting (e.g.
consistent word order, use of parentheses and correct orthography)
and providing the information via openly available encyclopaedias.
During the extraction of the taxon label, we produced several false
findings, like adjectives, locations or names, which we also included
in the blacklist. The resulting database contains entries throughout
the biological domains and taxonomic levels.

After following the above steps, our label database contains
161,488 entries extracted from Wikispecies, to which we added
another 80,955 entries extracted from Wikidata, totalling 242,443
taxon labels. 35,588 of these labels are synonyms and a fur-
ther 106,592 labels are spelling variants. Altogether, they refer to
100,263 taxa; 214,941 of the taxon labels refer to 91,244 taxa at

the species level.

2.3 | Search

In order to get a comprehensive quantification of BiL, we searched
our corpus for all taxon labels. For consistency with the label data-
base, we reduced the character set of the corpus to the English al-

phabet in the same manner as with the label database. We preserved

the following additional characters: spaces, new lines, apostrophes,
hyphens, full stops, exclamation marks, question marks, commas,
semicolons, quotation marks and numbers.

Each of the 1,559,771 frames within all works was searched
for all the taxon labels from our database. When a label was found
within the text, an occurrence entry was generated comprising the
label, scientific name, work and frame number. The result was a da-

tabase comprising all occurrences of BiL.

2.4 | Analytical methods

For an analysis of the diachronic development of BilL, we grouped
the works into intervals of 5 years, according to their estimated year
of publication, starting with the year 1705. For each interval, we ran-
domly selected 10 works, each by a different author. If the corpus
contained fewer than 10 authors in a 5-year interval, we selected
all of them and randomly selected one of their works. As this pro-
cess is prone to chance and may result in an extreme biodiversity
measurement, we repeated this process one hundred times for each
interval and averaged the determined parameters, which we intro-
duce below.

A frame corresponds to a plot of some predetermined area in
typical ecological investigations (Magurran & McGill, 2011, Chapter
2). Therefore, we regard a frame as an a-region where a-diversity
can be determined. As several biodiversity measures are influenced
by the length of works, similar to a species-area effect in ecology,

we applied a normalisation by randomly selecting 10 such frames
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TABLE 1 Biodiversity parameters determined for a normalised work (i.e. per 10 randomly sampled frames), as resulting from the
arithmetic mean of 100 sampling iterations. The frame corresponds to an a-region, a plot in real-life experiments. The normalised work

corresponds to a y-region

Biodiversity parameter Quantified for

Richness 1,000-word-frame
Normalised work
Abundance Normalised work

Shannon Diversity according to 1,000-word-frame (a-diversity)

the Shannon-Weaver Index Normalised work (y-diversity)

Beta diversity Normalised work

for each work. Again, the process was iterated one hundred times
for each work to be able to average the determined parameters. A
complete normalised work is referred to as the y-region and is char-
acterised by the y-diversity.

For each work we determined the abundance of taxon labels,
both richness and Shannon diversity for cross-comparison, and f-
diversity as a measure of the dissimilarity of taxon labels between
frames within works. The exact parameters determined for each
work are given in Table 1. To avoid bias in this process and to leave
space for a random selection, we excluded all works with fewer than
15 frames (corresponding to 15,000 words).

Language streamlining could reduce BiL by decreasing the vari-
ety of synonyms for taxon labels. To obtain a proxy for this process
we compared BilL trends based on the richness of taxon labels (as
above) with those based on the overall richness of terms related to
distinguished biological taxa without separating synonyms for the
same taxon, within 5-year periods. If language streamlining is strong
in a particular period, we should expect to see a decrease in the ratio
of all taxon labels (counting synonyms separately) to distinguished
biological taxa. We chose to measure this taxon richness within the
whole 5-year period to include the effect of synonymy among dif-
ferent works from the respective period. To avoid size-related biases
we randomly sampled 100 frames, corresponding to 10 works with
10 frames each, in the other measurements for each period repeat-

edly one hundred times.

