nature cities

Perspective

https://doi.org/10.1038/s44284-026-00470-8

eDNA, forensic ecologies and the barcoding

of urbanlife

Received: 16 December 2025

Accepted: 3 June 2026

% Check for updates

Matthew Gandy ®

The field of urban ecology is being transformed by advances in DNA
barcoding, genomics and bioinformatics. The advent of environmental DNA
(eDNA), in particular, moves beyond the identification of individual species
towards the rapid assessment of entire ecosystems. Urban ecology is being

transformed through new sampling and sequencing techniques that are
reframing the city as an object of study. The increasing emphasis on eDNA
presents a notable elaboration of systems-based conceptions of urban
ecology but there has been little engagement with the wider implications

of these developments for the conceptualization of urban space. Here
loutline the prospects for an alternative conceptual synthesis that lies
closer to the concerns of the social and historical sciences. | suggest that a
closer engagement with the related field of forensic ecologies can provide a
methodological bridge between new advances in DNA sequencing and post-
positivist approaches to the study of cities.

The increasing emphasis on DNA analysis has substantial metaphori-
cal resonance within urban research. As early as 2009, for example,
the architect Bill Hillier, founder of the Space Syntax Laboratory at
University College London, referred to the ‘genetic code of cities’.
For Hillier, cities display underlying laws akin to DNA that predeter-
mine both the pattern and function of urban space'. More recently,
Jose Martin Luna-Rivera and his colleagues elaborate on the ‘urban
genome’ as ‘a set of reproducible strategies that organize infrastruc-
ture, governance and behavior’. Their proposed analytical framework,
borrowinglanguage directly from DNA laboratory protocols, includes
‘afive-step sequencing methodology for mapping and editing urban
genes”. The possibility for enhancing urban resilience is compared
with the field of gene editing in a clear reference to recent advances in
the biomedical sciences. Inasimilar fashion, the geographer Elizabeth
Delmellerefers to the use of ‘sequential pattern mining procedures’ that
mimicaspects of DNA analysis for the study of neighborhood change in
Chicago and Los Angeles’. Yet these contributions from architecture,
geography, planning and other fields are not actually using DNA analysis
tostudy urbanspace butare simply positing aseries of scientific analo-
gies. Withrecentadvancesin the analytical scope of eDNA, however, itis
possible to expand the scope of urban bioinformaticsin relation to mate-
rial rather than merely metaphorical aspects to biological processes.
The use of DNA barcoding for the identification of species has
been a well-established taxonomic tool since the early 1990s. Since

the early 2010s, however, there has been a surge of interest in eDNA
to produce agenomic profile of more complex samples or even entire
ecosystems*. The use of eDNA has substantially extended the scope
of bioinformatics through an emerging emphasis on the sampling of
much larger datasets derived from soil, water and, more recently, air.
The focus on air, for example, reveals new dimensions to biodiversity
that can extend farinto the atmosphere®®. Inthe case of cities, interest
in eDNA has focused attention on a wider diversity of urban biomes,
including new ecologies of verticality, extending from soil to sky. A
wealth of new data have been created, especially for less intensively
studied taxonomic groups such as bacteria or fungi, which can provide
novel insights into the ecological dynamics of urbanization’.

The collection of eDNA from urban surfaces, waste water and other
sources has transformed our understanding of the microbial ecologies
ofthebuiltenvironment as well as providing methodological synergies
between bioinformatics, epidemiology and forensic science® ™. DNA
analysis of urban soils, for example, has revealed new facets to urban
biodiversity that might be overlooked with a reliance on traditional
field-based methods™". In the case of New York’s Central Park, the DNA
analysis of soil has demonstrated levels of biodiversity that are compa-
rable with tropical rainforests'. A recent eDNA study of abridge in New
Jersey evenrevealsthe complex assemblages of organisms living within
the concrete structure®. Other examples include the rapid appraisal
of the degree of ecological recovery for fire-damaged landscapes in
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Los Angeles and other cities through the analysis of microbiomes
presentinsoil samples'.

