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ABSTRACT. Indonesia is one of the world’s biodiversity hotspots. It is estimated to be the home of 9.5%
flowering plant species, making it the seventh country with the highest biodiversity. Plant data collection
iS necessary to ascertain the level of plant biodiversity, as such data help in conservation efforts and long-
term management. One of the methods applied is the collection of plants, with the purpose to acquire as
much data about its biological resources. The collected specimen are then gathered and processed into a
herbarium to be used as an information source in managing biological resources. Unfortunately, there are
some difficulties related to the making and management of a herbarium. This study aims to assess the
advantages and disadvantages of photo-specimens (digital herbarium) for documenting plant biodiversity
in Indonesia. The methods need steps including biological recording, specimen preparing, macro-mode
capturing, and last stage identification. About 2149 plants have been gathered from Borneo, Seram,
Waigeo, Flores and Sulawesi which consisted of 152 family, 512 genus, and 1,832 species, with a total of
30391 pictures of plant parts. From the experiment conducted on 672 specimens, it achieved 98.8 %
accuracy on the family level and 80.1 % accuracy on the genus level, while the species level reached 78.8%.
The results showed that digital herbarium can be used to conduct identification and data collection of plant
biodiversity. Furthermore, this method is simple, cheap and relatively easier to conduct. The output is a
catalog of plant species in specific areas, which provides better understanding about plant identification
and biodiversity, enhances conservation practices, and provides better long-term protection for Indonesian
plant biodiversity.
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INTRODUCTION

Indonesia is one of the world’s biodiversity
hotspots. The country has 24632 kinds of
flowering plants or 9.50% of the total species
worldwide (Retnowati et al., 2019) making it
the seventh country with the highest
biodiversity. The total size of Indonesia only
amounts to 1.3% of earth size, but contains a
high variety of biodiversity (Kusmana &
Hikmat, 2015). The country’s geographical
position is very strategic, and plays a significant
role.

The knowledge of biodiversity is not a
prerequisite for protecting it, unlike boundaries,
policies and policing, but information about
biodiversity is important (Webb et al., 2010).
One of the things which can be done to support
this knowledge is species data collection, and
plays an important role in identifying the level
of biodiversity in Indonesia. The data collection
for plants is applied in the field through plant
collection. This collection of herbarium
specimens constitute the main part of the
activities of biology experts in the past and as
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well as the present (Flannery, 2013). Herbarium
specimens have become a very important
comparison material in the study of
biodiversity.

Alternatively, there are some weaknesses
of herbarium specimens which include: (a) The
making process is difficult and can only be
performed by experts, (b) they require specific
room temperature for storage, (c) they require
regular maintenance, (d) changes in plant color,
(e) absence of many important characteristics,
(M) limited numbers (g) inability to be shared
with many people, (h) and easy damage of
specimen due to inadequate maintenance or
high usage for identification and manual data
checking. To make it accessible to many people
and protect it from damage due to high usage,
the digitizing of herbarium specimens, as
performed in the United States, is applicable
(Barkworth & Murrell, 2012; Thiers et al.,
2016). Although there are still some
weaknesses that need to be addressed in order
to support cheap and easy collection of plant
data by everyone with limited or without
botanical or taxonomic background. The
alternative to the physical specimens involves
taking many pictures of plants with high quality
in the field. These pictures are then arranged
into a catalogue known as a digital herbarium.
This alternative has the following advantages:
a) easy making process, b) no changes in plant
colors, c¢) easy maintenance and storage, d)
important characteristics are not easily lost and
e) can be shared with many people.

This study aims to assess the advantages
and disadvantages of photo-specimens (digital
herbarium) for documenting plant biodiversity
in Indonesia. The reports were made using
photographs taken from two projects: the first a
multi-island, plant biodiversity project (Project
XMalesia) from 2011 to 2015, and the second a
citizen scientist project carried out by amateur
botanists in Kalimantan Barat in 2014. Digital
herbarium becomes a solution to address the
limitation in making conventional herbarium,
collecting the data, and identification of plant
biodiversity in Indonesia. This method can be a
supplement for the traditional herbarium. The
existence of this method will make it easier for
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data collection and identification of plant
biodiversity in Indonesia.

