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Abstract: Large, charismatic animals trigger human emotional responses, which consequently result
in taxonomic biases that have been proven in various fields. In our research, we analysed the
representation of animals and plants in scientific papers published in three major conservation
journals (Conservation Biology, Journal of Applied Ecology and Conservation Letters) between 2011 and
2020. Furthermore, we examined the Altmetric Attention Score (AAS) and each paper’s total number
of citations focused exclusively on a single taxon (59% of all papers). Mammals were represented
on journal cover pages significantly more frequently than other taxa, while reptiles, amphibians
and fish were underrepresented. The total number of published papers and the AAS favoured
mammals significantly, while reptiles, plants and amphibians received the lowest AAS. The AAS of
mammals was positively influenced by the body mass and appeal score. Scientific citations showed
a slight correlation with the AAS. Papers about mammals, invertebrates and amphibians received
the most citations, followed by plants, fish, birds and reptiles. These results showed that there are
taxonomic biases that favour large mammals over other taxa, both among scientists as well as the
public. Therefore, publication policy should be changed in order to support the shift of scientists and,
subsequently, public interest itself toward neglected taxa.

Keywords: body size; charisma; conservation biology; mammals; plant blindness

1. Introduction

Scientists worldwide are traditionally evaluated by conventional metrics, including the
journal impact factor, the total number of citations covered by WoS or Scopus or the Hirsch
index. However, internet use rapidly increases and reaches near-universal access, allowing
for open communication between scientists and laypeople [1]. Traditional scientometrics is
supplied by the Altmetric Attention Score (AAS), which investigates the impact of various
research activities on social media [2,3] and realistically reflects what the public wants to
know [4]. The inconsistency between the public and scientists [5] is beautifully illustrated
by moderate or non-significant relationships between conventional citations registered in
scientific databases and the AAS [4,6–9]. Therefore, the AAS reflects the public’s curiosity,
ideas and knowledge about a particular research topic [10].

Environmental degradation and biodiversity loss capture public attention [11,12].
This is not surprising given that animal populations have experienced a decline of 69%
since 1970 [13], which simultaneously affects the dispersal of plants’ seeds by animals and
reduces the capacity of plants to track climate change by 60% globally [14]. It is therefore
crucial to better understand human attitudes toward living organisms to improve the
effectiveness of nature protection campaigns using the acceptability and likeability of living
things [15–17].

Human emotions toward animals strongly influence their preferences and attitudes
toward them (reviewed by [16,18]). The most preferred species are phylogenetically closer
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to humans [19–22], colourful [23–25] and large [24,26–30]. Preferred animals also receive
the greatest willingness to support their conservation by people (e.g., [25,31–35]).

Human preferences have non-trivial behavioural consequences; for instance, US
conservation and nature magazines predominantly depict large-bodied mammals and
birds on their covers, while invertebrates, fish, amphibians, reptiles or plants remain
underrepresented (Clucas et al., 2008) [36]. In addition, large-bodied species are more
frequently reared in zoos [24,37–39] and receive more donations than small, non-charismatic
species [40–42]. Finally, plants are special because they receive lower conservation support
than animals [43,44]. Although researchers are well informed about taxonomic biases, it is
unclear whether these trends are pervasive or whether something has been changed.

In this study, we investigated the representation of living organisms in scientific
articles published by major conservation journals and their preferences by laypeople, as
estimated by the AAS. First, we hypothesised that mammals are depicted on the cover
pages of the three journals more than other taxa. Second, we hypothesised that scientific
papers about vertebrates are more prevalent and receive a higher AAS than those about
invertebrates or plants. Third, mammals receive the greatest attention in terms of the
total number of published articles and the AAS. Fourth, we hypothesised that the AAS of
mammals is positively correlated with their body mass as an index of charisma (cf. [27])
and overall appeal score [45]. We do not predict that the total number of scientific citations
correlates with the specific taxon, the body mass or the appeal score of mammals.

