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Abstract

The increasing number of observations and samples led to development of systems for
data storage and management. In this paper, design and experience with data manage-
ment of the Sample database (SampleDTB) used in the Centre for Polar Ecology,
Faculty of Science, University of South Bohemia, Ceské Bud&jovice, Czech Republic, is
presented. The SampleDTB was designed for microbiological, phycological or hydro-
biological data. The SampleDTB consists of data tables including defined lists of cli-
matic zones, habitats, communities and taxons, specific queries for datasets determina-
tion and searches, forms for filling in samples and reports. The data tables contain
detailed information on site, its environment, types of habitats and communities, in-
cluding data on taxonomic diversity. The queries provide source data for reports or serve
for searches for specific taxon, sample etc. Forms are used primarily for data entry or
modifications. The reports provide summaries and charts for export, either for whole
data set or for specific datasets. Data management resulted in system of sample
numbering, site specification, and system for photographs storage. Possible future
development will be focused on on-line data access, biovolume and diversity indices
calculation, laboratory sample processing, and connection to culture collection database.
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Introduction

Since large amounts of diverse ecology
data from various scientific disciplines are
collected and analyzed by many insti-
tutions, the funding agencies and leading
journals are becoming to require access to
published data for other scientists in order

to maximize data utilization (Khalsa et
Yarmey 2014). Application of molecular
biology methods together with informatics
approaches to ecological data management
and analyses has started approximately dec-
ade ago (Jones et al. 2006), and resulted in
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software and database developments (Cole
et al. 2009, Schloss et al. 2009). However,
these data are very heterogeneous due to
differences in methods used, variable spa-
tial and temporal scales of sampling, units
of measurement used, and taxonomical
identification problems of genera and
species observed (Jones et al. 2006). For
example, Kol (1968) distinguished two
different species of snow algae Chlamydo-
monas nivalis and Scotiella nivalis which
were later identified as two different stages
of one species, Chlamydomonas nivalis
(Hoham et Mullet 1978).

In general, the databases used in eco-
logical research could be divided into two
types (Jones et al. 2006). The project-
specific databases are usually based on re-
lational database systems and are designed
for specific needs (Jones et al. 2006), e.g.
CLO-PLA database (KlimeSova et De
Bello 2009). Databases of culture col-
lections could be also considered as typical
project-specific ones (Watanabe et al.
1992). The second type of databases are
data warehouses to which many investi-
gators could freely contribute (Jones et al.
2006), for example GenBank for sequence
databases (Benson et al. 1993) or VegBank
for vegetation plot data (Peet et al. 2012).

For sample management, the project
specific databases seems be more comfort-
able (Jones et al. 2006). In polar micro-

Material and Methods

About the database

biology, an ideal sample database for
should store environmental as well as
microbial diversity data. These data usual-
ly include some basic information on site
sampled, macro- and micro-photographs
of sampled site, together with physico-
chemical data measured in situ, e.g. pH or
temperature. If performed, results of labo-
ratory analyses, like nutrient concen-
trations should be added later concerning
particular sample. Species diversity data
like list of species or genera observed or
pyrosequencing results should be specified
for each sample. The database should pro-
vide basic data evaluation and export data
for further analyses.

In this paper, the structure of the
sample database used by the Centre for
Polar Ecology (CPE), Faculty of Sciences,
University of South Bohemia, Ceské Bu-
déjovice, Czech Republic (SampleDTB), is
described and experiences with data man-
agement are discussed. The database struc-
ture should reflect the need to characterize
specific datasets (e.g. samples collected by
students in given years) expressed as num-
ber of samples collected, number of sites
visited, number of taxons (genera or
species) observed, lists of sites visited and
taxon observed, and finally, to provide
sample catalogue and individual sample
datasheets.

The database is a project-specific relational database in MS Access 2013® environment
for phycological, hydrobiological and microbiological types of samples. The language

used is English.

