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Abstract

Biological invasions rank among the greatest anthropogenic threats to global biodiversity and ecosystem functioning, but measuring
and comparing their relative magnitudes across regions and taxa remains challenging. The absence of a unified metric hinders scien-
tific advancement, public awareness, and policy development. We propose a simple, standardized metric to quantify and communicate
the magnitude of biological invasions: total biomass of nonnative species. This metric approximates the amount of native biomass
co-opted, displaced, consumed, or replaced by the populations of invasive species. We illustrate how this metric can be applied to dif-
ferent research themes and contexts such as temporal and spatial invasion dynamics, management strategies, and invasion forecasts.
Although not a metric for impact, this magnitude will be useful to quantify the extent of impact of invasive populations. Total biomass
can provide a common currency to assess the magnitude of biological invasions, facilitating comparisons, syntheses, and innovations

across invasion science.
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Biological invasions rank among the leading global challenges of
the Anthropocene, capturing international attention and provok-
ing extensive research (IPBES 2023). A biological invasion is the in-
tentional or unintentional transportation of species outside their
natural ranges by human activities into new regions where they
establish and spread (Le Roux 2021, IPBES 2023). Biological inva-
sions are responsible for rapidly expanding ecological and socioe-
conomic damage across the globe (Diagne et al. 2021, IPBES 2023).
However, the awareness of, as well as the commitment and ca-
pacities to address, biological invasions are still lower than other
planetary-scale drivers of biodiversity erosion (Courchamp et al.
2017). A pervasive reason for this mismatch is the diversity of
invasive species (those that are responsible for biological inva-
sions) and the damage they inflict across various sectors (ecolog-
ical, health, social, and economic) that are quantified with differ-
ent currencies (IPBES 2023). This multiplicity and heterogeneity
complicate our capacity to capture and quantify the magnitude
of invasions. Consequently, finding a common unit that enables

compilation and standardization of data across taxonomic
groups, regions, and at different scales will promote developing,
comparing, interpreting, validating, and prioritizing management
strategies, as well as building awareness among decision-makers
and the public.

Although valuable, existing metrics such as the richness, abun-
dance, distribution, and the rate of spread of invasive species
present challenges when creating a generalizable, quantitative
metric to standardize the magnitude of an invasion (Catford et
al. 2012). In this article, we present a general solution to address
these global challenges in understanding, managing, and commu-
nicating the magnitude of any biological invasion using a single
and straightforward metric: biomass. By magnitude, we mean the
overall scale of the physical presence of an invasive species within
an ecosystem. We demonstrate how the total biomass of invasive
species offers a common proxy of the magnitude of their inva-
sion across different ecosystems and spatial scales. The intuitive-
ness of total biomass ensures its accessibility to a broad audience,
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from experts to nonexperts alike. Such accessibility can facilitate
effective communication of the magnitude of biological invasions
in a manner that transcends disciplinary boundaries. By drawing
parallels with familiar metrics, such as tonnes of emitted carbon
dioxide (Reed et al. 2022); tonnes of polluting plastic, oil, or heavy
metals (Huang et al. 2018); tonnes of exploited fish stocks, tim-
ber, or bushmeat (Hughes et al. 2023); or even tonnes of anthro-
pogenic waste (Elhacham et al. 2020), the invasive biomass met-
ric integrates seamlessly into existing frameworks of other com-
ponents of global change, fostering a transparent and informed
discourse in scientific, political, policy, and public domains. This
alignment with established environmental metrics could foster
public acceptance and comprehension.