New data frontiersin the genomic city

The emerging literature highlights a series of perceived advantages
foranincreased use of eDNA in comparison with existing survey meth-
ods: the scale of data collection can provide an ecological snapshot of
entiresites or ecosystems; the use of eDNA datais regarded as quicker,
cheaper and lessinvasive than existing modes of environmental field-
work; the detection of invasive species at low density canallow earlier
interventions; eDNA can detect rare or endangered taxa that might be
missed by other methods; the regular testing of waste-water samples
can pick up viraltraces of COVID-19, polio and other public health risks;
the analysis of food or other kinds of complex products can identify
additives that might pose a threat to consumer safety; and the use of
diet analysis can further understanding of relations between species
of ecological or epidemiological concern (alsoreferred to asingested
DNA (iDNA))""". Inthe case of public health research, the gut analysis
of hosts and vectors can delineate ‘virus-sharing networks’ that are
pivotal to understanding the ecological dynamics of emerging epide-
miological threats***. Arecentexampleis the use of genomic analysis
of mosquito guts to establish the presence of a locally specific strain
of the West Nile virus that has become endemic in the Berlin metro-
politan region, with further research now underway to establish the
likely avian hosts?. We can also use eDNA to monitor both the spatial
diffusion and evolutionary dynamics of viruses and other pathogens
in real time®**, A new generation of tracking devices will be able to
undertake continuous forms of eDNA monitoring in situ, including
the development of underwater drones that can collect and sequence
samples as they scour marine ecosystems. There will be emerging net-
works of integrated devices that can combine eDNA monitoring with
bioacoustics, cameratraps and other datasources to enable artificial
intelligence (Al)-augmented forms of pattern recognition. In the case
of public health, the automated monitoring of pathogens through
continuous sampling technologies can be combined with predictive
modelsto locate potential disease outbreaks ahead of time. In the final
analysis, however, these emerging frontiers in bioinformatics do not
inthemselves advance our understanding of the causes of biodiversity
decline or new landscapes of epidemiological risk (see below). The
question s rather how these new data sources might inform different
kinds of analytical configurations that can move beyond the existing
parameters of urban science.

The predicted acceleration of DNA sequencing capacity under the
so-called Carlson curve, coined backin 2003, is the genomic equivalent
to Moore’s law in the computational realm (based on an approximate
doubling of semiconductor capacity every two years®). However,
the Carlson curve has already been surpassed since 2008 under the
transition to post-Sanger sequencing technologies. Advances such
asnext-generation sequencing can now process millions of fragments
of DNA simultaneously, thereby speeding up laboratory analysis and
lowering costs. Much of the necessary equipment, such as benchtop
sequencers, has also become steadily cheaper in real terms. These
technological developments are contributing to the wider accessibility
of DNA analysis, including trends towards ‘garage biology’ and the use
of DNA testing kits at home®*”. The wider availability of bioinformatics
has also enhanced the potential scope for citizen science?. Indeed,
the extensive use of polymerase chain reaction (PCR) tests during the
COVID-19 pandemic opened a window into the wider application of
these new scientific developments.

False positives and other anomalies

Theincreasing use of eDNA poses arange of practical challenges in rela-
tion to the sampling, storage and handling of DNA materials®. Analyti-
cal protocols must contend with contaminated or degraded traces of
DNA, often drawing on skills needed for archeological, paleoecological

or forensic modes of investigation®**, The increasing interest in foren-
sicecologiesin particular connects long-established aspects of crime
scene investigations with an emerging emphasis on counter-hegem-
onic methodologies led by the forensic architecture programat Gold-
smiths, University of London®’. A major exhibition held in 2014 at the
Haus der Kulturen der Welt in Berlin, entitled Forensis, curated by
Anselm Franke and Eyal Weizman, asks ‘How do mortal remains, DNA
samples, and satellite images become forensic evidence?’* Differ-
ent forms of DNA evidence can contribute to a wider post-positivist
field of evidentiary materialismin which the political and institutional
dimensions to research design are made explicit from the outset*.
In this sense, DNA analysis forms part of a suite of potential meth-
odologies that can contribute towards critical forms of social and
ecological analysis.

