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Abstract

The implementation of the Habitat Directive (Dir. 92/43/EEC) entails gathering a large amount of field data. As for monitoring
activities, along with spatial data (GIS data), tabular data regarding habitat, plant and animal species population size, and pressures
and threats acting on them are collected. In this paper we describe two relational databases designed to ensure a correct and efficient
data storage for the habitats listed in Annex I and the Plant species listed in the Annexes II, IV and V. The two relational Databases
were designed in Microsoft Access format. In both databases, “Lookup Tables” related to the taxon were used to avoid replication and
to centralize the data. Data Tables were used to store the raw data deriving from monitoring activities. The adopted databases allow
the storage of collected data in a standard and homogeneous format and make data entry easier to users, reducing input errors. The
databases comply with the mandatory actions of art. 11 and 17 of the Habitat Directive and give a prompt reply to the basic requests
of users. Finally, the databases aim to provide citizens and/or other end users with all the data gathered in a single regional repository,

with zoological data in addition.
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Introduction

The Habitat Directive (Dir. 92/43/EEC, hereafter HD)
regulates all the processes/regulations that the Member
States (MSs) of the European Union have to follow to
maintain or restore at a favourable conservation status the
habitats listed in Annex I and the species listed in An-
nexes II, IV and V (art. 2). These processes/regulations
include: a) the setting up of the Natura 2000 (N2000)
Network (art. 3, 4); b) the establishment of the necessary
conservation measures for each Network site (art. 6); c)
the surveillance (monitoring) of the conservation status
of the natural habitat and species referred to in art. 2 (art.
11). Moreover, every six years each MS has to draw up a
Report on the implementation of the measures taken (art.
17, subsection 1). All the MS Reports are used by the Eu-

ropean Commission (DG Environment) to evaluate the
progress in achieving the goal of maintaining or restoring
at a favourable conservation status the habitat types and
the species listed in the Annexes (art. 17, subsection 2).

Monitoring activities, in addition to ensuring the effec-
tiveness of the conservation measures applied on a local
scale in a Special Area of Conservation (SAC) (EC Notice
2019 quoting EC 2013), are also carried out to assess the
conservation status of the habitat types and species listed
in the Annexes at a Biogeographical region level (EEA,
2011). Indeed, the monitoring results are synthesized at
Biogeographical region level and published thanks to the
reporting activities ex art. 17.

In this respect, Italy has drawn up guidelines for the
implementation of the monitoring plans, outlining for
each species and habitat type the required field activ-
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ities (Angelini et al. 2016; Ercole et al. 2016; Stoch and
Genovesi 2016). Monitoring activities are expected to
produce a massive amount of very different data. Together
with spatial data (GIS data), tabular data regarding habitat
type, plant and animal species population size, and pres-
sures and threats acting on them are collected. Moreover,
for habitats and plant species, it is necessary to carry out
phytosociological relevés in order to identify the habitat
type of Annex I and to record the indicators useful for the
assessment of the conservation status both of habitat type
and of habitat of the species of Annexes II, IV and V.

Differently from other MSs, Italy has partially delegated
the HD implementation to the Local Authorities, name-
ly Administrative Regions and Autonomous Provinces
(D.PR. 357/1997; D.M. MATT 03.09.2002) and Manage-
ment Bodies of the SACs. The Local Authorities have to
regulate specific monitoring plans through regional laws,
on the basis of the national guidelines. The Management
Body of a SAC is responsible for taking decisions on hab-
itat and species management by drafting the Management
Plan of the SAC and applying the site-specific conserva-
tion measures. The Local Authorities and the Manage-
ment Body of a SAC can be represented by different in-
stitutions. In fact, D.PR. 357/1997 states that if the SAC is
located within the boundaries of a National Nature Parks
or Reserve, the Management Body is the same as the pro-
tected area. With respect to the other SACs, each Local
Authority must identify the related Management Body by
means of an autonomous local legislative measure.