Biomass as a standard metric of invasion
magnitude

In ecological terms, biomass represents the cumulative mass of
living organisms within a specific community or ecosystem. This
metric therefore encompasses the combined mass of organisms,
be they plants, animals, or microorganisms, and can be used
across multiple scales (e.g., individuals, populations, and com-
munities) and in all habitats (marine, freshwater, and terrestrial).
Biomass is commonly expressed in units of mass per spatial
unit (area or volume), from which total biomass can be calcu-
lated for a given invaded range. In general, variation in biomass
(e.g., across space or time) serves as an indicator of an ecosys-
tem’s health and efficiency of resource use because changes in
total biomass can reflect changes in population dynamics or re-
source availability. Biomass also connects directly to many fun-
damental ecological concepts, such as ecosystem stability and
energy flow (McCann 2000), and forms the basis for scaling laws
comparing the traits of different species, which could be applied
to impute missing biomass values (Hatton et al. 2019). Adopt-
ing biomass as a metric adds a layer of ecological relevance
to invasion studies. Compared with metrics such as the abun-
dance of invasive individuals, which is highly taxon-dependent,
or geographical distribution, which often provides limited infor-
mation regarding potential magnitude, biomass provides a more
comprehensive understanding of the magnitude of an invasion
in an ecosystem. Fundamentally, invasive biomass provides a
means to gauge the overall productivity, energy flow, and ecolog-
ical interactions that are potentially disrupted within an ecosys-
tem.

We assume that in most cases, invasive populations do not
fill empty niches (or ecological space) but necessarily co-opt the
resources that would otherwise be incorporated into the total
biomass of native species. If an invader becomes established, it is
generally via an accommodation on the part of the native species
(Briggs 2010). For example, we assume in practice that every tonne
of the invasive velvet tree (Miconia calvescens) grows at the expense
of less-competitive plants that it replaces in the Pacific islands,
where it often forms dense, monospecific stands. Similarly, the
population growth of any invasive deer, for example, is likely pro-
moted at the expense of both native plants and competing native
herbivores, even if one cannot easily disentangle the two. The con-
cept is illustrated in figure 1.

Invasive biomass as a unified metric also fosters comparison
among species of different sizes. Smaller, but more abundant
species do not necessarily represent a smaller global biomass rel-
ative to larger species across plants and animals. For example, the
total biomass of annelids is estimated to be around one hundred
times higher than that of birds worldwide (Bar-on et al. 2018), even

if individuals of the latter are over one hundred times heavier on
average. Tonnes of biomass can quantify both temporal and spa-
tial invasion dynamics and can compare regions and taxa, fore-
cast the magnitude of potential invasions, or track the efficacy of
management actions. Below, we provide several empirical exam-
ples spanning habitats, realms, and regions that illustrate the use
of total biomass for quantifying the magnitude of biological inva-
sions. Table 1 summarizes these examples, with the calculation
mode from the data contained in the cited reference.

Illustrating the use of invasive biomass

In the following section, we explore how invasive biomass
can be characterized across biological, spatial, and temporal
gradients, and how these insights translate into actionable
value for management, policy development, and stakeholder
engagement.

Comparison among taxa

Total biomass can be used to compare the invasion magnitude
among taxa from anywhere across the tree of life (but see box
1 for the special case of pathogenic microorganisms). Commu-
nicating these magnitudes is challenging, particularly for small
taxa where size has precluded research and management in
contrast to larger, more charismatic taxa (Carlton 2009). For
example, a single invasive zooplankton species (Cercopagis pen-
goi) in Lake Ontario can reach a total biomass of 9700 tonnes
during the summer (Makarewicz et al. 2001; table 1). This fig-
ure aligns with the biomass of the much larger red fox (Vulpes
vulpes) in Australia (9960 tonnes; table 1) or of the even larger
chital deer (Axis axis) in Australia (8340 tonnes; table 1). Other
total biomass values across taxa of different sizes indicate that
invasions span different orders of magnitude among yellow crazy
ants (Anoplolepis gracilipes) on Christmas Island (46 tonnes), mice
(Mus spp.) on Gough Island (864 tonnes), brown tree snakes (Boiga
irregularis) in Guam (2200 tonnes), giant African snails (Achatina
fulica) in New Caledonia (19,000 tonnes), water hyacinth (Ponted-
eria crassipes) in the Guadiana River on the Portuguese-Spanish
border (200,000 tonnes), feral donkeys (Equus asinus) in Australia
(1,250,000 tonnes), or the warty comb jelly (Mnemiopsis leidyi) in the
Black Sea (91,368,000 tonnes), which in each case is the potential
amount of biomass in the ecosystem that would otherwise be in-
corporated into native species (table 1).

