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Abstract

Biodiversityloss driven by agriculturalintensification
presents a significant challenge to achieving
sustainable food systems. The BioRegen Indexis
introduced as an outcome-based, multi-metric
assessmenttooldesignedto evaluate theimpacts
of farmmanagement practices onbiodiversity at the
property scale. Byintegrating ecologicalindicators
across structural, compositional, and functional
components, the Index provides a standardized yet
adaptable approachto quantify ecologicalintegrity
within agriculturallandscapes.

The methodology encompassesremote sensing, field
surveys, and quantitative ecological metrics to capture
the complexity of agroecosystems. Implemented as
apilotincentral Argentina’s Pampasregion, the Index
was appliedto eight farmsrepresentingaspectrum

of management practices from conventional to
regenerative and agroecological systems. Biodiversity
monitoring focused on five taxonomic groups—birds,
anurans, vegetation, pollinatorarthropods, and
ground-dwelling arthropods—using standardized
protocols. Indicators were selected based ontheir
responsiveness tomanagement practices, and targets
were established using observedvalues, ensuring
context-specificrelevance.

Results demonstrated the Index’s ability to differentiate
betweenmanagementtypes, withregenerative farms
exhibiting consistently higher biodiversity scores. The
approachrevealedvariability withinland use categories,
highlighting critical areas for targetedinterventions.

Despite some datalimitations, particularly in
vegetationand anuransurveys, the Index proved
practicalforuse withinmoderate resource inputs.
Moreover, its flexible structure allows forregional
adaptationand possibleintegration of emerging
technologies such as acoustic monitoring.

The BioRegenIndexadvances the toolkit available
forbiodiversity monitoringin agricultural systems,
supporting adaptive management and policy-
making. By linking biodiversity outcomes with land
stewardship practices, the Index has the potential to
guide transitions toward regenerative agriculture and
contribute to global biodiversity targets.

¢ 5thworld

Introduction

Biodiversity loss and human activities

Biodiversity, whichencompasses avast array of
different species of plants, animals, fungi, and
microorganisms, as well as theirgenetic diversity
andthe ecosystemsand ecological processes

they areapartof (Noss 1990, IPBES, 2019), isinrapid
decline. More than one million plants and animals

are threatened with extinction, and the average
abundance of native speciesinmost majorland-
basedhabitats hasfallenby atleast 20%, mostly
since 1900 (IPBES, 2019). This lossis a direct result of
human activity, whereland and seause changes have
thelargest globalimpacts.

Acritical portion of changesinlanduseisdue to
activitieslinked to food production. Croplands and
pastureshave become one of the largest terrestrial
biomesonthe planet, occupying 40% of land surface
(Ritchie 2019, Elliset al. 2010, Foley et al. 2005).
Althoughthese activities have successfully increased
food production, they have become the main cause
of biodiversityloss due to processes that operate at
different scales: Fromthe reduction of the diversity
of cultivated species and the standardization of
theirgrowth to the consolidation of large areas
underthe same crop and/or production system
(Bentonetal.2003).

Preserving biodiversity isnot only a matter of
environmentalresponsibility butis also essential
forhumanwell-being and the prosperity of future
generations, since biodiversity supports ourfood
andhealth systems. Itis directly andindirectly linked
tothe fulfillment of all 17 Sustainable Development
Goals of the 2030 Agenda for Sustainable
Development (Blicharska et al. 2019) and itis the
basis forthe provision of ecosystem services such as
climateregulation, nutrient cycling, water purification,
andrecreationandecotourism (Harrison et al. 2014).
Furthermore, ecosystem services crucial forfood
productionrely onbiodiversity such as crop genetic
variation, pollination, regulation of undesirable
species, and soil healthmaintenance (Altieri 1999,
Harrisonetal.2014).
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Biodiversity-friendly practices
to halt biodiversity loss

Food productiondoesnot necessarily mean
biodiversityloss. There are many optionstoreach
win-win solutions that protect farmland biodiversity
while increasing the production of food and fibers
(Fischeretal, 2017, Cunningham et al., 2013). An array
of management strategiesvarying fromland sharing
(food productionwith theleastimpact onbiodiversity
integrated onthe sameland)toland sparing (high-
yield farming areas combined with protected areas)
canbeimplemented atbothlocalandlandscape
levels (Phalanetal. 2011). Such strategies couldinvolve
intensifying food productionin specific areas while
preserving others as natural habitats (Phalan, 2018),
maintaining natural habitatsinless productive farm
sections (Garibaldietal, 2023), maintaining small
elementsinterspersedinthe agricultural matrix
(Garibaldietal., 2014), and practicingintercropping
(Lietal.,2020), among others. Different strategies
shouldbe appliedand adaptedtolocal conditions
aslandscapesvary greatlyininherent biodiversity
and the production systems they can support
(Cunninghametal., 2013).

Regenerative agricultureis an agricultural movement
that proposes alternative means of producing food to
the conventional systemin away that may have lower
oreven positive environmentalimpacts (O'Donoghue
etal,2022,Rhodes, 2017). Regenerative agriculture

is framed within the concept of regenerative
sustainability, which sees humans and the rest of life
as one self-organizing system that seeks to flourish
and prosper (Gibbons, 2020). Itinvolves the adoption
of practices thatincrease biodiversity, improve soil
healthand carbonsequestration,andincrease the
provision of ecosystem services. Some commonly
mentioned practices are the low use of external inputs
(e.g., synthetic pesticides and fertilizer), livestock
integrationin crop systems, and tillage reduction or
elimination (Newtonetal, 2022). Though, any of the
previously mentioned practices could also be used
within this type of production system.

Theimportance of adopting biodiversity-friendly
and sustainable agricultural practicesisrecognized
as aglobalpolicy. More than 196 countries have
agreedtothese principles by adopting the

¢ 5thworld

Kunming-Montreal Global Biodiversity Framework as
part of the Conventionon Biological Diversity. Itisalso
becomingrelevantinthe private sector, as shown by
the growing number of international certifications that
incentivize such practices, including the Global GAP
(Global GAP 2022), Round Table for Responsible Soy
(RTRS, 2022), Rainforest Alliance (Rainforest Alliance,
2022),and Smithsonian Bird Friendly certification
(Smithsonian Bird Friendly, 2023). Whatever the
biodiversity-friendly management strategies
adoptedandthereasonsforincorporating them,
simple tools that measure andreport theirsuccess
towards biodiversity conservation are crucialinthe
decision-making process.