The effects of these legal provisions on monitoring
activities are very important. Even though a monitoring
plan drafting is mandatory for the Local Authority, its
actual implementation involves the Management Body
of the SAC. In fact, according to the Notice of European
Commission (EC Notice 2019 quoting EC 2013), moni-
toring should assess the effectiveness of the conservation
measures taken by the Management Body thanks to the
Management Plan of target habitats and species present in
the SAC. In this respect, the Management Body can take
decisions autonomously.

The final effect of this complicated legal and admin-
istrative framework is that the monitoring activities
could be carried out in a very different way by the dif-
ferent Management Bodies, even within the same Local
Authority. As a consequence, monitoring activities may
involve several groups of operators acting in the differ-
ent SACs of the same Local Authority, and differences in
storing the data may arise. Afterwards, all these data must
converge into a regional centralised archive containing all
the information and all the characteristics of the N2000
sites. A data repository not planned to unify nonuniform
data may therefore negatively affect the data analysis as
required by the HD, art. 17.

The importance of botanical data computerization has
been a subject of scientific interest since the last twenty
years of the twentieth century. The botanical databases are
mainly aimed at the use of floristic and phytosociological
research (e.g. Gomez-Pompa and Nevling 1988; Dennis

2000; Pankhurst 2004; Danin et al. 2006; Santangelo et al.
2008; Zielinska et al. 2010; Dengler et al. 2012; Domina
et al. 2013; Lucarini et al. 2015; Bedini et al. 2016; Lon-
go et al.,, 2021). Particular attention has been paid to the
creation of taxonomic-nomenclatural databases (Bisby
2000; Peruzzi 2018), now available online, for the world-
wide and local floras (e.g. POWO 2022; Euro+Med 2006
onwards; Portal to the Flora of Italy 2022). As for the
monitoring activities required by the HD, many articles
and technical reports (e.g. Barbier et al. 2009; Weinke and
Ragger 2013; Viciani et al. 2014; AA.VV. 2015; Uzunov
et al. 2016; Floranet LIFE Floristic Geodatabase, 2021)
mainly discuss the outcome of the monitoring activities,
analysing original data. Some papers do not address is-
sues connected to the design or implementation of the da-
tabase used to store the tabular data, not allowing a con-
structive methodological comparison. The little attention
paid to a methodological data storage disagrees with the
importance of this feature in terms of management of the
same “biological objects” (e.g. habitat type or species list-
ed in the Annexes of the HD) shared by Local Authorities
and Management Bodies.

The main purpose of this paper is to draw the attention
of the botanists involved as consultants by different Insti-
tutions, to the key features of the repository that is intend-
ed to store the data specifically gathered for monitoring
purposes, under 92/43/EEC.

In this respect we describe the two databases that were
specifically designed in an Administrative Region (Cam-
pania) to store and to manage monitoring data gathered
by different operators. These databases were distributed
to private corporations that won several calls for bids an-
nounced by the Management Bodies of the N2000 Net-
work. All the activities are carried out according to the
Monitoring Plan of the N2000 Network of the Campania
region (hereafter MPCam, Giunta Regionale della Cam-
pania 2021) for the habitat types and the plant species.

Methods

Two relational Databases (DBs) were designed in
Microsoft Access format, the same software used by the
European Environment Agency to manage the N2000
data (EEA, 2017, 2021, 2022). The DBs were specifically
planned to save and manage sampling data derived from
the monitoring activities on habitat types (HD Annex I)
and plant species (HD, Annex II, IV, V). The DBs refer to
the vascular plants of the Italian flora and to the species
of Bryophytes and Lichens of community interest pres-
ent in Campania. Although the two DBs are very similar
in their structure, there are some differences about rela-
tional tables and forms for data entry and query, due to
the different data stored in the two DBs: HabitatDB and
PlantDB. The official language of the DBs is Italian as they
were planned to be used by Italian target personnel.

