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Colombia is considered as one of the most biodiverse countries
in the world (Samper, 1998; Myers et al., 2000; Arbeldez-Cortés,
2013; Zachos & Habel, 2014), but at the same time, sampling
efforts have been constrained historically by socio-political
issues, limiting the possibility of understanding several aspects
of that biodiversity. For instance, scientist in some neighboring
countries (e.g., Brazil and Ecuador) discover and describe new
taxa at a relatively more rapid rate than Colombia (Rivera-
Correa, 2012), and at the same time conduct integrative studies
of those groups. Therefore, it comes as no surprise that many
comprehensive taxonomic and systematic studies of amphibians
and reptiles incorporate little to no data from Colombia (see
Appendix I).

While some regard taxonomy as a primarily descriptive and
hampering science (Garnett & Christidis, 2017), others perceive
itas part of the backbone of many areas such as ecology, evolution
and systematics, and as a necessary activity in biology (Thomson
et al., 2018). In addition, poorly developed taxonomy causes
problems and bottlenecks in the biodiversity sciences (Kaiser
et al., 2013; Vogel-Ely et al., 2017). The Neotropical biota has a
complex evolutionary history closely related to geological history
(Hoorn et al., 2010; Antonelli & Sanmartin, 2011; Antonelli et al.,
2018). In these historical processes, the area where Colombia
is currently located has played a significant role as a mid-point
between Central and South America (Samper, 1998; Jaramillo
& Oviedo, 2017). For this reason, studies with considerable
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sampling gaps address the evolutionary history of lineages
partially only, and may be masking genetic structure or species
threats (Hillis, 2019; Chambers & Hillis 2020, Cordier et al.
2021). Additionally, these sampling gaps may cause taxonomic
instability, since the identity of the unsampled taxa or of taxa
in unsampled regions are normally ignored or questioned but
not resolved, therefore increasing the number of paraphyletic
groups or species complexes. As well, taxonomic and systematic
uncertainty generated affects the appropriation of knowledge by
local communities and researchers, and also delay the generation
of new knowledge.

Herein I will discuss two main topics: 1) the inclusion and
representativeness concepts, focused on the herpetological
context of Colombia; and 2) possible causes and consequences of
systematic inclusion gaps.

In order to do so I performed a bibliographic analysis by
mean of an advanced search through the Web of Science Core
Collection (WoS, http://webofknowledge.com) for taxonomicand
systematic studies of amphibians and reptiles in the Neotropical
region during the last 20 years. I defined the beginning of
the century as starting point for the bibliographic analysis,
because from there, technological advances in computation and
communication favored and expanded the accessibility to data
and information. For the purposes of this study, I defined two
criteria for considering a publication: the taxa studied must
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occur in at least two countries (including Colombia), and studies
must to be comprehensive, that is, they should to be focused
on one or several traits (e.g., morphology, genetics, evolution,
bioacoustics, distribution) of a taxon or taxa in a generalized
way. I explicitly excluded Colombian only studies because they
will include Colombian samples by definition, and this analysis
aims to evaluate groups in which Colombian data are not used or
limited, compared with the data used for the same group from
neighboring countries.

Searches were conducted on the title, abstract and keywords,
using as criteria three key elements: SUBJECT = Amphibia
OR Reptilia + AREA = South America OR Neotrop* + TOPICS
= Taxonom® OR Systematics OR Phylogen* OR Review OR
Biogeograp® OR Distribution (* are text wildcards). Results were
manually filtered in order to remove publications different to the
main topics defined, extinct taxa, and explicitly delimited to a
specific area out of the target. Subsequently some studies not
recovered in the search were added manually.

