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\bstract. The paper deals with the devel-
pment of a convenient system for
wrbarium management. We included
'00 000 herbarium samples in the system.
it is an useful tool for documentation and
futa analysis of the biodiversity collec-
0Ns.
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INTRODUCTION

[he Herbarium of Agricultural Uni-
.ersity of Plovdiv (SOA according to
fndex of Herbariorum) holds valued
pecimens. Some of them are collected
luring a century ago by different
withors (Delipavlov et al, 1997).

SOA includes more than 100 000
pecimens of the Bulgarian vascular
tlora, which are collected from differ-
nt floristic regions. The accessions
hold information on the biodiversity
changes in Bulgaria and the Balkan
Peninsula. The physical access to the
herbarium materials is limited. Very
often, direct search of information by
definite criteria is needed.

Because of improving information
rechnologies since the 60's of the XX
century, many herbaria develop sys-
rems  for electronic documentation
Skvortzov, 1977; Peat, 1998). The
ontemporarious herbarium databa-
cs are usually realized by specialized

ks

software. There should be pointed:
BRAHMS-used in many herbaria in
Europe, Asia. Northern and Southern
America: BG-BASE used in herbaria
and botanical gardens of more than 22
countries; TRACY known in USA
and Canada, DataX/FLORIN — her-
baria in Russia and neighbour coun-
tries; PRECIS (South Africa), data-
bases under MS-Access such as HER-
BAR, BIBMASTER, MS-FoxPro,
dBASE or TAXIS (see Appendix 1).

Appendix 1. Herbarium documentation software

cited in the article is:

BIBMASTER —A databasc application for nomen
clature, litcrature and specimen management;
httpy//www.rib.esic.es/bibmaste/bibcaract.htm

BG-BASE, BG-BASE Inc. 1997. Royal Botanic
Garden Edinburgh, UK and The Holden Arbor-
etum, US. hutp://www.rbge.org.uk/BG-BASE/wel-
come.htm : ’

BRAHMS —Botanical Research And Herbarium
Management System 5.20 (12 Nov. 2001). Univer-
sity of Oxford. http://www.brahms.co.uk/

Data X/Florin—Florin Biological Information Sys-
tem. DataX/Florin Inc. http://www.florin.ru/florin/-
gen/free.htm

HERBAR —Una applicaciyn en MS-Access para la
destiyn de herbarios; http://www.rjb.csic.es/her-
bario/herbar.htm

HerbariumAccess. UC Davis Herbarium, Section of
Plant Biology, University of California at Davis
(1997);  http://herbarium.ucdavis.cdu/herbaccess/
databascinfo.htm
PRECIS. Pretoria, National Herbarium (PRE)
Computerised Information System; http://www.sa-
bonet.org/precis.html

TAXIS 2.06 Taxonomic Information System (Jevgeni
Meike, 1999 —2001), hutp://taxis.virtualave.net/

Tracy —Herbarium Management System. 2.2. (M.
David Minnigerode, Center for the Study of Digital
Librarics, The Texas A&M Bioinformatics Work-
ing Group, 1997—1998), Texas A&M Biolugy
Department Herbarium and S. M. Tracy Texas
A&M  University  Herbarium,  htlp://www.
csdl.tamu.edu/ FLORA/input/inputsys.html
WISCOMP Integrated Computer System, Wiscon-
sin State Herbarium, University ol Wiscon-
sin — Madison; http://www.botany.wisc.edu/herbar-
ium/wiscomp.html

Nowadays, the good herbarium
practice includes particularly or com-
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Appendix 20 Herbarium collections  available  via

World Wide Web are as follows:

Thrpe specimens of the SOA Herbarium, Department
of Botany. Agricultural University ol Plovdiv.
httpy//www.botanica.hit.bg

The Antarctic Plant Database. http://www.antarc-
tica.ac.uk;/Resources/BSD/PlantDatabasc/index.
html

The Canadian Muscum of Nature. National [Herbar-
ium; http://www.nature.ca/collections/botany _e.cfm

Carl W. Sharsmith Herbarium, San Jose State
University, http://www.sisu.edu/depts/ herbarium/
dbabout.html
Digital Type Collection Of The Herbarium Jutlan-
dicum (AAU),

http;//132.38.37.132:591/TypeBase/default.htm

Florida Muscum of Natural History — University of
Florida Herbarium (FLAS); http://www.[lmnh.ufl.
edu/natsci/herbarium