MATERIALS AND METHODS

The materials and equipment required for
making the digital herbarium included the plant
specimen (a branch of leaf) with a flower or
fruit, camera, cutting scissors, cutter blade,
black cloth as photo background, and
measurement ruler for scale. In some cases, a
needle or special handler was also required to
create a more detailed picture. There are six
steps in making the digital herbarium.

Recording the information of the plant
that will be collected. A biological record
contains four main pieces of information: What,
Where, When and Who of what was recorded
(the ‘metadata’). Where is the spatial location;
When is the date or, occasionally, the range of
dates over which the record was collected; Who
is the person that made the record (Isaac &
Pocock, 2015). The information of a specific
plant is very important in data collection.
Therefore, this activity involved data collection
on its habitus (tree, shrubs, liana, palm, etc.),
the habitat where the plant is found, the
coordinate, tree identifier (bark, buttress root,
sap, branches) and the number of plants,
whether many or few in the finding location.
Furthermore, a preliminary type of
identification is also required. When collecting
a photo-specimen, a picture of a cut on the tree
(nick/slash the trunk) is necessary to record any
special characteristics such as smell or sap.

Prepare the specimen that will have its
picture taken. The specimen required for the
picture is a leaf branch with complete parts.
This signifies that it must also have a flower or
fruit, as these are important characters in
identifying plants, especially at species level
(Waéldchen et al., 2018). The perfect specimen,
for example without any part eaten by worms,
is chosen, and must be complete, in order to
record all its essential parts, especially the leaf
veins. Leaf veins are an important characteristic
for species level identification.

Taking the picture. For a camera without
manual setting, pictures are usually captured in
the macro mode, while cameras with manual
setting require lens opening, shutter speed,
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white balance, lens focus and the flash strength.
The setting of these parameters is necessary to
achieve a perfect picture. Due to the
development of smartphone technology, some
smartphones could also be used to take the
picture with very good quality.

The first part to have the picture taken is a
branch with a good view of its leaves. For size
comparison or scaling, place the measurement
ruler below. Afterwards, the picture of the leaf
(upper and lower part), petiole, stipules, axille,
bud, flower (in various positions), flower split,
fruit (from various angles) and the fruit split
(horizontal or vertical) are taken. The pictures
have to be taken carefully to ensure a perfect
result. A good picture is usually able to show
minute characteristics such as the small hairs
on the leaf.

Editing the picture. The pictures that
have been taken are then cropped according to
the needs. It is recommended that cropping is
done with appropriate scaling to ensure a final
picture of the same size. Furthermore,
cropping, besides removing the unnecessary
part of the picture, is also useful in reducing
the file size of the picture. To mark
(watermark) or specify that the pictures belong
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to someone, each picture is renamed with
special codes that can be used by everyone.
Other than as a marking, the code usage helps
significantly in database management, and can
be called by using a query system when
formulating a database. After renaming the
pictures, the next process is resizing, to make
it easier to upload. The original files with
bigger size should still be kept, as the resized
pictures usually have a lower quality. In this
process, attention is required for the maximum
resize limit to keep pictures sharp.

Upload. The next step is to upload, which
involves the submission of plant data into the
database. During the upload it is expected that
the plant data is complete to make it easier for
verification. After uploading, it automatically
becomes part of the database.

Last stage identification. Data that has
been submitted into the database is then
corrected and verified. The aforementioned
correction can be performed through
identification or by a taxonomy expert.
Factually, cooperation with taxonomy experts
is needed in this identification process. After
verification, the database is then published.

Fig. 1. Digital herbarium of Trigonachras acuta Radlk
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RESULTS AND DISCUSSION

During a project to document plant
biodiversity across Indonesia, 2149 physical
collections of plants were gathered from
Borneo, Seram, Waigeo, Flores and Sulawesi
which consisted of 152 family, 512 genus, and
1832 species. Of these 2149 specimens, 30391
pictures of plant parts were obtained. Pictures
of a branch of leaves, upper and lower leaf,
petiole, stipules, flower, fruit and related data
such as the type, name, collector, location,
coordinate, date, the photographer and the
identification (Fig. 1).

