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research, and practical solutions are necessary to enhance the capability and applica
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ther helping to ensure the sustainable management of ecosystems and the provision

of ecosystem services.
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e JJ $ ! & $ %o-ttJ|0dl%artimd=m buoml;in|-m]pwm 1lolltmb|o
ecosystem level.

Global change and the resulting unprecedented global biodiversity ttlombloubrmdo-1_svl: |u-7;3d=+%0;;u-bkb:;:7
tovvu;l-fou| _u;-|Mo_Tl-mk;tt0;bRi];==;mt:2015Q: |_;t;";t0=;|-btQS7;mPb:[-7mT10;0=v|T7vb]|;v@7;lroJ
With the present warming of about 1°C relative to the preindustrial u-t;r;|b|bowott|bom bl_-tt;miw=|;mot] _bm;lo];
-Y5u-1P 031 tt70ul2019 Q% ;-ui-tu;-78r;ub;milbnvlmvbmm]-:ouS-Irt;7;]|ou;tibtR016 Quorov;n;|o=
(S usl%o;-| _;d;m|vtl-v|_;bmilu;-wvhumit;md= ;-| "o]tthElol; " smvbmy;m|bbre7b”7; urhbifx-08,W "I (vQ
%o-";viiuot]_wr=too 7Pmft-mh -t:2018 Q:omv;tt;m|t<«ZouTOv|b|TFbmdOv;u -|bdjmMinm]-|0bo7b";udyb)«
lolru;_;mvpbsouwu;ttbul;druo|;0bo7b”;uwbbqv sures, such as ecosystem structure, fractional vegetation cover, leaf
associated critical ecosystem functions and services, which are -u;bm7.Ai7;];|-|bom;motol«m;7;ub t¥bml|=uol

| _u;-|;m0Z]to0-1_-m]P ;1tlu}-t:2020 Q:ourt-mmbmJtoO-vr-1yuoju-lvtbh;" Jv -u|_Ov;u~brmqv|;I7_; &]v
and implementing biodiversity conservation and mitigation actions or;umbtde]u-lory _;u;l;mitdml_;Ul-m m v-J
as well as for evaluating their success, biodiversity monitoring apJ ;ttb ;0% ;" ;UT" I (v-tt7;r;monm _;vr;l|urtor;u]|mv

ruo-1_s+ttm7;uu;7b==;uLnf|]JoubPwu;| -t:2011; t-ul;ul;|-|bom-m7vi=r;-|tu;emyv;tt;mlouzvr;1b=Db1l
"r-uuo% -t:2020 Q P -Targeted monitoringbased on detailed Obo7b™;dybvku;vtl-vvr;1lbo]rtt-|bovnyl7b;|wu]bpw7

field observations across a limited number of study sites in order the community composition of plants and animals are more difficult
loltowu;v;-ul-rvu;t-|;fobm7b~borutetr ¥t-|bomJvr; ltb mbriitor as they are not directly related to radiative transfer.
1-tv;J-m7J;8st-1pbomvPb@wseillance monitoringbased mou7;wlomb|lemT-r bm7b0plo|7b”; y-tv[ku; V-7

on more general field studies across many sites, over larger areas, chinelearning modelling approaches are potential solutions, but they
-mbmittTbmpbhI-mmir-tib|blomu7;woOv;ul,_-m];v 7;r;ménuotmdt|7-|=ow-bmbm];v|bm&m=ou|tm-]|;t<7
oortft-|bomlvw ||t mb|b;mw® l@ndscape monitorindor a the targeted and surveillance monitoring approaches cannot provide
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|_svZ-|-7t;lo|_;-=ou;l;m|bom:7;Jd= % ;;pu-bnsF facilitate monitoring without permanent supervision by researchers
tent, and temporal repetition of the observations, hence these are -m7%u-1|b|bomibm?;m|bommt8s;mvt7u];tar;mJ
not suitable for closing the systematic biodiversity monitoring gap. votulyor;nvlb;nblv;lou|,_;l;brm_; -|Tuf:eruof; 7
$ _tv7 lou; bm]|;Ju-|;7 lomb|oubm] ve«v]|;lv -u; m;p¥the:collected data and computer code is available in online dataJ
i|%ouhyZimveuv|;lv-";]_;ro|;m|HQetltov],_;v<y O0-v;v ou =uol |_; -t|]_ouv from u;tt;v]:

tematic monitoring gap between field observations of biodiversity
I;-vitu;vm7o-ttJ|oJ%gdot;v;mvbimirbm]_;<-tto %
ru-1|b|bdmyuwb<E;mvagOv;u"-|mgfook%i|0bo7l ;u‘:*:¢J GJ $u-1hbm]
vb|¢|-|Tlym=oul-dmm-w;-tJ|bP7 b¥ooTtidop;rov
vbOtb|=b;©0/0v;u"-|botmm;m77b|bmm|% oulv;mvou tRacklT: An open-source radio tracking system for bats and small
systems provide the data needed for training and testing machine animals
-lvu;ru;v;miloto]blvbimb=p-Saomo b t+v|_;«
are globally significant to maintain healthy ecosystem functionJ
bm|_uottottbm-fmozbvr;ue=t;;7P tTm{Et2011Q:
svrb|f_;bbdrou|-om|uboO fljobdh\nio ;tt0; bhnm d%ot

learning models in conjunction with remote sensing data.
$_su;-"50;;momvb7;u=0toum;1l;m|-uyo;v|-0
tbv-m7r;u-|m;|%oulv;mveuv|;lvoQbo7b”;uwvimdb
loubmgo|_;=bublvbomrv;mvBimgd7b~;uPBi®RQi4Q
towards the idea of fully automated global biodiversity monitoring edge of their behaviour is limited, especially in comparison to
P ;vvagmt2D22; Bohan et al., 20178"|;; m %o ;] -t 2D17 Q:0u t-u];uJO0ol-Ht¥tv -m@DbuPvub;]ht:2020 Q:bu;1dQ
;S-Irt;7;|_b| -t:P018 Qbm|uo7 +-Mmdr;mJIvotud% Jlov|v;u -|bom-|Wv -Ir;u; < _;bruu|blttvlttd0o7vbE&E;7
lo7tt-1;"blsouom]J|;bom|bmielfu-m7Zt7bw;lodt7 =-vimZ0utitp™;I;m|vMmMmol|tum=tv|«jju-7b|bom-t
bmlvidJee];t;;|-t:P022Qu;v;m|;fuo|o|<«o=T|ol-|;7 conservation monitoring approaches, bats are often studied using
Itt|bv;mvpdborodomb|oubmlb7b™;uvPfau b;%w |-mt-t1-7da-1htPmJi809|-t12D19Q% bl-mM;bm;==blb;m|
Obo7b";doem|b|oulgdh]moto]b;;vit-m|-t:2018; Besson 7tilolbliusttbusl;mivi_;_bJlovde_;vr;1lb-tht@&;?7
etal., 20228 - _0@®J om=oy{i-| 2021 Q0% ;" ;y7;ubv|btt Ootw;ttbu;7:
a pressing need to combine and integrate various biodiversity monJ $ou; 7t ;-lotmdd-mt-t-Oofuuttbu,ofu-1h-|v7
blouhm] moto¥mijv ;-t|ol-|;Tomb|oudaf]t|bIvr;1b;%;7; ;tor;-fmor;mJvotui|;Eow;tb-0t;ol-|mk7bo
Ju-1hbowRPvI-tt@bl-tvwb |BRacklT "<v|;Iv8||rv 9+l h
it.systems, Gottwald et al., 20198 X 1 _v;|| -t:2021 QtRackIT
-lttbuyyd@u;vi-t<v-\nvqu-mvId|-w|Tu7u< b]=uj
tt;m1R( Q@blm-tw7_;bl;viubrEg~]tujel-uuwt|
activities such as calculation of the bearing of signals emitted by
( u-7be]v-||-1_;[lo-mbl-tow|_;1t-vvb=DbDbndm