3 | RESULTS
3.1 | Occurrences of taxon labels

More than two thirds of all analysed frames contained at least one
taxon label (1,066,839 of 1,559,771 frames; Figure 3). In total, the
search revealed 4,416,187 occurrences of 5,994 different taxon la-
bels that refer to 4,652 distinguished biological taxa. One third of
these occurrences (1,778,885 of 4,416,187) refer to two thirds of
all identified taxa on the species level (3,076 of 4,652). This shows a
significant difference between taxon labels at the species level used

(one third of occurrences) and species evidently known to authors

Description

Number of unique taxon labels (types)

Total number of all taxon labels, including repeated mentions (tokens)

H= - 2}11 p;Inp; With iteration through all unique taxon labels
(1 = S) and p the proportion of that label to all taxon labels in the
respective section

= me:n(a) A measure of dissimilarity, based on Whittaker (1960),

between frames within one normalised work

100%

Distribution of
taxon labels
per frame

52.2%

FIGURE 3 Number of frames within the complete works of the
corpus that mention a specific number of taxon labels (0 to 9 and
>10). 31.6% of all frames contained no taxon label and 6.5% of all
frames contained 10 or more taxon labels. The maximum is 213
taxon labels in one frame contained in a chapter on animals in a
book of jokes (Cole, 1879). Only one other frame within the corpus,
contained in a book of animal anecdotes (Goodrich, 1845), exceeds
100 taxon labels

(two thirds of taxa). Instead of being referred to on the folk-biological
species level (Atran & Medin, 2008), most specific organisms are
presented on the folk-biological generic level, roughly equating to
the scientific genus or family level, as with ‘oak’, ‘eagle’ or ‘deer’,
but typically referring to a certain locally dominant species, as with
‘European oak’, ‘golden eagle’ or ‘red deer’ respectively.

Similar to a rank abundance curve in ecology, Figure 4 shows
the one hundred most abundant taxon labels in the corpus, repre-
senting about two thirds of all occurrences of taxon labels. There is
a strong tendency towards labels on either the folk-biological life-
form level (Atran et al., 1997) or higher, as with ‘tree’, ‘bird’ and ‘an-

imal’, or the generic level for living beings that humans frequently
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FIGURE 4 The one hundred most abundant taxon labels

within the SPGC, totalling 2,872,120 occurrences. Whether a label
denotes a taxon at species level or higher is marked by light or dark
grey bars, respectively

interact with, especially domesticated animals and plants, like
‘horse’, ‘rose’ or ‘coffee’, and those that pose threats, like ‘bear’,

‘wolf’ and ‘lion’.

As an analogue to species-area relationships, we expected to
find a saturation of label richness with the length of works. By fit-
ting a Michaelis-Menten curve, we determined the half-saturation
constant at about 139,000 tokens and a full saturation of the label
richness to be at approximately 190 unique taxon labels (Figure 5).
Although the plot appears to be scattered, the fit of the Michaelis-
Menten function is highly significant (p < 0.001).

We also found that authors differ substantially in their use of
taxon labels within their ceuvre. Generally, authors with an ex-
ceptionally large vocabulary (40,000+) do not have a taxon label
content of less than 1%. The author with the highest biodiversity
vocabulary within our corpus is the 19th-century English novelist
Charlotte Mary Yonge with 903 taxon labels. Figure 6 illustrates the
relationship between the biodiversity vocabulary and their total vo-
cabulary for each author within the corpus, indicating that the mean
percentage of biodiversity vocabulary is 1.09 + 0.46% of the total
vocabulary across authors. Variation across authors is high, ranging
from 0.37% to 2.22% (percentiles of 2.5 and 97.5 respectively).

3.2 | Biodiversity parameters

To understand the temporal trends in the usage of taxon labels in
works of creative writing in the period under study, we determined
size-normalised estimates of richness, abundance, p-diversity for
dissimilarity within works and y-diversity of works. As we observed
a clear peak in the 1830s for all our measures, we fitted a change
point regression model into each graph.

After a period of increase the development of richness of taxon
labels reaches a change point in 1835 and then decreases (Figure 7,
top left; R* = 0.59, p < 0.001). We identified a slightly different trend
for the development of the abundance of taxon labels (Figure 7, top
right): after reaching a maximum in 1836, the average abundance
remains almost constant until around 1955 before it decreases
abruptly, resulting in a slight overall decrease during the second part
of the investigated period (R* = 0.58, p < 0.001). Combining this in-
formation with the results for richness, this shows that the authors
between 1835 and 1955 on average used a similar number of taxon
labels in their works (abundance), but they did not maintain the same
level of different taxon labels (richness), which induces an increasing
redundancy of taxon labels after 1835.