Comparing two invasive species directly using biomass can
be straightforward and more ecologically relevant than com-
paring abundance estimates. For example, comparing two in-
vasive predators in Australia—the red fox and feral cat (Fe-
lis silvestris catus) on the basis of their respective abundances
gives a biased impression of the magnitude of invasion for each
species: there are approximately twice as many cats (2.8 million
individuals) as foxes (1.6 million). However, their total biomasses
indicate a similar magnitude of invasion (8500 tonnes for cats
versus 9900 tonnes for foxes; table 1). Furthermore, it is more
tractable and ecologically relevant to compare the total biomass
of different invasive species than to compare abundances, which
can be misleading or unfeasible (such as for plants, where the con-
cept of individuality is not always relevant; Clarke 2012). For ex-
ample, there are about 1 million feral camels in Australia, and
2.6 times more feral goats. However, the total biomass co-opted
by camels is 406,000 tonnes, whereas that of goats is less than
half that amount (186,000 tonnes), because a camel weighs on
average about 10 times more than a goat. Because of its gen-
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Figure 1. Total biomass accumulated by organisms in an uninvaded (top) and an invaded (bottom) ecosystem, represented by three trophic levels:
producers (plant icon), primary consumers (herbivore), and secondary consumers (predator). The size of organisms represents the total biomass of the
populations of the corresponding organisms. In this illustration, the quantity of energy (e.g., sunlight; sun icon) and precipitation (cloud) transformed
into biomass is the same in the two ecosystems, so that the presence of an invasive species (in orange) might not affect the total biomass (weight
icon), but decreases the biomass of the native species (in green). The total biomass of the invasive species represents the magnitude of the invasion.
The magnitude of the invasion is distinguishable from the severity of the invasion, which would be the proportion of the total biomass that is

contributed by the invasive populations.

eralizability, the total biomass of several invading taxa in a sin-
gle region can be combined to reflect the total invasion biomass
at a broader spatial scale. The combined biomass co-opted by
all large invasive herbivores in Australia is well over 3.5 million
tonnes, for about 6 million animals of differing average body mass
(figure 2).

Comparing regions and spatial scales

Comparing invasion magnitudes among biomes, realms, and geo-
graphic regions is possible using total biomass. For instance, total
biomass estimates demonstrate the magnitude of feral pig (Sus
scrofa) invasions in Australia (270,000 tonnes), which is half the
amount for the same species in the United States (591,000 tonnes;
table 1).In fact, there is no a priori reason not to sum invasive pop-
ulations of distant taxonomic groups in the same way: the total
biomass of the Nile perch (Lates niloticus) and of the water hyacinth
in Lake Victoria can be aggregated to reflect the overall magnitude
of invasion in that ecosystem, which can then be compared to the
magnitude of invasions of other species in other lakes or even of
different habitats. In that context, studies can (and often should)
use biomass per unit of area or volume to make meaningful com-
parisons. In any invasion, there are biomass differences among re-
gions or heterogeneities within regions, compounded by variation
in carrying capacities. This implies that, as in any extrapolation,
upscaling the regional footprint of an invasion cannot be done to
national scales without correcting for local specificities.

Temporal and spatial trends

The temporal and spatial scales at which an invasion is stud-
ied depend on the study itself, and it is possible to collect
fine-resolution data to account for temporal or spatial hetero-
geneity. Calculating the total biomass of invasive populations
allows meaningful assessments of temporal variation in the
magnitude of invasions. Incorporating total biomass in stud-
ies also enables better assessment of spatial trends in the
magnitude of invasions, exemplified by the grey squirrel (Sci-
urus carolinensis) in the United Kingdom (table 1) or the inva-
sion of the Asian hornet (Vespa velutina) in France (figure 3).
The Asian hornet was introduced to France in 2004 from a
single queen (Arca et al. 2015). The spread of its descen-
dants has been regularly monitored by spotting nests, provid-
ing a unique database that allowed the reconstruction of the
spatial progression of the population over 15 years (Barbet-
Massin et al. 2018, Robinet et al. 2019). Because the average
biomass of the individuals within a nest and the overall den-
sity of nests are available (e.g., Requier et al. 2023), one can
deduce the spatiotemporal dynamics of the total biomass of
the invasive population (figure 3). These data resemble a typi-
cal invasion curve, which illustrates invaded area, impact, and
management difficulty over time (Ahmed et al. 2022). When
coupled with information on total biomass, potent tools such
as species distribution models can provide data on the po-
tential of current and future invasions. For example, species
distribution models can estimate that the biomass of inva-
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Table 1. Examples of total invasive biomass for some invasions, as detailed in the main text.