The claims of greater precision associated with eDNA need to be
set alongside a range of analytical and conceptual challenges. A key
limitation concerns any scaling up from the presence or absence of
genetic traces towards a more systematic assessment of population
size.Indeed, the shift of emphasis fromindividual organismsto entire
ecosystems amplifies existing uncertainties over the role of genomic
data within environmental research. Anomalies can emerge in the
laboratory such asthe unintentional generation of chimeric sequences
(novel combinations of DNA for organisms that do not exist). In addi-
tion, a range of statistical methods are now used to address sampling
errors that can reduce the representativeness or comparability of
results®. The connection between eDNA and bioinformatics implies
a degree of analytical uniformity across disparate scientific fields as
well as underlying probabilistic assumptions about the spatial char-
acteristics of environmental phenomena. In some cases, Bayesian
inference has been used to enhance the predictive capacity of envi-
ronmental models based on eDNA data™®. In this sense there is at least
an acknowledgment that the research field connects with an a priori
set of assumptions about likely probabilities that can be modulated
in the light of further data collection®. Yet claims for the accuracy of
eDNA-based models must be set alongside the need to better under-
stand the historical and political dimensions of the urban arena (see
below). Neo-positivist analytical frameworks that seek to elucidate
universal laws or patterns remain limited in their explanatory scope
despite theincorporation of ever larger datasets. Inspite of these short-
comings, however, some of the recent literature displays a degree of
impatienceinrelationto the wider use of eDNA analysis. The biologist
Zacchaeus G. Compson and his colleagues, for instance, highlight
‘methodological conservativism’ as one of the barriers to the more
extensive adoption of eDNA within the environmental sciences™.
Yet this kind of epistemological boosterism needs to be considered in
relation to the wider implications of ‘big data’ and the rise of algorith-
mic modes of urban and environmental governmentality™.

The increasing use of eDNA aligns with an emerging emphasis
on ‘urban science’ as an interdisciplinary neo-positivist approach
to the study of cities. Leading proponents for urban science such as
Marina Alberti have emphasized how access to ever larger datasets
might enable the discovery of ‘universal rules by which cities work
and innovate™°. Luis Bettencourt, for instance, drawing on elements
of archeology, complexity theory, cognitive psychology and spatial
science, stresses the need to uncover the fundamental processes’ that
have driven accelerating patterns of urbanization at a global scale.
Taking anintegrative approach, Bettencourt stressesthe need toiden-
tify the processes ‘that are facilitated and, in many cases, unleashed
for the first time by urban life’. And in a nod towards the potential
for bioinformatics and next-generation sequencing, Bettencourt
notes that ‘a more comprehensive empirical basis for urban science
isnecessarily predicated on harnessing new and better dataas well as
embracing more powerful technologies and methods’. He character-
izes cities as ‘complex adaptive systems’ derived from the interaction
between multiple processes with varying degrees of ‘circular causality’.
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‘These properties of cities as complex systems’, suggests Bettencourt,
‘will force us to frame urban science in away that goes beyond existing
theory in any particular discipline [...] .. Yet the emphasis on urban
science as inherently interdisciplinary, extending all the way from
the biophysical sciences to the arts, still lacks a clear sense of what
adeeper level of interdisciplinary engagement might entail in both
conceptual and methodological terms. Michele Acuto, Sue Parnell
andKaren Seto, inarecentintervention for the journal Nature Sustain-
ability, rightly suggest that many scientists have difficulty incorpo-
rating the political dynamics of urban space into existing models*.
At the same time, however, we also encounter blind spots within the
social and historical sciences in relation to recent developments in
the biophysical sciences®.