In both DBs there are common tables related to the
taxon, acting as “Lookup Table” to avoid data replication
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and to allow their centralization (Hernandez 2013). The
Lookup Tables are used for the variables that are univo-
cally linked to another one (e.g. for plant species a “tax-
on” and its presence in a list of protected species). All the
other tables are typical Data Tables useful to store the raw
data deriving from field work. In this respect some tables
are present in both DBs, while other tables are present ei-
ther in HabitatDB or PlantDB. All the tables are linked
to each other through relational key attributes based on
numeric or alpha-numerical codes.

Forms and subforms (in Microsoft Access terminol-
ogy: masks and submasks, respectively) are provided to
facilitate data entry and consultation. Data entry forms
are available both in a basic form (one record of data at
a time) and as a multiple item form (multiple records of
data at the same time). The data consultation is mainly
provided in a datasheet form (Murray 2020).

Results

Tables

The HabitatDB and the PlantDB contain Lookup Ta-
bles (LT) and Data Tables (DT). The Lookup Tables, pres-
ent in both DBs, related to the taxon and other standard
data referring to EU official documents are the following:

Species — The LT includes information about all the
vascular plants of the Italian flora, according to Barto-
lucci et al. (2018) and Galasso et al. (2018). Specifically,
nomenclatural data (family, taxon) and other related at-
tributes (Italian endemic, taxon taxonomically doubtful)
are available. The categories “N” for native and “A” for
alien are specified for each taxon. Species of Bryophytes
and Lichens of community interest present in Campania
were added.

Synonyms - The LT includes all the synonyms, misap-
plied, and included names according to Bartolucci et al.
(2018) and Galasso et al. (2018). Other synonyms for the
taxon reported in Italian floras (Fiori 1923-1929; Pignatti
1982) were added too, according to Conti et al. (2005).

Regional data — The LT contains the attributes that are
specific to the Campania Flora. The occurrence status in
the region is indicated according to Bartolucci et al. (2018)
and Galasso et al. (2018), using the same categories (Oc-
curring, “P”; Doubtfully occurring, “D”; No longer record-
ed, “NC”; Extinct or possibly extinct, “EX”; Recorded by
mistake, “NP”). As for the Alien flora, the following cat-
egories were used: “P A” [“CAS” (Casual), “CAS?” (Oc-
curring with an undefined invasion status, likely as casual
alien), “NAT” (Naturalized), “INV” (Invasive)]; no lon-
ger recorded, “NC A”; extinct or possibly extinct, “EX A”;
data deficient, “DD A”; doubtfully occurring, “D A”. Other
available attributes concern the possible presence of the
taxon in the Annexes II, IV; V of the HD, and/or in the
list of the species protected by regional law (LR Campania
40/1994), and/or in the National Red Data Books (Rossi et
al. 2013, 2020) as reported in Orsenigo et al. (2018, 2020).

Campania N2000 sites — The LT encompasses the se-
lection for Campania region of the N2000 sites recorded
in the official EU database (Natura 2000 Access database,
EEA 2022), with all the available fields.

Pressure and threats code — The LT refers to the list of
threats/pressure according to the Guidelines of European
Environment Agency (DG Environment 2017)

Land Cover — The LT refers to the list of CORINE Land
Cover types as listed in Strumia (2018).

The Data Tables used for storing field data are described
below. They are grouped by the main data type. The DB in
which each table is present is reported in brackets (H =
HabitatDB, P = PlantDB, HP = present in both).

Data Tables related to ecological and geographical data:

Plot data sheet (HP) - The DT provides all the attri-
butes of the monitoring plot. In detail it includes code plot
(as required in MPCAM: 16), sampling date, data collec-
tor, geographical coordinates (WGS84 33T EPSG 32633),
altitude, slope aspect and inclination, geological substrate.

Transect data sheet (H) — The DT includes data related
to the plots distributed along a transect (e.g. sandy coastal
vegetation).

Data Tables related to the monitoring data:

Floristic specimen (HP) - The DT allows the record
of the raw data collected in the field. Namely, the provi-
sional name (e.g. the name used in field sampling, waiting
for the correct identification of the taxon), the plant spe-
cies cover value using the Braun-Blanquet modified scale
(Westhoff and van der Mareel 1978) and the type of the
plant record (photo, herbarium specimen, observation).