I grouped the publications categorically according to whether
they included samples from Colombia or not (i.e., yes, no, or
partial when not for all lines of evidence used). The studies that
included samples from Colombia were then grouped according
to the source of those samples (national or foreign museums),
and author’s nationality or place of residency (natives or
established). Author’s nationality/residence was corroborated
based on their names, historical institutional affiliations or
education, personal information available in social networks,
CvLAC, ResearchGate, Google Scholar, personal/institutional
web sites, or by asking colleagues who possibly know or had
worked with them. The idea behind using author’s nationality/
residence as classification criteria, lies in the fact that Colombian
or Colombia resident authors may have a broader notion of the
institutions housing biological specimens, their taxonomic and
geographic coverage, or their accessibility. Therefore, an author’s
nationality/residence may affect the probability of choosing a
source of data, either national, foreign or both. Subsequently,
I calculated the conditional probability of using national and/
or foreign museums P(A), given the nationality/rersidence of
authors P(B).

_ P(B|A)x P(A)
PAIB) =55 B14)x P(A)

As I discuss below, there are marked differences in data from
national and foreign museums, a reason why the selection of
the data sources may be related to the degree of inclusion and
representativeness of a taxa in a particular study. To quantify
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and validate the data for Colombia in biological collections,
I downloaded the list and associated information from the
Registro Nacional de Colecciones Bioldgicas (RNC, http://rnc.
humboldt.org.co),and a dataset for amphibians and reptiles with
country “Colombia” from the Global Biodiversity Information
Facility (GBIF, https://www.gbif.org), both to February 8, 2021
(Appendix II). For Colombian museums, the invisibility of the
data was calculated as the proportion of data in GBIF divided
by the total number of specimens reported in RNC, since this
list contains the official number of housed specimens in each
collection. Finally, I performed a descriptive analysis of the
geographic coverage and data quality in national and foreign
museums using the previously mentioned datasets. These data
from museums coverage a 180 years span.

After cleaning the search results, a total of 160 studies (77 for
amphibians and 83 for reptiles) meeting the inclusion criteria
were selected (Appendix I). Most of them included at least one
sample from Colombia for their interest groups, followed by
those which did not, and a small proportion for which it was
impossible to assess the origin of the sample since neither the
methods nor the supplementary materials stated explicitly
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Figura 1. Proporcion de inclusion de muestras colombianas y uso de museos en la
literatura herpetoldgica analizada. NI = No incluido, In = Incluido (al menos una muestra),
Pa = Parcial (al menos una muestra pero no para todas las lineas de evidencia), Un =
Desconocido (no se indicd la localidad). Na = Museos nacionales, Bo = Ambos (nacionales +
extranjeros), Fo = Museos extranjeros, Un = Desconacido (no se indicd la fuente de datos).

Figure 1. Propartion of inclusion of Colombian samples and museum usage in the
herpetological literature analyzed. NI = Not included, In = Included (at least one sample),
Pa Partial = (at least one sample but not for all lines of evidence), Un = Unknown (studies
do not state localities). Na = National museums, Bo = Both (national + fareign), Fo = Foreign
museums, Un = Unknown (studies do not state the source of data).
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Figura 2. Panorama general de la representatividad geografica y taxandmica de los anfibios y reptiles recolectados en Colombia, y depositados en museos nacionales y extranjeros.

Los mapas estan basados solo en registros georreferenciados. El periodo temporal de los museos extranjeros va desde ~ 1840 (probablemente 1800) a 2020, y desde 1875 para museos

nacionales. Tamario del pixel 0.5° x 0.5° en WGS84. Datos tomados del RNC y GBIF (al 8 de febrero, 2021). Las capas raster estan disponibles en el Apéndice Ill.

Figure 2. Overview of the geographic and taxonomic representativeness of the amphibians and reptiles collected in Colombia, and held in national and foreign museums. Maps are

based only on georeferenced records. Foreign museums temporal span goes from ~ 1840 (probably 1800) to 2020, and from 1875 in national museums. Pixel size 0.5° x 0.5° in WGS84. Data

from RNC and GBIF (accessed February 8, 2021). Rasters are available in Appendix IIl.

the localities (Fig. 1). Regarding the museum usage, national
collections were predominant for amphibians, while foreign
were for reptiles (Fig. 1). Conditional probabilities (Table 1)
showed that for amphibians it is more likely that in a randomly
chosen paper, authors will include Colombian samples from
national collections independent of their nationalities. However,
for reptiles it is more likely that authors will include samples
from foreign museums if they are foreigners, whereas for