The enhanced computational capacity for eDNA analysis obscures
aseries of epistemological tensions. Indeed, the mooted extension of
research on the social behavior of insects or other organisms as part
of a DNA-enhanced ‘bio-urban” model illustrates an elaboration of
earlier unsatisfactory attempts to build a socio-biological analytical
framework***, There is an emphasis on the algorithmic modeling of
non-human forms of collective behavior that connects with simplistic
assumptions about the influence of architectural form and the built
environment on human culture. The city itselfis widely characterized
inthe bio-urban literature as a ‘constructed niche’ to be further eluci-
dated by amerger between evolutionary and complexity theory. The
study of biomorphic growth patternsis extrapolated across disparate
disciplinary domains to develop amodular model of urbanization that
is based on a series of intersecting subsystems. It is instructive, for
example, that many proponents of urban science draw on a variety of
neo-positivist approaches that have long been abandoned within the
critical social sciences. As the geographer Rob Kitchin notes, anurban
science thatis underpinned by urban informatics rests on a‘computa-
tional understanding of city systems’. Thisapproach to urbanresearch
isnotonly rooted in neo-positivist conceptions of knowledge but also
draws on a form of ‘inductive empiricism’ that makes use of machine
learning to generate hypotheses directly from digital data sources*.

How might eDNA alter conceptions of urban nature? The use of
eDNA canreveal adegree of biasinrelation to what is routinely consid-
ered interesting or noteworthy on the basis of ecological fieldwork. A
recentstudy of mammalsinurban parksin Detroit, forexample, reveals
substantial differences between species detected by eDNA analysis and
iNaturalist records based on direct forms of observation. It seems that
people, dogs andrats areroutinely ignored by human observers whilst
eDNAinturncanthrow up odd results suchasthe presence of montane
mammals thatare most probably attributable to their genetic proxim-
ity to other species or to anomalies in existing databases.

Theaccuracy ofeDNA, like single-species DNA barcoding, is ulti-
mately dependent onthe scope, quality and accessibility of existing
genomicdatabases. Thereis a contrast, forexample, between curated
and non-curated genetic databases, notably between BOLD (Barcode
of Life Data Systems) and the larger GenBank repository*®. There is
an additional challenge of incomplete coverage for many taxa such
as bacteria, fungi and insects. Indeed, a recent study suggests that
some 86% of the estimated 8.7 million species on Earth have yet to
be described***°. These data deficiencies are even greater for marine
ecosystems and many biodiversity hotspots in the Global South.
The future development of eDNA will rest to a notable extent on the
degree of adherence to open data-sharing protocols such as FAIR
(findability, accessibility, interoperability and reusability) and the
input of organizations such as the Global Biodiversity Information
Facility that seek to make data freely available rather than hoarded
for profit>°. Furthermore, the geographically uneven coverage
of existing DNA databases will contribute to a further divergence
between computational and relational ecologies so that less-studied
regions or taxa are likely to become increasingly dependent on the
use of bioinformatics.

Areliance oneDNA alone cannot illuminate key aspects of behav-
ior, population dynamics, or longer-termenvironmental change. Rates
of DNA shedding vary greatly between organisms and cannot provide
areliable indicator of population size. If the use of eDNA is presented
asapanaceaforunder-funded forms of environmental fieldwork then
this has wider implications for the kind of data that are being collected.
Anincreasing reliance on genomic data clearly challenges the status
of existing ecological methods such as camera traps, transects and
other forms of field observation. Yet a recent study of fishin Hong
Kong harbor that compared the use of eDNA with underwater camera
traps discovered that most species were only detected by either survey
method alone—32.3% of species were only found through the use of an
underwater visual census whilst 39.6% were only recorded via eDNA
analysis—a finding that corroborates some of the pioneering eDNA
studies of terrestrial mammals®*,