Measuring outcomes
of management practices

Two possible approaches exist when designing the
implementation of biodiversity-friendly management
strategies at the farm scale: Action-based (where
the effort ofimplementing such a strategy is
valued)and outcome-based (where the results of
the strategy are under evaluation, requiring tools
tomeasure biodiversity response) (Crowtheret

al. 2024). While the first has the advantage of not
requiring biodiversity data, whichmight not be easily
accessible,itcould be very prescriptive, restricting
the possibilities to adapt to particular contexts,
subjective, and discouraginginnovation. By focusing
onevaluatingmeasurable biodiversity results (e.g.,
speciesdiversity, habitat quality), outcome-based
approachesensure that conservation effortslead
totangible ecological benefits (Zimmert et al.

2024). Furthermore, as outcome-based metrics
havevarying degrees of dependency onlandscape
factors, they couldincentivize cooperationbetween
farms andlandowners.

Animportant aspect of outcome-basedtoolsis
the use of biodiversity metrics that are sufficiently
sensitive to changesinmanagement practices at
the temporaland spatial scaleinwhich they are
applied (Geldmannetal., 2021, Addison et al., 2018).
Forexample, population size metrics of short-

lived species (such as plankton)willrespond more
quickly thanmetrics measuring population trends
of long-lived species(such aslarge fish ormarine
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birdsand mammals) (McQuatters-Gollop et al.
2019). Inaddition, the effectiveness of biodiversity
interventions can be gauged through specific metrics
thattrack progress against goals set at various levels
orfordifferent objectives. Forinstance, if our goals
arerelatedtoimprovingafarm’s functional aspects
(e.g., water filtration or pollination) then measuring
water quality orrichness of pollinator species can

be agoodtooltoassessprogress. However, they
may not be useful if ourtarget focuses on extending
non-productive areas orimproving landscape
heterogeneity.

Multi-metric land assessment tools

Tounderstandbiodiversity status on the field
andidentifyits change, we need quantitative and
qualitative ways to measureit. Itis challenging to
measure suchabroad conceptasbiodiversity(i.e., all
biotic variation from the level of genesto ecosystems)
inusefulways (Purvis & Hector,2000). Hence, Noss
(1990) proposedto measureits different components
inparallel: Structural (physical organization or

pattern of elementsinafarm), compositional

(identity andvariety of elementsinafarm, including
specieslistsand measures of species diversity

and genetic diversity) and functional (involving
ecologicaland evolutionary processes, suchas gene
flows, disturbances, and nutrient cycling). These
components orfacetsencompass multiple levels of
organization (e.g.landscape, community, species)
and cannotbe summarised using a single metric.
Hence, aset of multiple complementary metricsis
necessary to provide insightinto the ecosystem’s
overall functioning.

Multimetricindices (MMls)integrate multiple
measurements of different biodiversity aspects
simultaneously (Hughes et al.,1998) and have been
usedto evaluate ecological conditions globally (Buss
etal., 2015, Ruaro & Gubiani, 2013). MMIs synthesize
data, oftenfrommultiple levels of biological
organization, to derive asingle index thatreflects the
overall effects of land managementimpacts. MMls
arerobust tools forassessing aquatic and terrestrial
ecosystem status and trends (Buss etal., 2015, Ruaro
& Gubiani, 2013, Tasser et al. 2019, Blumetto et al. 2019,
Quinnetal. 2013).

¢ 5thworld

Objective

We developedandtested an outcome-based multi-
metricland assessment tool, the BioRegen Index, with
the objective of providing a practical toolto measure
agriculturalland managementimpacts onbiodiversity
atafarmlevel. Thistoolincludes: 1) asimplified field
survey protocol, 2) theidentification of outcome-
based metrics, and 3) the integration of such metrics
intoacomparable, scalableindex. Weimplemented
the BioRegenIndexin central Argentinaasacase
study to evaluate the feasibility ofimplementing and
interpreting such anindex.

Methods

Development of BioRegen Index

Complementaryindicators

To achieve the goal of measuringland management
impacts on biodiversity,and because no single metric
isable to provideinsightinto the overall functioning
of anecosystem, the BioRegenIndexuses a set of
complementaryindicators to forma composite index.
Inthe context of thisdocument we useindicatoras
aquantitative measure that estimates the current
state ortrend of any biodiversity component, such
asrichness of habitat specialists birds or natural
vegetation coverage. We distinguish anindicator
fromanindex, whichisanaggregation of indicators
into a singlerepresentation or a standardization,

like the diversity of specialist birds, which would

be composed by this group’srichnessand the
abundance of this group. Finally, we use metricas a
generaltermto describe any sort of measurement.

We use athree-levelapproachto assessecological
integrity, fromremote sensingimagery (land cover),
torapid field assessments (planned biodiversity
surveys), and detailed quantitative assessments
(selected biodiversityindicators). The Indexwas
designedtomeasure outcomes of practiceson
lands underabroadrange of management
objectives, andto beindependent of land
steward-providedinformation.
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Scope andscale

The BioRegenIndexwas developedtobe
implementedinfarming systems. We defined these
asanareaofland managed by a steward with the
principal objective (although not the only one) of
producingfood, fiber, timber, and othergoods
(e.g.agriculture, ranching, forestry, fruticulture,
horticulture). Despite this, the Indexhas enough
flexibility to be adapted to systems with other

main objectives.

The Indexis designedto be calculated at the
property scale, ratherthanawiderlandscape scale,
becauseitisatthat scale where management
decisions are usually made andimplemented (Sietz
etal, 2022). Albeit, it can also provide information
onthedifferent plots orland covers that make up
the property. Thisis key for evaluating trade-offs
between conservationand production, and directing
management strategies towards the most critical
areas. Furthermore, its flexibility allows for potential
comparability between different properties and
acrossregions.

Index structure

Globalindex

The globalindexforthe property, based on Blumetto
etal.(2019),incorporates aset of scores thatare
weighted by eachland coverareaandland cover
weight, as showninEg.(1). Both the globalindexand
the scoresrange fromzero, inthe worst scenario for
biodiversity, to one, where the indicators are equal or
greaterthanthetargetvalue.

o2
Z(Lx LCW, x ,.)