Demographic specimen (P) - The DT was specifically
designed to record the data required for monitoring plants
of community interest (Ercole et al. 2016). Available fields
are: number of individuals, percentage of individuals in
reproductive status, presence of seeds (or spores), and/or
seedlings, and/or dead individuals, evidence of vegetative
reproduction.

Pressure (HP) — The DT allows ranking the pressure
acting on the site/plot (High, Medium), according to DG
Environment (2017).

Threats (HP) - The DT allows ranking the threats act-
ing on the site/plot (High, Medium), according to DG En-
vironment (2017).

Data Tables related to museological data:

Herbarium specimen (HP) - The DT encompasses all
the attributes useful to herbarium specimen descriptions
(type and presence of plant organs, conservation status).

Forms

The data entry forms replicate as faithfully as possible
the paper forms used for the fieldwork data collection
in the monitoring activities as provided in MPCAM (pp
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133-138). All the fields concerning ecological and geo-
graphical data are in the upper part of the main form (Fig.
1). Other subforms are available at the bottom of the main
form to store the data concerning Pressure and Threats
acting on the site/plot, the demography (only in PlantDB)
and the phytosociological relevés.

Most fields have an input form planned to simplify
data entry, limiting typing errors. Namely, the facilitations
consist of a) mandatory fields and presetting of the input
value size (e.g. “plot code”, “coordinates”); b) selection of
default values from a list recorded in a related Lookup Ta-
ble (e.g. “Land Cover”, “N2000 sites”, “Pressure’, “Threats’,
Update binomial, Other synonyms); ¢) addition of values
from a drop down list (e.g. “data collector”, “Provisional
name”).

In the subform planned for the data entry of each tax-
on recorded in the phytosociological relevés (Fig. 2), us-
ers may either type the name used in the field paper form
(provisional name), in case of uncertain identification,
or directly choose among updated names (by the dedi-
cated field or by “other synonyms”) if the identification is
certain. The cover value of each taxon must be recorded.
Moreover, the type of the plant record (herbarium spec-
imen, photo, observation) must be indicated too. Sev-
eral fields useful to check the importance of the record
are shown after the choice of the correct binomial of the
taxon. Namely, categories of the taxon (Native/Alien),
endemic, taxonomically doubtful, distributional data for
Campania region (CAM) and potential inclusion in pro-
tected species list or Red List. Moreover, an ad hoc box is

devoted to the recording of the museological data of the
gathered specimens.

Consultation and analysis of stored data

To perform a consultation and an analysis of stored
data, several queries and reports are available in a main
menu (Fig. 3). Some of them generate a datasheet in Mic-
rosoft Excel format to export data for further analysis and
editing (e.g. matrices of phytosociological data, floristic
checKklist, list of pressures and threats). Report tools pro-
vide PDF files of labels suitable for herbarium specimens
collected during field activities. Moreover, another option
is to print replicates of the field paper forms.

Discussion

In order to get data regarding N2000 Network compa-
rable over time, the databases make it possible 1) to set
up a regional database fulfilling the requirements of art.
11 and 17; 2) to make data entry easier to users and free
from errors; 3) to store data in a standard and homoge-
neous form; 4) to give prompt replies to the basic requests
of users (scientists and site managers) and 5) to provide
citizens and/or other end users with all data gathered in a
single regional database, with zoological data in addition.