Colombian/Resident authors the probability of also including
national collections increases substantially. Interestingly, data
show that foreign museums have less taxonomic and geographic
representativeness of Colombian herpetofauna (Fig. 2), and also
specimens have less associated geographic information (Fig.
3). Both national and foreign museums possess a similar and
significant proportion of specimens taxonomically identified
to Family, Genus and Species levels. Georeferenced records also

Figura 3. Praporcion de datos asociados a
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department and municipality, respectively). Data from
RNC and GBIF (accessed February 8, 2021).
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Figura 4. Colecciones herpetaldgicas colombianas mas grandes por nimero total de especimenes de acuerdo al RNC, ambos grupos (A), anfibios (B), reptiles (C). Nimero de museos de
acuerdo a la proporcion de especimenes que albergan, ambos grupos (D), anfibios (E), reptiles (F). Distribucion del nimero de anfibios y reptiles en museos colombianos de acuerdo al RNC.
Para los acronimos de los museos véase el Apéndice 1.

Figure 4. Largest Colombian herpetological collections by total number of specimens according to RNC, both groups (A), amphibians (B), and reptiles (C). Number of museums according
to the proportion of total number specimens, both groups (D), amphibians (E), and reptiles (F). Distribution of the number of specimens of amphibians and reptiles in Colombian museums

according to RNC (G). For museum acronyms see Appendix II.

show that foreign museums have focused their sampling efforts
in two areas, Sierra Nevada de Santa Marta in the Caribbean
region, and Leticia and nearby areas of Amazonas, whereas
national museums have focused on the central and north portion
of the Andes of Colombia.

Excluding zoos and live collections, there are 43 herpetological
museums formally registered in the RNC, of which 37 have both
amphibian and reptile subdivisions, for a total of 80 collections.
The approximate total number of preserved specimens
(amphibians + reptiles) with country listed as “Colombia” is about
58 000 in foreign museums, and just over 214 000 in national
collections (Table 2). Almost 80% of the latter are housed in

Tabla 1. Probabilidades del uso de museos P(A) en la literatura herpetoldgica, por
nacionalidad/establecimiento de los autores P(B), expresado como una probabilidad

seven museums, each of which has more than 10 000 specimens
(Fig. 4A). Looking at each biological group independently, the
ICN collection by far exceeds the number of specimens both for
amphibians and reptiles when compared to the other largest
museums (Fig. 4B-C). Most of the herpetological museums
and collections in Colombia are small, having less than 1000
specimens, followed by those which have between 1000 and 10
000, and the largest ones with more than 10 ooo (Fig. 4D-G).
According to GBIF, 62.5% of the herpetological collections in
Colombia do not have public data in that platform. For the
available datasets, the invisibility of the specimens is quite
variable, ranging from o to 98%, while some collections have
more records in GBIF than those declared in the RNC (Fig. 5).

Amphibians (n = 43) Reptiles (n = 52)

MUSeUM ¢ olombian/ N Colombian/
condicional P(AIB). Los calculos estan basados en la proparcion de articulos que incluyen al 0 on"l fan 0"" 0 om fan Non-Colombian
) o Resident Colombian  Resident
menos una muestra de Colombia. Ver Apéndice .
Table 1. Probabilities of museums usage P(A) in the herpetological literature, by authors National 0.6604 0.6294 0.2264 0.0193
nationality/residence P(B), expressed as a conditional probability P(AIB). Calculations are Both 0.3396 0.098] 0.6604 0.3140
based on the proportion of papers including at least one Colombian sample. See Appendix I.
Foreign 0.0000 0.2725 0.132 0.6667
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According to the data of inclusion of Colombian samples in
theliterature analyzed, it seems there are more studies including
samples (independently of their origin) than those do not. Here,
I am considering the degree of inclusion in a given publication
as the number of samples relative to the species’ distribution,
different from sampling proportion, which comprises the
number of samples relative to the total, and representativeness,
as the variation encompassed by those samples. However,
it is important to keep in mind that both inclusion and
representativeness are dependent on taxon-distribution and
sample availability (Fig. 6). This means that they are not directly
comparable among studies on a continuous or discrete scale,
because even the same proportional sampling may be more
or less inclusive and representative for certain taxa. Thus, in
order to account for the overall inclusion, the use of categories
is necessary (e.g., included vs. non-included). The primary
limitation of this method is its trend to inflate the proportions,
masking the true extent of the gaps, since just one single sample
is sufficing to consider a study as inclusive. This is why in many
taxonomic or systematic studies in herpetology the degree
of inclusion and representativeness of Colombian samples is
apparently high, when in reality is low to null, often limited to
a few samples which do not reflect their actual availability in
biological collections. Although it is easily explainable for rare
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taxa for which large samplings are not expectable, it is less
understandable in the case of widespread or common groups.

