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14  Abstract

15

16 In this paper we describe a 50 years (1965-201&pgical database containing data collected inNbehern Adriatic Sea,
17  one of the 25 research parent sites belonging ¢olthlian Long Term Ecological Research Network ERFitaly,
18 http://www.lteritalia.it). LTER-Italy is a formal ember of the internationahitps://www.ilter.network and European
19  (http://www.lter-europe.net/LTER networks. The NAS is undergoing a procesd, By different research institutions and
20 projects, for the establishment of a marine edold@bservatory, building on the existing facdii infrastructures, and long-
21  term ecological data. Along this process, the imm@etation of the Open Access and Open Scienceipiéschas started, by
22 creating an open research lifecycle that involvesriag ideas and results (scientific papers), detev and processed),
23  metadata, methods, and software. The present daex [is framed within this wider context. The dathis composed of
24  observations on abiotic parameters, phyto- and lao&n abundances, collected during 299 cruisediffarent sampling
25 stations, in particular in the Gulf of Venice: wesdribe here the sampling and analytical activitles parameters, and the
26  structure of the database. The database is avaiahblttp://doi.org/10.5281/zenodo.326624Acri et al., 2019), it was also
27  uploaded in the DEIMS-SDR repository (Dynamic Egidal Information Management System - Site and B&tt&egistry,
28 https://deims.org/ which is the official sites and data registry f§ ER International network.

29

30 1 Introduction

31

32  We describe in this paper a 50 years (1965-201&pgical database containing data on plankton conities and related
33 abiotic factors, collected in the Northern AdriaBea (NAS). Plankton communities, which are atlithee of aquatic
34  ecosystem functioning, have a broad and diversifiede of seasonal patterns, multi-annual trenusshifts across different
35  marine ecosystems: making available long term sesfeplankton and oceanographic observations pesvigshique and
36  precious tools for depicting reliable patterns wérage annual cycles and for detecting significdrenges and trends in
37 response to global or local pressures and impacts.

38  Open Data is nowadays considered a crucial issumtin scientific research and public administratiomd management.
39  Wilkinson et al. (2016) conceived the “FAIR” dataamagement principles, which states that data mestFindable,
40  Accessible, Interoperable and Reusable”. The opesess to data is one crucial step of Open Science
41  (http://www.budapestopenaccessinitiative.org/reBdropean Commission, 2016), which is a wider apgh embracing
42  transparency at all stages of the research pratessresearch ideas to papers, open access tacdates, and software. Open
43 Science is actually a democratic way of makingljrewailable, for every researcher and stakeholdesgarch ideas, data,
44  metadata, tools, and outcomes. From the resegpoivrof view, open practices can give advantaigg, éf all, to open new
45 frontiers in science and provide solutions to utgastietal problems; moreover, it allows gainingrengitations, media
46 attention, potential collaborators, and funding amgnities (McKiernan et al., 2016) and it is vifal leaving a heritage to
47 future generations.

48 Ecology, being a multidisciplinary science, canebpbenefit from the Open Science approach, wtsclhowever, a matter
49 of interest and discussion among ecologists omgesthe last decade (Reichman et al., 2011). tietcultural shift from
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50 "data ownership to data stewardship" is not widgglgomplished and data sharing standards, bothdrtaohnical and ethical
51  point of view, have just started to be establisfi¢gimpton et al., 2015).

52 The Open Science approach is fostered in the datagement plans of the Long Term Ecological RebdaMER) networks,
53 at the national, European (LTER-Europép://www.lter-europe.nét/and global level (ILTERhttps://www.ilter.network
54 being considered a crucial step to advance sodegical research and education (Mirtl et al., 201BTER provides a
55  globally distributed network of long-term reseastes for multiple purposes and uses in the fiefdscosystem, biodiversity,
56 and socio-ecological research, it currently cdagi§ 44 national networks, managing more thansi@® worldwide (Haase
57 etal., 2018; Mirtl et al., 2018). LTER-Italyv{vw.lteritalia.if), a formal component of ILTER and LTER Europe si2006,
58 consists of 79 research sites, organized in 25npagiees, which include terrestrial, freshwategnsitional and marine
59  ecosystems, managed and coordinated by publicrodsemonitoring Institutions and Universities (Bang et al., 2019).

60 The LTER marine component, which represents ardid¥d of global ILTER sites, focuses mainly on ectsysstructure
61  and function, in response to a wide range of emvirental forcing factors, using long-term, site-ltasesearch. As a result of
62 the wide range and of the exceptional rate anchéite of human impacts, the scientific value ofdeterm ecological
63  observations is more crucial than ever for effectigsessment, management, and prediction of teeastd pressure in the
64 marine environment. The creation and maintenanogaoine ecological observatories, able to arrangenaaintain integrated,
65  harmonized and coherent long-term ecological olagiems, is actually stressed as a relevant stépeaEuropean level, for
66 sustaining European marine policies (Benedetti-Gieetcal., 2018; European marine Board 2019).

