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Abstract

The global biodiversity crisis requires increased investment to monitor the state of nature and
improve and streamline conservation policies. Citizen science, conservation culturomics, and
iEcology are new approaches to collect data that allow us to obtain a more comprehensive
picture of the biology and ecology of species and better understand human-nature
relationships. However, these data sources have several methodological challenges that
require consideration during the data collection and analysis phase. In this study, we aimed to
use these innovative data sources to promote the conservation of Israel’s birds - particularly at
KKL-JNF sites. More specifically, we focused on three goals: (1) Characterizing the diversity
of birds at 12 KKL-JNF birding sites using citizen science data; (2) Building a systematic
prioritization plan for the conservation of Israel’s birds using algorithmic tools to prioritize
areas for conservation; (3) Understanding patterns of human-bird relationships at KKL-JNF

sites through the analysis of cultural data for nature conservation.

To advance these goals, we first built an optimized database of 380 bird species in Israel,
which included approximately 4.2 million observations from the data of the Israel Society for
the Protection of Nature’s Birding Center and the database of the Israel Nature and Parks
Authority. In the first stage, to obtain a comprehensive picture of the presence of these species
in Israel, we built spatial distribution models (SDM) for them at a resolution of 0.5*0.5 km
using Maximum Entropy (MaxEnt) models. Analysis of bird presence at KKL-JNF sites based
on these models showed that the Eilat Bird Park is the richest (328 species). We further
observed a high concentration of species richness along the Dead Sea Transform. In the
analysis of Israel’s ecosystems - the desert salt marsh system was the richest (360 species).
When we focused on bird species at risk at KKL-JNF sites, we found that at Eshet Reservoir,
Holland Park, Lotan, and Lake Yeruham, the proportion of threatened species out of all birds
at the site is the highest (22-25% of all species). While at the first three sites (Eshet Reservoir,
Holland Park, and Lotan) the percentage of threatened species out of the total number of
nesting and summering species was highest (36-41%).

In the next stage, we conducted a systematic and hierarchical prioritization of birds throughout
Israel, to examine the importance of KKL-JNF sites within the total network of Israel’s
protected areas. For this purpose, we conducted a systematic hierarchical prioritization using
optimization models from the Mixed Integer Linear Programming family for 1x1 km grid cells
across all Israel. We performed this analysis for groups of birds of three different ’status’ types
- nesting and summering (167 species), wintering (121), and all species (380). In this systematic
prioritization, we found that there was variation in the areas selected for conservation when
comparing the three different assemblages. For example, the Dead Sea Transform region was
found to be important for the three assemblages, while the coastal strip was of high importance
for the wintering species only. When looking at the conservation importance of KKL-JNF
birdwatching sites, we also found differences between the importance of the sites based on
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bird status assemblage. Agmon Hula, Gesher, Eilat Birdwatching Park, and Lotan had the
highest importance for the three assemblages. While Agam Yerucham, for example, was
found to be of the highest importance only for nesting and summering species. In the view of
all of Israel, KKL-JNF areas constitute 43% of the protected planning units and approximately
50-60% of the areas of high conservation priority based on the planning tool we developed.

Finally, to obtain a picture of the human-nature connection at KKL-JNF sites, we analyzed
culturomics data from several different sources. We analyzed 1,008 photos of visitors to KKL-
JNF sites that were uploaded to the social network Instagram. We analyzed these photos both
manually and using several artificial intelligence tools. In addition, we examined Google
search data and Wikipedia page views between 2018 and 2022 for both the names of KKL-JNF
sites and their flagship species. This analysis showed a seasonal correlation between interest in
sites (Agmon Hula, Agmon Hefer) and their flagship species (cranes, pelicans). We also found
that most of the interest online about a particular site occurs primarily within the geographic
area of that site. The images sample we analyzed from Instagram revealed differences in visits
between the various KKL-JNF sites. For example, we identified that Rosh Tzipor Park is used
primarily for professional birding (91% animal images, 70% birds), while Agam Yeruham is
used primarily for family recreation (70% images with people). Beyond this, the automatic
analysis of the images using artificial intelligence tools showed a high degree of agreement
with the main trends of the manual analysis.