This problem is a vicious circle, since the known distributions
of many taxa represent theoretical approaches, normally
reflecting sampling effort (Hortal et al., 2015), but they cannot
be refined if data from specimens are not included in the
studies. However, to discuss the degree of inclusion and
representativeness, it is also important to consider that inclusion
does not necessarily reflect representativeness. To better
illustrate the inclusion-representativeness relationship, I have
summarized some patterns of inclusion and representativeness
based on hypothetical scenarios (Fig. 6). The first pattern is
evidenced when there are few samples of a given taxon that has
a small distribution range in site 1 relative to site 2; in this case
it is expected for 1 to have a low proportional sampling, but the
inclusion is high and representativeness should be considered
good (Fig. 6A). The second pattern is identified when a taxon
is widely distributed in two or more sites, but some of them
are significantly more heavily sampled (Fig. 6B—C). In this
case the inclusion is low and the representativeness poor to
medium, because variation in the less sampled sites is uneven
compared to variation in the more well-sampled sites, therefore
inferences will be biased towards the latter. For the example B

GBIF > RNC
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Figura 5. Visibilidad de los datos asociados a anfibios y reptiles en museos colombianos, como la proporcion de datos publicados en GBIF sobre los del RNC (para GBIF < RNC). La linea

roja indica el nimero total de especimenes en el RNC (para GBIF > RNC). Para los acronimos de los museos véase el Apéndice 1.

Figure 5. Visibility of amphibians and reptile data in Colombian museums as the propartion of published records in GBIF datasets compared to of RNC (for GBIF < RNC). The red dashed

line represents the total number of specimens in RNC (for GBIF > RNC). For museum acronyms see Appendix II.
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Figura 6. Patrones de inclusion y representatividad de acuerdo a la distribucion de los taxones y dispanibilidad de muestras en escenarios hipotéticos. Los puntos coloreados
representan los registros incluidos en tres escenarios hipotéticos, mientras que los vacios representan los no incluidos pera disponibles en colecciones bioldgicas. Para una descripcion
detallada véase el texto.

Figure 6. Patterns of taxonomic inclusion and representativeness according to taxa distributions and sampling availability in hypothetical scenarios. Salid circles represent included
records in the three hypothetical scenarios, whereas open circles represent non-used but available specimens in biological collections. For detailed description see the text.

in the Fig. 6, low inclusion is non-justified given the availability
of samples, contrary to the observed in the scenario C. It is
worth noting that inclusion may increase without an increase in
representativeness, when there is sampling but it does not imply
more variation (Fig. 6D). There are not numerical criteria to
define what is low or high, poor or good, the scenarios presented
represent a referential conceptualization. In real life, the degree
of inclusion and representativeness for a taxonomic group may
be influenced by different reasons, that will be the subject of
discussion later.

For instance, with Colombia as a reference point, the first
pattern is commonly found in Amazonian taxa for many of the
amphibians in the literature that was analyzed. Nonetheless,

REVISTA LATINOAMERICANA DE HERPETOLOGIA Vol.04 No.02 / Noviembre 2021

it is important to consider that the Colombian Amazon and
Orinoquia are largerly unexplored, thus the real distribution
of many groups may be underestimated (Wallacean shortfall).
On the contrary, the second pattern is more frequent in
reptiles’ literature, for groups distributed in northwestern
South America or extending from Central to South America.
Historically, Colombian amphibians have attracted more
attention than reptiles, this is the reason why they have been
more thoroughly studied, and therefore their inclusion pattern
is more accentuated.