2. Materials and Methods
2.1. Journal Selection

We analysed all articles published between 2011 and 2020 from three major conser-
vation journals: Conservation Biology, Journal of Applied Ecology and Conservation Letters.
These journals were chosen because all of them are among the top quartile in Biodiversity
Conservation according to the Journal Citation Reports (JCR) category (Thomson Reuters)
in 2021. Furthermore, all these journals are published by the same publisher (John Wiley &
Sons), preventing possible differences in AAS calculations among publishers.

2.2. Cover Pages

We analysed the taxa depicted on the cover pages in each issue. Taxa were categorised
as mammals, birds, reptiles, amphibians, fish, invertebrates, plants and “others”. In this
case, we created a specific category for “humans” because we did not intend to mix humans
with other mammals, since our focus was solely on non-humans.

2.2.1. AAS and the Total Number of Citations

Both the AAS and the total number of citations were obtained from journal web
pages. We omitted calculations of articles that were not exclusively focused on one of the
investigated taxa (mammals, birds, reptiles, amphibians, fish, invertebrates, plants).

2.2.2. Measuring of Species’ Body Mass

The body mass of each species was calculated using data from Jones et al. [46]. The
data were logarithmically transformed, following the recommendations of Smith et al. [47].
We found a match of n = 356 species for the investigated mammals.

2.2.3. Measuring of Species Appeal

The appeal scores for the mammal species were taken from the available data for
4320 species of mammals [45]. These scores reflect participants’ preferences for each species
in the context of conservation. We found a match of n = 238 for the investigated mammals.
Higher scores mean a greater appeal (range = 0.77 to 5.01).
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2.3. Statistical Analyses

Differences in the frequency of the appearance of cover pages of each taxon between
the three journals were calculated with the Generalised Linear Mixed Model (GLMM) with
a Poisson distribution, where the total number of occurrences was defined as a dependent
variable, and journal identity was defined as a random effect. Finally, the AAS and citations
were analysed with the GLMM with a Poisson distribution, where the journal identity and
the matter of whether the paper was open-access or not were defined as random effects.
Open-access papers have more citations than non-open-access papers in ecology [48]; thus,
it was necessary to control our analysis with this variable. Note that all articles published
in Conservation Letters are open-access; therefore, we did not compare the AAS or the
total number of citations between open-access and non-open-access papers. The taxon was
always defined as a fixed factor. Post hoc tests were performed with contrast analysis. All
statistical analyses were performed in SPSS ver. 26.

3. Results
3.1. Journals’ Cover Pages

There were significant differences in the total number of cover pages representing
various taxa (GLMM, F(8,18) = 9.58, p < 0.001). Mammals received significantly greater
attention compared with all other taxa (contrast analyses, all p < 0.001), followed by birds
(comparison with all other taxa, all p < 0.001) (Figure 1). Reptiles, amphibians, plants and
fish were significantly the least frequently depicted on journal cover pages.
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Figure 1. Occurrence of the investigated taxa on the cover pages in the three journals between 2011
and 2020.

3.2. The Influence of the Major Organisms Group on Altmetrics and Citations

Among all 3647 papers that were analysed, 2152 (59%) focused on one taxon (e.g.,
vertebrates). There was a small but significant correlation between the altmetrics and the
total number of citations (Spearman r = 0.21, p < 0.001).

There were apparent differences in the distribution of papers among the three groups
of organisms (plants, invertebrates and vertebrates). The articles on vertebrates (n = 1351,
62.8%) were the most frequent, followed by the articles on plants (n = 410, 19.1%) and
invertebrates (n = 390, 18.1%). Additionally, there were significant differences in the AAS
between the three groups of organisms (GLMM, F(2,2145) = 2038.14, p < 0.001, Figure 2).
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Pair-wise analysis of contrasts showed that vertebrates received the highest AAS, followed
by invertebrates and plants.

Sustainability 2022, 14, x FOR PEER REVIEW 4 of 10 
 

There were apparent differences in the distribution of papers among the three groups 

of organisms (plants, invertebrates and vertebrates). The articles on vertebrates (n = 1351, 

62.8%) were the most frequent, followed by the articles on plants (n = 410, 19.1%) and 

invertebrates (n = 390, 18.1%). Additionally, there were significant differences in the AAS 

between the three groups of organisms (GLMM, F(2,2145) = 2038.14, p < 0.001, Figure 2). 