Invasion
Average body biomass
Common name Species Region Invaded Original data mass (tonnes)
hottentot-fig Carpobrotus edulis Cavado estuary 8.6 kg/m? (1) 33
yellow crazy ant Anoplolepis gracilipes Christmas Island 1.86 g/m? over 46
2500 ha (2)
house mouse Mus musculus Gough Island 266 individuals/ha 35.7g(3) 864
®
Asian hornet Vespa velutina France 1.08 nest/km? (4); 386 mg (5) 1403
6185
individuals/nest (5)
grey squirrel Sciurus carolinensis United Kingdom 2,700,000 545 ¢ (7) 1472
individuals (6)
brown tree snake Boiga irregularis Guam 4 kg/ha (8) 2196
hog deer AXis porcinus Australia 105,000 individuals 37.4kg (7) 3932
89
banteng Bos javanicus Australia 8000 individuals (11) 636 kg (7) 5087
chital deer AXxis axis Australia 120,000 individuals 69.5 kg (7) 8340
89
feral cat Felis catus Australia 2,600,000 3.0 kg (13) 8498
individuals (12)
red fox Vulpes vulpes Australia 1,660,000 6.0 kg (15) 9960
individuals (14)
fishhook waterflea Cercopagis pengoi Lake Ontario 34,361 pug/m3 (16) up to 9700
during the
summer
Sambar deer Cervus unicolor Australia 75,000 individuals 177.5kg (7) 13,314
8.9
rusa deer Cervus timorensis Australia 255,000 individuals 66.3kg (7) 16,926
8.9
giant African snails Achatina fulica New Caledonia 19,000 (17)
fallow deer Dama dama Australia 420,000 individuals 57.2kg (7) 24,034
8.9
water hyacinth Pontederia crassipes Deepor Beel 6.0 kg/m? (18) 28,621 (18)
swamp buffalo Bubalus bubalis Australia 150,000 individuals 825 kg (7) 123,750
(19
red deer Cervus elaphus Australia 525,000 individuals 240.8 kg (7) 126,455
89
goat Capra hircus Australia 2,600,000 71.4kg (7) 185,512
individuals (20)
water hyacinth Pontederia crassipes Guadiana River 200,000 (21)
horse Equus caballus Australia 400,000 individuals 514.1kg (23) 205,648
(22)
common carp Cyprinus carpio Australia 205,774 (24)
feral pig Sus scrofa Australia 3,200,000 84.5kg (7) 270,304
individuals (25)
camel Camelus dromedarius Australia 1,000,000 406.0 kg (27) 406,000
individuals (26)
feral pig Sus scrofa United States 7,000,000 84.5 kg (7) 591,301
individuals (28)
smooth cordgrass Spartina alterniflora China 1490.6 g/m? (29,30) 838,852
donkey Equus asinus Australia 5,000,000 250 kg (7) 1,250,000
individuals (24)
water hyacinth Pontederia crassipes Shanghai 1,680,000 (31)
warty comb jelly Mnemiopsis leidyi Black Sea 91,368,000 (32)
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Box 1. Special case of pathogenic microorganisms