As shown, at a large taxonomic scale inclusion and

representativeness of Colombian samples may be masked by
the difficulties of comparing among studies. For this reason,
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Tabla 2. Especimenes de anfibios y reptiles en museos colombianos y extranjeros de acuerdo al RNC y GBIF. La invisibilidad esta calculada coma la proparcién GBIF/RNC sequn los datos

publicados (al 8 de febrero, 2021).

Table 2. Amphibian and reptile specimens in Colombian and foreign collections according to RNC and GBIF. Proportion of invisibility based on GBIF/RNC published data (accessed

February 8, 2021).

National
Group
AL Specimens RNC GBIF/SiB
collections
Amphibians 37 147 927 54 955
Reptiles 43 66 387 37994

it is necessary an approach based on an indirect measure.
One criterion is to use the differences in geographic coverage
and data associated with the specimens between national and
foreign museums, which may limit the usage of some of them.
Most specimens from foreign museums lack georeferenced data
and/or information at the municipality level (3rd administrative
level), hence generatingabroad margin of errorwhenspatializing
them in if the locality does not supply that information. This is
particularly true when records come from an orographically and
ecologically heterogeneous zone like the Andes. For example,
mainland Colombian departments range from ca. 1800 to 110
0oo km?, therefore, just with 2nd level information, locality
uncertainty is larger than the area of Hong Kong (~ 1100 km?),
El Salvador (~ 20 800 km?), Costa Rica (~ 51 000 km?) or Cuba (~
109 800 km?). In this manner, if we consider foreign museums
as the preferred source for foreign researchers, together with
the amount of invisible data from Colombian museums, the
number of spatializable specimens as a necessary condition for
a comprehensive study in taxonomy and systematics is reduced.
Another important problem arises when looking at the tables,
appendices or supplementary data in the literature, because the
traceability of some specimens because the traceability of some
specimens (mainly genetic samples) is often messy because field
numbers or provisional codes are normally provided, but not
notes clarifying the ultimate disposition of the sample.

Regarding data quality for older specimens, it is also
important that there is a historical bias for the capital cities to
have many records and species, even if they do not occur there.
For instance, despite the fact Bogota is highly represented in
foreign museums (the yellow pixel in central Colombia in Fig. 2),
several records may be misattributed to this locality, a frequent
mistake in specimens sent out from major cities during the
XIX and XX centuries, which were assumed to be the locality of
origin. This bias may induce errors by omission if researchers are

REVISTA LATINOAMERICANA DE HERPETOLOGIA Vol.04 No.02 / Noviembre 2021

Foreign
InV|S|b|!|ty Numbe.r of GBIF
proportion collections
0.63 42 38 Tk
0.43 59 19 814

unfamiliar with the history of collections in Colombia, or simply
inhibit them from utilizing data if distributions are suspicious.

Another factor that may mask the sampling inclusion
are the types of data used, which vary according to the
objective of the study. Essentially, data may be of four types:
geographic, morphologic, genetic and bioacoustic. Among
them, geographical data are the easiest to obtain, since they
merely require a GBIF download or a literature review, reason
why studies employing this kind of information tend to have
more inclusion and representativeness for Colombian samples.
By comparison, morphology, genetics and bioacoustic data
require the greatest effort to obtain, thus their inclusion and
representativeness tend to be lower.

To conclude, I have explored five possible reasons that may
explain the phenomena what have I been pointing out along
the text. I do not consider these points to be isolated from each
other, on the contrary, they may be synergetic among them and
vary in importance and occurrence through time.

The true absence of sampling. It is well known that among
living beings there are some groups/species that are particularly
difficult to find. This difficulty may be due to: 1) the biology/
habitat of the species (e.g., aquatic, fossorial or canopy-dwelling);
2) the spatial distribution or density of target populations; and 3)
the inaccessibility of the sampling areas, because of conditions
of both terrain or due to socio-political issues. This last is
particularly true for Colombia, where internal armed conflict
and its derivatives, have constrained the exploration of many
territories during the last 60 years. The absence of sampling
represents the most significant limitation, because it represents
areal absence of data.