The development of y-diversity (Figure 7, upper centre left),
quantified as Shannon diversity, falls in line with and supports the
results for richness. After the period of increase, the development
reached a change point in 1837 and then decreased (R* = 0.58,
p < 0.001). By using the y-diversity, we further determined p-
diversity (Figure 7, upper centre right) according to Whittaker (1960)
by dividing the y-diversity per normalised work by the mean of the
a-diversity. Here, we observed an inverse development in compar-
ison to the y-diversity. After an initial decrease the development
reaches a change pointin 1831 and then slightly increases (R* = 0.55,
p < 0.001). At around 1835, y-diversity is not only at a maximum, but
with a minimum in p-diversity the taxon labels are on average more
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uniformly distributed and thus more similar sets of living things are
used throughout one work. In the period after 1,830 and until 1950,
B-diversity increases only slightly in comparison to the decrease in y-
diversity, meaning that authors on average almost preserved the for-
mer degree of similarity of taxon labels in the course of each work,
while the overall diversity dwindled, as indicated by the synchronous
decline in y-diversity.

The taxon label richness analysed so far (Figure 7, top left) rep-
resents the richness of taxon labels, ignoring the correlation to their
actual taxon and thus including and distinguishing synonyms. In
Figure 7, lower centre left, we show the richness of distinct biologi-
cal taxa, the trend of which shows a significant increase in the num-
ber of taxa within the first century, followed by a decrease starting
around 1805, approximately three decades prior to other similar pa-
rameters (R* = 0.46, p < 0.001). In comparison, the richness of taxon
labels underwent a slightly steeper decrease but started later. In
order to investigate a possible conflation of synonyms over time as
a consequence of language streamlining, we calculated the average
number of synonyms per taxon and show the corresponding devel-
opment in Figure 7, lower centre right. The change point analysis in
this case yields insignificant results (R* = 0.16, p = 0.31), implying a
largely stable count of synonyms per taxon over time.

If we compare the richness trend of taxon labels to the devel-

opment of the general lexical richness (Figure 7, bottom left) by

calculating the ratio of taxon labels’ richness and lexical richness
(Figure 7, bottom right), we observe a relative decrease in taxon la-
bels. Similar to the development of taxon label richness, the lexical
richness increased in the first half of the overall period, reached a
change point in 1832 and decreased afterwards (R*=0.63, p < 0.01).
We identified a slightly different trend for the development of the
ratio of biological and lexical richness: after reaching a maximum in
1835 following a period of increase, the average abundance only
slightly decreased until around 1955 before it decreased abruptly,
resulting in an overall decrease during the second part of the investi-
gated period (R*=0.57, p < 0.001). This development shows that the
decrease in taxon labels in the second half of the overall period was

stronger than the decrease in lexical richness.

4 | DISCUSSION

By combining a corpus of nearly 16,000 works extracted from the
most comprehensive openly available literature corpus with a com-
prehensive list of labels for living beings, we were able to conduct an
analysis of the development of the use of taxon labels within Western
creative literature in their corresponding English versions. We show
that richness, abundance and Shannon diversity peak in the 1830s,

followed by a consistent decline over more than 100 years until the
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middle of the 20th century. To shed light on the potential causes for
this decline we explored two potential drivers that are unrelated to
biodiversity awareness: a general decline in lexical richness and sys-
tematic language streamlining. We found that the richness of taxon
labels declined faster than general lexical richness. Furthermore, the
lack of a significant trend in the richness of synonyms indicates there
was little effect of streamlining on the biodiversity vocabulary used.

If we accept that changes in communication patterns may serve
as indicators for cultural (Michel et al., 2011) and consequently so-
cietal change, these findings make our hypothetical scenario more
probable. This scenario stated that biodiversity may progressively
disappear from creative works towards modern times as a conse-
quence of the declining exposure of people (and authors) to nature
and its biodiversity in their daily lives because of industrialisation,
urbanisation and intensified land use (Seppelt & Cumming, 2016).
We point out though that as we lack information on important driver
variables quantifying, for example, the change in the percentage of
authors being raised and living in cities or historical changes in the
social function of creative literature, we cannot claim a causal rela-
tionship, but nevertheless we can observe a historic co-occurrence
between decreasing BiL and increasing industrialisation/urbanisa-
tion. In the following section we will detail how the initial increase

and subsequent decline of BiL might correspond to our hypothetical

scenario. Finally, we will discuss the limits and potential of our ap-
proach, including its relation to NCP.

