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Abstract An integrative data system for monitor-
ing the biota of the Mediterranean waters of Israel
as well as selected records from adjacent Levantine
basin regions is presented here, aimed at providing
data and research tools for long-term bio-geographic
and ecological studies and more important, providing
background data for assisting governmental regulators
to establish educated habitat-oriented environmental
policy. The system relies on the geographic informa-
tion system (GIS) online map-based platform and
contains at present the following components: biotic
database of ~170,000 recorded sampling events; uni-
form habitat maps of 63 benthic habitats and 2 pelagic
ones, constructed using relevant bathymetric features
and biotic community compositions; bathymetric
hill-shade map; depth contours; raster depth grid and
human interference map. Other informative auxiliary
maps are planned to be added (e.g., map of potential
pockmark sites, detailed maps of tiny carbonate crust
nolls and more). A number of 883 cited documents
were listed by us for potential extraction of sampling
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efforts, most of them are available to us as PDFs and are
available also to the users, excluding copyright-protected
ones. Forty-three major projects were depicted in
addition to a variety of small studies (e.g., univer-
sity theses). Thirty-five sampling devices were docu-
mented and described, and 3187 species-level identifi-
cations were already recorded. In addition, the system
provides access to description of sampling devices and
pictures of species and seascapes. New data is contin-
uously deposited to the system and the system is flex-
ible, allowing future addition of new types of informa-
tion. The system site is accessible through the link:
https://experience.arcgis.com/experience/40e86605ff
4d4e5096ed2c901fec2a2f.

Keywords Biotic database - Habitats -
Mediterranean Sea - Levantine basin - Geographic
information system - Israel

Introduction

The Israeli waters have been intensively used for
a variety of anthropogenic purposes: harbor and
anchorage facilities, cooling of power stations, desali-
nation plants, treated sewage disposal, gas exploration
and production facilities, fisheries, recreation, and
military activities. Non-indigenous biota may poten-
tially invade the Israeli waters from the Western Med-
iterranean and through global ship transport. How-
ever, the most striking invasion phenomenon, mainly
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occurring in the continental shelf, is the Lessepsian
migration, i.e., an invasion of species of Indo-Pacific
bio-geographic origin into the Mediterranean Sea
via the Suez Canal (Galil et al., 2018). The intensive
anthropogenic disturbance has called for intensive
environmental studies and monitoring activities that
were aimed at the determination and updating of effi-
cient environmental policy, and also led us to develop
the integrative biotic data system presented here.

The 26,000 km? Isracli Mediterranean province,
territorial waters and exclusive economic zone (EEZ)
with~190-km coastline, is divided into a continental
shelf (< 100-m depth), continental slope (between 100
and 1000-m depth) and bathyal basin (1000-2000 m
depth), following Harris et al. (2014) division and it
is the shallow eastern part of the Levantine basin. The
Israeli waters bathymetry and main morphological fea-
tures were described in Hall et al. (2015), Gvirtzman
et al. (2015), and Kanari et al. (2020) and are presented
in Fig. 1. Major features of the continental shelf are soft
sediment (sand, silt mostly) patched with rocky bot-
tom seafloor outcrops. These rocky patches are either
limestone promontory of the Carmel head (Almagor &
Garfunkel, 1979) or remnants of aeolianite sandstone
ridges (Tsoar, 2000) from the erosional surface of gla-
cial maximum periods (locally named kurkar), buried
under the soft sediment of the shelf during interglacial
period (e.g., present day) and piercing out of the sea-
floor in places (Sivan & Porat, 2004). Additional rocky
seafloor in the coastal zone are beach rocks and coastal
rock outcrops, as well as Vermetid reefs (Rilov et al.,
2019; Safriel, 1974). The slope and bathyal basin sea-
bed are comprised of five main morphologies formed
by sediment transport processes and salt tectonics:
folds, faults, sediment waves, deep-water channels,
and sediment fan lobes (Kanari et al., 2020). The upper
slope is characterized by canyons in the northern region
(Almagor & Hall, 1984), and submarine landslides in
its southern part (Katz et al., 2015). Additionally, two
large slump complexes, Dor slump and Palmahim dis-
turbance further south, are major features of the slope
(Almagor & Garfunkel, 1979 and Fig. 1). The bathyal
basin bottom is mainly a large muddy region crossed
by northerly bound submarine channels. Two sediment
transport mechanisms divide it into two distinct areas:
in the south-west and the center of the basin, the Nile
derived siliciclastic sediments which are transported
directly into the deep basin via confined flows (form-
ing meandering channels and over bank deposits) and
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unconfined flows (forming fans and lobes). In the
north-east, the slope and basin are fed by erosion prod-
ucts of the Nile outlet that were transported northwards
along the continental shelf by seafloor currents of the
Levant jet system, and glided down the northern Levant
continental slope as turbidity currents (Jaijel et al.,
2023; Kanari et al., 2020; Schattner & Lazar, 2016).
Both the slope and the shallow part of the bathyal
basin are punctuated by isolated carbonate crust rocky
patches and are characterized by large areas of cold
methane seeps (Eruteya et al., 2018; Ezra, 2017; Herut
et al., 2022; Lawal et al., 2022; Marine Ventures Inter-
national, 2018; Makovsky et al., 2022).