Theuse of eDNA canalsorecord traces of species contained in bird
or animal feces that may have originated from other sites****. Indeed,
eDNA can generate ‘false positives’ that might lead to extreme bios-
ecurity measures such as the destruction of entire ecosystems>>>,
A growing reliance on eDNA, especially for biodiversity hotspots in
the Global South, also risks the further marginalization of Indigenous
knowledge®*.Indeed, a recent review article suggests that the use of
eDNA might be easier in ‘developing countries, which are not encum-
bered by historical precedents and legislation related to biomoni-
toring’ in a worrying formulation that ignores existing cultural and
institutional inequalities™®.

The increasing role of DNA analysis within the ecological sci-
ences marks part of a wider shift towards post-Linnaean taxono-
mies where species are defined on the basis of measurable forms of
genetic distance. The earlier taxonomic focus on individual species
has expanded to encompass awider set of scientific objectivesinclud-
ing ‘species-indifferent measures of diversity®*. The field of eDNA
is now moving from a focus on operational taxonomic units (OTUs)
towards amplicon sequence variants (ASVs) as a statistical measure
of genetic distance that can assign species more accurately for many
taxonomic groups. But how can these new mathematical measures be
reconciled with the existing taxonomic emphasis on diagnostic char-
acters? Rob DeSalle, Mary G. Egan, and Mark Siddall, for example, at
anearly stagein the DNA barcoding debate, advocated for anintegra-
tion between taxonomic and molecular approaches to enable more
rigorous outcomes®. Some key groups of urban organisms such as
mosquitoesillustrate the practical limitations of anarrow reliance on
DNA analysis, including the appropriate choice of primers to produce
accurate results®® . In the case of the Culex genus of mosquitoes,
for example, we not only contend with a ‘species complex’ but also
with organisms that are undergoing rapid rates of epigenetic and
evolutionary change. Indeed, mosquitoes are among those groups
of organisms that are experiencing accelerated rates of evolutionin
urban environments®* .

Thereframing of biodiversity as aseries of DNA inventories marks
anotable shiftinhow natureis conceptualized. The relational empha-
sis of observational fieldwork is being supplanted by a more abstract
assessment of genetic variation. The analytical challenge is amplified
withinurban environments because socio-ecological systems are even
lessamenable to neo-positivist analytical frameworks thanecosystems
with more limited degrees of humanimpact. Cities, in other words, are
complexkinds of socio-ecological assemblages that developinavery
different way to ostensibly ‘natural’ ecosystems with minimal forms
of human intervention. Recent research, however, casts doubt on
existing assumptions about many ecosystems that might previously
have been considered ‘natural’ or at least more amenable to a range
of neo-positivist assumptions about causal relations. New studies of
the Amazon basin, for example, emphasize the degree to which these
ecosystemsare better interpreted as cultural landscapes that include
avariety of more dense settlement patterns, including archeological
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traces of early cities®*®, Although urban dimensions to environmen-
tal change clearly pre-date modernity there is a need to historicize
specific dimensions to capitalist urbanization, including theinfluence
of successive waves of colonial and neo-colonial expansion within the
globaleconomy.