4.1 | Therise of BiL in the 18th century

There are several possible reasons why biodiversity indicators might
be expected to exhibit a general increase in BiL throughout the first
half of the investigated period. The temporal coverage of the cor-
pus includes the thematic and formal emergence of fiction during
the 18th century, especially the rise of the novel as the paradigm
of modern literature (Davis, 1983; Watt, 1957). The beginning of
our study period therefore reflects the time before the onset of fic-
tion literature, when BiL was rather low. We want to highlight that
the Google Books corpus (M. Davies, 2011), albeit overwhelming in
extent, contains zero to five fiction works annually between 1,700
and 1,720 and even fewer before. This confirms that (a) there was
comparatively little fiction literature published in the first decades of
the investigated period and that (b) above all, current access to the
remainder in digitised form is low.

As well as being a generally small corpus in that time, the func-
tion of literature at the beginning of our study period was primarily

to reflect and mostly confirm religious, moral, political and cultural
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norms. With its emancipation from this normative function, more
books were published and literature successively developed into a
broader representation of people's communication and thereby in-
creasingly also covered topics related to the surrounding biological
environment. Combining this with our argumentation above, the
diachronic increase in BiL appears to reflect at least two related
transformations in society: On the one hand, an increase in biodi-

versity knowledge and awareness; on the other hand, a widening of

the spectrum of possibilities within fictional literature. Considering
these contexts, it is clear that the development of biodiversity in the
first decades of our study is not solely a reflection of biodiversity
within society's communication and mentality but is the result of
several drivers, discussed below.

The 18th century remained a time for exploring unknown parts
of the world and encountering flora and fauna unknown to the

European world. Additionally, global consolidation of European
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FIGURE 7 The development of biodiversity and lexical parameters for normalised works between 1705 and 1969. A normalised work is
a randomised, one hundred times iterated subsample of ten 1,000-word-frames per work. For each 5-year period, we averaged the works
by subsampling 10 of the works from that period by different authors and iterated this process one hundred times. We fitted a change
point regression to the data, which provides an overall R* and p-value, an estimation of the change point and a linear model on either side
as depicted by the regression lines. Insignificant regression lines are greyed out. Top left, the number of unique taxon labels (richness) per
normalised work, and for comparison per 1,000-word-frame. For example between 1830 and 1834 a work, normalised to 10,000 words/10
frames, contained on average 19 different common names for biological taxa. Top right, the abundance of taxon labels. Upper centre left,
the y-diversity, as indicated by the Shannon-Weaver Index for occurrences of taxon labels within a normalised work. Upper centre right,
the dissimilarity between frames as indicated by the p-diversity based on the Shannon-Weaver Index and Whittaker (1960) concerning the
occurrences of taxon labels within a frame on average and the corresponding normalised work. Lower centre left, the taxonomic richness.
We show the biologically distinct taxa, omitting any kind of synonymy, normalised within a 5-year period. Lower centre right, the richness of
taxon labels (top left) relative to the taxonomic richness (lower centre right). We show the ratio between biological and taxonomic richness.
Bottom left, the general lexical richness. We show the vocabulary; that is, the number of unique tokens (types) per normalised work. We
utilised the lexical richness to calculate the relative use of taxon labels in relation to the overall trend of the size of the vocabulary. Bottom
right, the richness of taxon labels (top left) relative to the lexical richness (bottom left). We show the ratio between biological and lexical

richness

civilisations by imperialism and colonialism involved a broader in-
formation and knowledge transfer from cultures previously less
known in Europe. This is likely to have induced a general awareness
of the diversity of the world and promoted a desire for rich and
adventurous tales in authors and audience alike, as can be seen in
the rising popularity of travelogues (Rennie, 1995) or, for example,
in Daniel Defoe's Robinson Crusoe (1719), which initiated a whole
genre of adventurous island-narratives filled with plants, animals
and ecologies (Armstrong, 2008, pp. 4-48). This may have fur-
ther led to an increase in taxon labels in the literature of the 18th
century.

The 18th century was also the Age of Enlightenment, which
supported the distribution of worldly knowledge and its tendential
preference over religious and moral content. This process promoted
the expansion of a comprehensible educational and scholastic sys-
tem (Fischer & Withers, 2021; Schaffar, 2014). Simultaneously,
science disciplines diversified into specialised branches, including
biology, allowing for a better understanding of the biological world
(Buihler, 2016, Chapter 1; Toepfer, 2011). Together, these develop-
ments produced a general extension of the knowledge base, also en-
hancing the distribution of knowledge about the biosphere. It seems
likely that this knowledge might have been another driver for biolog-
ical diversification within literature.