Data Entry - Sampling Protocol

During field observation and measurements, data on particular samples are recorded in
Sampling Protocol notebook (Fig. 1). The fields in the Sample Protocol book correspond
to those in Sample Entry form in the SampleDTB (Fig. 2) in order to keep integrity of
database fields. In the book, additional information could be recorded like drawings,
photograph numbers or further sample processing.
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t ‘
Sampling Protocol — SampleDTB | Sampling Protocol — SampleDTB
B Observed species/genera (observed in field l
Sample No: 1 12¢¢ ! M e SampleNo. )/
Site: (valbord g an um oulony’ o MNE C
I Date: E T / == Species/Genus Frequency Notes ) -
- Collected by: j; Wie4R' 156" & £ X5759.50 e Y Luly -
= GFS usm G W 101 Fle . gréer TR v e e L
I N Altitude m.a.s. |
Depth I
I - Habitat: o -
= Community U - =
I - Notes: 3 -
I ) In situ conditions -
I pH Oxygen mgl? -
T € % sat. | _
_ Cond. ps cm' |
I Other analyses performed in situ: - -
I N 2 Notes: -
”
l 67/ ud #‘Z |®)

Fig. 1. The example of filled sample data in Sampling protocol notebook, in this case sample no.
JQ1206, endolithic community in a gypsum outcrop at NE slope of Mumien Mt., central Svalbard.
(a) site and physico-chemical data (b) species observed.

Samples - o x

CENTRE FOR POLAR ECOLOGY

Find sample [ Enter sample | Duplicate sample

Sample number
Sie  Svalbard, Mumien ML.. NE slope, gypsum outcrop

Dale | 258.2012 Time | 151000 Colectedby WanaKviderovs Laboratory analyses
Lat 7871101|Long | 16.42665  Alitude 63masl Depth 00im oH 0 AGPS 0/mgkl
Zone polar =] Conductivity OpSeml  AGP2S 0/mg 1
Biie site desciption Alkaliity o mmoll1 pppg 01
gypsum fragment with a green layer N-NO3 OugH  APPR2S 0d1
NAHA 0pghl
In situ conditions poZ Oatt
oH o Other measured parameters/Sampling condiions 280 Ojugk
Temperature oc [Visual and FluorCam documentation of the sample () gkl
Conductiviy 05 em1 ool LI
Site photograph Oxygen 0/mgH1 el Ok
Link to ther ste photos ol ChA Opghl
E:\Pokusy\E ndolthes\Svabard 201201206
Community structure
Habital stone  [v]  Communiy [cyploithon|v] Species/Genera found
Taxon - Frequency - | Microphoto - | Microphoto link - Notes -
cf. Gloeocapsa sp. [] rare E:\Pokusy\Endolithe
of. Chroococcidiopsis sp. | rare E.\Pokusy\Endolithe
f. Chroococcus sp dominant E:\Pokusy\Endolithe
fungal spores often
Commurity photograph
Link to other community photos
E-\Pokust\E ndolithes\Svalbard 2012\J01206 Zaznam: W 124 LN \Vyhledavani
Zaznam: M 42032318 » M ¥ \Vyhledavani

Fig. 2. The same sample as in Sampling Protocol book (Fig. 1) as filled in Sample Entry form in
the SampleDTB.
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Tables
Source data for the SampleDTB include following fields in the main table

Sample number: unique alphanumeric code; mandatory

Site data: site description, date and time of sample collection, names of collecting
persons/groups, climatic zone GPS coordinates, elevation, sample depth
Environmental data from in situ: pH, temperature, conductivity and oxygen
concentration expressed in mg I and % of saturation

Habitat type: list of habitats

Community type: list of communities

Species composition: species/genus with relative abundances

Laboratory analyses: pH, alkalinity, nutrient concentration (nitrogen and
phosphorus, chlorine), chlorophyll a concentration, algal growth potential, algal
primary production rate at 5 and 25 °C (for justification of evaluation of algal
growth potential and algal primary production rate at 5 and 25 °C refer to Kviderova
et Elster (2013).

Photographs (site, community, microphotographs) and links to photographs

Several fields are used for detailed description of the samples and analyses, e.g.
geological setting or datalogger number positioned at the site.