Forest Pathology Herbarium (DAVFP), Pacific
Forestry Centre, Canada, http://www.pfs.cfs.nrcan.
ge.ca/biodiversity/herbarium

Fowler Herbarium  Database,  htip://biology.
queensu.ca/ ~fowler/data.htm

Harvard University Herbaria, USA, http://huh.
harvard.edu

Herbarium COLO, http://www._colorado.edu/
CUMUSEUM/research/botany/botany.html

Herbarium KW, National Herbarium of Ukraine;
http://www._nbuv.gov.ua/herbar

Herbarium RNG. The University of Reading, U.K,;
http://www.herbarium.reading.ac.uk .

IPK Gatersleben Herbarium, Deutschland, http://
www.ipk-gatersleben.de/herbarium/

JF.Bell Museum of Natural History. University of
Minnesota - Herbarium, http://biosci.cbs.umn.edu/
herbarium

The John Clayton Herbarium, The Natural History
Museum, U.K. http://www.hnm.ac.uk/botany/
clayton

Lichen Herbarium (Hcrb Nlmm,TSB) bnncrs.ty of
Trieste; httpy//www.univ.trieste.it/cgibin/g/bot/leggi

Linnacus Ilerbarium (S-LINN), Sweden, http:/lin-
nacus.nrm.se;botany/fbo/welcome.html.en

Oregon State University Herbarium: OSU Myco-
logy Collection and Vascular Plant Type Collec-
tion; htip://www.orst.edu/dept/botany/herbarium/
database.html

Oxford Botanical Collections, Oxford' University,
U.K. http://www.plants.ox.ac.uk/

National Herbarium Nctherlands, http://www.na-
tionalherbarium.nl/

National ltlerbarium of New South Wales,
http://www.rbgsyd.gov.au/html/science/Systema-
tics/Herbarium.html

The Virtual FHerbarium of New York Botanical
Garden; http://www.bybg.org/bsci/hcol/

Northern  Praire Herbarium, USA,  http://www.
npwrc.usgs.gov/resource/othrdata/herbar/HER-
BAR.HTM

The Paul Hermann Herbarium, The Natural History
Museum, U.K., htpy//www.nhm.ac.uk/botany/
databascs/hermann/index.htm
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Sareyshtikov Herbarium of Moscow State Unnver-
sity: - http: ‘herbamsu.ru/russian ‘departments her-
barium/

SEWANEE —The University of South, HHerbarium
Database,

http://www.sewance.edu/biology/databases herba-
rium.html

The Sloane Herbarium; http://www.nhm.ac.uk bot-
any/databases/sloane/index.htm
UC Davis Herbarium; http://herbarium.ucdavis.cdu
University of British Columbia - Herbarium Databa-
scs, hitp://herbarium.botany.ubc.ca/index.html

University and Jepson Herbaria, University of
California, Berkeley; http://ucjeps.herb.berkeley.edu

pletely information available via In-
ternet (Appendix 2). In this order, we
should pointed CASSIA —database
created in the New York Botanical
Garden, which consists of 417 183
records with 3¢ 385 specimen photos.
Another example for better applicabil-
ity of herbarium documentation sys-
tem 1s the Antarctic database consist-
ing of more than 50 000 records. It
has begun as a database of the British
Antarctic Survey Herbarium (AAS)
and further supplemented with data of
other herbaria as well of literature
sources (Peat, 1998).

The aim is to develop an electronic
database for documentation and
search in SOA herbarium, Plovdiv.

EXISTING HERBARIUM SYSTEM

The existing plate arrangement system
in SOA-iIs used to deveiop the
electronic. documentation  system.
About 100 000 exemplars of vascular
plants are stored in boxes and shelfs
according to the index of “Genera
Syphonooamarum ad Systema En-
glertanum” by De Dalla-Torre et
Harms, 1900—1907 (Delipavlov et

, 1997). In the database, we used the
same system for taxonomic descrip-
tion in the database as well the
accepted taxonomy in Flora Repub-
licae Bulgaricae.

As geographic characterization, we
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accepted the alphanumeric codes of
the UTM grid scts (50 x 50 km) from
Atlas Florac Europcae Project 2002
and the adapted sct (10x 10 km) for
Bulgaria (Kozhuharovetal, 1983).
t-or description of floristic geographic
data, we used also the map of 20
floristic regions, which is accepted in
“Flora Republicac Bulgaricae” 111 — X,
1963 —1995. The altitude is shown in
mcters (m) above the sea level. As
description of the plate origin, we used
the international herbarium codes
from Index Herbariorum.