Towards an alternative conceptual synthesis

The next phase of eDNA research is set to explore the adaptive poten-
tial of both populations and ecosystems through a greater emphasis
on epigenetic and evolutionary pathways®’°. But how can emerging
insightsinto temporal aspects of eDNA analysis be related to existing
studies of urban space? And how might the latest advances in eDNA
researchbeintegrated into existing kinds of longitudinal datasets for
the monitoring of environmental change? The increasing use of eDNA
marks anotable extension to the existing dominance of system-based
analytical approaches within urban ecology, which in themselves do
notgetus any closer to an understanding of the historical specificities
of capitalist urbanization. Thereis anintellectual tension between new
advancesin (predictive) modeling enabled by bioinformatics and the
wider conceptual framing for socio-ecological transitions. The influ-
ential Vienna school of social ecology, for example, with its emphasis
onlarge-scale energy transitions, illustrates the difficulties in extend-
ing systems-based analytical approaches to the historical realm”. A
narrow focus ontechnological innovation can only ever offer a partial
account of capitalist urbanization as a historically and geographically
specific set of developments. By contrast, structuralist approaches
suchasurban political ecology emphasize how the capitalist mode of
production has generated a distinctive ‘social metabolic order’ within
which underlying tensions between capital and ecology have steadily
intensified’””. Akey challenge, therefore, is how the use of eDNA might
enrich rather than obscure alternative analytical approaches within
the social and historical sciences. How, for example, are differences
between biological and cultural forms of evolution to be conceptual-
ized? If eDNA becomes a kind of neo-positivist explanatory syntax in
its own right, then other aspects of socio-ecological change will be
displaced from the analytical frame.

The increasing interest in eDNA has led to a surge in demand for
laboratory work that has facilitated the emergence of new actors,
including hedge-fund-backed forms of bio-capital (important players
include EDF Pulse Ventures, BNP Paribas, Monaco ReOcean Fund and
Ananda Impact Ventures). The global market value of DNA sequenc-
ing is predicted to rise from an estimated US $4.69 billion in 2022 to
nearly US $17 billion by 2030. More broadly, there are stark dispari-
ties in global laboratory capacity to undertake genomic analysis, as
was starkly revealed during the COVID-19 pandemic, with ongoing
implications for the monitoring of public health threats as well as
biodiversity research’™.

Biodiversity surveys that might previously have been carried out
by trained ecologists are now being offered by commercial monitor-
ingservicesthatarereliant onlaboratory-based DNA analysis. A range
of companies, such as NatureMetrics, Jonah Ventures, SimplexDNA,
Genidags and Smith-Root, now provide eDNA services for fields such
as fisheries management and environmental impact assessment”. In
early 2025, for example, a new collaboration was announced between
the Minderoo Foundation’s OceanOmics program and the International
Union for Conservation of Nature (IUCN) to monitor marine biodi-
versity’. These developments, including a diversion of government
investment towards eDNA and related fields, threaten to exacerbate
the ongoing funding crisis facing taxonomic researchin museums and
also the use of existing field-based expertise for ecosystem monitoring.

Furthermore, the data-processing requirements of eDNA clearly
connect with the environmental impact of digital capitalism. These
huge amounts of data require an enhanced energy-intensive infrastruc-
ture with an ecological impact that unsettles the ‘non-disturbance’
argument in comparison with more traditional modes of ecological

fieldwork” . Indeed, DNA sequencingitself forms part of the impetus
towards emerging biotechnology (bio-tech)-driven patterns of urbani-
zationin Cambridge (UK), Copenhagen, Hyderabad, Leiden, Munich,
San Diego, Shenzhen and a number of other cities.

What aspects of biodiversity are highlighted by the use of eDNA?
Inthe place of field-based surveys, including the direct observation of
living organisms, we have a variety of more abstract quantitative indi-
ces. The taxonomic reliance on measures of genetic distance such as
OTUs and ASVs aligns with a shift of emphasis towards generic aspects
of nature rather than afocus on more fragile kinds of ecological speci-
ficity. Terms such as ‘biodiversity net gain’, ‘biodiversity offsetting’ and
‘compensation landscapes’ are indicative of a perceived interchange-
ability of nature that mirrors the wider adoption of policy instruments
such as carbon trading®®®’. These new measures have a conceptual
affinity with resilience discourse under the adaptive Anthropocene
(alsoreferredto as ‘eco-modernism’in some of the literature) and wider
forms of skepticism towards the loss of biodiversity as new species are
continually emerging over geological timeframes®.