We observed that the peak in BilL occurs after the onset of indus-
trialisation around 1,780 (Coopersmith & Trebilcock, 1984). We as-
sume that in the late 18th and in the beginning of the 19th centuries
the proposed disconnecting mechanisms of urbanisation, industriali-
sation and land-use change (Grigg, 1987; Seppelt & Cumming, 2016)
already diverted people's awareness away from nature. Since cul-
tural movements in visual arts, literature and philosophy, such as ro-
manticism and transcendentalism, can be understood as a reaction
to the physical distancing from nature (Bate, 1991; Clark, 2011; J.
Davies, 2018; Schlager, 1989), reflecting proto-ecological aspi-
rations, they may have prolonged and initially counteracted the
decrease in BiL. Additionally, people who grew up in a rural environ-
ment can be assumed to partially retain their knowledge, awareness
and attitude towards nature after moving into urban areas and even

transfer some of it to the next generation. By implication, this leads

to a slower alienation process, which may have caused the delayed
maximum of BiL.

Finally, we should expect an overall increase in BiL due to an
increase in the detection rate of taxon labels towards the present
time, as our list is generated based on contemporary word lists
(Wikispecies and Wikidata) and may miss historical vernacular

names, especially their regional variants.

4.2 | The fall of BiL after the 1830s—Novel insights
from a comprehensive approach

The development of richness, on the level of both frame and nor-
malised work, and y-diversity shows distinct peaks in the 1830s,
followed by downward trends. We speculate that industrialisation,
urbanisation and land-use change initiated a disconnect between
people and their natural environment, depriving them successively
of their in-depth knowledge about, and awareness for, flora and
fauna in their vicinity. Our rationale is that the daily lives of a large
proportion of the population changed dramatically in the first half of
the 19th century (Brown & Harrison, 1978), leading to a decrease in
their exposure to nature, facilitated by factors like the physical dis-
tance between natural and urban areas, by the growing employment
in factories and manufactures as opposed to nature-bound profes-
sions, the decreasing necessity of knowing how to work with nature
or even to survive in the wild and by denaturalisation of formerly
pristine landscapes (Trepl, 1987). In section 4.1, we argued for sev-
eral synchronously acting drivers for the increase in the first half
of the investigated period and we expect that the joint influence of
these positive drivers extends well beyond the peak of BiL in the
middle of the 19th century. A decline of BiL after 1835 may thus
require a counterforce, one that not only compensates for the trend
before the 1830s but is even strong enough to reverse it. This over-
lap of upward and downward trends may also have contributed to
the delay of the peak discussed in Section 4.1.

The development of abundance, showing only a slow decrease
after the 1830s, indicates that authors still valued flora and fauna

and integrated it into their plot settings. It follows that the decrease
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in BiL was not a result of decreasing interest or a decline in nature-
based subjects, as exhibited and confirmed in movements like natu-
ralism and realism. Counterintuitively, the poetological attitudes of
these periods, according to our results, do not induce a strong return
to BiL and instead appear to be characterised by a tendency towards
lower biodiversity than during the period of romanticism. Also,
countermovements to romanticism turning away from a nature-
appraising attitude have been reported, sometimes by bemoaning
the loss of nature (Jauss, 1989), but mostly by focussing on political
issues, social injustice and on the challenges of modernisation, such
as urbanisation and industrialisation. Writing in a ‘realistic’ or ‘natu-
ralistic’ manner was, increasingly, writing about human concerns in
cultured spaces.

The p-diversity is a rough indicator of the biological dissimilarity
of sections within a single work, the calculation of which requires a
comprehensive list of taxon labels like the one assembled for this
investigation. We observe it to be nearly constant after reaching its
minimum simultaneously with the maximum of y-diversity. From this
development, we conclude that in the beginning of the 18th century
the design of the ensembles of animals and plants between individ-
ual scenes and settings was more diverse than in later phases of the
investigated period. The constant and relatively uniform presence
of taxon labels from about 1,830 onwards strengthens our earlier
argument that the decline of BiL was not a result of declining inter-
est in nature. Instead, it appears that authors both grew unable to
distinguish the biodiversity between specific real-life environments
and exhibited a tendency to homogenise animals and plants for dif-
ferent settings within a work. Because of these insights, we assume
B-diversity to be another meaningful indicator for the decline of bio-
diversity awareness we presumed above.