systemsunder real-world conditionsto proceed from an initial vision
|o-ru-1|bd:ttbE-poomI’-m-";-vblmb=blr-rhpnj_;
conservation of biodiversity, and ultimately secure ecosystem funcJ

tions and services.
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bm=u-v|uisl|;tutuy:em;|%out;hvouv|;llolrubv;vwell as audio and video recording combined in a single platform.
three main technical components with a modular structure: sensors, -1_v;mvdund;tv;7v-|ub]]l/wop ;o|_;&vbm];vi;|_J
7-]-lu-mvibvvbom7-viou-Pb]tuw;Q); ru;v:mp;IJ ods in combination led to >90% detection rates in camera recordJ
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7-1- viou-]; u;ttbu;l;m|v7 -m7 =-1btb|-|; 7-|- [u-mv=;u |o o]|_;u ;t;I;m|v o= |_; m;|%ouh -m7 %b7;u rf
|3 " " J$u-bt P"1b;ml; 7t1-|bom -m7 -|tu-t "<v]|;l Ov;u"-|bomQ7 %b|_]tb7;7 |lotuv7 vl_oot =b;t7
u;votul;v: $_; lo7tt-u 7;vb]lm o= |_; -|tu; “:e ruof;1]| -tto%v =ou Oo|_ |-ul;|;7 -m7 vtu™;btt-m1; lom!
lolObm-|bom %b|_ 7-|- frvl-tbm] I;|_o7v7 0; tv;7 =ou v;-lt;vv -u;-J%b7; Obo7b~;uvb|< l-rrbm] bm m:
applications.

& ! ‘ JBatRa#&latRack bv - Ift|bJv;mvou lomb|loubm] votf|bom |_-| 1ol0bm;v bm7b"b7t-tI;|]_o7v =ou

lomvbv|bm] o= -t|ol-|b1 ( u-7bo |u-1hbm]7 -

V % ;tt -v -t7bo -m7 "b7;0 u;lou7bm] 10l0bm;7 bm -

as a trigger for the other, thereby strongly improving detection rates. BatRack allows researchers to efficiently collect data on species

0lltuu;ml;v -| - “;u< _b]_ vr-|bo]|;lrou-t u;votf|bom -m7 1-m u;tb-0t< or;u-|; bm ~

0||%-t7 POQ7 (: "-t;%vhb P1Q:

7-1-:bmhimjtv;o=vr-1jo|_;0; -"bod#m7b b7 ftrtw
to better assess the ecological function of habitats and facilitates
targeted conservation measures.

Animal behaviour at local scales
mo%t;7]Qof|_;-1|b"blubo@d@¥mbl-fvuot]_¢1]7-«
provides important ecological insights into their responses and adJ
aptations to the environment, foraging strategies, energetics, and
bm|;u-1|%noM_;om7b bdivtylbP$ouml|«t:2021 Q:
0% ; ;U7 ;us;u;mo”-bt-0t]_o7y_-|lu-1Go]| | _;-1|k"
blem7 -0b|fMo=vI-tt-Sbm_;% bt7-T|bltthuwix;-v=
7;mvi ]| -|bomil-v=ou;v)b|_bm; -|tuf:eruof; 1%.7
were able to partially overcome this limitation.
"tOof;Jp-1htbmiou;v|;M buomliunlvbnly -tt;dn]
bm]o% ;" ;W;1-nMmo%s-vitu:l|b b|cb]l;lrou-t;¥
ott|bOmtvbroltut|ol-|;U-7bla-1hbwmy|;BatRack
and tRacklITQbrmiolObm-|%dm- |-1_bnt;-umbmrjuo-1_
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in the wild such as bat roost switching and associated swarming
behaviour.
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insights into the spatiotemporal interactions of species with their
environment.