In a second project working with citizen
scientists in West Kalimantan, 1012 more
collections were made from some areas in West
Borneo. These were used to assess the potential
to identify and match photo-specimens to
species.
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The identification was conducted by Ismail
Rachman of the Herbarium Bogoriense, an
expert with many years of experience in
identifying plants in Indonesia. From a total of
1012 specimens, the identification of a subset
of 672 specimens were conducted. It was
successful for 98.8% of specimens at a family
level, 80.1% at genus level, and 78.8% at
species level. There are some specimens that
could not be identified due to sterile pictures,
and some herbaceous plants, which are very
difficult to identify based on only pictures.
These results showed that a digital herbarium
can be used to collect data and identify plant
biodiversity in Indonesia. There were 109
families that were identified from 672
specimens, and the identification results from
21 families with the most genera are shown in
Table 1.

Table 1. Identification test results on a digital herbarium from 21 families with the most genera.

No  Family total obs only fam_ only_genus_ to_species_o %_o_bs_to_ species_amount
obs obs bs species

1 Phyllanthaceae 50 12 38 0.760 26
2 Rubiaceae 49 1 14 34 0.694 23
3 Dipterocarpaceae 42 7 35 0.833 25
4 Moraceae 35 6 29 0.829 24
5 Myrtaceae 32 12 20 0.625 15
6 Annonaceae 30 11 19 0.633 13
7 Euphorbiaceae 27 6 21 0.778 16
8 Meliaceae 23 1 2 20 0.870 14
9 Leguminosae 22 2 20 0.909 16
10  Clusiaceae 20 2 18 0.900 13
11 Lamiaceae 19 4 15 0.789 14
12 Melastomataceae 16 3 13 0.812 10
13 Malvaceae 16 16 1.000 10
14 Lauraceae 16 2 14 0.875 12
15  Sapindaceae 15 15 1.000 11
16 Myristicaceae 13 2 11 0.846 9
17 Apocynaceae 13 2 2 9 0.692 6
18 Elaeocarpaceae 11 5 6 0.545 4
19 Burceraceae 11 11 1.000 6
20 Primuliaceae 10 10 1.000 8
21 Anacardiaceae 10 10 1.000 7

Lesson learned from data collection by
citizen scientists. The history of plant studies
in Indonesia dates back to the Netherlands
colonial period. Although until now Borneo
which has the biggest area, is still below Java in
terms of specimen numbers (Retnowati et al.,
2019). The lack of study and researchers of

plants in areas outside of Java is one of the
reasons for its low plant biodiversity. Up until
2017 there was an addition of plant types from
2014 (Widjaja et al., 2014) where the addition
is in the spermatophyte group totaling 5400
types, which consisted of 5.385 Angiosperms
and 15 Gymnosperms (Retnowati et al., 2019).
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Plant data collection is also required to race
against the loss of plant biodiversity. There are
some factors which threaten the sustainability
of plant biodiversity in Indonesia. These threats
originate from the intrinsic biological factor of
plants (amounts to 83%), damaged habitat
(82%), over exploitation (62%) and natural
disasters (6%) (Budiharta et al., 2011). The
intrinsic biological factor of plants including
small population size, limited spreading size,
specific habitat, reproduction problem the need
of symbiosis (Rugayah et al., 2017), as well as
human activities, influence the arrival of new
species (Trimanto &  Shofiah, 2018).
Furthermore, Indonesia is one of the countries
with the highest levels of primary forest loss in
tropical areas (Margono et al., 2014) which
constitute the source of plant biodiversity
information. The opinions of experts and
modeling shows that around 15% of flowery
plant species have been lost in the last few
decades (Pimm et al., 2010; Joppa et al., 2011).
Almost all the new species found, have also
become rare locally and limited geographically
(Joppa et al., 2011). In addition, alongside the
quick loss of plant biodiversity is the
occurrence of biodiversity knowledge crisis
(Webb et al., 2010).

This limited data collection of plant
biodiversity needs to be addressed, and the
digital herbarium method is one of the solutions
for data collection of plant biodiversity in
Indonesia. The data collection can be conducted
by citizen scientists in all parts of the country.
For this to work they need to be trained
beforehand to ensure easy and uniform
collection. Citizen scientist can be defined as a
collaboration between scientist and non-
scientists to collect authentic, shared and
analyzed data (Jordan etal., 2012; Jennettet al.,
2016). The observation conducted by citizen
scientists such as plant phenology observation
(Fuccillo et al., 2015), and invasive species
(Gallo & Waitt, 2011), showed that citizen
scientists with limited training can provide
reliable observation when following standard
and explicit protocol. In Indonesia, the role of
biodiversity data collection has been
conducted, such as the one by Burungnesia on
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bird biodiversity. They collect, analyze, archive
and share data on biodiversity.