The DBs comply with the mandatory actions of the
Local Authority (in our case the Campania region) and

\ Data entry form - Habitat

plot code

|

relevé number

author of sampling
date

UTM33T - WG584 coordinates X Y

plot annotation
plot photo code

elevation (m) 0 slope aspect (°)

geological substrate

land cover

tree mean height (m) 0 cover%

shrub mean height (m) 0 cover%

herbs mean height (cm) 0 cover%

Pressure Threats Phytosociological relevé

N2000 Site code

vegetation total cover %

0

0
0

<]

[

<

I

<

slope inclination (°) 0

T| rocky cover % 0 stony cover % 0

0 bar soil cover % 0 litter cover% 0

sampling plot size (radius m

code

-

pressure

ranking of pressure

Record: 14 1di1 M l@ Cerca

| add

edit

] Eave

‘ Record: |4 1di1 4] ?Non filtrato | |Cerca

Figure 1. Data entry form in Database Habitat (translated from Italian). In the upper part of the form the fields referring to the head-

er of a phytosociological relevé are reported. At the bottom of the main form, the subform concerning Pressure acting on the plot is

reported. The labels of the subforms concerning Threats and Phytosociological relevé are shown too.
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Pressure Threats Phytosociological relevé

provisional name :‘ cover value v|
updated name v'\ source of record v
other synonyms v J
CAM endemic taxonomically doubtfull number of specimens
Habitat Directive Annexes priority specimens conservation status TI
Regional law 40/94 leaves M  flowers M  fruits (M sporangia W
Italian Red List strobili M  seedlingsM  seeds [
Family Category
plant annotation [~]
plant photo name
14 4 1°di0 [ 3 ] add species edit species save species close
‘ Record: 14 1di1 Ll SZNon filtrato | Cerca

Figure 2. Detail of Phytosociological relevé data entry form in Database Habitat/Plants (translated from Italian). Some fields support
data entered by users (in blue), while other fields (green, in the box), include information reported in the Lookup Tables “Species” and

“Regional data” and are activated by the selection of the updated name or other synonyms (red fields) of the recorded taxon. In the

orange box the fields referring to the herbarium specimens are arranged.

help the Management Body of a SAC define the required
management actions.

The DB layout is planned to best store the field data
gathered during the monitoring activities according to
MPCAM.

As the monitoring activities can be carried out by dif-
ferently experienced individuals (sometimes with very
poor knowledge of taxonomy and phytosociology), the
DBs ensures data homogeneity, standardization and sci-
entific value in this case. Indeed, the DBs use a standard
taxonomic repository (Bartolucci et al. 2018; Galasso et
al. 2018) and recently updated lists of attributes related to
the species (Peruzzi et al. 2014; Rossi et al. 2013, 2020).
This feature allows the comparison and the confluence at
regional level of the data gathered in the different SACs.

The DBs were developed using Microsoft Access. How-
ever, the suggested structure can be easily used in other
types of software. In our opinion, one of the key strengths
of our DB is the use of lists (taxonomy and other char-
acteristics of each taxon) deriving from national research
projects (e.g. Portal to the Flora of Italy, 2022; Rossi et al.,
2013, 2018). This choice ensures both the continuous data
updating by many scientists involved in national projects
and the data standardization at national level. The rela-
tional structure allows an easy updating of the tables re-
lated to the taxon, that is uniquely identified by an alpha-
numerical code, by the DB administrator.

The support of the facilitations provided by the forms
ensures data entry accuracy and data storage consistency.
The form used to store phytosociological relevés instantly
marks the presence of target species (e.g. endemic and/or
protected species), highlighting the scientific or manage-
ment relevance of the recorded taxon.

The data analysis is simplified by the queries and the
reports provided by the two DBs. All data can be easily
analysed at both site and Local Authority scale, provid-
ing the information required by the HD. At SAC level, the
analysis of Pressure and Threats recorded for each habitat
type or species provides useful information (required by
the HD, art.6) concerning the conservation measures spe-
cific to site, and its habitat types and species. The conser-
vation measures must counteract the Pressures or Threats
recorded in the SAC. To this end, the DB tools help the
Management Body with the identification and quantifica-
tion of Pressures and Threats. The same tools allow their
prioritization in a standard and comparable way in order
to define the best conservation measure to be applied.