Several comprehensive reviews discussed aspects
of environmental monitoring. Lindenmayer and Likens
(2010) provided a comprehensive outline of environ-
mental monitoring types and considerations, including
socio-economic and personal aspects. They determined
three motivations for monitoring and the presented inte-
grative system already responded to all of them, namely,
curiosity (Lubinevsky et al., 2022, 2023), trend detecting
(Lubinevsky et al., 2019) and scientific question-driven
(Hyams-Kaphzan et al., 2018; Lubinevsky et al., 2017).
Danovaro et al. (2016) presented new monitoring meth-
odologies. One of them which is relevant to the presented
integrative system is molecular taxonomy. Besides mega-
faunal taxonomy, which is relatively known, the task of
identifying macro- and meiofauna, fungi, and eukaryotic
Protista is very difficult and slow, definitely if regular
routine monitoring is considered. The reasons are the
well-acknowledged shortage of expert taxonomists for all
the relevant groups that are routinely available, but also
poor taxonomy knowledge for some groups. The sug-
gested solution, on global scale, for that difficulty was
the utilization of species-specific DNA sequences as
taxonomy markers through the barcoding (Hebert et al.,
2003) and metabarcoding methodologies (Gielings et al.,
2021). Molecular taxonomy methods were already fully
adopted for bacteria (Bolyen et al., 2019). Metabarcoding
was already accomplished by two of the co-authors of
this article for meiofauna, using a 18S-V4 barcode, and
their approach was described in Harbuzov et al. (2022).
Bean et al. (2017) outlined the UK monitoring system
and the integration of its components through modeling
including future perspectives. Environmental models can
be applied by the integrative system consumers using the
system data. However, the approach presented here for
habitat delimitation relied only on actual observations
with no model-based predictions.
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Fig. 1 Hill-shade map of the Israeli waters of the Mediterranean (Kanari et al., 2020). Red rectangle in the inset—the study area
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Monitoring temporal and spatial presence and
abundance of species in natural environments is
a major tool for detecting environmental changes,
assuming that the biotic composition, its abundance,
and its species diversity indices are affected by mod-
erate as well as by acute environmental changes and
can serve also for long-term bio-geographic and eco-
logical studies. Three terms and their accompanied
working assumptions are important in the context of
biotic monitoring: (1) the species is the basic biotic
measurement unit being relatively uniformly affected
by its biotic and abiotic surroundings. Hence, it is
desirable to identify individuals to species-level. (2)
The biotic community characteristics, namely the list
of species in an identified space and/or time, their
relative quantities (e.g., density, coverage, biomass),
and their species diversities, are the monitoring indi-
ces. Changes of biotic community characteristics can
indicate environmental disturbances. (3) Uniform
habitat (termed “habitat” throughout the article) is an
environmental realm hosting relatively uniform biotic
community and characterized by both its biotic com-
munity characteristics and the surrounding environ-
mental conditions. Each habitat is considered by us a
target for specific environmental policy and environ-
mental regulation.

Consequently, the suggested integrative system
is aimed at identification of uniform habitats in the
Mediterranean marine province of Israel, includ-
ing characterization of their biotic communities,
with the desired aim of species-level identification.
It would enable researchers and regulators an easy
access to information sources and to comprehensive,

Fig. 2 Schematic presenta-
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clearly visualized, and easily extractable data, per-
mitting the performance of ecological analyses,
assisting educated regulation, and provide long-term
organizational memory. The target organizations are
governmental agencies and the scientific commu-
nity. The system is an ongoing venture, continuously
updated with new uploaded data and it is considered
by us at present sufficiently informative for expo-
sure to the public.