Within the absence of sampling, it is also necessary to
highlight the absence of tissue samples for DNA extraction. In
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Colombia taking tissue samples is an activity that dates back
to 1998 (Arbeldez-Cortés et al., 2015), but it is limited given the
resources and equipment required for storage, a reason why not
all museums have a tissue collection, or if they do, it is relatively
recent. Although molecular data do not represent a necessary
condition for taxonomic studies, it is an important and
comprehensive source of information in the -omics age (Will
et al., 2005). This brings us to the problem that most collections
from Colombia do not have associated genetic samples, either
because they are old collections, or because researchers collect
but do not extract tissues for DNA. At this point, it is important
to highlight that the absence of genetic data for older collections
does not make them useless, museum specimens are and have
been traditionally used beyond molecular taxonomy (Castillo-
Figueroa, 2018; Meineke et al., 2018; Guedes, 2021).

Now, the question is how to deal with the true absence of
sampling? The most straightforward answer is to do more
sampling. Nevertheless, this is easier on paper than in practice.
Here, I am limiting myself to remark on some strategies
that might help to address the problem of the true absence of
sampling. Firstistheimplementationoftheintegrative taxonomy
approach when possible, by using various lines of evidence
rather only one (Dayrat, 2005). This allows exploitation of old
collections that may contain rare specimens or have accumulated
a more complete geographic representation over time. Second,
taking advantage of environmental consulting activities to fill in
the sampling gaps in several taxa (i.e. taxonomic, geographical
or genetic gaps). Environmental consulting activity is probably
the chief source of new specimens to museums in Colombia,
more than research itself, and normally companies that provide
these services have budgets within which the collection activities
are or may be included. Third, the implementation of novel
techniques for recovering DNA from specimens that have been
processed using formaldehyde (see Hykin et al. 2015 for an
example in reptiles). I am aware that these last procedures may
be expensive, however, they offer an option for very rare or even
recently extinct taxa.

The bureaucracy. Bureaucracy depends on legislation, and laws
are not static in time. Dealing with the bureaucracy is part of
doing science, and to some extent a necessary one. Nevertheless,
it is a critical factor to consider when conducting a research
project, because it can generate delays, discourage researchers
when processes are expensive or slow, and may even propitiate
biopiracy (Fukushima et al., 2020).

For biological studies there are two principal ways to obtain
data, museums and fieldwork, each has its limitations, although

REVISTA LATINOAMERICANA DE HERPETOLOGIA Vol.04 No.02 / Noviembre 2021
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the former is among the most versatile (Meineke et al., 2018). In
any case, in Colombia temporary or definitive collecting requires
collection permission, and if definitive, the material must be
deposited in a museum legally registered in the RNC.

The Colombian government issues permissions for
commercial and non-commercial uses of biodiversity, and
within these, for collecting specimens or accessing genetic
resources (Decree 1076/2015). Collection permission without
commercial purposes also include genetic research. These
permissions are given by the environmental authorities to
people or institutions interested in catching, removing or
extracting, either temporarily or permanently, individuals from
the wild. The request for permission may require several months
for resolution, along with the requirements of submitting many
forms and documents in support of the request (Supplementary
Fig. 7A). For this reason, the most convenient solution is to
conduct the research in association with a local institute that
already has an umbrella permission, such as universities or
scientific and governmental institutions.

Another issue arises when we want to sequence DNA. If
the process is carried out in Colombia under an umbrella
permission, there are no problems. But most institutions in
Colombia do not have a sequencer, thus the most viable option
is to send the samples outside the country for processing. Here
is when bureaucracy may delay research, because additional
permission is required to export biological specimens or samples
(Supplementary Fig. 7B). As a result, researchers may avoid
using genetic data from Colombia if it is not previously available
in online repositories such as GenBank (https://www.ncbi.nlm.
nih.gov/genbank), or if it cannot be generated locally. However,
export permits are required for biological specimens, samples
of them or their derivatives. This last point leaves an unsolved
question, a loophole subject to interpretation, to what extent is
an artificial product a derivative? Consider for example a PCR
product, which is a synthetic soup of unordered nucleotides, an
artificial model based on a mold, like a plaster cast of a mammal
footprint, or like photographs and illustrations, which do not
constitute the specimen itself or a sample of that specimen.