67  The marine component of LTER-Italy is made up gheparent sites, mainly representing transitiamal coastal ecosystems.
68  Among them, the Northern Adriatic Sea (NAS) isgnfficant geographical zone for the establishméiat marine ecological
69 observatory, due to the concomitant presence dfitbem habitats, numerous ongoing monitoring, aggkarch activities, as
70  well as of heavy and diversified human pressurélsemonomic interests. For these main reasons, githisyears 2017-18,
71 the Italian national flagship project RITMARE (“lian research for the sediftp://www.ritmare.it), funded by the Italian
72 Ministry of University and Research, dedicated adech Line to the establishment of a marine ecxdbgbservatory in the
73 NAS. Building on the existing facilities, infrasttures and long-term ecological data, it aims dtaecing the marine
74  observational capacities and at activating synergimong the main conservation management questimh&ey ecological
75  and oceanographic variables.

76  Along this process, it appeared crucial to stapiyapg of the Open Science principles, by creatingopen research lifecycle,
77  which foresees sharing each step of the process, ifteas and results (scientific papers) to daa @nd processed), from
78  metadata to methods and software. The ideas amd fida the development of the Open Science priasipb the NAS
79 ecological observatory, which we named project N&OS” (Ecological Northern Adriatic Open Science $8bvatory
80  System), are thoroughly described by Minelli e{(2018).

81 This data paper represents one relevant stepofviblier activity. The database that we presenpimsposed of observations
82  on abiotic (physical and chemical) parameters andge and zooplankton abundances, collected inegfsy(from 1965 to
83 2015), during cruises which interested differembghing stations across the NAS, in particular ia @ulf of Venice. Here we
84  describe the sampling and analytical activities,garameters, and the structure of the database.
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85 2. TheLTER-Italy parent site Northern Adriatic Sea
86
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87 Created on Inkatlas. © OpenStreetMap contributors (openstreetmap.org). Map data Oct 27, 2017. 1:2000000
88 Figure 1 - The LTER-Italy parent site Northern Adic Sea, with its four research sites. 1: Gulfoéste; 2: Gulf of
89 Venice; 3: Po Delta and Romagna Coast; 4: Sergg8llisak Transect. The fixed point observatoriemel research site are
90 evidenced (see Ravaioli et al., 2016 for a fullodiggion). Base map credits: © OpenStreetMap cbatars 2019.
91 Distributed under a Creative Commons BY-SA License.
92
93  The NAS (Figure 1) is the northernmost basin of\tegliterranean Sea and one of its most producteasalt is characterized
94 by a shallow depth and by a dominant cyclonic dation. The oceanographic and meteorological pararsshow a marked
95 seasonal and interannual variability. The majocifags of the system are represented by the remiarkiabr inputs along the
96 Italian coast, the Eastern Adriatic Current-EAC jekhbrings high salinity and oligotrophic watersrfr the southern basin,
97  and the notable sea-level range, relatively toMlegliterranean area. The urban and industrial inaotsthe hydrodynamic
98 exchange between the NAS and the lagoons located #he Italian coast are also elements of ecabgatevance. A trophic
99  gradient, decreasing from northwest to southeasypically observed in the basin, in which therieuit-rich waters coming
100  from the rivers are mainly spread southward anthead from the Italian coast (Bernardi Aubry et 2006; Solidoro et al.,
101 2009). The NAS is subject to multiple anthropogenipacts (e.g., nutrient inputs, coastal urbaniratiishing activity,
102 tourism, and maritime trade). The basin has undergwerfishing (Fortibuoni et al., 2010), markedrephication (Lotze et
103  al.,, 2011) followed by a phase of oligotrophicatifMozetic et al., 2010) and then by a recent ingeean nutrient
104  concentrations (Totti et al., 2019). The NAS ha®dleen subjected to frequent development of ngeitygregates (Giani
105  etal., 2005; De Lazzari et al., 2008), until thistfdecade of the 2000s.
106  The LTER-Italy parent site NAS includes four resbasites (Gulf of Trieste, Gulf of Venice, Po Rettnd Romagna Coast,
107 Senigallia-Susak Transect; Figure 1), where metsaioographic and biological data, mainly on planktye gathered both
108 during oceanographic cruises and at fixed poinepkeories (Ravaioli et al., 2016). Detailed imi@tion can be found in the
109 ILTER Dynamic Ecological Information Management ®®ys Site and Dataset Registry, DEIMS-SDR
110  (https://deims.org/92fd6fad-99cd-4972-93bd-c491f@0HY (Wohner et al., 2019). The database we desceberiefers to an
111 area of about 40000 Km ranging between 43.7° and 45.8° North and 12rf 14.3° East (coordinate reference system:
112 WGS84).
113
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3. Description of the database
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The database described in this data paper (reackwbittp://doi.org/10.5281/zenodo.326624& composed of 108687
records. Each record is intended as a timestammbdeoreferenced set of information, individuatgdow in the database.