Once published, comprehensive European and
global biological databases would be approached
mutually examining cooperation, coordination, and
data integration with appropriate and positively
responded databases, further broadening the exposure.

Materials and methods
General

The integrative system is schematically described in
Fig. 2. Tt technically relies on two pillars: the major
one is the global geographic information system
(GIS) and its ArcGIS online platform (ESRI, USA)
https://experience.arcgis.com/experience/40e86605ff
4d4e5096ed2c901fec2a2f. The auxiliary site is the
Windows server 2012R2 which stores a variety of
textual and pictorial documents. The access to both
platforms of the system is allowed through the Arc-
GIS online site. Although based on a global platform,
the system is focused on the Mediterranean waters of
Israel, but important data from neighboring regions
(e.g., the Suez Canal and other selected eastern
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Mediterranean regions) was deposited when consid-
ered beneficial.

The GIS platform (Fig. 2) is a multi-layered map.
A tabular attribute table underly each of the map lay-
ers, describing each of its components, and is part of
the information provided by each map layer.

It has to be noted that the presented system like
other similar ones worldwide is a live entity, contin-
uously improved and some of our near future plans
were described throughout this article. The general
shape of the monitoring system main screen and its
substantial components are detailed in Fig. 3.

Main screen of the integrative system site

The main screen of the integrative system GIS online-
related site (Fig. 3) is divided into three zones: the
upper right GIS map, the lower right attribute table
tabs, and the left side pane of selection tools.

The site is self-explanatory and hovering the
pointer over an icon provides short explanation.
Resetting the map to initial presentation is done
by clicking the icon at the lower right corner of the
attribute table pane and selected records from the
attribute tables can be downloaded using the arrow

Shelf4100-200m

Shelf 3 60-100m

Shelf 25

Sholf 2N

Selectioon pane

E :
Downloading arrow

Fig. 3 General view of the GIS-online main screen. Map area
(top right), attribute tables and tabs (lower right), and selec-
tion pane (left). The gray arrows point toward operational
icons which perform the depicted actions. The main screen is

Map area

Attribute tables

icon at the lower left side of the attribute table
(Fig. 3). Details of the main screen are presented in
Fig. 4. Drop-down menu at the upper left side enables
spatial selection of sampled areas (Fig. 4A). Icons in
the upper right side of the map are aimed at presenta-
tion of map layers (Fig. 4B, C). Mining of data from
anywhere on the map pane is available by left click
on the desired point (Fig. 4D). The left side selection
pane contains selectable fields of the attribute tables
equipped with drop-down lists of all unique items in
each field, which could be selected across the points,
lines, and polygon layers by left click on them. Addi-
tional selection options are described in the “Biotic
database” section below.

Biotic database

The goal of the biotic database is to record all his-
torical biotic samplings done along the Israeli coast
of the Mediterranean. It is kept updated by continu-
ous deposition of new sampling data, done by the
integrative system team at the Israel Oceanographic
and Limnological Research (IOLR) through a qual-
ity assurance process. The sources for construction of
the biotic database are articles, reports, dissertations,

Full screen map
Isramarbio map N\

‘‘‘‘‘‘

Refresh:

preceded by a disclaimer and general description. Another text
box, news and updates (right upper part of the map area), can
be opened by left click
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Fig. 4 Details of the
GIS-online main screen. A
Options for selection of map
area and its data contents,

Selecting map area

- Point

B layers’ legend, C layer
selection, and D mining
of data by left click from
anywhere on map pane

Rectangle
Lasso
O Circle

s

Upper left

Depth Below Sea Level

-1440m

and other documents. Unpublished available informa-
tion provided by researchers and monitoring agencies
before their documentation could also be deposited.
Unpublished records may be temporarily unavailable
to the public to protect researcher’s rights.