°m

z'(LCWix )

n=i )

=scoreforindicatorminland coveri, calculated by
Indicator_/Target
°m =totalnumber of indicators
;areaofland coveri
LCW :weightof land coveri
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The Index considers different ecosystem
componentsthat are evaluated through a set of
scoresthatare created withanindicatorpondered by
atargetvalue. The scores are summed and divided by
the totalnumber of scores, which corrects the Indexin
the event that someindicator could notbe measured.
Italso adjusts forboththe surface areaandtheland
covertypetocreate afinallndexrepresentative of the
entire property.

Components

The ecosystem’s structural, compositionaland
functionalcomponents were considered when
developingthe Index. We included the functional
component by measuring taxonomic groups

that contribute to pollination and soil quality

(e.g., pollinatorarthropods and ground-dwelling
arthropods). The compositional aspectwasincluded
by measuring taxonomic groups whose composition
is sensitive to changesboth atlarge andlocal scale
(birds, anurans, arthropods). Lastly, we incorporated
the structural aspect by considering the different
land covers andtheircoverage (allindicators were
assessedineachlandcover).

Foreachcomponent multipleindicators areincluded.
The selection of particularindicators dependson
thelocation of theland under evaluation (biome,
ecoregion)andtheland managers’ goals, but should
alwaysincorporate the components measured. The
Index’s applicationinvolves the qualitative evaluation
of eachland cover of the farm through field sampling
with aprotocoltailored foreach component.

Allcomponents have equal weight and are addedin
alinearregressionfashion. Incases where more than
one sampling point, and therefore more thanone
value exists foraland cover, the median of the values
forthatland coverforabundanceindicators are used,
as thisavoids extreme values fromdistorting the
data’srepresentation, while meanvalues are used for
richnessindicators.

06


https://5thworld.com

Land coverweighting

The Indexwas built so that the scores are calculated
foreachland coverclass. These minimal application
units dependoneach property, but shouldrepresent
anareawithrelativelyhomogeneous vegetation cover
and affected by similarmanagement practices. Using
homogeneous patchesinstead of administrative
field parcels allows the combination of similarareas
and simplifies fiel[dwork. Eachland coverhasits own
weightintheIndex, allowing forareas of greater

value forbiodiversity conservation like areas spared
from production (linearelements, woody areas,
grasslands, etc.) orwetlands to be highly valued.

Setting targets

Inanindex’s calculation, the targetis the goal value
foreachselectedindicator. This could be either

the value observedunder pristine conditions, or

one determined by the land owneraccording to
theirparticularobjectives.Inthe first case,itcanbe
obtained frombibliographic references, databases
specifictothe areaorasimilarecosystem, orbased
onthefarmdata.ltisimportantto ensure that the
sampling effort of thisreference numberis similar
tothe oneusedfortheindicator’s calculation, to
allow forcomparability. Forexample, if the number
of arthropodsina pitfalltrapisusedasanindicator,
the number of days the trapis active should be similar
tothe oneinthereferencevalue. Foreachscore, the
sametargetisusedforallland covers.Incaseswhere
anindicator’'svalue exceeds the target, the scoreis
adjustedto one, whichlimits that metric’s ability to
compensate forshortcomingsin othermetrics.

Sampling design

The goalistorepresent the biodiversity present
across the entire property, whichiswhyitisnecessary
tocreatealand covermap. Oncethelandcovers
presentonthe property are identified, a stratified
samplingis carried out where sampling points are
placedbasedoneachcover’sarea. Productive covers
with smallerareas willreceive less sampling effort
thanthose with largerareas, while natural covers will
receive greater sampling effort due to theirhigher
heterogeneityinstructure and composition.

¢ 5thworld

Animplementation case in Argentina

To show a potentialimplementation of the BioRegen
Index, we used Central Argentinian agroecosystems
as acase study. Inthe following section, we describe
its calculationincluding which indicators were chosen
according to the ecoregionandhow the sampling
designwasimplemented.

Study area

The BioRegenIndex’s testing phase focused on
eightfarmswith an array of management practices.
These farmsare locatedin central Argentina, inthe
Pampas phytogeographical province (Cabrera,
1971), one of them was locatedin the Flooding Pampa
while therest werelocatedinthe Rolling Pampa
(Figure 1) (Matteucci, 2012). The original vegetation

of this areawas dominated by grasslands, with a
predominance of Stipa sp., Brizasp., Bromus sp. and
Poasp. However, thisis now highly modified due to
agriculturalintensification, with annual crops being
the mainland cover, interspersed with cattle ranching
inless fertile areas (Baldiand Paruelo, 2008; Viglizzo
etal., 2011). The climateishumid and temperate, with
mean annual temperatures between17°Cand19°C
(meanmin. annualtemperatures of 10°C and mean
max. annualtemperatures of 23°C), and mean annual
precipitationaround 200 mm (SMN, 2020).

While the total size of the properties varied between
40 and more than1000 hectares, aportion of
thelarger farms was selected for sampling. This
determinedthat the final sizes were between 40 and
328 hectares. The main activity of the farmswas the
production of cereals and oilseeds, to whichwas
addedtheraising of livestockin four of them. Some of
the farms alsohad aportion dedicated to fruticulture
(pecantrees)andhorticulture production. Incases
where aportion of the farmwas selected, itwas taken
into account that the selected portionrepresented
the diversity of productions of the entire property.
Furthermore, three of the farms claimed to have
conventionalmanagement(Farms1,2and 3, Figure.
1), two were described asregenerative. (Farms 4 and
5),and three presented agroecologicalmanagement
and organic certification(Farms 6,7 and 8). While
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three of the farms werelocatedinanareawith
intense crop production (Farms1,4and 5), one was
locatedinanareaof mixed production (livestock and
agriculture), and the remaining fourwere locatedinan
areawith greaterurbaninfluence (Farms 3, 6,7 and 8).

City
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Figure 1: Study area (BuenosAires, Argentina)
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Sampling design

Asthe project’sgoalis to quantify theimpact of the farm
managementas awhole, a stratiiedrandom sampling
designwasusedto capture all possible sources of
biodiversity variation. For this,alLand Use/Land Cover
(LULC)map was generated froma partly-supervised
classification of sentinelimages fromthe year2023,
and later corrected with previous knowledge of each
farmandinput of theland managers. These corrections
includedthereclassification of plots with annual and
fruit crops, and fallow, and the elimination of patches
oflessthan O.1hectares.

Alldetected LULC classes were categorizedin two
types: Productive, including all plots that involved
the production of agood, and non-productive,
these beingall patches with natural or semi-natural
vegetation that did nothave adirect productive
purpose. Furthermore, LULC classes of productive
plotswere classifiedinrangelands, annual crops, and
perennial crops(Table).