The system is realized using PC
Hewlett-Packard: Pentium 100 MHz,
RAM 16 MB, SVGA 512 KB, HDD
2GB; with MS Windows 95 operating
system.

The program module (dSOA) is
compiled in the Botanical department
of  Agricultural  University using
RapidQ BASIC Compiler ver. 1.0.0.
(William Yu, 1999 —2000; http://www.
basicguru.com/abe/rapidq).
REQUIREMENTS FOR DATA
REARRANGEMENT

The development of herbarium docu-
mentation system according to the
presented above should response to
the following requirements:

« creation of database tables aimed
to support the most completed and
accurate available information;

e introduction of unlimited number
ol stored records;

e creation of main information
structure aimed for filtering and
sorting of records by accepted criteria;

o elimination of cases for duplica-
tion of specimen numbers;

o realization of compatibility with
the system used till now. That means
no changes in the proper arrangement
of specimens in herbarium rooms and
<helfs;
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» creation of database and program
module, quick running and user
fricndly interface; :

¢ developing information protec-
tion: data access control depending on
the user level and user documentation
by name and time;

+ possibility for data exportation in
suitable format for exchange or publi-
cation, data statistics and mapping .

« prediction of future improve--
ments of the database by number of
tables or fields as well by upgrade of
the program module.

The plant accessions (totally:
100 000) and fungal samples (5000)
are assigned by their serial number. -
This number is used in the scientific-
publications describing the specimens -
(Delipavlovet al, 1997). We accept
the serial number of herbarium plate
as an unique number or primary key
index in the database. In this way, we..
answer tc the both requirements
searching by serial number and limit-
ing the record/number duplication
We should point that searching by"
serial number is not possible by:
common access to herbarium speci--
mens till now.

The material arrangement of the:
herbarium plates is according to the.
index of De Dalla-Torre et Harms, ie*
by taxonomical position, as accepted
in the major herbaria. That is why, the
genus index from this system have to
be included in database, together with
the standard of Bisby (1994).

The type specimens are the most
important samples for every herbar-
ium collection. They are stored in
scparate boxes outside of the general
collection. One field aimed at showing
the specimen status is required in the
database. '

Although the proper geographic
coordinates (lattitude and longitude)
are not known, the collecting sites are
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described in free style as geographic
pames, altitudes, ccologic descriptions
~and other information. Appropriate
descriptors for the Bulgarian geograp-
~hic data, which relate to the existing
mformation, arc the altitude and the
pumber of 20 floristic arcas as accep-
~ted in “Flora Republicae Bulgaricag”
=X, 1963 — 1995. More accurate des-
“cription can be achieved using coordi-
“pates of UTM grid set as presented
both in Atlas Florae Europeae Pro-
ke, 2002 and in the set addapted for
* Bulgaria by Kozhuharov et al
: (1983)
To describe the country of origin,
" where the material is collected, we
-used ISO standard country codes.
- This international coding is accepted
in many herbaria, botanical gardens
“and genebanks (Walter, 1995; Hin-
tum, 1995)
_We should point that often the
_herbarium  samples contain data,
which can not be structured. That is
“why, it is needed to keep the label
_information from the label in a text
- field. In this way, the original informa-
tion is availablé as initially entered by
_the collector. Useful approach for
;practlcal application 1s the arrange-
- ment of photos or text descriptions of
: specimens in the electronic database.
Plates received from other herbaria
have to be assigned in new data field

f;with international herbarium code
- (Index Herbariorum). So, new criteria

for search of plates by their origin are
-available.

b_

' COMPLETING

- DOCUMENTATION SYSTEM
- The Documentation system of SOA is
realized as a relational database
- according to the requirements above.
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The protection of the entered data is
achicved by three access levels (Fig. 1).
The taxonomic description of the
specimens is divided in four ficlds
(Fig. 1). The fields “family”, “genus”
and “species” are coded and related to
the corresponding index tables. The
collecting site is described using
several fields: “country code”, “floristic
region”, “altitude”, “UTM grid”.