Birds at larger scales

Birds are highly mobile and many species, particularly migratory
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which precisely recorded their positions, enabling the investigaJ findings show that the automated monitoring revealed not only
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few isolated islands, all regions of the earth are inhabited by bats
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be accessed and analysed through a web
frontend.
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Insects with radar
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|_-m "SI P _-rl-m ;| Q:7 2002

We have developed a novel insect radar setup based on a cond
r-1=u;tt;mil<Jlo7 ttejmTbmtotvi%-lo7tt;% bl _
was originally developed for autonomous driving applications.
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rubl;m|myv;Zf|;1|bemDbol-viw|bl-|b#mu:l_b;";7
%o b|-_|-btoudI47[_;l-|bl-trruo-1$:;1om711{;0; 3
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lom7t10<7ovho’|-t:P023Q7;lomv|u-|; 7;vtb|-0bab|<
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data of low flying insects at multiple positions in the forest.
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lom|uoRb]d a1 Q% _;%o-|;u|-|Toqd_;lu;;b\l-r|Tupk- bulu“af|;IP& "Qouomb|oulum;wu;ttbp;;brovb|dom
1t-vvbi-mb;ulmar=thg mvPe:«f O@m7Z1-r-1b|b mvou be adjusted repeatedly due to the low accuracy of the registered
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observation geometries used. Without accurate positioning data,

it is impossible to meaningfully compare different point clouds and
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search in the future. Currently, we use a prism attached to the rover
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as the insect radar and has good manoeuvrability in forested areas. [obm=ufuor 'QWT_ul-t;mvoRuv ;ulktl;u-mbdm=u-u;7



, JMP“O:W
Clobal Changa Biology

|_;ulol;|;@@uou;v¥toduvtu;l;m|wj_;=b;07Ir-b]lm t-1h_;=t;Sbptirou-t;vott|be&n"vT_;<-u;lou;v|-0t;7
of|tbnmbydovho{|-tR023 Q|7 ;«voT] |plomb|gou;r];J] ruo”b7bm] _b]_Jtt-tb|< 7-|-7 o=]|;m -] Ift|bvr;1]u-t u;vo

nology with a rover they designed, and confirmed the efficacy of this m_; -[fu:eruof;1%7tv;dtt|bvr; 1wtttk
ruorovitt|bv;mwvowq;lbrh_;=ou;vf:or|boom_;"bvt-t -];v¥%eb}vr-|butvott|danBlmuo|_;";m|bmyt-J;tth]|;v7
lu-1hblml_-mbvh7 |btbEeHhomvrO;uubJO-viadd 7-]1-=uot & "|bl;v;ublvir-b]lmto%/mhubm]™;];|-|bom
rt]-|bbov tt;m-0tybltt|-m;atmd|bdpr7 b]_J-11tu-k:ubo%b|-_|;lrou-ti;vott|bem S%;;hm7b ! 7-]|-
positioning of observed objects. Pb]tu4Q); -tvov;7 Vv ruo b707|_;tol-tt|_olub
m;o5_;tv;l-v;v|bbmuo]Ju;bvh_; -|fu:eruof;1| |b;? ;vvb-Immleou-|fu;omv;u”-|bmmbruoml;mi77
bwv-11tu-f5ul;Jdvivtiu=-fLlr;u-|Tul-rrbm]%B _bBobtt ;0t0]<«7 & Q$_;vyr-1;0oumZbuOoupmp|y;mvbm]
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tion at different spatial and temporal scales and can facilitate P m|;ulo”;umlimjémtbl-|;_-m]20218 m|;um-|bom-t
monitoring of remote or inaccessible areas that would otherwise &mbemuomv;u”-|bam Tu2D20 Q$_bbw-u|bltt-witk
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selected audio segment is presented. Within this view, species in audio samples can be manually labelled, and machine generated labels can
be reviewed.
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