The total biomass of invasive pathogenic microorganisms (e.g., viruses, bacteria) or even of disease-inducing macroparasites,
presents a special case (Warren et al. 2023), in which their total biomass might not necessarily represent the magnitude of their
invasions. For example, a single person infected with COVID-19 (which has been considered an invasive species; Nufiez et al. 2020)
carries a total number of virions (1 billion to 100 billion virions) weighing between 1 microgram and 0.1 milligram (Sender et al.
2021). Across the total human population at any given time, there might only be several kilograms of virions present; this does not
adequately reflect the magnitude of their presence across the world. In such cases, it could be feasible to highlight the total biomass
of individual hosts that are affected by these organisms, rather than the total biomass of the infecting organisms themselves. For
example, in recent years the annual number of pines that have died because of the pine wilt disease caused by the pinewood nema-
tode (Bursaphelenchus xylophilus) invasion in China was over 20 million, amounting to a biomass of about 3.74 million tonnes of dead
Masson pines (Pinus massoniana), or 600 million pines in the last 40 years, equivalent to 112.2 million tonnes for an average individ-
ual (P massoniana) tree weighing about 187 kilograms (Huang et al. 2015, Dong et al. 2022). Similarly, it would be interesting to assess
the overall biomass of all amphibians affected by chytrid fungus (Batrachochytrium dendrobatidis) (Fisher and Garner 2020), crayfish
affected by crayfish plague (Aphanomyces astaci) (Svoboda et al. 2017), or several tree species dying from infection of the panglobal
plant pathogen (Phytophthora cinnamomi) (Shakya et al. 2021). For pathogenic microorganisms, not only would the total biomass of
affected hosts align better with other invasive species, it would also reflect the magnitude of invasions more directly. Although the
numbers are often lacking, dedicated research would be relevant in this regard. These cases would be the only exceptions to the
use of invasive biomass but would nevertheless respect the principle of affected native biomass.

5

donkeys
camels 40
pigs
j Z | gjj horses
@ = 5,000 tonnes of biomass
swamp bantengs
buffaloes

Figure 2. Total biomass of the populations of invasive large herbivores in Australia. Each pile of blocks represents the biomass of all individuals of
these species in Australia, with block units of 5000 tonnes each. The number on each animal silhouette represents the total biomass of their
populations, in thousands of tonnes. Large herbivores we considered are > 30 kilograms per individual: feral pigs, Sus scrofa; horses, Equus caballus;

donkeys, Equus asinus; camels, Camelus dromedarius; goats, Capra hircus; six species of deer (hog, Axis porcinus; chital, Axis axis; fallow, Dama dama; red,

Cervus elaphus; rusa, Cervus timorensis; sambar, Cervus unicolor); bantengs, Bos javanicus; and swamp buffalo, Bubalus bubalis. We did not find accurate

data for feral cattle, Bos taurus, and feral sheep, Ovis aries. The data underlying this figure are provided in table 1 (and in the references).

sive feral pigs in the United States is around 591,000 tonnes
(table 1).

Utility for management and policy

Total biomass is relevant for management because it can be
used as a target for interventions. For example, 28,621 tonnes
of water hyacinth were targeted for removal from Deepor Beel
in India (table 1). Total biomass can be used to compare the
cost-effectiveness of a management method: the management

costs to remove 200,000 tonnes of water hyacinth along the
Guadiana River on the Portuguese-Spanish border amounted to
€14,680,000, which equates to only €74 per tonne, with more
than 2500 tonnes removed per kilometer (table 1). In the Huang-
pujiang River and other areas in Shanghai, 1.68 million tonnes
of water hyacinth were removed in 2002 alone (table 1). More-
over, total biomass limits could be set whereby policymakers im-
pose quotas on the amount of invasions permissible to or from
particular countries or industries (similar to carbon credits). To-
tal biomass could also be applied to quantify the magnitude of
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Figure 3. (a) Cumulative total biomass of the invasive Asian hornet (Vespa velutina) in France (table 1). (b) Spatial representation of the spread and total
biomass of this species in France until 2023, from the oldest introduced region (southwest, red, lowest total biomass with about 200 tonnes), to the
expanded invaded range until the northeast of France (blue, highest total cumulative biomass in 2023; about 1400 tonnes). The year indicated in the

legend is the time of arrival of the hornet in the corresponding region.