Several supporting tables/lists define types of climatic zones, habitat types, community
types, taxons (in SampleDTB sensu species or genus) with taxonomical remarks (class,
order and family) and abundances on relative scale (dominant — often — rare). The
relations between the tables are shown in Fig, 3.

Table Reference includes all literature used for data entry. At present, the literature
includes determination keys to cyanobacteria and terrestrial algae (Ettl et Gértner 2014,
Komarek et Anagnostidis 1999, 2005, Komarek 2013).

Fig.
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Queries

The queries are based on SQL languages. Simple queries are used for summaries or
whole dataset or for specific parameter, e.g. collecting persons/group names, or for
looking up specific samples and taxon. Queries are also used for selection of data for
export to other applications like GIS or multifactorial analyses. More complicated
queries can be defined by a user skilled in MS Access® or SQL language.

Forms

The forms are used for query dialogs and navigation in the SampleDTB, for data entry
and data modification (Fig. 3). To facilitate the data entry from nearby sites, sample
duplication was included. However, the sample number must be modified to keep
uniqueness. If not, an error prompt will appear. To modify data, the sample can be
accessed directly in the form. A special form is used to enter a new algal or
cyanobacterial taxon (species, genera) into Taxon table. The fields concerning class,
order and family are included.

Reports

Reports are based on the tables or the queries. The reports may include all data in
database, or may be focused on specific region or group according to user’s definition.
As in queries, reports may be used for data export, especially for publications or annual
reports. Reports allow creating basic charts, however, export of values is necessary for
more sophisticated charts.

Database administration

In order to keep database integrity, only administrator can modify the structure. To avoid
entering incomplete or false data, Administrator can enter new sample or modify
individual data fields exclusively. The user can look into samples, generate reports and
export the data.

Results

The database provides several outputs options — datasheets, summaries, lists and direct
exports.

Datasheets

For each sample, a datasheet for sample catalogue is generated (Fig. 4.) and can be
printed as hardcopy. Simplified datasheets without site/community photographs may be
summarized in sample lists and may include list of taxons observed. In Sample
Datasheets, additional fields were introduced for characterization of locality according to
pH (acidic-neutral-alkaline) and algal growth potential according to Zakova (1980).

Summaries

The database provides number of samples collected, number of sites visited and number
of taxons observed in complete dataset or of selected sample sets. The sample sets could
be selected according to name of collector primarily, however queries for sample
selections may be modified according to user’s needs.
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Lists
Lists are used to cataloged sites visited, samples collected or taxons observed, either in
whole dataset or in selected samples.

Exports and further data evaluation

The datasheets can be exported to a text processor to become a part of an article or a
report. The queries and reports can be exported to a table processor for more
sophisticated calculations and analyses.

CENTRE FOR POLAR ECOLOGY

e e e e e
Sample Datasheet 1Q1206

% Svalbard, Mumien Mt., NE slope, gypsum outcrop

Date  26.8.2012 15:10 Collected by Jana Kviderova
Zone polar GPS 78.71101 16.4267 Altitude 63ma.s.l
Habitat stone Community cryptolithon Depth 0.0l m

Site detalls
gypsum fragment with a green layer

Site photograph

Link to site photos #E:\Pokusy\Endolithes\Svalbard 2012\JQ1206#
Link to ity photo  ME:\Pokusy \Svalbard 2012\)Q1206#
In situ conditions
pH 0 not measured Temperature 0°C not measured
Conductivity 0 uS ecm-1 not measured
Oxygen Oomgll not ured 0% i not measured

Other analyses/measurements performed in situ
visual and FluorCam documantation of the sample

Laboratory analyses

pH 0 Conductivity O pScm-1 Alkalinity 0 mmol -1

Nitrogen DIN 0 ughl N-NO3 0 pglhl N-NH4 0 pghl N-NO2 0 pghl
Ntotal 0 pghl

Phosphorus SRP 0 pghl DIN/SRP nc
Ptotal 0 pghkl Ntotal/Ptotal nc

cl 0 mghl Chlorophyll a 0 pghl

AGP 5°C 0 mghl 25°C 0 mglhl

APPR  5°C 0d1 25°C 0da1

*0 - not analyzed; nc - not calculated

Species observed
Species/Genus Abundance Notes on genus/species
cf. Gloeocapsa sp. rare