In conclusion, we have shown in this work that KKL-JNF sites are particularly important for
the conservation of bird diversity in Israel, especially along the Dead Sea Transform and in
partially protected ecosystems. In addition, we demonstrated that combining citizen science
with optimization tools and culturomics can provide new tools to enable informed decision-
making in nature conservation. The study demonstrates the potential of these methodologies
for regional planning and monitoring of cultural system services.
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DYPADN KD YN Y00 INY I NNNN .0 YIVN MY DY NN YALN NNNY NIINN DY MIONN
Q0N PN YN

SNV DINAN MNDN MTIX YT MNPN PHN P2 IXNYN :1 HYa0

n2man Y70 e 0'2'n 190N ni'‘axn 19on
naNn Y¥ nNaxn 1N

78.7% 555 5,456,099

Yavn naanY
13.6% 462 945,758 BioGIS
6.9% 425 476,332 D"2an1 Yyavn nivn
0.6% 508 39,720 I-Naturalist
0.2% 467 13,800 Yavn |IN'TIN

TITIN Q0N YN NION (point locality) MNY MTIPI2 03N HY MNON MTIN YN NN Hrapna
TN NY DN 1M ,TPN2IY 1PXIDITIA 1N NPONNNDIN DINMII MM DD 1T YN .NXI9N

NN MTIN YN, NIV OINNI MNDN MTIX YT — D0 NYIDVN YT 109D 1OX M INIWD
INY ON591D NN NNV DINN IDHN MNPHN /THPYAIN T2 NPINNID M), 00V XIN *DIN2
IN,NDN PN PNHN DN DXNIN,NPIXN NN ¥ 555 7172 DN DXNLY DTN, NPNTIPI NPINNN
SV NINDNN NNNNN DX NN ON 21729 DY TMITIPI TINN YN INDYD . NNNTII DOXIYD P R8N

(1 9PR) NPOXN DIDN NPNY DI DI NMIPN — PHN MNDN
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WP 530017 23N MO 12 N INOP[T . INTWI DI TN 230 FIVIIN SV 713195 11190 1 N
YNDY NI OIVN D20 5Y (71722 YI0P/T) 71319577 DINN P25 (MIND7T MTNI3) 7IX5771) 2010 10UP 1112980
TN 52 5W 71319077 (2017 , 129207 1120 — SN O SV DTN 19071 50 09137V DY ; 1996 )N 1Y) SN

(1129517 94,985 ; Alectoris chukar) 1900 — SNOWS P01 0229077 . 7353 SN 3121203 717707 D207
,(M1ox1 1316 ; Pterocles coronatus) 23t 170 7107 ,(019x5 13,163 ; Onychognathus tristramii) 11°0700>70
(nroxn 723 ; Poecile lugubris) 077 21277

Species Distribution — NN Yo7 > DY D) DMNWYN DIPHT MXIAN NN I 1NINI NINT M1APY2
MNPN S5V DY TN DIPN SV DONTIPI DINIPIN NN DVNNYN Y9N Do 1nN .Models (SDMs)
M MATYN TAD DY DXNON NPNY DIPNN DIAN 127 XD (2 NYAV) DN OMIIPN YN

LOW MATYNN THO DY, 7932 1PN DY 128N 1DON DTN (DTN TINKY MIAWINNIN) DNYY VTN
PR MNINY MIINON MO ONNN IDON DTN .OMVN DINTNL DTN INNNND MONMNN TN
PRI MITYN MNDND DINRN JNA PTHIND I GON .(OXIY YINI2 OV NIPNRI) TYPHN NLYN DI
(NPDOPLDY NPPNID HY INNVIIND DOWHNWYNM) NININD MIANDNN DY DINY GO 137y THD DY
MY YNNI NYNNYN NN (NMY NPVDMOLO MYV DD DY) NI ITNY NMY MOYOWY S5V v
O),(MIYN S5wa MNoSIN INNDIV ; Maxent, Random Forest, GAM, BRT, SVM) mbaypn