The biotic database is composed of three GIS lay-
ers with their attribute tables. On the map, points
or lines mark sampling locations performed in one
point (e.g., grab samplings) or along a determined
line (e.g., net tows), respectively. Each polygon in
the polygon layer designate samples with only gen-
eral description of the sampling region (e.g., isobath-
delimited distribution range). A row in each of the
three attribute tables is designated here a record con-
taining specific taxon with its accompanied attributes
(Table 1). These attributes are divided into taxonomy
and taxon description, quantitative sampling details,
administration and documentation, coordinates and
timing of sampling, size sorting of the sample, and
additional miscellaneous information which enable
the selection of specific records according to this
variety of characters.

Quality assurance is part of the deposition proce-
dure. It includes checking species name spelling and
taxonomy, guided by the WoRMS database (Ahyong
et al., 2023) as reference, uniform designation of the
various items in the attributed fields (e.g., uniform
names to each project, marine region, device) and

@ Springer
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uniform units (e.g., decimal degrees for coordinates,
cm for sub-bottom layers, meters for depth, square
meter for area). The units are depicted in the headers
of the field columns.

The accuracy of deposited data is the responsibil-
ity of the data sources, directly or through deposited
contents of documents, similar to the rules of the
nucleic acid and protein sequence public databases.
The data provided for each record can assist the user
to subjectively evaluate its quality. Examples are
the trust in identification in relation to the identifier
name, identification level, and method of identifica-
tion (species level or higher, molecular or morpholog-
ical), examination of the original document looking
for more detailed description of the study and more.

The structure of the system is modular and more
layers and tabular data could be added, connected or
not to already deposited data. Selection of records
can be cumulatively accomplished through both geo-
graphic delimitation of a perimeter (Fig. 4A) and
selection of fields and items in the selection pane
(Fig. 3) accompanied by automatic zoom-in of the
map to the area which contains the selected records
and by attribute tables which contain only the selected
items. The selected attribute tables can be exported as
Excel-like tables by the downloading arrow (Fig. 3).
Highlighting a row in an attribute table will zoom-in
the map area to the temporarily blanking highlighted



Page 7 of 14 1068

Environ Monit Assess (2023) 195:1068

Juasaxd
Je Ie[nod[ow Jo [edISojoydiow aIe SOATIBUIS)E SPOYIOW UOHBOYNUIP]

(I pue QWeu UoneIs
(sord
-wres JIJuaq Joj) 99.JINS Wo)j0q Mo[aq ddwes o1Iuaq Jo UoHeIO]

uwnjod 1ojem 2y Suore yidop Jurd
-wres [enoe 3y pue yidop wonoq oy seurwralep Surjdwes jo ydoq

1SIX2 JOU S20p uonedo] Surjdures 10eX2 UB UAYM UOT)
-NQLISIp JO saLrepunoq JruIfep ke uo3Ajod oy pue aulf € JIWIOp
$9)eUIpI002 JuI] oy L, “Surdwes jo swn pue ep pue Ay1s dyderSoon

aseqejep 10
orqnd a1e seaneuIa)e ‘uonnqLIsIp d1jqnd J0J J[qe[IBAR PIOJI SIY) ST

PI0931 [euISLIO Uk IO sjnsaI pajodar Afsnoraaid Jo Arewrwuns © 31 S|
939 ‘uomneIassIp I0dar ‘QponIy

j10p59 Surpdures oty jo a3xeyd ur uosiad Ay,

uondriosap 9o1a0p Surdweg

uorsuowp urjdwres ay) Jo J1un oy J,

suorsuawirp Surjdwes [enjoy

swoy pajdures jo Anuenb oY) Surqriosep JoquinyN
ad4£) anfea jo uondroseq

10e1%9 YN © woiy uoneoyrjdure si1 10§ pasn 2I9M ey}
szowd 9y} pue UOBOYIIUSPT JE[NOJ[OW JOJ PAsn Sem Jey) 9podIeg

S9INQLINE S, UOXE) [BUONIPPY

9seqeIep SINYOM 01 SIqUINU UOISSIIOY

Sowreu oYynuards poydeooe 10y 9oueIsfoI
Ino st (£70Z “Te 10 SuoAyy) aseqerep SIARIOM A[eAnoadsar ‘uonelro
JuBAQ[aI A} Ul pa3ordap auo ay pue aanje[oudwou pjdaesoe Juasald

(0 10 T) UOTIBOYNIUSPT [9AS[-SA10adS
S[OA9] INOJ UT AWOUOXE],

[Iuewo)) ‘yuswwo)) ‘urgrioorydeId
-09D)-01g ‘XS ‘231§ OJI'T ‘POYIRI UONEOYNUIP] ‘Ag PIaYNUP]
9ZIS uoNoRI{ Iopu() 9ZIS Uondel] 9A0qQy