Finally, an additional consideration is the compensatory
tax for wildlife hunting (Decree 1272/2016), which increases
the economic cost of studies, given that the hunting concept
includes temporal or definitive captures, and their subsequent
processing, transportation and/or storage (Piez, 2016).
This tax is calculated by specimen/sample, and employing a
formula that considers the species and habitat conservation
status, researcher’s nationality, anthropic pressures, social
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and environmental cost of the samples, commercial value of
the species, and even how charismatic they are. Ironically, this
creates a vicious circle, because the tax calculations require
ecological data, but at the same time they are an impediment for
the gathering of these data.

Then, how to deal with the bureaucracy? As I mentioned
previously, one of the easiest solutions is to cooperate with local
researchers and institutions. Furthermore, as I will discuss
below, the use of online databases enhances the visibility of the
existing specimens and facilitates their examination, since local
researchers may help with data, reducing costs and time, at the
same time building up the local researcher’s visibility.

The invisibility of the data. One of the greatest advantages of the
internet is that it brings the world just a click of distance away,
and it is a powerful tool for museums and researchers. When a
research project is planned, two of the first questions we need
to think about are, what data are available? And, what data do I
need to generate? There is an increasing trend towards making
biodiversity data available through the internet, either through
researchers or institutional web pages or by using repositories
like GBIF.

But how this related to the problems of inclusion and
representativeness? Fundamentally, the invisibility of data
constitutes a false absence of sampling. This invisibility may be
total if the museums do not utilize any electronic resources (or
worse if they are secretive with their collection information), or
partial if they utilize the resources but do not update information
regularly, upload incomplete datasets, or if communication with
the staffis not fluid and results in delays.

Biological collections in Colombia are regulated by
Decree 1375/2013. According to this, museums assume the
responsibility to keep updated the information associated with
their specimens and upload it to SiB (Sistema de Informacién
sobre Biodiversidad de Colombia, https://sibcolombia.net),
a local repository of biodiversity similar to GBIF and also a
source of information for the latter. This platform is centralized
with a standardized format which offers an advantage over
institutional museum webpages, which may not have advanced
search tools, bulk download options, or may change their URL
overtime or go offline.

Interestingly, the data from the biological collections
in Colombia show that there are hundreds of thousands of
amphibians and reptiles collected, covering a large spatial
and temporal span, but it is important to note that spatial and
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temporal coverage does not imply taxonomic coverage, and some
taxa may be oversampled while some others are undersampled.
Then, why is there so little representativeness in the mid-large
herpetological literature? It is important to keep in mind several
considerations. First, literature reviewed herein encompasses a
time period of 20 years, and probably the digitalization of many
museum catalogues is more recent, as is the gradual increase
in geographic coverage. In the same way, the extended use of
the internet, digital resources and technology has increased
enormously during the last decade, and some researchers have
incorporated these changes faster than others. Therefore, it is
impossible to expect that a researcher 15 years ago to have had
the same access to the data that we have today. However, for
some taxa with obtainable information (by whatever means), the
invisibility of available samples has been, and will continue to be
aproblem.

Currently, the invisibility of specimens varies considerably
among Colombian herpetological museums, being relatively
high when grouped (Table 2), but smaller when individual
collections are depicted (Fig. 5). This is explained by the large
number of non-available records in some of the collections with
the largest number of specimens, which shifts the general mean
to higher values. On the other hand, some museums possess
“extra’ data when GBIF and RCN are compared. The latter reveals
a phenomenon of inefficient handling of the platforms where
the data can be uploaded or summarized. Given that not all the
online platforms retrieve the data from a unique source, these
differences are to be expected, for example, because curators
may more frequently update the source they are more familiar
with, or which its institution requires for most often. I am
also aware that the entropy level (as a measure of disorder) in a
biological collection will increase exponentially with the number
of specimens they have, which makes easier the data curatorship
and handling in smaller ones. Entropy is fine and expectable in a
collection being used, but extreme entropy or entropy in unused
collection are not desirable. As well, at least for the Colombian
museums attached to university institutions, curators usually
also play a role as professors, which also limit greatly the time
and effort they can spend in curatorial activities.