Pair-wise analysis of contrasts showed that vertebrates received the highest AAS, fol-

lowed by invertebrates and plants. 

 

Figure 2. Differences in altmetrics (AAS) among the major taxa (means ± 95% CI). 

Concerning the total number of citations, invertebrates received significantly more 

citations than vertebrates or plants, while there was no difference between the latter two 

(GLMM, F(2,2146) = 40.2, p < 0.001, Figure 3). 

 

Figure 3. Differences in the total number of citations among the major taxa (means ± 95% CI). 
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Concerning the total number of citations, invertebrates received significantly more
citations than vertebrates or plants, while there was no difference between the latter two
(GLMM, F(2,2146) = 40.2, p < 0.001, Figure 3).
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3.3. Differences in the Class Level

Subsequent analyses focus on differences between vertebrate classes and invertebrates
and plants. Most papers were published about mammals, followed by plants, birds and
invertebrates. Fish, amphibians and reptiles received the lowest attention (Table 1).
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Table 1. The frequency of papers published on each taxon.

n %

mammals 527 25.5
plants 408 19.7
birds 402 19.4

invertebrates 389 18.8
fish 218 10.5

amphibians 76 3.7
reptiles 49 2.4

There were significant differences in the AAS between the three groups of organisms
(GLMM, F(6,2059) = 1196.75, p < 0.001). Pairwise contrast analysis showed that vertebrates
received the highest AAS, followed by invertebrates and plants. Mammals received the
highest AAS compared to other groups of organisms (all p < 0.001, Table 2). Mammals were
followed by invertebrates, fish and birds, while reptiles, plants and amphibians received
the lowest AAS.

Table 2. Descriptive statistics for the AAS for all taxa (means and ±95% CI). Differences in the AAS
between all taxonomic groups are significant at p < 0.01 and less.

Mammals Invertebrates Fish Birds Reptiles Plants Amphibians

Mean 52 42.4 37.4 38.8 31.3 23.9 22.9
Lower CI 39.9 30.3 25.3 26.7 19.2 11.9 10.8
Upper CI 64 54.5 49.3 50.9 43.4 36 35

Regarding the total number of citations, the differences between the groups were
significant (GLMM, F(6,2060) = 94.02, p < 0.001). Mammals, invertebrates and amphibians
received the most citations, followed by plants, fish, birds and reptiles (Table 3).

Table 3. Descriptive statistics for the total number of citations for all taxa (means and ±95% CI). Dif-
ferent letters denote significant differences based on contrast analysis. All differences are significant
at p < 0.001.

Mammals a Invertebrates a Fish b Birds c Reptiles d Plants e Amphibians a

Mean 28.6 27.9 23.9 22.2 19.7 25.7 27.5
Lower CI 27.4 26.7 22.7 21.6 18.1 24.5 25.9
Upper CI 29.7 29.1 25.2 23.3 21.3 26.8 29

3.4. Body Mass and Appeal Score as Predictors of the AAS?

Because mammals received the greatest attention in terms of the total number of
papers and altmetrics scores, we proceeded with calculations of the relationships between
the body mass of mammals and their altmetrics and citation scores. Mammalian body mass
was a significant positive predictor of the AAS (GLMM, F(1,354) = 446.82, coefficient = 4.6,
p < 0.001). Because appeal scores were found for a reduced number of mammals (n = 238),
we repeated the GLMM with the inclusion of an appeal score together with mammalian
body mass in the AAS. Both the appeal score and body mass significantly and positively
influenced the AAS (GLMM, F(1,125) = 124.95 and 36.6, coefficient = 4.22 and 2.5, both
p < 0.001). The appeal scores were correlated with mammalian body mass (Spearman
r = 0.7, p < 0.001, n = 238). To address possible problems with multicollinearity, we repeated
the GLMM without mammalian body mass. The influence of the appeal score on the AAS
remained significant (F(1,236) = 461.05, coefficient = 5.58, p < 0.001).