1 uone)s ‘QueN uonels

pdoaqng™xe ‘Ydeqng Iy

yidop wopog xew ‘yydop wonog urw ‘qdoq xe ‘Yideq UTA
eare pojdures oy

:suo3Ajod 10j pue pua~3uoT ‘puaTieT ‘1Ie)s 3uo 9Ieis jeT :soid

-wes aul[ 104 ‘puo—owL], 9Ieys_owl], ‘Suo ‘e :sojdwes jurod 104

Aniqerreay
AIepu0d9s™I0 ATewLlq
uoneo jo odAy,
1SNURIOS~ 9[qIsuodsay
UOISoY QULIBA ‘QuIeN uonmnsuy
Q0URIRJY ([N uone) ‘Jqd uoneir) ‘uoneir) ‘oweN 109foig
JueWNd0([ Jdd 991Ad(J ‘921A(J
yun oy Jurdwes
yolg Jurdwesg
anfeA

Io)pweIRd

PASST Towrid 9s10AdY ‘pASS]] Jowrid premio] ‘b AS8] opodreg
a3ew] pa1dadoy oWEN OPNUIIDS ‘QUEBN UOWWOD)
uoney U qrerydy

pardacoy ™ (rerydy

uone)r) Ul sweN OYnuarng
Pa1dodoy owWeN oYNuAIoS
[oAT sa10adg TS|

Aprure,] “19pIQ ‘sse[) ‘wnjAyd

UOTJRWLIOJUT [BIQUA3 pue ‘9[0Ad
9y11 ‘oryder3oe3-o01q ‘Furssadoig

BIEp Junios dzIg

Surdwes jo Surwn pue uoned0]

UONB)USWNIOP PUE UOENSIUTWPY

S[Ie1op AneInuUEnQ)

uondr1osop uoxe) pue AWoUOXe],

juauwo))

190818y

dnoip

IOAIQS PASEQ-SMOPUIAN S} UT PAJEIO] SJUSWNIOP J(d 03 SYUI] I8 PAI UL SI)JRIRYD) "PIOIAI B POWLId) ST
pue uoxe) pajdures Afonbrun Surzriejoereys Anquiie Ue ST MOI Yory "UIQIOS UTRW 9} JO APIS 1Jo] JOMO] Y} UT Pajedo] aIe sqe) d[qe) , suoSK[od,, pue  ‘soury, . ‘sjurod, oyl T dqeL

pringer

H's



1068 Page 8 of 14

Environ Monit Assess (2023) 195:1068

sample. However, it is not a selection tool for export-
ing records.

Habitat maps

A major component of the integrative system are
the benthic and pelagic habitat maps. A habitat was
defined in the “Introduction” above as an environ-
mental realm hosting relatively uniform biotic com-
munity and characterized by both its biotic commu-
nity structure and the surrounding environmental
conditions. Detailed description of each habitat is
found in the attribute table of the habitat GIS layer
(Table 2) which include several types of habitat
characters: habitat designation, sources of delimita-
tion information, geomorphological characters, and
regulation-related parameters. Records which were
sampled within a habitat can be selected through the
appropriate box of the selection pane.

Sampling of biota in the Israeli waters of the
Mediterranean is not complete in terms of spatial
and temporal coverage and practically will never be.
Hard substrates, namely rocky seafloor and carbon-
ate crusts, were assumed to host clearly different
biota in comparison to their surrounding sediment
whether sampled or not. Hence, rocky substrate habi-
tats were identified by the typical response of the bot-
tom to acoustic signals, although biotic information
was not always available. Full multibeam bathymetry
coverage of the Israeli waters and its derived analy-
ses—multibeam backscatter intensity and bathy-
metric slope maps (Kanari et al., 2020)—were the
major tools for delineation of rocky bottoms. Aerial
photography was used to delineate rocks in shallow
coastal sites. Visual observation by scuba diving or
by cameras mounted on remote operated vehicles

Table 2 Characters of each unique habitat

Group Character
Habitat designation Habitat ID
Habitat name
Habitat label
Sources of delimitation information ~ Habitat source
Geomorphological characters Province
Substrate