These observations belong to 22 datasets coming289 oceanographic cruises, carried out from 16&915.

Due to the long time coverage, the collection andlysis system for many parameters changed in tilmes making the
database very heterogeneous for what concernsrdatagement and organization. The heterogeneitgislyndue to:
Sampling frequency: e.g., data coming from CTDhswas temperature, oxygen, and pH, are registereehi time
at each meter in depth; other parameters, likeemir and phytoplankton, are sampled at a muclesowme-
frequency and at variable depths;
Data treatment: some data are basically raw, éadg, registered by CTD are reported into the datba they are
delivered from the instrument; other data needesefaboration to obtain specific parameters’ vgéug., nutrients,
chlorophylla, plankton abundance;
Methodologies and units of measurements: e.g., gdmrof methodologies due to the introduction of CTD
measurements; change of the units of measureinftgaivhich passed from gtlto a dimensionless parameter.
Data format: data collected between 1965 and 199@ wegistered only on paper archives, while tHasa 1990
onwards on spreadsheets.

3.1 Data sour ces and geogr aphical coverage
Data sources for this database come mainly froraremgraphic cruises which were carried out on 1f2idifit research vessels,
at the basin scale (Table 1). The other obsenatiome from sampling stations located next to itkedfautomatic sensors:
in this case the cruises are named as the neanbgrsée.: 576 observations at the Paloma buo¥f @0 rieste), 1284 at the
Acqua Alta oceanographic tower (Gulf of Venice)38lat the S1 buoy (Po Delta). The data were gatheréhe frame of

many different projects which are all mentionedhie database:

Operation period Research Vessel (R/V) Nr. of observations
1965-1966 Vercelli 861
1966 Sea Quinn 60
1966-1990 Bannock 997
1968-2002 D’Ancona 45357
1977 Marsili 23
1979-1980 Mysis 48
1979-1990 Vila Vilebita 139
1986-1988 Minerva 737
2003 Boreana 2158
2003-2015 Dallaporta 43689
2007-2015 Litus 1900
2012-2014 Urania 12718

Table 1 — Oceanographic cruises carried out fro6516 2015
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146 Until the early 1990s, GPS systems were not usuallypoard of research vessels. For this reaso@nogeaphers used to
147 refer to a fixed grid covering the entire reseasioba and identified the sampling positions (stafiomith the nodes of this
148 grid. An example of grids used for this purposeejgorted in Figure 2 (Franco, 1972).

149 In Figure 3a, the geographical coverage of theedttabase is shown. Red dots represent thelrsaha@tion points, while
150 the nodes of the grid are evidenced with black s@es Observations referring to a specific statieme assigned to the
151  coordinates of the corresponding node on the grégh éf the real position was not precisely locabedthe grid node. This
152 resulted in a cloud of points in the nearby of esaimpling station. Since our main aim was to preserost of the information
153  for each observation, we decided not to “correb# position of these points (see an example inrEigb for the station
154  09/0E).

155 In the following years, when the GPS allowed adrgitecision of the sampling position, researcbé&en continued referring
156 to the nodes of the grid for the station namesthag adopted a nomenclature coherent with the étteecoriginal grid also
157  for new sampling stations. For example, the newpdiaig point located eastward of the “09/2E” statismamed “10/2E”",
158 since it is located at the same longitude (2E) diffierent latitude of “09/2E” station (Figure 3B Figure 3c, a 3D view of
159  the entire database is shown.

160

161 Due to transcription errors occurred during theestctruises, some data were misplaced, fallingind br outside the NAS.
162 A Python script (available under GNU GPL v.3 liceterehttps:/github.com/CNR-ISMAR/econaos/tree/mashas been
163  written in order to correct this kind of errors.elsame script implemented also a routine to honipgaetifferent names of
164  the same sampling station (e.g. station “020D” dappear as well as station “02-0D” or “02/0D" @20D_07/07/1968).
165  We selected the name reported on the originalostsitinetwork grid (Figure 2) and we created fromsth stations a vector
166 layer (black crosses in Figure 3). Finally, siname stations changed their name through time,dardo maintain coherence
167  with the same sampling point, we appointed therh wie last, most recently used name.