To bypass this problem the implementation of good practices
during data curatorship and collecting are required, not only
inside individual museums but in the field at large. For example,
taking the time to identify the specimens more than assign IDs
based on localities or at bird's-eye view, using traceable unique
identification vouchers, unifying databases in single or linked
files, avoiding uncommon or non-universal abbreviations,
georeferencing records, using copy functions instead of
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transcribing, having data backups, and adding metadata
when possible. It is also important to standardize the museum
databases implementing tools or platforms specifically designed
for that purpose, so that information can be ordered, available,
and updated.

The market of local researchers. If you think scientific
collections as a marketplace where researchers and specimens
are the products, the limited inclusion of Colombian samples in
the mid-large scale herpetological literature could be said due to
by two essential factors: the poor offer for the actual demand, or
the reduced visibility of the products. The decline or inertia in
the taxonomic work has been much discussed in the literature,
including in the Colombian context (e.g., Hopkins & Freckleton,
2002; Rivera-Correa, 2012; Tancoigne & Dubois, 2013). Among
the causes there are the perceptions of taxonomy as an old and
boring discipline, novel ways to perform research, and new
research interest beyond classifying. This results in a lack of
trained taxonomists to meet the demand when a comprehensive
study in taxonomy, systematics or biogeography is planned or
conducted. The limited visibility of local researchers is also
a problem, and may be driven by several causes, such as the
perception that they lack appropriate academic degrees, they
have little connection with more experienced researchers, they
are young researchers with low impact, or they do not use
or regularly update scientific networks (e.g., ResearchGate,
ORCID, Google Scholar, Publons).

These two factors may explain in part the low inclusion of
Colombian samples in the herpetological literature. To correct
this requires the teaching of taxonomy not as a discipline that
merely describes new taxa, but as a valuable tool that must be
integrated with whatever question we want to answer (e.g., in
ecology, evolution, genetics, or biogeography). In the same way
we choose a statistical analysis according to our data and what
we want to answer, we should be equally cautious about the
taxonomy, because the principle of “garbage-in garbage-out” is
applicable.

The selfish problem. Science is in principle composed and
made by a human community, and is not always a peaceful and
ideal one. Within science, disagreement among researchers
and institutions is not a novel problem (Sherwood, 2011), and
historically it has been related not solely to conflicting interest
with respect to ongoing research, but to personal, political,
racial or gender reasons (Lemaitre, 2015; Lemaitre, 2017; Grosso
et al., 2021). Addressing this problem is really hard since it does
notimply a technical, methodological or budgetary impediment,
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but personal beliefs and mixed feelings. Of the five reasons
discussed here, it is not the most prevalent, but without a doubt
it is the most dangerous.

The problem of inclusion and representativeness is not a novel
issue,anditisnotuniquetoherpetologyorrestricted to Colombia,
but in this particular case it exhibits an historical and systematic
pattern. Data from other taxa are needed to validate whether the
causes proposed herein represent a phenomenon extending to
other fields. I am aware that it is not always possible to include
the ideal number of samplings, but I encourage authors to be
prudent with the titles, inferences and conclusions derived from
comprehensive studies with considerable sampling gaps, since
those gaps may be masking evolutionary, biogeographic and
genetic patterns. To conclude, it is important to emphasize that
I am not arguing that the low inclusion of Colombian samples be
debt that must be paid by including Colombian authors, on the
contrary, the main objective of this text is to expose the volume
of underutilized data that are waiting to be used.
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Supplementary Fig. 7. Workflow diagram of the process to
request a collection permission for non-commercial scientific
research in Colombia (A), and to request permission to export
and/or import non-CITES biological specimens (B). Adapted
from Autoridad Nacional de Licencias Ambientales (ANLA,
http://portal.anla.gov.co).
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