Regulation-related parameters Vulnerability to damage

Habitat area

@ Springer

(ROVs) assisted the verification of multibeam data
analyses, as well as the identification of smaller
rocky knolls and their biota (Ezra, 2017; Herut et al.,
2022; Makovsky et al., 2016; Marine Ventures Inter-
national, 2018; Rubin-Blum et al., 2014a, b, ¢, d).
Sub-bottom profiles were obtained by Knudsen Chirp
3260, working at 3.5 kHz and were used to detect
and map rock covered by thin layer of sediment in
some of the aeolianite rock outcrop ridges (kurkar).
Recently, an autonomous underwater vehicle (AUV)
equipped with a synthetic aperture sonar (SAS) imag-
ing system (Makovsky et al., 2021) assisted also the
identification of deep-sea carbonate crusts. Avail-
able biotic data of rocky regions was deposited in the
biotic attribute tables.

Sedimentary bottom was generally identified from
sedimentological literature and by the multibeam
bathymetry. However, delimitation of sedimentary
habitats was accomplished by arbitrary division of the
gradually changing sediment followed by comparing
biotic community compositions and demonstrating sig-
nificant differences among sampled areas. Examples
for such analyses are found in Galil and Lewinshon
(1981), Tom and Galil (1991), Lubinevsky et al. (2017,
2019), and Hyams-Kaphzan et al. (2018).

Several kurkar ridges and deep-sea habitats are
complex, composed of isolated but densely distrib-
uted rocky knolls surrounded by soft sediment. In
the aeolianite ridges, it was a result of partial cover-
age of the rocky bottom by soft sediment and in the
deep sea it was probably due to the pattern of meth-
ane seepage, indirectly responsible for the deposition
of the carbonate crusts. In those cases, for the sake
of simplicity, dense knoll fields were distinguished
by an encircling perimeter containing the knolls and
their surroundings, and the exact locations of the
knolls are planned to be presented as a separate aux-
iliary GIS layer.

Pelagic habitat mapping is in its infancy. At present,
it contains two, 2-dimensional epi-pelagic habitats
of the two most common cetaceans along the Israeli
waters, Tursiops truncatus and Delphinus delphis.

Auxiliary maps

Several layers which are considered by us beneficial
for environmental policy-related decisions or pro-
vide more detailed information for specific habitats
are also available or planned to be available in the
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integrative system. They were constructed or will be
constructed using a variety of tools and methodolo-
gies, including analysis of multibeam bathymetry and
backscatter data for identification of seafloor com-
plex morphologies; interpretation of AUV mounted
SAS (synthetic aperture sonar) images of the sea-
floor to identify pockmarks, gas seeps, and carbonate
crusts; ROV surveys for visual inspection and identi-
fication; and analysis of 3D seismic data to identify
seafloor geological features like pockmarks (Lawal
et al., 2022). The presently available layers are hill-
shade bottom map (Fig. 1) and a map which describe
the already present human interference in the Israeli
waters of the Mediterranean which contains active
and inactive gas industry installations and dumping
and drainage sites (Fig. 5). General service layers are
depth contours and raster depth grid.

Species-level identification

The planned introduction of molecular taxonomy to
our integrative system led us to add fields related to
molecular taxonomy data deposition to our “points,”
“lines,” and “polygons” tables (Table 1). Metabar-
coding was already accomplished by our group at
the IOLR using a 18S-V4 barcode and its meth-
odology was described in Harbuzov et al. (2022).
Consequently, non-binary species names relying on
barcode data would be allowed in the “Scientific_
Name_Accepted” and “Scientific_Name_In_Cita-
tion” fields. Other fields which present the species-
specific barcodes and the primers used for their
PCR amplification were already introduced to the
records attribute tables. Fields for other barcodes
and PCR primers would be introduced as required.
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Fig. 5 Human interference
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Results and discussion