168

[ e

169
170

171 Figure 2 - An example of sampling stations basetherregular grid created in the NAS for the crsifem 1966 to 1980
172  (from Franco, 1972).
173
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Figure 3 - (A) Geographical distribution of the ebstions: red dots for observations; black crogsesodes of the grid. (B)
Example of cloud distribution of observations amwampling station 09/2E and the naming of new siaggtation 10/2E.
(C) 3D view of the database. Base map credits: @SfreetMap contributors 2019. Distributed und€reative Commons

BY-SA License.

3.2 Parameters: history, time coverage, and sensors

Samples collected during each cruise, whatevestt#on of collection, were then analyzed in tHeolatory by means of
diverse techniques. The complete list of the patarsef the database is reported in Table 2, tegetith some descriptive

elements, i.e.:

e Total number of observations,

e Temporal coverage (from the first to the last regor

e Method or sensor currently used,

e Current unit of measure.

Parameter Number of Temporal Current sensor Unit of measure
observations cover age
Transparency 2322 1965-2015 Secchi Disk m
Temperature 107648 1965-2015 | CTD C
Salinity 107655 1965-2015 | CTD dimensionless
Density 99961 1965-2015 | Derived from temperature and | kg nv®
salinity

pH 70376 1965-2011 CTD -
Alkalinity 492 1965-2002 | Titrino titration meq I
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Oxygen 12791 1965-2012 | CTD ccht
N-NH3 11154 1965-2015 | Automated nutrient analysis uM
N-NO2 11232 1965-2015 | Automated nutrient analysis uM
N-NO3 11299 1965-2015 | Automated nutrient analysis uM
P-PO4 11191 1965-2015 | Automated nutrient analysis uM
Si-Sio4 11420 1965-2015 | Automated nutrient analysis uM
Chlorophylla 11541 1965-2015 | Spectrofluorimeter ug It
Pheopygments 6352 1979-2015 | Spectrofluorimeter ug It
Total Phytoplankton | 3463 1977-2015 | Inverted microscope Cells *
Diatoms 3070 1977-2015 | Inverted microscope Cells *
Dinoflagellates 3070 1977-2015 | Inverted microscope Cells *
Coccolithophores 3070 1977-2015 | Inverted microscope Cells
Others 3070 1977-2015 | Inverted microscope Cells I*
Total Zooplankton | 372 1987-2015 | Stereo microscope Ind. n®

Table 2 - Database parameters and main descripfivemation.

Instruments and sensors changed over the 50 yeadpelue to technological and scientific progreBsrthermore,
instruments are also subject to degradation and teée replaced. It is essential to preserve rif@ration about these
instrument changes and upgrading, to track thehiéty of the measurements.

In order to appropriately document data and guasatite consistency of data within the databasepllected most ancillary
information as possible on the changes occurréithia for each parameter measurement. To this par@othorough review
of historical sources (e.g. logbooks and manualsteption in spreadsheets) was carried out (Se@ag, 2017), working
in cooperation with some researchers - now retiretho participated to the first cruises and refegras well to papers by
Franco (1970, 1972 and 1982), which describe methad instruments during a number of oceanographises in the NAS
from 1965 to 1979.

Plankton data are particularly sensitive to th# ekihe operators, in particular during the mstope analyses of the samples.
The change of the operators, which necessarilyroeguuring 50 years, actually could hamper the damparison across
time. To deal with this issue, the handing downtlté expertise was carefully considered, with trainperiods and
intercalibrations phases.

The phytoplankton was gathered and analyzed wetséime method (Utermohl, 1958) across the yeatheldatabase we
report the total phytoplankton abundances andath@fing main groups: diatoms, dinoflagellates (@aland armoured cells),
coccolithophorids and “others”, which include theins of cells belonging to cryptophyceans, crysophyse
prymnesiophyceans (except coccolithophorids), ipopéyceans and chlorophyceans, whose sizes lieebet4 and 2Qm
and often remain undetermined. Mesozooplanktonal@ays identified under a stereo-microscope andesged as the total
number of organisms per cubic meter. Compared ytopkankton, the mesozooplankton data are muchrfesged over time:
they cover a 28 year period, from 1987 to 2018, aftotal of 372 observations.

4. Database structure and analysis

The present version of the database is recordaedimgue spreadsheet (Figure 4), carrying informmafior each record, about:
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215
216
217
218
219
220
221
222

223
224

225
226
227
228
229
230
231

Coordinates (longitude-latitude) of the sampliratish;

Sampling depth;

Original station name and updated name;
Cruise and R/V (Ship) name;
Sampling date and time;
Water column depth;

Instrument/method used for each measurement aativeeparameter value.