Our analysis of the general lexical richness indicates a stream-
lining process of the English language after the 1830s. Therefore,
we propose that the development in the second half of the inves-
tigated period is not only driven by decreasing detailed knowledge
about and awareness of the multitude of living things in the imme-
diate environment, but also by decreasing expressions of diversity
as a consequence of streamlining. We surmise that this is a process
mainly driven by standardisation of language, including (a) the con-
flation of synonyms, (b) the standardisation of orthography, (c) a
de-regionalisation trend and (d) general obsolescence of supposedly
dispensable vocabulary. While this hypothesis needs to be further
investigated, the development of lexical richness clearly shows that
since the 1830s a larger overall vocabulary was lost rather than
gained by potentially enriching processes like globalisation (e.g. colo-
nisation) or technological (e.g. electricity, telephone), economic (e.g.
material prosperity) and social (e.g. improving education) progres-
sion (Brown & Harrison, 1978). Although clearly beyond the scope
of this investigation, this indicates that our language is not only
subject to the loss of living beings in our immediate environment,
but also to a depletion within other realms of human life, possibly
including the labour market and social structures. The development
of the biological, relative to the lexical richness, shows a slight but

still significant decrease after the 1830s. Also beyond the scope of

this investigation, the development in the past 50 years should be
investigated separately with a suitable corpus, keeping the diverse
drivers during the onset of the internet in the 1990s in mind.

We also analysed the development of distinguished biological
taxa mentioned in the corpus, as opposed to labels for taxa, allow-
ing us to determine the development of synonymy for biological
entities. We found that there is no significant streamlining effect
within the vernacular biological vocabulary. The decreasing ratio of
taxon label to lexical richness as well as the exclusion of a discernible
streamlining within the biological vocabulary illustrates the promi-
nence of the decrease in BiL over general streamlining in addition to
its overall decline and supports our argumentation towards declining
biodiversity awareness.

We would like to point out that our analysis of the general lex-
ical richness only refers to the English language and there may be
differing trends in other languages due to language policies, cultural
attitudes and shifts in cultural dominance in the global or regional
context. Translations of non-English works also do not appropriately
reflect the variety of the language of origin, but also the characteris-
tics of the English language at the time of translation, the proficiency
of the translator in both languages and the translatability between
the languages. As an example, our corpus contains a vocabulary of
barely 30,000 words for the German author Johann Wolfgang von
Goethe, despite the fact that his German vocabulary was around
100,000 words (Eisenberg, 2013, Chapter 1). Our corpus contains
only about one quarter of his ceuvre, however, this alone cannot ex-
plain such a large discrepancy, as the inclusion of additional works
adds successively fewer new words to an author's total vocabulary.
The vocabulary for animals and plants is of a rather technical nature,
as each term is intended to refer to a distinct taxon. Additionally,
translations tend to preserve the basic nature of entities within
books, which is why we do not expect a significant difference be-
tween animals or plants mentioned. This may only lead to a negligi-
ble difference of BiL between the original language and its English
translation.

Authors tend to embed their creation into concepts the reader is
assumed to be familiar with, meaning that the placement of animals
and plants within literature not only reflects the authors’ own but
also the assumed average audiences’ awareness for biological diver-
sity (Eckert & Stacey, 2000; Wolff et al., 1999). Moreover, creative
literature captures metaphorical and symbolic meaning, which usu-
ally originated because of properties associated with the respective
animal or plant in the first place. We argue that these two proper-
ties, (a) awareness for and assessment of the natural environment
of author and readership as representatives of the society, and (b)
coverage of metaphorical meanings, contribute to exposing the
characteristics of a society's mentality and thus correlate with liter-
ary biodiversity awareness.

Various studies report there is a close relationship between our
environment and our cultural attitudes (Richards & Tuncer, 2018;
Willemen et al., 2015) as well as between our cultural attitudes
and our communication (Michel et al., 2011) and minds (Wolff

et al., 1999). Therefore, with our results showing an actual decline
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in BiL, we argue that the loss of biodiversity or exposure to it in our
daily lives may impoverish our thinking patterns, for instance, our
understanding of mechanisms and structures in living nature. This
may deprive us of a sophisticated code constructed from natural
examples and eventually of cultural references. As a consequence,
we may possibly experience detrimental effects on our creativity,
ability to communicate and mental health—all components of human
wellbeing (Celume et al., 2017; Conner et al., 2018; Segrin, 2005).
Our study presents the development of BiL within our communica-
tion, which can be seen as the documentation of how humans pass
on thoughts. In this line, we concur with Wolff et al. (1999) that the
diversity of cultural products, especially the diversity of language in
written communication, reflects the diversity of mental processes.
Therefore, we hypothesise that the ascertained use of taxon labels
within our communication is correlated with the synchronic biodi-
versity awareness of Western society with the respective time pe-
riod, as we further argue below.