=192 NRYNY MOLOWN NYY DI HY NNXNNN DTN DX NN 12T DY INDI .DNYY DOYINNN DYDY
YNNI IPNNN TYNN1 NINDJE0 . MNNNN NN NP NIV NN DT NIPN2 Nopwn Maxent
NN 0NN OOYTIND ININ INIYI DINDNN 2NN TN DI DY NXONN NN I¥MY Maxent o702
N2 PNN DN NONYIA NPDIY NPNONN DTNV NI T XN D32 NN NPIY PN HY MIINonn
DY NNIN DINI ININD MIIANDNN DX NIND ,DMIDN DIPNA DPPNND DY MIINDNI X T N
IUNI 0D .01 NI NIAY MIDIPNN MNNIN 0IAPNN 0.5 DY G0 7D NNRYN DMV DD

NN TI0 NNNN NN PHRN DX NITHN 50% NINAD XXM INWDID T2 XNA PHN DY NINDND MIANDNN
A2 9YR) 17 0.5%0.5 SV MIXINTIIYNIND DXAVNMNNKN NN OITIN .ITYID ITIN
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YN N0 Y119 NIV
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DTN MYawn 21N PNIN
DTN MYyawn YPIP VIDOY

N277) 5002 TI0I00 713199777 . INIWT D220 NN 290 7VIIN SV (SDM) 0>30mmm 713190 25710 : 2 99N
TPPILOIV (Alectoris chukar) 71200 — SNPWI 11020 022077 . 7253 SNIW> 212) TN 5771 27 5Y 7197
.(Poecile lugubris) y»ni1 >12711 ,(Pterocles coronatus) 2>t n7n nvp ,(Onychognathus tristramii)
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MIIYT OINVY N TYNS MPOPVOID 171999919 (2

NPNIN DY MM MIAD Y732 NNNMY DN DI MTIN VTN NWHNYN NTIAYN DV YN PHNA

D2 1951 OYON .OMTPNN TPNOVNN MY ¥ HY YAV NPHYY DN DY YONVDID GYTYND
DN 53 NN NI MANIWY NIDIND .OINN GONNDT (NNDOYW YTY NINXNT MM JNW) GITYN NI
SY DXNONN YPIPN FVIDYI MONMNNY,TOY DIWITIN YPIPN YANYN DINNDY TIN , NIV NN
Mixed integer linear programming ¢ DMININI WIOW YT DY YXIND GITYND PYNIN .NLY XN YD
22NN MYXNINI YY) DT TPONN .NX2IVIN NPNIND DO I9INI NITVN NN DY MMINTIIVINN TWINRNDN
IXIND . GONRNA OHN HHD HY MNONN NX DOPNY 1INIVN) (Hanson et al. 2021) R-2 *prioritizr’
MNNION DY 141 HY PIYOIRD MYNNNID HNIY HY DNLY DX NP LTI TNNY OIN NI DaApnnn
PTID DY PHINNI HAPNNN NN L(ONIY DY DN MTN 28,254 HON TOI) NONN MTN> NN NY
N LY .(OTIND WNIVY DIDIN NN NYAPY DXTYD DNNND) XD IN 1INYD ¥ DX DIV RN DD NIy
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Emberiza cineracea
Emberiza citrinella

Emberiza hortulana

Emberiza leucocephalos

Emberiza melanocephala
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Eremophila bilopha

Eremopterix nigriceps

Erithacus rubecula
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Larus michahellis
Limosa lapponica
Limosa limosa
Linaria cannabina
Locustella fluviatilis