LULC category

Closedforest
Openforest
Peridomestic
Windbreak
Herbaceous
Waterbodies

Natural or semi-natural vegetation

Non-productive

Pasture
Grassland
Lowland

Rangelands

Corn
Early soy
Latesoy

Bean

Fallow

Annualcrops

Productive

Pecan
Festucacrop

Perennial crops

Table 1: LULC classes, LULC categories and typesidentified in the sampled farms

¢ 5thworld
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BioRegen Indexcomponents

To quantify the componentsincludedinthe BioRegen
Index, fieldwork was carried outinMarch 2024. The
sampledtaxonomic groups andthe protocolused for
eachare describedbelow:

a. Birds

Birds play multifacetedroles as ecosystemhealth
indicators, forinstance, contributors to pest control
and pollinators of plants (Whelanetal. 2008,
Sekercioglu2017,Mekonen 2017). By tracking the
presence of rare,imperiled, and habitat specialists
specieswe canassess theimpacts of regenerative
practices onhabitat restorationand overall
biodiversity status (Michels 2022).

The bird samplingwas carried outinall LULC
categories by anornithologist and a secondary
observerwhorecorded all species seenorheard for
five minutes at each sampling point (Figure 2). This was
done during the first three hours after sunrise, and the
last three hours before sunset.

-

Figure 2: Auditory andvisual sampling of birds

¢ 5thworld

b. Ground-dwelling arthropods

Ground-dwelling arthropods mainly comprise
beetles(Coleoptera, Carabidae), rove beetles
(Coleoptera, Staphylinidae) and spiders (Araneae)
(Montgomeryetal. 2021, Lamietal. 2023). Monitoring
ground-dwelling arthropodsinregenerative
systems holds significantimportance as these small
organisms play a pivotalroleinthe ecosystem’s
health and functioning. As key components of soil
biodiversity, they contribute to nutrient cycling, pest
control,and soil structure improvement. Regularly
measuring arthropod populations allows us to assess
the overall ecological balance, gauge theimpact

of regenerative practices ontheirabundance and
diversity, and make informed management decisions
(dePedroetal. 2020, Oetteland Lapin 2021, Triquet et
al.2022,Chowdhuryetal. 2023).

The ground-dwelling arthropods sampling was
carriedoutinproductive LULC categories as metrics
derived fromthis biological group are heavily related
tomanagement practicesinagricultural settings (de
Pedro 2020, Lamietal. 2023). Eachsampling point
comprised a pitfall trap (Montgomery et al. 2021)
formedbya 250 mltransparent plastic container
placedinthe soilwithits openinglevel with the soil
surface (de Pedro 2020, Montgomery etal. 2021,
Hohbeinetal.2018)and covered by al5-centimeter
diameterplastic green cover, placed five centimeters
above the top of the pitfall trap (Figure 3). The plastic
containerwas 90% filled with a 70% alcohol mixture
and 10% filled with propylene glycol, enabling sample
conservationforlaterlaboratory analysis. The plastic
cover preventedrain fromfilling the traps, leaf litter,
and other organic material fromfallinginto the traps,
and slow evaporation of the preservative (Hohbein et
al.2018).

The traps were active between approximately 36 and
48 hours (Mcnamara Manning et al. 2021), after which
each containerwas closed, removed, and stored
untilit was sent fortaxonomicidentification. This
taxonomic identification was done down to the family
level by an experienced entomologist.
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c. Pollinator arthropods

Pollinatorarthropods, suchasbees, butterflies, and
otherinsects, play avitalrolein plantreproduction
and fruitand seed production. By tracking their
populations and diversity, we can assess the
effectiveness of regenerative practicesin providing
suitable habitats andresources forthese essential
pollinators (Aguilera2020, Drunenetal. 2022,
Chowdhury etal. 2023).

The pollinatorarthropods sampling was carried outin
allLULC except forvery closed forestand corn fields
aspantrapsarenotsuited forenvironments where the
traps are notvisible froma distance (Montgomery et
al. 2021). Each sampling point consisted of a pan-trap
formed by three bowls of a white, blue, and yellow
color. Itwas 90% filled with a 70% alcohol mixture
and10% filled with propylene glycol,and held by a
wooden stick one meterabove the ground (Morandin
etal. 2013, McCravy 2018, Montgomery et al. 2021)
(Figure 4).

The traps were active between approximately 36
and 48 hours (McnamaraManning et al. 2021), after
whichthe three bowls’ contentswere placedina
500-meterplastic containerand stored untilitwas
sentfortaxonomicidentification. This taxonomic
identificationwas done down to the family level by
the laboratory of the National University of Lujan’s
Zoology Department.

¢ 5thworld

Figure 4: Pan traps forpollinator arthropods sampling
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d. Vegetation

Naturally growing vegetation plays a fundamental
roleinlong-term sustainability and productivity.
Vegetation, both structurally and functionally, serves
as akey ecosystem healthindicator, reflecting soil
quality, biodiversity, andresilience to disturbances.
By consistently tracking vegetation, it becomes
possible to assess theimpact of implemented
regenerative practices and make necessary
adjustments (Oetteland Lapin 2021).

The vegetationsamplingwas carried outinall LULC
categories by abotanistand a field assistant. Ateach
sampling point, vegetation structure and composition
were measuredin three one-by-one meter quadrats,
dividedinfoursections by two nylonthreads placed
atthe 50-centimeter mark, that were placed
randomly near a pitfalltrap (Figure 5). The division

of the quadratinfour sections was done to facilitate
the visual estimation of coverage foreach species.
Ineach quadrat the following measurements were
registered:

» Speciespresentandapproximate coverage
percentage of each

» Bare soilapproximate coverage percentage
» Mulch approximate coverage percentage

- Dominantspeciesheightineach stratum present
(arboreal, shrubby, subshrub, and herbaceous),
considering the medianvalue of three consecutive
measurements

« Litterdepth, considering the medianvalue of three
consecutive measurements

To add the datafromthe three quadrats, the mean
was used forlitterdepth, and all coverage measures.
Forrichness measurements, the total value of the
three quadrats wasused.