Coding and linking the ﬁelds with
uniform values to external tables
(Fig. 1-box 8, 9, 10, 11, 12), we
achieve not only better compacity but
also we avoid technical errors on data
input. The data on the original labels,
revision data, additional notes, plate
photos and text descriptions are
linked as external files. So, the main
table is made simple and available for
more detailed information (Fig.
1—box 3,4, 5,6, 7). As additional files,
we included tables of country codes
(ISO), herbarium codes and addresses
(Index Herbariorum), maps of the
floristic regions, UTM grids and
geographic gazetteer (Fig. 2).

The user interface of the program
module (dSOA) is realized in Bulgar-
ian language. To reach compatibility
with other systems, we predicted that
dSOA system could export and im-
port text (CSV) tables. They could be
processed by any office software. The
specimen data can be exported to
HTML or plain text documents, too.
dSOA could prepare complete report
by number of stored records as well
their relation to users, families, genera,
authors and type secimens. The pro-
gram module is able to display the
distribution of selected specimens as
UTM map using the defined maps
(Fig. 3). The system is successfully
tested with 630 stored records.



User's account (table)
ks User namc
2, Password

3. Original label data
external text file

4. Revision notes
cxternal text file

5. Additional notcs
external text file

6. Specimen photo
extemal JPEG file

7. Morphology
external text file

Related index data- ‘

v‘\"-‘rm‘wmwr ATy T ey
%

: SPECIMEN DATA

2. Main Database table (table fil

8. Family Index (table)
8.1. Family codc (to 2.2)
8.2. Family name

(record index) —relation
. Family code (index 8.1.)
. Genus code (index 9.2.)

. Specics code (index 10.2)
. Subtaxa (text field)

. Flonistic region number
. Altitude (im)
2.10. UTM grid (from D.)

2.11. Collector's code (Leg.) (11

2.14. Herbarium code (code from

1.1 and the system timer)

2.1. Number of the herbarium specimen

- Status of the specimen (index 12) |

. Country code ISO (code.from B.1)

1)
2.12. Author’s code (Det.) (11.1)
2.13. Date of collecting: YYYY—MM-]?D

2.15. last editor (name, date, time) and user’s key (from

c)

to 3,4,5,6,7

|
A2)

9. Genus index (table)

9.1. Family code (from 8.1)

9.2. Genus code (lo 2.3)

9.3. Genus name

9.4. Genus author

2.5. Index by de Dalla Torre et
Harms (1900-1907)

10. Species index (tablc) -
10.1. Genus code (from 9.2)
10.2. Specics code (to 2.4)
10.3. Specics name

10.4. Species author

11. Specimen authors (table)
11.1. Author codc (to 2.11 & 2.12)
11.2. Name in Bulgarian )
11.3. Namec in Latin

12, Specimen position (table)
8.1. Position code (to 2.6)
8.2. Description

e

ie. 1. Functional chart of database structure

Additional

A. Addresses of herbaria (tablc)
A.l. Country code (from B.1.)
A.2. International Herbarium Code
A.3. Address

B. Country codes (table)
B.1. Counuy codc (ISO)

C. Geography (gazetteer)
(table set from B.1)

C.1. Name of place

C.2. Aliitude

C.3. Floristic region

C.4. UTM code (from D)
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data

(Index Herbariorum)

: I D. UTM codes (table
I ! and map sct from B.1)
: 1D.1. UTM map
(cxternal file)
D.2. UTM description
(cxternal table)
D.2.1. UTM code
D.2.2. X-position
D.2.3. Y-position

Projects,

Lcological Problem
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Fig. 2. Main window of dSOA. The selected record from the table can be edited and reviewed in the form. The
pser could prevent each record of further updates
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Fig. 3. Geographic gazetteer and automatically drawn distribution map built using the information from
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-saved on 10 x 10 km UTM grid are signed with dots. The Moristic regions (IFlora Repiblicae Bulgaricac 11H-X) arc
“drawn on the base map
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CONCLUSION

The clectronic documentation system
of SOA Herbarium is an useful tool
for maintenance of collected informa-
tton. Using dSOA, the information
could be retrieved and sorted by a
definite criterion or complex of cri-
teria. It allows creation of UTM maps
for stored specimens or maps - for
distribution by periods and various
gcographic data.

The program module of dSOA runs
on any workstation under Windows.
It is applicable for herbarium work,
horologic databases, for specific re-
scarch in the arcas of botany or
environmental monitoring. The same
module could be used in other
biodiversity collections.
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