Fig. 4. The first page of Sample datasheet for the same sample as in Figs. 1 and 2. The list of
species continues on the second page (not shown).
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Discussion
Management of the sample database

The first task was to develop robust and
logical sample ID system. At present, the
Sample number consists of two to four
letters indicating person(s)/groups (“call
signs” in capital letter, specific for each
key member of CPE and group) that col-
lected the sample. These “call signs” are
followed by two digits indicating year of
sample collection and two numerical sym-
bols indicating sample number in each
year. For example, JQ1206 indicates a sam-
ple collected by Jana Kviderova (“call
sign” JQ) in 2012 (12) and the sixth sam-
ple collected in that year (06). In order to
save space in Sampling Protocol note-
book, samples from the same site may be
distinguished by adding one alphabetical
symbol after the sample number. For ex-
ample, samples of cryptoendolithic com-
munity JQ1205 and JQ1205a were col-
lected at the same stone, but the first one
on August 8, 2012, and the second one on
August 26, 2012.

Robust and logical system also had to
be developed for site identification in or-
der to avoid inconsistences. The template
for site is hierarchical starting from large
structures (e.g. country) to more specified
levels (region, town, mountain...), for in-
stance, Svalbard, Mumien Mt, NE slope,
gypsum outcrop. Some un-official local
names had to be introduced like “Oblik”
(island/peninsula in front of the Norden-
skidldbreen, probably Retrettoya) or “Ro-
klinka” (small narrow valley with high
waterfall on the east bank of Petuniabukta
in Wordickammen range; between Fortet
and Skottehytta) in order to facilitate com-
munication in the field and search func-
tions in the SampleDTB.

SAMPLE DATABASE STRUCTURE

Photographs (macro- as well micro-
photographs) of a sample were stored in
separate folders with the same name as a
sample. The microphotographs files are
named according to taxon and objective
magnification used.

Since the database was also designed to
track algal and cyanobacterial diversity,
the taxonomical remarks (class-order-
family) were introduced only for algae and
cyanobacteria. For other microorganisms
like fungal hyphae, “n/a” (not applicable)
was added. When no (micro)organism had
been observed in given sample, “none” was
filled in. Adjective “uncertain” meant that
further analyses are required like long-
term cultivation for life cycle observation
or sequencing for identification. Especially
in case of green coccal algae, unidentified
taxons were recorded as LGB, ie. “little
green balls”.

During database operation, the human
factor caused main inconsistences. Provid-
ing incomplete data for SampleDTB from
field measurements reduced the availa-
bility data for further analyses, and hence,
the quality of outputs. If the sampling site
specifications did not include GPS coordi-
nates, the data could not be used by any
GIS, or later re-sampling is not possible.
If some in situ analyses are omitted, e.g.
physico-chemical parameters measure-
ments in liquid samples, the environmental
characteristics cannot be include into multi-
variate analyses and only unconstrained
methods can be applied (Ter Braak et
Smilauer 2012). If only minor attention is
paid to photodocumentation of site and
community, it may cause problem during
re-sampling of a site.
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Future development

In future, the database could be im-
proved by several ways. At first, database
should become accessible on-line together
with image archive. The on-line access
will allow basic search within data and
photographs and some basic lists will be
generated, like sites visited. General re-
marks on individual taxon should be
shown as a taxon datasheet. For un-official
site names introduced during the field ac-
tivities, a map including these names should
be generated by some GIS software. The
position of these un-official sites should be
determined by GPS coordinates of a given
locality. For small areas; ie. sampling
sites located several meters apart, mean
GPS coordinates should be sufficient.
Large areas, i.e. sampling sites located
several tens to hundreds of meters apart,
should be defined by several border GPS
points.

At second, the database should allow
selected types of calculations according to
users’ requirements. Considering that there
is Taxon List defined, biovolume calcu-
lation seems to be easy to add. For each
taxon, a specific equation for its shape is
defined and the size data (diameter, length,
width...) should be added to calculation
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