¢ 5thworld

Figure 5: IxI meter quadrats, dividedin four sections,
forvegetationsampling
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e.Anurans

Monitoring anuransin productive areas withinthe
context of regenerative management practices
serve as sensitive ecosystem health indicators due to
theirreliance onboth aquatic and terrestrial habitats.
By tracking theirpopulations and diversity, we can
assess the effectiveness of regenerative practices
in providing suitable habitats and minimizing
environmental disturbances (Agostinietal. 2021).
Monitoring anurans helpsus gauge the success

of conservation efforts, ensure water quality, and
maintain abalanced ecosystem, contributing to the
overallresilience and sustainability of regenerative
agricultural systems.

The anurans samplingwas carried out by a
herpetologist plus asecondary observer, withone
ortwo different methods depending onthe type of
land coverclass, which will allow a comprehensive
assessment of the anuran community:

« Auditory sampling: The herpetologist plus the
secondary observerregistered all species and
approximate numberseenand/orheardduringa
15-minute period (Pierce & Gutzwiller2004).

» Visual plot sampling: The herpetologist plus the
secondary observer carried out an exhaustive

search of anurans for15 minutes onan eight by eight

meters plot, covering the entire plot and recording
the numberofindividuals and the species.

O 30 m.

The samplings were conducted from sunset to
midnight, approximately between 19 hours and O1
hours (Voneshetal. 2023). The visual plot sampling
was conductedinall LULC categories except for
annual cropsandsome LULC plotswhereitwas
determinedthatdid not provide anappropriate
habitat foranurans. Complementary anuran sampling
pointswere placedinwaterbodies and sampledwith
avisualplotsamplingand an auditory sampling.

Biodiversity monitoring stations

Inorderto facilitate the fieldwork and improve
resource use, all the field measurements were
clusteredinbiodiversity monitoring stations (BMS)
thathad a predefined spatial layout (Figure 6). Every
BMS had one sampling point forbirds and anurans,
three quadrats that constitute avegetation sampling
point,and up to threeindependent sampling points
forpollinatorand ground-dwelling arthropods. In
the later cases a separation of 30 meters between
traps guaranteed theirindependence (Montgomery
etal. 2021, Hohbein et al. 2018). BMS were separated
aminimum of 500 metersin orderto make the bird
(Siriwardenaetal. 2006, Boscolo & Metzger 2009,
Rechetelo etal. 2016) and anuran (Suarezet al. 2016,
Semlitsch & Bodie 2003) samplings independent.

30 m. O

3Im.

‘ Birds sampling point

(O Pollinatorarthropods
® npantrap

O
@

Ground-dwelling
arthropods pitfalltrap

Anurans auditory
sampling point

. Vegetationquadrant

Figure 6: Biodiversity monitoring station design
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ABMSwas placedevery 30 hectares of a LULC class,
whichwas achieved by establishing the cut-off point
every45hectares. Thismeantasampling effort

of 10% for birds (considering a sampling radius of
100 meters)and of ~2% for ground-dwelling and
pollinator arthropods.

The criteriaforthe BMS placement depended onthe
LULC type: Forproductive types, the number of BMS
was calculated overthe total area of that class, while
fornon-productive types, the number of sampling
points was calculated over the size of each patch.
This guaranteed that allnon-productive patches,

that are usually more heterogeneous, were sampled.
The numberof BMS had a saturationpointat five
stations, thatis, classes of more than150 hectares
had five stations. Fornon-productive types, a BMS
was placedinevery patch of the same LULC class

up tothree patches, overwhich only one every two
patcheswere sampled. Complementary, exclusive
anuran sampling points were added in water bodies,
where avisual plot sampling and an auditory sampling
was conducted. Table 2 summarizes the components
measuredineach LULC category and the BMS
location criteria.

O ole <
- - ek Pollinator o
Birds dwelling Vegetation Anurans 2 atlo
arthropods
arthropods
Closedforest X X X
Openforest X X X X
ABMS
Non- Peridomestic X X X X every
productive Windbreak X X X X 30ha
of apatch
Herbaceous X X X X
Waterbodies X
Pasture X X X X X
Grassland X X X X X
Lowland X X X X X
Corn X X X
ol ABMS
arly soy X X X X
Productive evehry
Late soy X X X X 30ha
of aclass
Bean X X X X
Fallow X X X X
Pecan X X X X X
Festucacrop X X X X
Table 2: Groups sampledineach LULC classes
¢ 5thworld 13
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Development of indicators

Avariety of indicators canbe used to describe

and quantify the characteristics of ecological
communities, which provide insightsinto their
composition, structure, and function. The first step
inselectingtheindicatorstobeincludedinthe Index
was the development of possible metrics to explore,
forwhich anexhaustive bibliographic searchwas
carriedoutand expertsinthe areain eachbiological
group were consulted. Through this process, nine
possibleindicators of birds, 30 of pollinating
arthropods, 19 of ground-dwelling arthropods, 26 of
vegetation,and1of anuranswere generated. These
indicators were based onrichness, abundance, and
diversity (measured through the Shannon Diversity
Index), whichare commonly used metrics to describe
ecologicalcommunities. Forvegetation, abundance
was estimated through coverage.

During the sampling period, apopulation explosion
of Astylus atromaculatus occurred whichis not
necessarily related to farmmanagement but
respondstoregional processes. To prevent this
overgrowth fromdistorting abundancesinthe
pollinator arthropods indicators, the Melyridae family

was excluded from the calculation of those indicators.

Thevalues of eachindicatorwere explored through
boxplot graphs, which allowed aninitial selection of
the onesthat showed variation between conventional
andregenerative establishments. The final selection of
indicators was done by analyzing significant differences
betweenmanagements with Kruskal-Wallis test
followed by Dunn’s test (Potvin & Roff 1993), because
most of the indicators didn't follow a normal distribution.
Finally, correlationbetween significantindicators was
explored. Whenever two significantindicators were
highly correlated (Pearson correlation coefficient >70),
theindicatorwiththe greatest ease of calculationwas
selected. Through this process, the objective was
nottoselectindicators that showed betterresultsin
regenerative fields, butratherthose that were sensitive to
the type of management(conventional orregenerative).

To further simplify the Index’s calculation, the
previously mentioned analyses were performed for
each LULC category. This allowed us to identify the
categorieswhere theindicators actually showed
differencesin management.

¢ 5thworld

Selecting targets

To establish the targets foreachindicator, the entire
dataset collected during samplingwere used. The
highestvalue found atanindependent sampling
pointwas setas the targetfortherichnessscores,
andthevalue corresponding to the 90th percentile
wasusedforthe abundance scores. Thelatterwas
doneinorderto preventabnormally highvalues
distorting the scores.