The integrative monitoring system site and its contents
can be accessed through the link: https://experience.arc-
gis.com/experience/40e86605ff4d4e5096ed2c901fec2a
2f and it is actually the resulted product of this study.
The data content of the system did not reach our goal
of depositing all historical records yet, and approaching
this goal would depend on continuous data deposition
of already reported, still not deposited data as well as
uploading of new data, by the system’s team at the IOLR.
However, a substantial amount of data and information
is already there, and Israeli regulators from the relevant
ministries (ministry for protection of the environment and
its affiliated nature and parks authority as well as the min-
istry of energy) and other agencies as well as researchers
can enter the site, assisted by the link and guidelines pre-
sented here, to obtain data relevant to their field of inter-
est. Surfing through the integrative system site is easy
and self-explanatory. At present, around 170,000 records
are present in the biotic attribute tables, and the habitat
map includes 63 benthic habitats and 2 pelagic ones. The
deposited data in the biotic attribute tables were mined
from a library of documents, in a variety of languages
including Hebrew—some of them are available as PDF
documents. The Hebrew documents data is available to
the international community only through this database,

Table 3 Examples of record selections for specific studies

unless published also in a more internationally acknowl-
edged language. Data from substantial part of the 883
available documents were already extracted to the biotic
attribute tables. Forty-three major projects were depicted
in addition to a variety of small studies (e.g., university
theses). Thirty-five sampling devices were documented
and described, and 3187 species-level identifications
were already recorded. The framework for deposition of
species figures and seascapes is ready; deposition of spe-
cies figures was initiated and is planned to be broadened.
Also planned is the deposition of species-specific molec-
ular barcodes. The citation of documents from which
data was already deposited is found in the biotic attrib-
ute tables. When permitted, their PDF is also available.
Access to the citation list of all our existing document
library is under construction. Being an environmental
venture, the presented system is related to socio-economic
issues and suggested to be a regulation-assisting tool. Fol-
lowing Lindenmayer and Likens (2010), the maintenance
of such system should not be a time-limited project but
a continuous effort supported by governmental agen-
cies and it is highly recommended by us to be better
and faster updated, assisted by finance from the relevant
Israeli governmental bodies, which are actually, the ini-
tiators of its construction.

Several examples of data selections performed for
already published studies are described in Table 3.

Publication Attribute table Selected fields Selected items Aim of the study
Lubinevsky et al. (2017)  Points Project_Name Deep sea national moni-  Deep sea macrofaunal
toring communities
Time_start and Time_end 2013-2013
Phylum Excluding Foraminifera
Hyams-Kaphzan et al. Points Project_Name Deep sea national moni-  Deep sea foraminifera
(2018) toring communities
Time_start and Time_end 2013-2013
Phylum Foraminifera
Lubinevsky et al. (2019)  Points Project_Name National Monitoring Multi-annual monitor-

Lubinevsky et al. (2022)

Lubinevsky et al. (2023)

Points, lines, polygons

Points, lines, polygons

Time_start and Time_end
Station_Name

Order
Is_Species_Level
Order

Program of Israel’s
Mediterranean coastal
waters

2005-2016

Excluding H71%*, HB*,
HS*, 72*

Tanaidacea

1

Cumacea

ing of sandy shelf
macrofauna

Tanaidacea faunistics

Cumacea faunistics
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As already stated, the species is our basic ecological
measurement unit, being an entity that fairly uniformly
responds to changes in the ambient conditions. As
already detailed above, the accurate species-level identi-
fication of most of the taxonomic groups which inhabit
the Israeli waters is difficult. The introduction of molecu-
lar tools and metabarcoding procedures (Danovaro et al.,
2016; Harbuzov et al., 2022) and the ability to integrate
them into the biotic attribute tables would provide better
accuracy of species-compatible identification.

An important part of the system is delimitation of
habitats. Rocky habitats as predictors of specific rock-
inhabiting biota were elucidated using geo-morphological
methods. The division of soft substrate habitats is more
difficult due to the gradual change of the substrate physi-
cal properties. However, it is clear that, for example, the
biota of the shallow shelf is dramatically different from
that of the shelf-slope boundary although both belong
to the same continuous sedimentary province (Galil &
Lewinsohn, 1981; Tom & Galil, 1991). Therefore, we
arbitrarily divided the soft bottom gradually changing
habitats, especially in the continental shelf, allowing more
educated regulation through dealing with more uniform
habitats. In addition, biotic fractions including small uni-
cellular organisms, meiofauna, macrofauna, and motile
megafauna (Danovaro et al., 2010) should have different
weights regarding habitat definition and the more station-
ary, less motile, smaller, and short-lived species should
have more weight when setting habitat boundaries.