Mammalian body mass negatively and significantly influenced the total number of
citations (GLMM, F(1,354) = 14.7, coefficient = −0.71, p < 0.001). The repeated GLMM with
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the inclusion of the appeal score presented the appeal score positively and the mammalian
body mass negatively while influencing the total number of citations at the same time
(F(1,235) = 175.8 and 125.6, coefficient = 3.65 and −4.04, both p < 0.001). Citation scores did
not correlate with mammalian body mass (Spearman r = 0.04, p = 0.54, n = 238). To address
possible problems with multicollinearity, we repeated the GLMM without mammalian
body mass. The influence of the appeal score on the total number of citations remained
significant (F(1,236) = 52.02, coefficient = 1.42, p < 0.001).

4. Discussion

This study investigated publication biases toward charismatic species in three major
conservation journals on cover pages and published scientific papers during the past ten
years. To the best of our knowledge, this is the first study that has attempted to associate
the charisma of the animal, which was estimated by the body mass and appeal score, with
the AAS. Our results support the idea that taxonomic bias in conservation journals toward
large, charismatic animals (predominantly mammals) exists. Furthermore, charismatic
animals received greater attention from the public, at least according to the calculations
obtained from the AAS.

Our first hypothesis dealt with the presentation of mammals on the covers of three
conservation journals. This hypothesis was supported because mammals significantly
exceed all other taxa in these journals. By investigating the covers of ten representative US
conservation and nature magazines, Clucas et al. (2008) [36] showed that mammals were
used more frequently than other taxa, followed by birds. In their study, reptiles, amphibians,
fish and plants were underrepresented to a similar extent as in our current research.

Many reptiles are traditionally considered disgusting and dangerous [49,50], while am-
phibians are viewed as slimy (and therefore disgusting) [51,52], and fish are of little interest
to people [53]. People are generally less interested in plants than in animals [43,44,54,55],
and photographs of plants in textbooks are less numerous and less diverse than images
of animals [55,56]. In general, these traits seem to be responsible for the biases toward
more charismatic organisms. Unfortunately, many plant species, particularly Cactaceae,
Asparagaceae, Crassulaceae, Orchidaceae and Bromeliaceae, are endangered due to land
use changes and illegal trading [57]. However, considering journal covers, editorial boards
primarily contribute to taxonomic biases, because the chosen covers are selected by the edi-
tors despite readers’ desire. The editors’ specialisation may further influence the selection
of covers. Moreover, it is expected that mammals are more represented on the covers since
they are also more represented in the papers published in each journal.

Our second hypothesis suggested that scientific papers on vertebrates are more preva-
lent and receive a higher AAS than invertebrates or plants. This hypothesis received
partial support because vertebrates received a higher AAS than plants, although there
were no differences in the mean AAS scores between vertebrates and invertebrates. As
discussed above, these results are not surprising in the case of plants; however, in the case
of invertebrates, phylogenetically distant and less attractive animals receive less empa-
thy and conservation support than vertebrates [21,22,25]. Interestingly, certain flagship
species, such as colourful butterflies, dragonflies or insects that provide ecological services,
are perceived positively by people [58,59]. Therefore, a deeper investigation of preferred
invertebrates, as measured by the AAS, is a challenge for future research.

Our final hypotheses dealt with the superiority of mammals, as measured by the total
number of published papers, with a relatively higher AAS compared to other taxa (Hypoth-
esis 3) and with a positive association between mammalian body mass, appeal score and
AAS. These hypotheses received statistical support. Since the AAS favours large mammals,
it can be assumed that people are more likely to talk about larger animals on blogs and
share information about them through social networks (such as Twitter and Facebook)
rather than small-bodied species. These results correspond with research showing that
people prefer larger-bodied animals, particularly exotic terrestrial mammals [27,41,42,60].
Alternatively, some exotic mammals are currently studied and published in conservation
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journals (e.g., Sus scrofa, Callithrix jacchus, domestic cats and dogs on islands); thus, our
results could be influenced by a temporal bias rather than by charisma. This idea requires
deeper attention.