flows of invasive species among source and recipient countries
(e.g., Hudgins et al. 2023). Such standardization would allow pri-
oritization of biosecurity and pathway management (however, see
the caveat below regarding data-deficient regions). Furthermore,
prioritizing areas for management could be facilitated using total
biomass, where reactive removal could be most efficient in areas
with the largest total biomass; although it is proactive, rapid erad-
ication could be most efficient and cost-effective in areas with
low total biomass (Finley et al. 2023). In China, the smooth cord-
grass (Spartina alterniflora) has invaded several regions, accumu-
lating approximately 839,000 tonnes of biomass, but with a het-
erogeneous distribution that provides an opportunity for spatial
prioritization (figure 4 and table 1). Among other factors, the ex-
tent of invasions of these different regions could be a powerful
metric for prioritizing conservation actions. Finally, many stake-
holders currently struggle to articulate a meaningful indicator of
biological invasions that will quantify and lower the current or
potential environmental footprint of institutions, enterprises, or

companies. In that context, the total biomass of invasions could
be a practical metric, analogous to carbon footprint.

Communication benefits

Like established environmental drivers, invasive biomass can be-
come a communication tool for raising public awareness. One of
the issues complicating the message of invasions is the multiplic-
ity of culprits: with over 35,000 invasive species worldwide, their
sheer number and diversity ironically hinders a clear public un-
derstanding of the combined threat. Improving the way biological
invasions are communicated by the media is therefore an effec-
tive tool in gaining support for management interventions (Cour-
champ et al. 2017). Stories are deemed noteworthy by news orga-
nizations when they satisfy specific criteria (Harcup and O’Neill
2001, 2017), such as relevance, magnitude, and qualifying as bad
news (Harcup and O’'Neill 2001, 2017), which all resonate with is-
sues associated with biological invasions. Therefore, communica-
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tion about biological invasions should strive to address the rele-
vance aspect (i.e., stories familiar to the audience) and focus on
context-specific issues. Through quantification of the problem, a
metric such as total biomass should also emphasize the magni-
tude of the bad news that biological invasions potentially cause
in local ecosystems. Another issue is the paradox faced by the in-
creasingly environmentally conscious public in their perception
of the fight against invasive species to protect native biodiversity.
The complexity of ecological processes involved in biological in-
vasions is also an obstacle to public understanding of the risks
(Courchamp et al. 2017). The quantification of the total biomass
diverted by invasive species from native species could address
these barriers, providing a clearer appreciation and stronger sup-
port for management.

Connection to impact metrics

Total biomass does not quantify the impact of an invasion on na-
tive species or ecosystems per se, just as the total tonnage of ex-
ploited timber or the total mass of discarded plastic does not nec-
essarily quantify their ecological impacts. Nevertheless, a natural
extension of using biomass as a standard metric of the magnitude
of species invasions is that biomass might also help establish a
standard currency of the potential impacts of species invasions.
Indeed, total invasion biomass might have a quantifiable relation-
ship to other metrics, such as economic costs, or negative ecolog-

ical impacts. For instance, total biomass is suitable to be used to
compare the per-unit effects of invasions in ecological or socioe-
conomic terms (e.g., impact per tonne)—for example, by using a
population-level measure to upscale the per-unit effects of inva-
sions (Parker et al. 1999, Dickey et al. 2020, Latombe et al. 2022).
Furthermore, recent approaches have assessed ecological impacts
per kilogram of traded goods between country pairs (Borgelt et al.
2024), and a similar premise could be used to determine the im-
pact per kilogram of biological invasion. Whereas economic costs
have been standardized (Diagne et al. 2020), ecological impacts
and health effects have yet to be standardized for similar com-
parisons. For these latter effects, total biomass could be used to
develop statistical links between all other socioeconomic and eco-
logical dimensions of invasions.

Limitations and caveats

As with any unifying metric aimed at capturing a range of com-
plex processes, using total biomass to quantify invasion magni-
tudes comes with limitations. Most importantly, behind the in-
ference that invading species co-opt native biomass lies the as-
sumption that invasive species exclusively exploit existing niches
rather than colonizing vacant or incompletely filled niches. It
is plausible in some ecosystems that invasive species gener-
ate biomass that would otherwise not be produced by native
species (e.g., Vall-llosera et al. 2016, Gonzales-del-Pliego et al.
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2023). Biomass is a proxy for the resources consumed by inva-
sive species and, in that manner, for the work energy needed to
maintain the population. However, it is not a measure of the work
energy done on the ecosystem by the invasive species. Direct mea-
surement of the impact is still undetermined. Similarly, biomass
is incompletely transferred through the trophic web, because of
energy losses from metabolism, heat, and incomplete digestion,
for example. Therefore, the total biomass of a top predator will
not completely reflect that of its prey consumed. This limitation
might require the incorporation of a correction factor to make it
suitable for research questions focused on comparing different
trophic levels.