The advent of eDNA is clearly contributing to the interdiscipli-
nary impetus of bioinformatics and urban science. But what kind of
interdisciplinarity might be enabled by eDNA, or conversely, what
possibilities might become more difficult through the relative exclu-
sion of other data sources or epistemological frameworks? The full
potential of eDNA will be furthered by an innovative combination
of different methods—both genomic and non-genomic—as part of
a more critically reflexive approach to environmental research. In
this way, eDNA can contribute to the emergence of new perspectives
rather than merely replicate (or amplify) existing approaches. The
use of eDNA can be incorporated into collaborative modes of inter-
pretation that extend to urban political ecology, critical toxicology
and other fields. In this case, the technical contributions of eDNA
analysis are less likely to become overextended into neo-positivist
epistemological frameworks.

The challenge ofinterdisciplinary environmental researchrequires
greater reflectionon ‘dataontologies’, yet many scientists lack the time,
resources or inclination to engage with such questions®. The use of
eDNA s now entrained in various forms of Alaugmented scientific prac-
tices such as next-generation sequencing that are further widening the
epistemological divide between neo-positivist approaches and alterna-
tive hermeneutic, critical realist and post-positivist forms of social and
historical inquiry. A pixelated ontology derived from bioinformatics
contrasts with relational dimensions to field-based ecology, including
the kind of multispecies encounters explored in cultural anthropology,
the environmental humanities and other fields****. The history of urban
ecology hasbeenintimately related to the emergence of observational
fields suchasbotany, lichenology and ornithology, inwhich the human
observer develops an affective relation with their object of analysis.
The rapid expansion of eDNA coincides with a period of enhanced
public interest in urban ecology, especially through diverse kinds of
direct contact with nature, including the use of pattern-recognition
algorithms to assist with the identification of birdsong, plants or other
organisms. In the case of taxonomically rich insect orders such as
Lepidoptera, the compilation of a visual database of living specimens
can enrich the scope of field surveys, notwithstanding the presence
of cryptic species or those that cannot be reliably separated by mor-
phological characteristics alone®. These technologically augmented
modes of fieldwork can operate independently from more abstract
modes of computational analysis®**"®%. In this sense, bioinformatics is
notreducible to agenomic or computational reading of nature.

An emphasis on eDNA highlights two very different conceptions
ofinterdisciplinarity: onthe one hand, thereis the additive momentum
of ever larger datasets that seek to combine social and environmental
systems under a unified explanatory framework; and on the other
hand, there are underexplored possibilities for a conceptual synthe-
sis between forensic aspects to DNA analysis and historically framed
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accounts of social and environmental change. This second strand
rests on a form of evidentiary materialism in which DNA analysis can
be used to complement other methodological tools and contribute to
amore nuanced kind of explanatory framework that can take greater
accountofboth geographical and historical specificities. Furthermore,
an emphasis on forensic ecologies connects with the longstanding
field of forensic entomology and the precise investigation of crime
scenes, providing an analytical link between the emphasis on material
traces and the use of DNA sequencing technologies®. The key point is
that aforensic approach canlink empirical analysis of environmental
phenomenasuch as biodiversity decline or emerging health threats to
a post-positivist explanatory framework in which simplistic forms of
data correlation or predictive modeling are replaced by an emphasis
on evolving conceptions of the human subject, the exercise of social
power, and the circulatory dynamics of capital. At root, thereis adegree
of epistemological tension between two different conceptions of
the urban realm: in the first case there is an emphasis on intersecting
systems that build a picture of urban space as a functional totality
whilst in the second case the material characteristics of urban space,
and eventhe definition of the urbanitself, is recognized as historically
constituted and socially contested.

The rise of eDNA transposes the earlier emphasis on the urban
ecosystem as a measurable space of flows a la Paul Duvigneaud,
Eugene Odum and other scholars towards a more abstract conception
ofurbanspace asacode-based series of multiscalar data correlations.
Indeed, how is urban space conceptualized at all under eDNA? What
kinds of zones, transitions or boundary effects can be incorporated
into modelsbased on DNA data sources? If we consider the multiscalar
origins of zoonotic health threats such as dengue, Ebola or COVID-19,
then eDNA techniques such as waste-water analysis can delineate
emerging landscapes of epidemiological risk but not the structural
dimensions to ongoing public health inequalities’".