Long Lat

12.68
12.68
12.68
12.68
12.86
12.86
12.86
12.86
12.48
12.48
12.48
12.48
12.68
12.68
12.68
12.68
12.86
12.86
12.86
12.86
12.48
12.48
12.48
12.48
12.68
12.68
12.68
12.68

45.33
45.33
45.33
45.33
45.28
45.28
45.28
45.28

45.4

45.4

45.4

45.4
45.33
45.33
45.33
45.33
45.28
45.28
45.28
45.28

45.4

45.4

45.4

45.4
45.33
45.33
45.33
45.33

Figure

Depth Station Cruise Ship

0.5B
5B
108
20B
0.5C
5C
10C
20C
0.5A
1A
5A
10A
0.5B
5B
108
20B
0.5C
5C
8C
20C
0.5A
1A
5A
10A
0.58
5B
108
20B

4 -

PP/1
PP/1
PP/1
PP/1
PP/1
PP/1
PP/1
PP/1
PP/2
PP/2
PP/2
PP/2
PP/2
PP/2
PP/2
PP/2
PP/2
PP/2
PP/2
PP/2
PP/3
PP/3
PP/3
PP/3
PP/3
PP/3
PP/3
PP/3

An

VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI
VERCELLI

example

YYYY-MM-DD hh:mm:ss Temp_sensor

1965-04-12
1965-04-12
1965-04-12
1965-04-12
1965-04-12
1965-04-12
1965-04-12
1965-04-12
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-04-28
1965-05-13
1965-05-13
1965-05-13
1965-05-13
1965-05-13
1965-05-13
1965-05-13
1965-05-13

of

the

9:33:00  Tilting thermometer
9:33:00  Tilting thermometer
9:33:00  Tilting thermometer
9:33:00  Tilting thermometer
12:20:00 Tilting thermometer
12:20:00 Tilting thermometer
12:20:00 Tilting thermometer
12:20:00 Tilting thermometer
6:42:00  Tilting thermometer
6:42:00  Tilting thermometer
6:42:00  Tilting thermometer
6:42:00  Tilting thermometer
9:10:00  Tilting thermometer
9:10:00  Tilting thermometer
9:10:00  Tilting thermometer
9:10:00  Tilting thermometer
11:20:00 Tilting thermometer
11:20:00 Tilting thermometer
11:20:00 Tilting thermometer
11:20:00 Tilting thermometer
6:47:00  Tilting thermometer
6:47:00  Tilting thermometer
6:47:00  Tilting thermometer
6:47:00  Tilting thermometer
9:23:00  Tilting thermometer
9:23:00  Tilting thermometer
9:23:00  Tilting thermometer
9:23:00  Tilting thermometer
database

showing

Temp Sal_sensor

13.12Morh Knudsen titration
12.35Morh Knudsen titration
12.45Morh Knudsen titration
12.14Morh Knudsen titration
12.25Morh Knudsen titration
12.24 Morh Knudsen titration
11.16 Morh Knudsen titration

12.3Morh Knudsen titration
12.27 Morh Knudsen titration
12.37 Morh Knudsen titration
12.44Morh Knudsen titration
12.23 Morh Knudsen titration
12.49 Morh Knudsen titration
12.43Morh Knudsen titration
11.92Morh Knudsen titration

10.5Morh Knudsen titration

12.4Morh Knudsen titration
12.09 Morh Knudsen titration

11.5Morh Knudsen titration
10.42Morh Knudsen titration
15.92Morh Knudsen titration

15.8 Morh Knudsen titration
14.92Morh Knudsen titration
11.34 Morh Knudsen titration

17.4Morh Knudsen titration
15.66 Morh Knudsen titration
13.64 Morh Knudsen titration
11.83Morh Knudsen titration

theeldd  for

Sal

29.61
35.66
35.43
38.01
35.44
35.46
37.79
37.92
33.04
33.39
35.39

37.3

32.9
33.78
37.21
37.72

34.2
36.15
37.38

37.9
33.66
33.77
33.51
37.61
33.84

36.2

37.3
37.72

Dens

22.22
27.04
26.85
28.92
26.89
26.93
28.95
28.81
25.03
25.3
26.98
28.35
24.89
25.6
28.34
29
2591
27.48
28.56
29.16
24.76
24.87
24.86
28.75
24.55
26.77
28.06
28.75

each
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observation.