BiL provides a glimpse into some preliminary parameters con-
cerning NCP. We cannot directly translate BiL into biodiversity
awareness or into a quantification of NCP with this investigation
alone. However, we have revealed previously overlooked connec-
tions between living nature and cultural products. With our determi-
nation of the mean percentage of taxon labels within literature, we
have shown that there seems to be a certain necessity or demand,
respectively, for biodiversity, of approximately 1% in Western cre-
ative literature according to our results, within cultural products. We
therefore encourage dialogue between scholars of the humanities
and the natural sciences to facilitate a better understanding of the
entanglement of nature and culture. In this light, our results need
to be assessed in terms of their actual contribution to human well-
being. Such an assessment could be promoted by an investigation
of the development of society's attitudes towards the individual
animals and plants identified within our investigation, applying, for
example, sentiment analysis (Shanahan et al., 2006), topic modelling
(Blei et al., 2003) and further integration of literary scholarship from
the environmental humanities. A sentiment analysis could provide
insights into the positioning of works in the spectrum between par-
tially unrealistic, positive and negative attitudes towards the biolog-
ical world.

4.3 | Further limitations, observations and the
future potential of our approach

To our knowledge this is the first study using such comprehensive
data resources as well as the first investigation combining computa-
tional literary studies with biodiversity indexes of ecological theory.
However, there is still a lack of relevant data and related research,
which is why we made several assumptions. We estimated the year
of publication by using a shifted mean of the years of birth and
death of the corresponding author. This resulted in the placement
of all works by one author into a single 5-year interval. As authors

have their own idiosyncratic style of writing and awareness for

biodiversity, this placement influenced the data point of one interval
strongly, whereas their influence does not extend to the adjacent in-
tervals. Especially when fewer works are available, this resulted in a
high variation of the individual data points as well as in a slightly dis-
proportionate reflection of the authors’ importance, influence and
individual development throughout their lifetime. However, this has
only a minor effect on the overall trend, as the standard deviation of
6.9 years against the manually tested subsample is smaller than the
width of two intervals. The high amount of data as well as the sub-
sampling method for each interval produces reliable and minimally
biased average values.

This study covers all literary forms (e.g. novels, plays, short story
collections, poetry collections) and genres (e.g. adventure, social,
fantasy, travelogue), but unambiguous categorisation in this regard is
not provided within the metadata of the corpus. As these categories
may strongly influence the overall development, further investiga-
tions with more detailed metadata are needed. Children's books, for
example, tend to contain a comparatively large proportion of world
knowledge for educational purposes and thus may exhibit a differ-
ent individual trend to that of other genres (Varga, 2009). For future
investigations we suggest increasing the pool of metadata by com-
bining manual and automated methods of information acquisition.

Due to the norms of literary discourse, which demands origi-
nality rather than mainstreaming, authors developed their individ-
ual styles of writing, as mentioned above. As a consequence, they
differ greatly in their taxon label vocabulary. For example, novelist
Charlotte Mary Yonge's (1823-1901) high taxon label content may
be the result of her general tendency towards educational intention
in her books and of her favourite subjects being history and biol-
ogy. Both Jules Verne (1828-1905) and Robert William Chambers
(1865-1933) produced a variety of fantastic fiction works, thereby
contriving a multitude of different settings with varying biodiver-
sity ensembles. Both authors used more than 700 different taxon
labels in their works contained within Project Gutenberg. Apart
from fiction works, the corpus also contains other creative literature
like travelogues or biographies. Robert Kerr (1757-1813) and James
George Frazer (1854-1941) are authors with a high taxon label rich-
ness within their works outside fiction literature. A prominent rea-
son for this is that both authors drew inspiration from a range of
sources: the former described a number of voyages of navigation,
commerce and discovery, and the latter published several works
about the progression of mythology and beliefs. Among the authors
in the corpus, there is no tendency towards a saturating taxon label
richness with larger vocabulary, showing that authors attempt to en-
rich their scenes with biodiversity according to the extent of their
ceuvre and their level of lexical richness. We point out that although
most authors with high taxon label richness published their works
after the 1830s, BiL declined according to our analysis. This indi-
cates that around the 1830s taxon labels were more uniformly and
extensively present.