Selecting weights

Naturaland semi-natural habitatsinterspersedin
the agriculturalmatrixhave a determining effect on
sustaining biodiversity in agroecosystems (Fahrig
etal.2011,Bentonetal. 2003). Research shows that
inthe Pampasregionthese canhelp maintain bird
populations,mammals, and anurans (Codesido &
Bilenca, 2011, Weyland et al. 2014, Suarezet al. 2016,
Bilencaetal. 2007) andboost ecosystem services
like weeds and pest control (Garibaldietal. 2023,
Gonzalezetal. 2020). Forthisreason, higher
weightwas givento non-productive areas over
productive ones.

Results

BioRegenIndexin Argentina

During the fieldwork 166 pitfall traps and 189 pan
traps were deployed, and 62 bird points, 33 anuran
points,and 40 vegetation points were sampled.
ltinvolved 15 peopleinthe field at different times
(up tosixatatime, adding professionals and two
assistants) during 25 days, and 1257 hectares were
sampled. Ittook three daysto complete the surveys
onthelargerfarms, andtwo forthe smallerones.

Various unforeseen events prevented us from
obtaining vegetationdatafromFarms 3, 6,7 and

8, ground-dwelling arthropods and pollinator
arthropods data fromFarm7 and anurans and birds
datafromFarm2.Inthislastcase, datafromasimilar
sampling carried outin February 2023 was used. In
some caseswhere traps were vandalized by wildlife
orasamplingpointcould notbe accessed, the
portion of the property represented by the Index
was adjusted.
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Indicators, targets, and weights that difference. Table 3 summarizes the final selection

o o of componentsandindicators, the targetvalues and
Tgnfour—component indicators that showed significant the LULC category selected to measure each.
differences between managementtypeswere

selectedtobe part of the final Index. Figure 7 shows Asweights, avalue of twowas usedforthenon-
boxplots forthe data’s distribution foreachindicatorin productive category while one was usedfor the
conventionalandregenerative farms, and p-values of productive ones.

Abundance of grassland birds Richness of grassland bird species Abundance of Araneae arthropods

. 5 . .

C Regenerati C Conventional Regenerative
p-value: p-value: p-value:
0.027 0.012 0.002
Abundance of arthropods (pitfall traps) Abundance of Coleoptera arthropods Richness of arthropod families (pan traps)
300 !
1 9 1 20
g b I 5 ' | 5 " -
s = s
100 3 10
0 é 0 5 ‘ .
Conventional Regenera Conventional Regenerative Conventional Regenerative
p-value: p-value: p-value:
1.79e-06 0.018 9.37e-06
Abundance of arthropods (pan traps) Abundance of Hymenoptera arthropods Mean herbaceous coverage
500 . . 100 +
20
400
300 *
E} . E} 3
g S1o 3 50 4
200
0 0 0 L4
Conventional Regenerative Conventional Regenerative Conventional Regenerati
p-value: p-value: p-value:
6.18e-04 9.37e-06 0.0275
Richness of plant families
12
10
]
= B8
>

Conventional Regenerative

p-value:
0.0433

Figure 7: Differences foreach selectedindicatorinregenerative (green) and conventional (blue) management
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Component ‘

‘ LULC category ‘ Target

Indicator
Abundance of grassland birds Al 105
(nGrasslandBirds) '
Birds
Richness of grassland birds species Al 5
(nSpeciesGrasslandBirds)
Abundance of Araneae arthropods Annual croos 3
(nAraneaePitfallTrap) b
Gro“’.‘d‘ Abundance of Coleoptera arthropods
elieling (nColeopteraPitfallTrap) AUE] EoiRe 3
arthropods P P
Abundance of arthropods
(nArthrPitfallTrap) Annual crops 705
Abundance of arthropods Annual crops, 123
(nArthrPanTrap) perennial crops
. Richness of arthropod families Annuglcrops,
Pollinator o perennial crops, 25
(nFamiliesArthrPanTrap)
arthropods rangelands
Abundance of Hymenoptera arthropods
. - ) Annual crops,
(excluding the Formicidae family) erennial croos 9
(nArthrHymenoptera) P P
Natural or semi-natural
Mean herbaceous coverage . .
vegetation,perennial 100
(meanHerbStratumCoverage)
crops, rangelands
Vegetation
Richness of plant families NeUiEl or seml—natqral
by vegetation, perennial 12
(nFamiliesVeg)
crops, rangelands

Table 3: Finalindicators and the LULC categories where they were included, target values used

e
4

5thWorld

16


https://5thworld.com

BioRegen Indexin Argentinian farms

Scoresforcomponents and the final BioRegen
Indexforthe eight farms are presentedin Table 4
and Figure 8.Inthe studied farms the BioRegen
Indexranged fromlow tointermediate, varying from
0.065100.565. The highervalues corresponded
tothe tworegenerative farms (Farm 4 and 5), while
conventionaland agroecological farms showed
variedresults.

The LULC category scores showed awiderange
of values, ranging from O to 0.69. Ingeneral,

the highestvalueswere seeninrangelands
(0.4291t0 0.691), while natural or semi-natural
vegetation showed the lowest values (0 to 0.477).
Regenerative farms hadlessvariable scores
between theirdifferent LULC categories than
conventional fields.

Figure illustrates the LULC category scores for
the four farms where allcomponents could be
measured. While the BioRegenIndexprovidesa
generalvalue for the entire property, the analysis
of each LULC category allowsustounderstand
the improvement potential foreachfarmarea. For
example, conventionalfarms (Farms1and 2) should
improve theirannual crop management, while all
farms would benefit from creating orrestoring
naturalvegetation areas.