Around 89% of the observations of the databaseséfethe years 1999-2015 and the remaining 11%redbe previous 33
years (see Figure 5a for details). This is mainig tb the adoption of CTD probes since 1999 forsueag abiotic parameters
at each meter depth, leading to an imbalance bettteeobservations before (e.g. 778 in 1978) ated 499 (e.g. 11359 in
2004).
In Figure 5b, observations from oceanographic esignboard of the different research vessels angrsfsee also Table 1).
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233 Figure 5 - Total number of observations over thelelperiod (A) and clustered by research vessel (B)
234
235
236

237  The database presents a heterogeneous numberesfatisns for each parameter, mainly due to: (frpeeter priority for
238  the specific research conducted, (i) the instrumiand analytical efforts required, and (iii) tipesific funding programs and
239  resources.
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Figure 6 - Distribution over the years of the tenapare (A), chlorophyll-a (B) and phytoplankton (@)servations
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245 In Figure 6 we compare the total number of obs@matof one physical (temperature) and two biolab{chlorophylla and
246 phytoplankton abundance) parameters. All the therameters were measured each year, althoughtiffithent frequency.
247 Temperature attains up to ~15000 records, whilercphyll-a ~1200 records at most and phytoplankton ~300.nLimeber
248 of temperature data has a temporal distributiorlairo the general one described in Figure 5are/B8% of the observations
249  occurred in the last 17 years, due to the adomfd®TD probes. Chlorophy#observations show instead peaks during the
250  years 1987-1990, due to intense regional monigoaictivities occurring in those years. The lowastber of phytoplankton
251 observations is mainly due to the complex and thmesuming analytical procedure, which do not alfpacessing too many
252  samples, and to the reduction of extensive momigpsictivities since 2006.

253 5. Datavisualization

254  The data management activities of the nationakfiggproject RITMARE (Fugazza et al. 2014) allowedlevelop two tools
255 to enhance the deployment of a distributed SpB#a Infrastructure (SDI) for Italian marine resgrgars community. SDI is
256 an interoperable technological infrastructure foegervation, publication,and discovery of geospatimdeled on standard
257  (Open Geospatial Consortium - OGC, World Wide Webgrtium - W3C, and INSPIRE Directive 2007/2/E@vservices.
258 In order to strengthen the RITMARE infrastructutiee Open Source software suite GET-IT (GeoinforomtEnabling
259  ToolkIT starterkit®; Oggioni et al., 2017; Menegehal., 2017) and the customizable, template-drivetadata editoDI
260 (Pavesi et al. 2016; Tagliolato et al. 20h8ps://github.com/SP7-Ritmare/EDI-NG_ cliphiave been developed and released
261 as Open Source code. One of the nodes of thehdittd SDI provides geospatial data collected by @SIRAR marine
262  researchershftp://vesk.ve.ismar.cnr)it

263 Following the OGC Sensor Web Enablement (SWE) walice, each instrument or procedure has to bedfibut as a
264  “sensor”, then observations can be provided, &pexific parameter, as OGC O&M web standards. Tgirde EDI interface,
265 integrated within GET-IT software suite, a firstremf sensors was already tested and uploadedlif @astianini et al.
266  2015). A number ofbuoys (e.gABATE - Seabird SBE 19 Plus Y2laboratory instruments (e.§pettrophotometer Perkin
267  Elmer), methods (e.gTitration Winkle) and sensors, have been described for this diydysing XML SensorML v2.0
268 language and their metadata, including manufac{previded as RDF Friends Of A Friends FOAF in Qi 2019), owner
269 and operator contacts, measured parameters, ppsii@umentation, and history, can be easily vigedlin separate
270  dedicated landing pages (Figure 7). Currently,hi@ ENR-ISMAR GET-IT data node, 35 sensors have hisstribed
271  (http://vesk.ve.ismar.cnr.it/sensgrsfor which it is possible to upload observatioosllected from different stations in the
272  NAS.

273

274

275
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278
279

CONTROS HydI’OCTM (Piattaforma Acqua Alta - CONTROS HydroC)

Open Access

The CONTROS HydroC™ CO2 sensor is a unique underwater dioxide sensor for in-situ and online measurements of dissolved CO2. The versatile HydroC™
CO2 is suitable for platform installations (e.g. ROV s or AUV s), long-term deployments (e.g. buoys and moorings) as well as for profiling applications (e.g. water

sampling rosettes). Fields of application include: ocean acidification research, climate studies, air-sea gas exchange, limnology, fresh water control,
aquacultureffish farming, carbon capture and storage — monitoring, measurement and verification (CCS-MMV).

Manufacturer Name

CONTROS

. tel:+49-431-2609-5900
B wischhofstrasse 1-3 Geb.