As a general tendency, we observed that the proportion of
domesticated animals and plants among the one hundred most

abundant taxon labels is higher than their proportion within the
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taxonomic classification. This preference for useful and edible spe-
cies is not surprising as they play a significant role in humans’ daily
lives. With a shift from rural to urban settings, the decrease in BiL
we observed could thus partly reflect a decreasing reference to pets,
livestock and crops. In order to explore this, we would need addi-
tional metadata regarding the domestic use of species behind our
taxon labels, which we plan for a follow-up study. Similarly, we could
advance our understanding of the decrease in BiL by (a) extending
our metadata to indicate the exotic origins of species and (b) apply-
ing taxonomic data to the occurrences to indicate deviations in the
influence between different taxa, like birds, butterflies or flowers.

Because of the large number of individual contributors, openly
available sources potentially contain errors and deviations in the
process of providing and formatting the data, which is why we ap-
plied methods for cleaning and error reduction. Although we cannot
guarantee that we found every individual taxon label within the cor-
pus without any false positives, we argue that our comprehensive
approach is likely to reveal the relevant patterns of use of taxon la-
bels. In contrast, approaches using limited taxon label lists (Kesebir
& Kesebir, 2017; Queiroz et al., 2015) can be misleading, as they may
ignore potentially compensating trends exhibited by labels not cov-
ered by the corresponding list. In several cases (Ladle et al., 2016;
Proulx et al., 2014) such investigations have been carried out using
the Google Books (Davies, 2011) corpus accessed via the Google
Ngram Viewer (Lin et al., 2012). In addition, our comprehensive
approach allowed us to go beyond simple word counts by quanti-
fying different indicative facets of BiL, including the Shannon diver-
sity and the corresponding p-diversity within a work normalised to
10,000 words.

In the course of this study several points have been made that
suggest a strong correlation of BiL to the biodiversity awareness
of the society at the respective time. This novel approach required
a corpus with individual works, which in future research projects
would also allow us to include specific metadata on books and au-
thors in our analysis. The Google Ngram Viewer does not allow for
such a comprehensible and size-normalised investigation to be car-
ried out and is not suitable for correlating trends to specific char-
acteristics of authors or works. Other open fiction corpora, such as
the Corpus of Historical American English (M. Davies, 2010), British
National Corpus (Burnage & Dunlop, 1992) or Canon of Western
Literature (Green, 2017), were either smaller, typically did not cover
the preindustrial era for comparison or partially contained a specific
preselected canon, not allowing for random sampling to represent a
balanced cross section through the diverse literature.

5 | CONCLUSION AND PROSPECT

Our project developed a novel method to quantify BiL, thereby po-
tentially pointing towards society's biodiversity awareness at the
respective time as reflected in fiction literature. Our hypothesis of
declining BiL within the used corpus due to or temporally associ-

ated with industrialisation, land-use change and urbanisation was

confirmed by the data and we could locate the start of this effect in
the 1830s. From our analysis, we conclude that this negative trend
of BiL may reflect the detachment from nature progressively domi-
nating over the expansion of education and natural sciences and ex-
ceeding the effect of overall language streamlining.

We regard this finding as relevant for the assessment and in-
terpretation of nature's non-material contributions to people (Diaz
et al,, 2015; Pascual et al., 2017). Our approach to quantify BilL has
the potential to be used and interpreted in multiple ways and could
be applied to a wide range of text genres (e.g. newspaper articles,
twitter feeds, etc.). This would allow us to trace changes in gen-
eral inclinations, sentiments, knowledge and awareness (Willemen
et al., 2015; Wolff et al., 1999). Furthermore, this could then help us
to analyse the role of biodiversity for recreation, education and ulti-
mately human wellbeing (Ladle et al., 2016) by the effect of nature's
contribution to communication. We suggest that decision makers
consider our approach as one tool to evaluate the effectiveness of
biodiversity policies.

With this project, we raised a number of continuative questions.
To make a strong case, future research, facilitated by the assembly
of further metadata, should concentrate on answering more specific
questions about works, authors and living things to unravel causal
relationships and any mechanistic underpinning as well as to elu-
cidate regional or genre-specific differentiation of the patterns re-
vealed in this work.
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