Locustella luscinioides

Loxia curvirostra

Lullula arborea

Luscinia luscinia
Luscinia megarhynchos

Luscinia svecica

Lymnocryptes minimus

Mareca penelope

Mareca strepera
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Melanocorypha
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Melanocorypha calandra
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Merops apiaster
Merops cyanophrys
Merops persicus

Microcarbo pygmaeus
Milvus migrans

Monticola saxatilis

Monticola solitarius
Motacilla alba

Motacilla cinerea
Motacilla citreola
Motacilla flava
Muscicapa striata

Neophron percnopterus

Netta rufina

Numenius arquata

Numenius phaeopus

Nycticorax nycticorax
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Oena capensis
Oenanthe cypriaca
Oenanthe deserti
Oenanthe finschii
Oenanthe isabellina
Oenanthe leucopyga

Oenanthe lugens

Oenanthe melanoleuca

Oenanthe melanura

Oenanthe moesta
Oenanthe monacha
Oenanthe oenanthe

Oenanthe pleschanka

Oenanthe xanthoprymna

Onychognathus tristramii
Onychoprion anaethetus
Oriolus oriolus

Otis tarda
Otus brucei

Otus scops
Oxyura leucocephala
Pandion haliaetus
Parus major
Passer hispaniolensis
Passer moabiticus
Pastor roseus
Pelecanus onocrotalus

Pernis apivorus

Pernis ptilorhynchus
Petronia petronia

Phalacrocorax carbo

Phalaropus fulicarius

Phalaropus lobatus
Phoenicopterus roseus
Phoenicurus ochruros

Phoenicurus phoenicurus
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Phylloscopus collybita

Phylloscopus humei

Phylloscopus inornatus

Phylloscopus orientalis
Phylloscopus sibilatrix

Phylloscopus trochilus

Platalea leucorodia
Plegadis falcinellus
Pluvialis apricaria

Pluvialis fulva
Pluvialis squatarola

Podiceps cristatus
Podiceps nigricollis

Poecile lugubris

Porphyrio
madagascariensis

Porzana porzana
Prinia gracilis
Prunella modularis

Prunella ocularis

Pterocles alchata

Pterocles coronatus
Pterocles lichtensteinii

Pterocles orientalis

Pterocles senegallus
Ptyonoprogne fuligula
Ptyonoprogne rupestris

Pycnonotus xanthopygos
Rallus aquaticus
Ramphocoris clotbey
Recurvirostra avosetta
Regulus regulus
Remiz pendulinus
Rhodospiza obsoleta
Riparia riparia
Rostratula benghalensis

Saxicola caprata

Saxicola maurus
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Saxicola rubetra
Saxicola rubicola

Scolopax rusticola
Scotocerca inquieta

Serinus pusillus

Serinus serinus
Serinus syriacus

Sitta neumayer

Spatula clypeata

Spatula querquedula
Spinus spinus

Sterna hirundo

Sterna paradisaea
Sterna repressa

Sternula albifrons

Streptopelia decaocto
Streptopelia orientalis

Streptopelia turtur
Strix aluco

Strix hadorami

Sturnus vulgaris
Sylvia atricapilla

Sylvia borin

Tachybaptus ruficollis
Tadorna ferruginea

Tadorna tadorna

Tetrax tetrax

Thalasseus bengalensis

Thalasseus bergii

Thalasseus sandvicensis
Tichodroma muraria
Torgos tracheliotos
Tringa erythropus
Tringa glareola
Tringa nebularia

Tringa ochropus
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Tringa stagnatilis
Tringa totanus
Troglodytes troglodytes

Turdus iliacus

Turdus merula
Turdus philomelos
Turdus pilaris
Turdus torquatus

Turdus viscivorus
Tyto alba
Upupa epops
Vanellus gregarius
Vanellus leucurus
Vanellus spinosus
Vanellus vanellus
Xenus cinereus
Zapornia parva

Zapornia pusilla
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