Kiel - Seefischmarkt
D-24148
DE

HydroC

X4 mailto:contact@contros.eu

& hitp:/www.contros.eu
Position

1/
= Bnojspinta Méstre
/ Wiatghera_

Oriago
Oriag

Loguna)
di Venezia

= Cchioggia
IR

i

\\\ f J Vs
BISC ey

CONTROS HydroC™

Position: 45.3138 N, 12.5088 E

Altitude: -3.0 m asl

Model Number

9

Leaflet | €€ OpenStreetMap

Documentation

Documentazione Stazione dal sito ufficiale

@ application/pdf

History

Updates
0 2015-02-23

Metadata creation

Installation
® 2014-05-01

Date of installation

Parameters

Earth System
Science

Data

Partial_pressure_of_carbon_dioxide_{pC0O2}_in_the_atmosphere_by_infra-

red_gas_analysis
Unit of measure: uatm

Partial pressure of carbon dioxide {pCO2} in the atmosphere by infra-red gas

analysis
Contact
Owner Operator
Centro P
Segnalazioni Maree Segnalazioni Maree
. +39 041 27 48 787 . +39 041 27 48 787
S.Marco 4090 S.Marco 4090
Venezia Venezia
30124 30124
Italia Italia

DA maree@comune.venezia.it

8

http:/iwww.comune.venezia.itmaree/

Centro Previsioni

DA maree@comune.venezia.it

8

http:/www.comune.venezia.imaree/

Figure 7 - Example of the sensor description predithy GET-IT. Information about manufacturer, owaed operator
contacts, measured parameters, position, docuriemtand history are displayed. Base map creditQ@nStreetMap
contributors 2019. Distributed under a Creative @mms BY-SA License.
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280
281

282
283
284
285
286
287
288
289
290
291
292
293
294

Foi: :Chlorophyll-a 1965-05-13 08:23 2011-04-09 14:04
Secchi 1965-04-12 10:33 2019-01-13 16:30
'CTDTmpSO 1978-12-15 01:00 2014-12-15 12:30
'WC_OZ 1978-12-15 01.00 2001-12-04 01.00
'WC_OZ 2002-04-20 02:00 2006-08-23 02:00
Observations ¥
Settings Manual Download
Mode~ Stylev Startdate 01011992 [SEnd date 01011996 Reload Freq. (sec) Interval (sec) Download

75
VC_02 (mmoll) = 6.354

0104192 01/07/92 01/10/92 0101193 01/04/93 01/07/93 01/10/93 010194 01/04/94 01/07/94 01/10/94 0101195 01/04/95 01/07/95
00:00 00:00 00:00 00:00 00:00 00:00 00:00 0:00 00:00 00:00 00:00 00:00 00:00 00:00

OK

Figure 8 - Example of the graph in output from amyuinto the database. Oxygen data at station @1i®é period 01/01/1992-
01/01/1996 are displayed.

Since v1.3.17 GET-IT still does not allow the thaémensional representation of data, we decidegbtoad into the software
suite only surface values of each parameter anglgagnoperation. This part of the database canurrigd and graphed,
directly into GET-IT using developed tool, in ordershowtime series of selected parameters (Figuré total of 16017
observations have been uploaded.

Observations can upload using the graphical interéa, for the skilled people, using an XML langealyectly into SOS web
service. For the upload from the interface, datsetta be formatted in a table with datetime ancapeater value (Figure 9).
Since the speed of the process largely dependbeohrowser used to upload data, most of the data been uploaded,
through a Python script, by formatting specific LXitles, containing information about the sensdbs sampling station, and
date time and following SWE standard. In both caesdata upload begins with the selection ob#tesor we want to upload
data from and, then, with the selection of the damgystation from the map, if already available pgrcreating a new one.
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297
298

299
300
301
302
303
304
305
306
307

Rl!\mg&/ GET-IT

HOME LAYERS SENSORS DOCUMENTS

Name ©@ Sampling point @

Lat. Lon.
PTF 45.3085 12.505
2E 44.73667 12.6305
Cc10 45.2507 12.7602

Rl/t_mg_:g, GET-IT

HOME LAYERS SENSORS DOCUMENTS

phenomenonTime Temperature_ITS-90_of

2013-10-13T15:56:22 18.680
2013-10-13T16:54:27 18.770
2014-02-24T10:23:55 12.260
2014-02-24T13:00:55 11.260
2014-02-24T15:28:55 11.020
2014-09-28T05:09:39 21.170
2014-09-28T06:06:43 21.210
2014-09-28T07:17:51 21.310
2014-09-28T08:05:10 21.510
2014-09-28T08:57:55 21.720

save,data reset table
=t

VIEWS

PEOPLE SEARCH

SRS

http://www.opengis.net/def/crs
/EPSG/0/4326

http://www.opengis.net/def/crs
/EPSG/0/4326

http://www.opengis.net/def/crs
/EPSG/0/4326

(A)

VIEWS

PEOPLE SEARCH

" | [ starterkit - | & @ | Demo

SERVICES

Sampled Feature
(UR)©@
Adriatic Sea

Adriatic Sea

Adriatic Sea

\ Estarterkltv | & © | pemo

SERVICES

[fREN. 1]

Leaflet

Action

[ fREN. 1

Legend - Fields definition

phenomenonTime (Date and Time)

Temperature_ITS-90_of the water_body by CTD_or STD (Quantity) Unit of measure: degC

(B)
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Figure 9 - Data upload from the graphic interfe®election of the sampling station for the sped@asor (A) and format of

data to be uploaded into the SDI (B).