How might eDNA be used within a critical framework that is not
rooted in neo-positivist variants of urban science? In other words,
canthere be a post-positivist use of eDNA that might contribute to an
alternative conceptual synthesis? Systems-based approachesto ecol-
ogy have always had an uneasy interface with the social and historical
sciencesjustasalternative perspectives suchas urban political ecology
have had only a weakly articulated grasp of the latest advances in the
biological sciences. Rather than an increased emphasis on reductive
forms of interdisciplinarity we need to embrace new forms of episte-
mological complexity that canincorporate the latest methodological
and theoretical advances across a wide spectrum of research fields.

IfeDNAisregarded as an analytical tool rather than an epistemo-
logical framework in its own right then there are clearly possibilities
to build an alternative kind of conceptual synthesis that is based on a
more rigorous interface between biology and the social sciences. As
we move from metaphors to materiality, from scientific analogies to
systematic analysis, we can discernan alternative kind of interdiscipli-
nary pathway for urban environmental research. Yet amore productive
interface between biology and the social sciences in the urban arena
will require substantial intellectual labor on both sides.

What, then, might an eDNA-enhanced field of post-positivist
urban ecology look like? What kind of research questions or research
programs might emerge? And what might be the wider implications
for public policy or grassroots modes of engagement with scientific
knowledge? If we move away from systems-based urban ecology, a
series of new analytical vantage points come into view. A recognition
of multiple temporalities underpins the epistemological distinction
between the evolutionary and epigenetic development of organisms
within urban ecosystems and the historically produced periodicities
associated with capitalist urbanization, including the significance
of both colonial and neo-colonial patterns of resource use and the
relationship between urban growth and an array of often distant or
hidden extractive frontiers.

The use of eDNA can provide a welter of novel empirical insights
into urban ecosystems and the multispecies city (including the human
body itself) but these computational advances are best conceived as
a sophisticated form of pattern recognition that can complement
rather thanreplace existing methodological tools, including the kind
of interpretative and qualitative idioms that are widely deployed within
the social and historical sciences. When evaluating alternative ana-
lytical approachesitis vital to make a distinction between the various
forms of data correlation and the elucidation of underlying modes of
causality: contra neo-positivist conceptions of the urban arena as a
quantifiable space of flows, a post-positivist approach to urban ecology
highlights more complex forms of agency, subjectivity and historical
contingency, including the diverse kinds of spatial configurations or
networks that constitute the urban realm. From this perspective, the
field of urban ecology has evolved across a distinctive set of scientific
milieus that reflect not only material aspects of urban environments
butalso the shifting cultural and institutional contexts for knowledge
production itself. Indeed, as regulatory agencies struggle to ensure
forms of environmental protection, the use of eDNA is being widely
promoted as analternative means to monitor ecological and epidemio-
logical threats. Similarly, as museums and universities seek to nurture
future taxonomic expertise, especially for species-richbutimperfectly
known groups of organisms, they are becoming increasingly reliant on
genomic analysis to delineate the tree of life.

Atroot, however, there remains a glaring disconnect between an
urbanscience thatis increasingly anchored to an augmented compu-
tational realmand the need for alternative post-positivistapproaches
within the social and historical sciences. We must ensure that an
enhanced capacity for DNA sequencing contributes to new forms of
methodological collaboration rather than awidening of existing epis-
temological asymmetries in the urban arena. A conceptual synthesis
between the novel empirical insights derived from eDNA analysis
and alternative approaches to environmental research such as foren-
sic ecologies and urban political ecology will allow the development
of a different kind of interdisciplinary framework to that offered by
neo-positivist urban science.
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