It seems that taxonomic biases, which favour the keeping of large mammals in
zoos [37–39], exist in conservation science as well as in the exchange of information through
social networks by the public. Finally, our findings are derived from the additional influ-
ence of the appeal score on AAS and the positive correlation between mammalian body
mass and appeal scores. In other words, large-bodied mammals are perceived as more
appealing using people’s interest, as measured with AAS.

We did not expect significant shifts in the number of scientific citations among the
taxa examined. However, there was a considerable bias favouring mammals, invertebrates
and amphibians over plants, fish, birds and reptiles. The interest in invertebrates would be
acceptable, since invertebrates comprise 97% of all animals on our planet [61]. However,
plants, which exceed 300,000 extant species [62], and fish, with more than 30,000 species
(which is more than all other vertebrates combined) [63], are heavily underestimated by
scientists. Interestingly, even though mammalian body mass showed a negative influence,
appeal positively influenced the total number of citations. Citations accumulate more
slowly than AAS [64], and AAS is slow for smaller mammals (this study). This is one
possible explanation for why smaller mammals receive more citations relative to AAS; it
also supports the low consistency between the public and scientists [5]. A small correlation
between AAS and the total number of citations suggests that public opinion does not
necessarily reflect scientists’ opinions [4,6–9].

A positive influence of the appeal score on the total number of citations could reflect
the intrinsic interest in particular animals among scientists, which is corroborated by the
greater overall number of publications favouring mammals, as shown in the present study.
However, more research is necessary in order to investigate whether publications and
citations of papers about each species are influenced by conservation needs or scientists’
attraction to charismatic species. Additional predictors that need to be considered are life
history strategies. Common, abundant species with fast reproduction (e.g., fish, insects,
plants) are less vulnerable to extinction; thus, research about them has lower changes in
terms of being published in conservation journals. On the other hand, slowly reproducing
animals (certain mammals, birds, etc.) have little capacity to recover [65], and their research
requires attention by conservation journals.

Limitations

The main limitation of our research is that we were able to investigate taxonomic
biases for only 59% of all published papers. The remaining papers focused on other topics
and/or various unexplored taxa. Still, our analyses are based on more than 2000 papers
published in three major, influential conservation journals which have a non-trivial impact
on creating public opinion. Second, we did not control the geographical distribution of
the studied species, the author(s) affiliations and the richness of the country where the
research was carried out. Tahamtan et al. (2016) [66], for example, showed that US papers
received more citations than papers from other countries, which may reflect the reputation
of the country or the research team. Although we acknowledge this shortcoming of our
methodological approach, we do not believe that taxonomic bias on journal cover pages or
the influences of mammalian body mass and appeal scores on AAS could be confounded
by these factors. Finally, our analysis is stratified on relatively recent papers published in
the selected conservation journals, which could influence the representation of certain taxa.
For instance, during the 1990s–2000s, an invertebrate golden mussel (Limnoperna fortunei)
was frequently represented in conservation journals as a “current” threat to biodiversity.
To address these shortcomings, further research should involve more conservation journals
(e.g., Biological Conservation, Biodiversity and Conservation, Environmental Conservation), taking
articles published earlier into account.
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5. Conclusions

In conclusion, our research showed that publication biases, measured in terms of
the total number of papers and citations and the public interest calculated with AAS,
favour certain taxonomic groups of animals (particularly large-bodied mammals) over
others. Surprisingly, these trends, which had been previously investigated by different
methods, persist, even in professional conservation journals. Publication policies that
favour neglected taxa are therefore necessary to improve current trends shaped by animal
charisma. For instance, the editors should support special issues regarding the conservation
of plants, fish or reptiles, which would contribute to a more balanced situation without any
apparent focus on just a few taxonomic groups. Furthermore, improving the publication
bias may influence communication between scientists and laypeople [1] and public opinion
about living organisms.
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