6. Data availability

The dataset is availablelatp://doi.org/10.5281/zenodo.326624Acri et al., 2019). It was also uploaded in tHEIMS-SDR

repository (Dynamic Ecological Information Managem8ystem - Site and Dataset Regidltityps://deims.org/ which is the
official sites and data registry for LTER Intermatal network. The aim of DEIMS-SDR is to be a aagake of in-situ
observation or experimentation facilities; it isplemented as a web-based information portal foegirEtted ecological
information that comprises detailed descriptionsité#fs where research is carried out, includingtélelnical infrastructure,
ecosystem properties and research activities (sgienf et al., 2019 for a full description). DEIM®S provides a service
that allows to associate a PID (Persistent IDemjifto the uploaded dataset. Thanks to an agreebetween the eLTER
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308 Research Infrastructure and the EUDAT Collaboraiiega Infrastructure (CDI), the dataset is autocadity available also in
309 the B2Share cataloguét{ps://b2share.fz-juelich.deand, through this, in the EOSC (European Opeerei Cloud) and
310 GEOSS (Global Earth Observation System of Systeatsjogues.

311  Data described here can be also accessed throagioltbwing link: http:/hdl.handle.net/21.11125/4672def7-4aeb-47€0-
312 a325-311d0286096The list of columns composing the database cpomds to the list of parameters reported in Table 2
313

314  7.Conclusions

315

316  The 50-year database of plankton and abiotic fadtothe NAS may contribute to an in-depth compnshen of plankton
317 dynamics and related abiotic factors required mdy @0 manage aquatic resources but also to predidttackle future
318 environmental changes. Long-term site-based stuidigdankton may provide an invaluable opportutdtyassess common
319 or contrasting patterns of variability, to undensténow those patterns change at different scalds@mypothesize about
320 causes and consequences. Wide availability of #te dn long-term variations of the planktonic systlows large scale
321 studies that obviously go beyond the local useressmting a source of information for cross-systemalysis, allowing
322 comparison among ecosystems as well as new apg®achkata analysis and in the development of wtality indicators.
323 The open access to the 50-year dataset of abatiicahd plankton in the NAS was framed in a wigmmoscience life-cycle
324 approach undertaken in the ECONAOS project (Miretlial., 2018), with the purpose to develop a jiraktase study which
325 could root the high and inspiring principles of @p&cience into the scientific community, fosteragywell a cultural shift.
326 In EcoNAOS we involved, since its start, both LTER] data management researchers in a joint péhntpehs particular, the
327  elaboration of the 50-year datasets has been wankigloly a small group of plankton ecologists ani d@aanagement experts,
328  with the aim of sharing and harmonizing as welldiféerent experiences, needs and points of viehis Participatory process
329  is recognized to be crucial to contribute overcagrgnltural differences, barriers and fragmentattoat might represent an
330 obstacle for Open Science (Bjork, 2004; Jansseal.e2012; Barry & Bannister, 2014). The constaméractions of
331 oceanographers and ecologists with experts on datidagement and analysis, geospatial standards abdservices
332 interoperability, creating a rich and multi-domaésearch group, has been necessary to make agadablunderstandable
333 the very detailed knowledge behind environmentaesys, samplings, analyses, methodologies, thrahglsound and fit-
334  for-purpose technical solutions for data manageraedtinteroperability.

335  Accessibility and interoperability concepts andgtices are crucial elements for LTER networks beeahe more the time
336 series are consistent, coherent and availablentre it is possible to reconstruct trends and dyesiand to identify and
337  compare reliable trends. The national LTER netwaries fostered to adopt the aspects of open scignateare currently
338 feasible in the different research groups.

339  The activity described in this data paper is filyine with the data management plan of the LTERworks, at the national,
340  European and global level, since one of the LTERd=#es is actually to foster

341  open sharing of LTER data (Mirtl 2010; Mirtl et,@2018). The future perspective of our activites linked as well to the
342 development ongoing in the wider context of LTER,piarticular about the citation of a dynamic datas®l about the
343  qualitative and quantitative integration of thefeliént long-term datasets.
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