In the HabitatDB exporting data to a raw matrix fa-
cilitates the phytosociological analysis necessary to iden-
tifying the habitat type. The attributes of each taxon re-
corded in the relevés (native, alien, endemic, red listed)
and used as indicators of habitat functionality (MPCam:
17-18), can be easily extracted to allow the assessment of
the conservation status of the sampled habitat. The same
facilitations are provided by the PlantDB, allowing the use
of indicators assessing the habitat of the species quality,
and making population size data comparable over time,
according to the provisions of MPCam (p. 69).

Reports facilitate the management of herbarium spec-
imens, whose collection is mandatory in case of plant re-
cords that update distributional data for Campania region
(MPCam: 16). Namely, the mandatory delivery of herbar-
ium material to an institutional museum (MPCam: 16),
is made easier by the provided report in PDF format for
labelling specimens.
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Data consultation and analysis

datasheets

print

reports

Figure 3. Main menu form for consultation and analysis of stored data in HabitatDB (translated from Italian). The buttons to generate

a datasheet in Excel format are arranged on the left. On the right the buttons to print reports in PDF format are reported.

As for Standard Data Form updating, the DBs allow
the extraction of the information required in the Com-
mission Implementing Decision (EC 2011). Namely, the
“Species size” in Sect. 3.2 of the Standard Data Form or
the list of “Other species” (Sect. 3.3) that can be easily ex-
tracted by the "Species” and “Regional data” tables by a
provided query (e.g. Checklist).

What is more, the availability of georeferred distribu-
tional data for all the recorded species, easy to import into
the GIS environment, represents a very feasible tool of
biodiversity management.

Finally, the databases make all the botanical and zoo-
logical data collected in the monitoring activities available
in a single regional repository to citizens and/or other us-
ers, as required by the art. 17(1).

Conclusion

The outcome of the monitoring activities ex art. 11
can be used to assess the conservation status of habitat
types and species listed in the HD Annexes and to comply
with the art.17 (Biogeographical Region level). The same
data can be used by the Management Body of each site
of N2000 Network (site level) to assess the conservation
measures effectiveness, in order to comply with the prior-
ity taken by the conservation objectives described in the
Management Plan.

In Italy the national regulations (DPR357/97; D.M.
MATT 03.09.2002) referred some matters (such as En-
vironment) to Local Authorities (namely Administrative
Regions, Autonomous Provinces), importantly compli-
cating the HD application. As a matter of fact, in Italy
the monitoring activities are not in charge of one central
Authority, as in other MSs, and they are planned by the
different Local Authorities independently, e.g. in terms of
sampling design, skills of involved personnel and repos-
itories used to store data. Moreover, the monitoring plan
is put into practice by the Management Bodies that have
the authority to choose differently skilled professionals.

Currently, in Campania the activities required by the
monitoring plan are being developed by private corpo-
rations that won several calls for bids announced by the
Management Bodies. These corporations recruited differ-
ently experienced professionals by terminable contracts
and agreements. In such a context, where the necessary
involvement of scientists in the sampling activities is not
ensured, the use of a repository planned to store data in
a standard and homogeneous form represents a focal tool
to give them scientific accuracy.

The stored data standardization makes it easier to pro-
vide the Ministry of Ecological Transition (MiTE) with
the data required by art. 17 and to update Standard Data
Forms (EC, 2011). The distributional data of taxa of in-
terest could be available in the National Network of Bio-
diversity, improving this important project, which carries
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out a strong joint action in support of the National Biodi-
versity Strategy (re3data.org 2022).

In our opinion, monitoring under the HD is an “eco-
tonal” topic between science (floristic, taxonomy, phyto-
sociology, plant ecology) and bureaucracy (e.g. mandato-
ry practical actions required by laws referring to different
Authorities at different levels). The DBs presented in this
paper were intended to balance the two sides of the same
law: science and bureaucracy. In this respect, they were
imagined and planned for the purpose of creating a tool
able to meet the requirements of scientific accuracy and to
fulfil the practical requests of Institutions at the same time.

Finally, we hope this paper may contribute to the bota-
nists’ debate about the actual role of the scientific commu-
nity and their contribution in the matter of the complex
processes and mandatory actions required by the Habitat
Directive.
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