¢ 5thworld

0.6 0565  ( soq

0.515
0.5
0.4
0.3
0.248
0.221
0.2 0.190
0.135

0.1 0.065

0

Farm1 Farm2 Farm3 Farm4 Farm5 Farm6 Farm7 Farm8
8 ()] M) (tov) (Lo LA (FL) (ST

Figure 8: BioRegen Index for conventional (blue),
regenerative (green)and agroecological (yellow)
farmsinthe Pampeanregion, Argentina

0.8
0.515 0.221 0.565 0.551

0.6

0.4 I
0.2 |

0.0

Farm1(B) Farm2(LM) Farm4(LDV) Farm 5 (LO)

Natural vegetation [ Rangeland

Annual crops Perennial crops

Figure 9: BioRegenIndexand LULC category score for
conventional (blue outline) and regenerative (green
outline) farmsinthe Pampeanregion, Argentina
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Target values

100 12 5 10.5 25 123 9 B 6.5 70.5
Score (indicator/target)

Manage LULC Area meanHe LULC LULC Bio
ment Farm category (ha) Weight | \psiraty | nFamilie gSpecies nGrasslan | "FaMilies | o [ nArthrHy | nAranea | nColeop | 1 e | category | Maxvalue | category | Regen
type mCover | sveg rassland dBirds ArthrPanT Trap menopte | ePitfallTr | terPitfallT Trap value score Index

age Birds rap ra ap rap
Natural or 0.020 | 0.375 | 0.000 | 0.000
semi-natural | 4.4 2 ' ) ' ' 0.867 8.778 0.099
Ve . (2) (2) (2) (2)
getation
Farm 0.160 0.095 0.549 | 0.607 0.667 | 1.000 | 0.462 0.369 0.515
B) Annualcrop | 194.3 1 ®) ®) (15) (15) (15) a5) (15) (15) 94.804 194.310 0.488
0.643 | 0.500 | 0.800 1.000 0.51
Rangeland 50.3 1 @) @) @) @ (5) 34.748 50.300 0.691
Conventi - |
onal atural or
semi-natural | 7.4 o | 0602 | 0708 | 0.000 | 0.000 4846 | 14800 | 0327
: 2 2 (2) 2
vegetation
Farm 2 0.200**| 0.095% | 0.350 | 0126 | 0.1 | 0.000 | 0231 | 0.085 0.221
(LM) | Annualcrop | 202.9 1 ) 0 ®) @) ®) 10) 10) (10) 30.390 | 202.900 0.150
0.753 | 0.417 | 0.300 0.143 0.553
Rangeland 62.3 1 %) ) @ ) ©) 26.744 62.300 0.429
0.000 | 0.000 | 0.360 | 0.203 | 0.222 | 0.333 | 0.000 0.227
Annualcrop | 44.0 2 ) ) 3 3) 3 @) 3 3 7.393 43.950 0.168
Fa&r; 3 0.135
Natural or
semi-natural| 117 1 * » | 0100 10048 1722 | 23326 | 0.074
ve : 2) 2
getation
0.200 0.190 0.592 0.821 0.778 0.667 0.615 0.730
Annualcrop | 187.3 1 @ @ (15) (15) (5) 8) (8) (8) 107.556 187.300 0.574
Farm 4
(LDV) 0.565
0.794 | 0.521 0.440 0.381 0.587
Rangeland 79.2 1 @ @ ®) ®) (15) 43.137 79.200 0.545
Natural or
semi-natural | 12.9 2 0.899 1 0.375 | 0.500 0.333 12.333 25.864 0.477
ve ! 2 2 2 2
getation
Regenera
tive
0.300 0.238 0.647 | 1.000 0.833 | 0.333 0.154 0.170
A | 9 1 1. on 459
S nnualcrop | 68 @ @ ©) ©) ©) ®) ®) ®) 31.660 68 0.45
0.551
(LO)
0.873 | 0.8125 | 0.480 0.381 0.740
Rangeland 80.9 1 @ ) @ @ ) 53.206 80.940 0.657
Perennial 0.898 | 0.611 0.333 0.381 0.515
crop 104.3 1 @ 3 3 ) ©) 57157 104.328 0.548
0.200 0.190 0.360 0.130 0.222 | 0.333 | 0.000 0.057
A | 41, 1 7.744 41. 187
nnualcrop | - 41.5 @ | & | @ | e o || o ©) 500 | 018
Farm é 0.190
e A P jal 0.400 0.381 0.360 0.081 o.m
ogical erennia d o o g o
crop 16 ! 0 M @ | @ | ® 0424 | 1590 | 0267
Annualcrop | 24.6 1 o.(2]§)o 0'8)9 51 « * * * * * 3636 | 24630 | 0148
F?;B / 0.065
Natural or
semi-natural | 15.5 2 * * 0.000 | 0.000 0.000 31.000 0.000
ve : (3) (3)
getation
0.300 0.238 0.340 0171 0.222 | 0.333 | 0.538 0.085
Annualcrop | 34.1 1 @ @) © ©) ©) ©) ©) © 9.483 34.050 0.278
F?gp)e 0.248
Natural or
semi-natural| 9.9 2 * * O'f]?o o.(119)>o 3846 | 19700 | 0195
vegetation

Table 4: Individual components and final BioRegen Index foreight farms in the Pampean region, Argentina. The number of sampling
pointsis showninbracketsundereachscore. *Indicates lack of data for that indicator. **Data from 2023 sampling.
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Discussion
Applicability of the Index

Tosupportlandowners’ capacity to track how their
management practices influence biodiversity, we
developedthe BioRegenIndexandillustratedits
applicationto evaluate the outcome of management
practices. We demonstrate how the BioRegen Index
canbeimplemented following a documented field
protocolandhow it provides usefulinformation
aboutthefarm’s managementasawhole,aswellas
providing spatially-explicitinsightsinto the different
land uses withinthe farm. The Index serves to assess
the farm’s current state, andits differentland covers
based onpastmanagement practices, butmore
importantly, to measure changes overtime and
evaluate the success of the practicesimplemented
forbiodiversity conservation within the framework of
anadaptive management process.

This multi-metric assessment toolcanbe applied
worldwide to multiple farming systems due toits
flexibility and goal-oriented structure. Metrics
more appropriate to different ecoregions can
beincorporated, as well as specific metrics to
capture changesinthe structural, compositional,
and functionalcomponents of biodiversity due
tomanagement practices. The BioRegen Index
alsorepresentsanimprovementinrelationto
otheroutcome-basedindicesthatrequire the
development of specific scores foreach component
inaregion (Tasseretal. 2019, Blumetto et al. 2019).

Furthermore, the ability to setvariable target values
allows the Indexto guide individual objectives, orto
evaluate the progress towards goals set for different
farms withinawatershed orecoregion.
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BioRegenIndexin Argentina

The BioRegenIndextestedinfarmsincentral
Argentinarepresenting a gradient from traditional
farming to farmsincluding biodiversity-friendly
practiceswas able to differentiate the management
systems. By following the field protocolsincluded
inthe BioRegenIndextoolbox, we were able to
sample five biological groups onup to 320 hectares
inthree days. Atthe farmscale, the Indexranged
fromlowtointermediate values, where highervalues
correspondedto theregenerative farms while lower
ones correspondedto farms with conventional
practices. Attheland coverscale, the BioRegenIndex
varied among land covers, which helpsidentify parts
of the farmthatneed more improvement (e.g., annual
cropsinconventional farms). The BioRegen Index,
isalsousefulinmonitoring the different taxonomic
groups measured andidentifying opportunities for
improvement (e.g. ground-dwelling arthropodsin
Farms2and 3).