During the experiment of the digital
herbarium method in West Borneo, the citizen
scientists played a significant role. The
experiment involved around 15 individuals
with various backgrounds, jobs and education.
They participated in data collection and picture
taking training for the digital herbarium. After
15 days, 1020 collections were received from
the field. The data collected showed that plant
identification was conducted with pictures of
672 collection numbers and it achieved a high
accuracy of 98.8% at family level, 80.1% at
genus level, and 79.8% at the species level. This
identification was conducted by an expert in
this field. Therefore, the results showed that the
pictures taken by citizen scientists are suitable
for use in identification. The high number of
plants collected also showed that the role of
citizen scientists is very important for
biodiversity data collection and worthy of
scientific partnership. Minimally, it also serves
as preliminary information data about a certain
type of plant to support data collection in
Indonesia, especially in areas with lack of data.
Furthermore, finding an unknown species in a
hotspot area will help in underlining the
extraordinary biodiversity and unigueness
(Scheffers et al., 2012).

Lesson learned from iNaturalist. Since
2008, iNaturalist has conducted identification
for the biodiversity observations of citizen
scientists. This website enables naturalists to
map and share photographic observations of
biodiversity around the world. Each
observation consists of date, location, picture,
and label containing the name of the species in
the picture (Van Horn et al., 2017). iNaturalist
possesses more than 25 million records of
wildlife biodiversity with picture or audio
proof, from every country, representing more
than 230,000 species, collected by over 700000
individuals, alongside over 90000 individuals
helping the others in identification (Seltzer et
al., 2019).

From the aforementioned webpage
(www.iNaturalist.org) it can be seen that there
are 152277 observations, with 12684 species,
3705 identifications, and 4776 observers in
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Indonesia (in July 2020), which is a fantastic
number. If only 15 individuals can conduct high
quality data collection of 1020 plant species in
a few months, this shows how much more plant
data collection can be done with more
individuals.

However, on further observation the
pictures of plants from each iNaturalist
observer have different picturing methods
between one another. The standardized digital
herbarium method as described above can be
used to improve the situation. When the “digital
herbarium method” is combined with the
number of users and other benefits from
iNaturalist (social aspect: following, research
level confirmation, etc.) this will result in a
better way to document plant biodiversity. A
digital herbarium enhances the picture formats,
thereby making it easier for identification.
From what can be seen in iNaturalist webpage,
the citizen scientists in Indonesia have high
potential as an extraordinary resource for
biodiversity data collection. Furthermore,
picture taking is enhanced with the existence of
smartphone technology which supports the
capability to take pictures with high quality.
Therefore, anyone may potentially document
plant biodiversity from every corner of
Indonesia. What is needed is better training and
sharing of the ‘digital herbarium method’.

CONCLUSION

The digital herbarium has the potential to
solve the limitations of the traditional
herbarium. The collection of plant pictures,
with every step of reproduction (leaf, flower,
and fruit) and its species characteristics, is an
effective method as a learning tool for study and
raising awareness on plant biodiversity in
Indonesia. Digital herbarium in form of plant
species catalogue is easier to create for specific
areas, and enhances better identification and
data collection of plant biodiversity in
Indonesia, with an accuracy of 99.4 % at family
level, 98.02 % at genus level and 76.78% at
species level. The identification can be done by
experts in this field, as well as through the
multi-user  verification method like in
iNaturalist which points to ID “Research
Grade”. To achieve accurate results, fertile
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specimens (having flower or fruit) are required,
as when using sterile specimens (without
flower and fruit) both need to be compared with
each other. This method was developed to help
in plant data collection, and not to replace
specimen herbarium. This is an effective
method which can be used as a learning tool to
develop the knowledge of plant biodiversity in
Indonesia. It is simple, cheap, and relatively
easy to conduct and can be used by anyone in
an effort to support data collection. The output
is a plant species catalogue in specific areas,
which provides better identification and
understanding, and enhances conservation
practices to provide better long-term protection
of plant biodiversity.
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