The integrative system does not intensively deal
with regulative issues, such as determination or index-
ing habitat vulnerabilities and recommendation on
potential establishment of marine protected areas and
nature reserves, although a 1 to 4 rough vulnerability
scale was temporarily determined in the attribute table
of the habitat layers due to practical request of govern-
ment regulators. Our opinion is that rigid regulation
based on rated legally bound arbitrary scale is not rec-
ommended, as natural situation is complex and habi-
tat and biotic community responses to disturbances
are variable. Therefore, case-specific, more flex-
ible implemented approach guided by several general
rules would be more beneficial, modified if required
in view of new monitoring results. Regulation has to
be divided into two types: rigid determination of pro-
tected areas and nature reserves and “soft” and flexible
determination of percentage of allowed anthropogenic
interference for less sensitive habitats. This percentage
should take into consideration the size of the habitat

and its type. The size of each habitat is depicted in
the habitat attribute table. Regarding types, rocky bot-
toms have to be considered more vulnerable than soft
substrate ones. Sharp bottom relief of hard substrate
has to be considered more sensitive as it is more heter-
ogenous and potentially more diverse. Sharp relief on
soft substrate would be considered less stable, subject
to slumping down of sediment and horizon mixing,
assumed to contain specific biotic composition and
deserves conservation attention.

Connectivity of different habitats is important,
but less known and, hence, less predictable. The life
cycle and biology of a variety of marine species may
involve several habitats. Planktonic larvae of benthic
species, confined breeding grounds of widely distrib-
uted adults, food sources transported from outside the
habitat of inhabitance, motile species which inhabit
several habitats, and more. A partial cure to that
shortage of knowledge may be the establishment of
protected areas which contain more than one habitat
and also the already mentioned recommendation of
leaving a reasonable percentage of each of the habi-
tats untouched.

Biotic data to the integrative system is provided by
scientific research but also by government-initiated
regular sampling programs. Basic consideration for
designing biotic monitoring program in Israel and
the Levantine basin is the poor primary productivity
(Berman-Frank & Rahav, 2012; Moore et al., 2013;
Siokou-Frangou et al., 2010) and the consequent low
biotic density.

The already demonstrated sensitive, vulner-
able habitats within the Israeli waters are the shelf
rocky habitats down to 130-m depth and the Pal-
mahim slump regions which contain methane and
brine seeps and consequent isolated carbonate crust
knolls (habitats 11, 12, and 63; see habitat layer on
the system site) (Herut et al., 2022; Makovsky et al.,
2021; 2022). Suspected, not sufficiently studied
regions are the northern slope canyon-region and
the Dor slump. As mentioned above, it is evident
that a percentage of a variety of soft substrate habi-
tats have to be conserved or protected as well, by
limiting the percentage of human interference. With
the assistance of the human interference GIS layer
(Fig. 5), the percentage anthropogenic utilization
could be evaluated and monitored.

Environmental interrelationships include biologi-
cal, chemical, and physical factors and relating this
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biotic database to the IOLR oceanographic database
ISRAMAR https://isramar.ocean.org.il/isramar2009/
would be beneficial and is planned.

Last but not the least, potential cooperation with
global and European biotic databases including data
integration is welcomed by us and considered mutu-
ally beneficial for both sides, exposing our data to
broader audience and providing otherwise unavail-
able East Mediterranean biotic data to European
and global databases. Once exposed to the public
through this publication, the obvious candidate for
cooperation request with our integrative system is
the biological part of the European Marine Observa-
tion and Data Network (EMODnet) and if positively
responded, integration of our data would be discussed
and realized. The two databases are very similar,
based on GIS platform, containing both tabular and
map-based presentation of data and no serious obsta-
cle to data integration is anticipated. Once done, auto-
matic integration to the Ocean Biodiversity Informa-
tion System (OBIS) managed by UNESCO would
be realized through its data sharing with EMODnet-
EurOBIS project.

Conclusions

1. An integrative, public, easily accessible database
is presented here, providing long-term organiza-
tional and national marine environmental mem-
ory and aimed at assisting researchers and regula-
tion agencies.

2. The data is deposited into a uniform table pat-
tern. However, appropriate comparisons among
records require selection of similar and compara-
ble record types in relation to quantifiable results,
sampling methodologies, and functional and size
groups of sampled biotas.

3. The system is an ongoing venture, continuously
updated but already includes a substantial body
of data.
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