Eventhoughselectedindicators showed differences
among management practices, otherindicators
thatare commonly used to evaluate management
practices, like vegetation structure orbare soil
(Blumettoetal. 2019, Herzog et al. 2012), and that we
had expectedtoreflectdifferencesinmanagement,
did not. This may be attributed to aninsufficient
sampling effort. Thislimitation was particularly evident
invegetationandanurans. We observed high variability
invegetationmetrics among quadrats withinthe same
BMS, suggesting significant spatial heterogeneity.
Giventhatidentificationto the family level, rather
thanspecieslevel, is sufficient to calculate the final
indicators, increasing the number of quadrats or
sampling points could improve representation without
extending the total sampling time.

Interestingly, alow diversity of anuran specieswas
recorded. As accurately representing this group
requires a substantially high sampling effort, it was
decidednottoinclude thisgroupinthe final Index.
Additionally, anuran species compositionis highly
dependentonthe presence of waterwithinthe

farm, which does not necessarily depend on the
management, moving away fromthe Index’s purpose
of reflecting the outcome of management practices.
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Nevertheless,inecoregions dominated by wetland
vegetation, anurans could be akey component for
assessing practices that affect water conditions or
theriparianzone (Suarezet al. 2016).

Optimizationinthe selection of indicators to
incorporateintheIndexloweredthe burdenon
specialistsinthe field and the overallmonetary costs.
Such optimizationinvolved the selection of indicators
that donotimply a high degree of knowledge for
sampling and analysis. Examples of this are choosing
appropriate sampling techniques that do notrequire
identification onthe field, such as placing traps, or
exploringabundanceinstead of richnessindicators,
which avoids the need fortaxonomicidentification.

What is next?

Landscape metrics

Inthis BioRegenIndexversion, complexlandscape
metrics, such as the connectivity of natural areas
ortheriparian buffer strip widthwere notincluded.
Instead, we focused solely onthe surface area of
the fourland-use types. Toenhance theindicator’s
ability to capture landscape structure’sinfluence
on biodiversity, itwould be valuable to identify
andincorporaterelevantlandscape indicators for

agroecosystemregenerationinto the BioRegen Index.

Including suchmetrics would allow improvements
inland cover composition and configuration—such
asincreasedheterogeneity and connectivity—
tobereflectedintheIndex, providingamore
comprehensive assessment of biodiversity-friendly
management practices.

Targets

Inthe BioRegenIndex, targets enable the use of

the Indexto trackindividual progress orassess

the performance of different farms within a given
region. However, if local targets were developed

and standardized acrossregions, the Index could
alsobeusedforinterregional comparisons. The
importance of establishingregion-specific targets
forcomparisonbecomes evident whenanalyzing the
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BioRegenIndex of Farm 2 (LM, 0.221), which exhibited
aparticularly low Index. Thisresult may be attributed
tothefactthatthe targetsused correspondedto
values fromthe Rolling Pampa, and were not suitable
forthe specific characteristics of the Flooding Pampa,
where Farm 2 was located.

Furthermore, if the difficulty of establishing targets
were to hinderthe Index’s use, the development of
indicators should consider the search for those that
have pre-established targetvalues. Forexample,
using the Simpson’sIndex, thatranges fromzero
toone, the target naturally becomes the maximum
value that thisIndex can take (Quinnetal., 2013). This
approachwould enhance the Index’s applicability by
reducingreliance onregion-specific targets while
maintainingits effectivenessin evaluating ecosystem
conditions

Scalability

Technologicalinitiatives for biodiversity monitoring
arerapidly expanding. The convergence of Al,
bioacoustics,imagerecognition,eDNA analysis, and
drone-based monitoring, alongwith the increasing
role of citizen science, is transforming how species
and ecosystems are studied. These innovations
enable scalable, cost-effective, and high-resolution
monitoring of species distributions and habitat
dynamics.

Furtheroptimizationinthe fiel[dworkinvolves
incorporating some of these techniques, which will
allow the fieldwork and processing to be executed
by laypeople, driving the fast adoption of the
BioRegenIndexasatooltoevaluateregenerative
farmmanagement. However, as Reynolds et al.
(2025) highlights, while Aladoption in conservation
holds great promise forimproving effectiveness, it
isnotacure-alland should notreplace traditional
methods, field-basedresearch, and education.
Careful planningis essential to ensure equitable
accesstothesetechnologiesandtheirresponsible
developmentand deployment.
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To explore the potential of this, we conducted a
pilot comparative analysis using acoustic sensors
toidentify bird species through audiorecordings.
Theresults of the point count survey carried outin
aregenerative farmwas compared with anexpert’s
analysis of recorded bird songs from the same
location. We used Wildlife Acoustics Song Meter
Micro 2 sensors (www.wildlifeacoustics.com)to
record the audio samples. When comparing the
five-minute field survey with analysis of a five-
minute audiorecording, both methods detected
approximately the same number of species (around
11). However, the use of sensors allows increased
sampling effortata muchlower cost. By extending

¢ 5thworld

the expert’s analysis from five to 20 minutes of audio,
we were able toidentify a total of 19 species. This
highlights the immense potential of remotely sensing
biodiversity and post-hoc bird song identification,
especially when combined with artificialintelligence
forautomated speciesrecognition. While Al-driven
birdidentificationis already well-developed, anuran
species detectionremainsless explored. Itisonly
amatteroftime before both groups canbe fully
surveyedusing sensors. As these technologies
continue to evolve andintegrate, biodiversity
monitoringis becoming more precise, automated,
and globally accessible, opening new possibilities for
conservation efforts.

21


http://www.wildlifeacoustics.com
https://5thworld.com

Conclusions

The BioRegenIndexis the firstiteration of an
outcome-based, multi-metric land assessment
tooltargetedto assess theimpacts of biodiversity-
friendly management practices. Itsimplementation
provided usefulinsightsregarding potential
drawbacks but also showcased the usefulness of
suchatoolandits sensitivity to different management
practices. We encourageland managerstotestthe
Indexanditswhole set of tools to help usimprove the
current status.
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