The biome-dependent nature of biomass production suggests
the possible relevance of employing relative (to native) total
biomass metrics for research purposes. For example, the total
biomass co-opted in an invaded ecosystem that is highly produc-
tive could be more than that of a less-productive ecosystem, mak-
ing the comparison of proportions more relevant. In this regard,
the magnitude of the invasion is distinguishable from the severity
of the invasion, which could be seen as the proportion of the total
biomass that is contributed by the invasive populations. Likewise,
understanding how total biomass is distributed among invaders
and co-opted from native species could help interpret the relative
complexity of invasions. Recognizing such sources of variability
will enhance the metric’s applicability across diverse ecosystems
and reduce misinterpretations in assessments.

The temporal dynamics of invasive populations can further
complicate estimates of total biomass. Changes in abundance are
expected if a species is invading a new environment or in response
to management interventions. It is important that each biomass
estimate is associated with the time when it was measured, so
that comparisons among regions and taxa can be made within the
same time frame or at the same invasion stage. Moreover, popula-
tions of some species might experience large annual fluctuations,
which can make it difficult to define the precise time of the year
in which biomass should be estimated. For example, the abun-
dance of invasive insects varies seasonally according to their de-
velopmental phenology (Ward et al. 2019), and some algae pop-
ulations quickly grow by several orders of magnitude because of
unpredictable increases in nutrient availability (Fang et al. 2019).
In such cases, biomass estimates require assumptions informed
by the species’ biology as well as the dynamics of the specific in-
vasion. These temporal and biotic contexts should be clear when
reporting biomass estimates to permit comparability.

Finally,itisimportant to agree on a standardization of reporting
to enhance the utility and generalisability of biomass as a metric.
Methodological inconsistencies in biomass estimation—such as
the use of fresh versus dry weight, differences in spatial scaling,
and variability in sampling protocols—pose challenges to cross-
study comparability. We recommend reporting fresh biomass per
unit volume in aquatic environments and per unit area in ter-
restrial ecosystems. This reporting would ideally be accompanied
by similar reporting of native biomass to account for ecosystem-
specific productivity baselines.

Feasibility

Besides the average body mass of individuals, population-level es-
timates only need either the number of individuals in the pop-
ulation or its density and invaded area, which are all relatively
straightforward to acquire. However, invasion science is subject to
the same knowledge gaps that affect biodiversity and ecology re-
search more generally—namely, Wallacean (distribution), Presto-

nian (abundance), and Raunkiegerian (trait) data shortfalls (Hortal
et al. 2015). Because of these shortfalls, the biomass approach is
less readily applied to those invasive taxa most affected by knowl-
edge gaps, such as cryptic invertebrates. However, reaching global
estimates on the magnitude of invasions is achievable for many
invasive species; the average individual body mass of many taxa
has already been measured or estimated (e.g., Jones et al. 2009,
Campione and Evans 2012, Kattge et al. 2019, Herberstein et al.
2022, Tobias et al. 2022, Froese and Pauly 2023), and open-science
initiatives facilitate access to these traits (Gallagher et al. 2020).
Several recent studies have evaluated the global biomass of dif-
ferent taxonomic groups (e.g., Bar-On et al. 2018, Schultheiss et
al. 2022, Greenspoon et al. 2023). Concerted community efforts in
reporting biomass of invaders can offset the current knowledge
gaps for less-studied taxonomic groups.

Conclusions

Because of the difficulty in designing unified quantitative frame-
works, we remain largely unaware of the varying extent of bi-
ological invasions globally. The metric we propose fills this gap
by helping to quantify, compare, and communicate the magni-
tude of invasions. The total biomass of an invasive population,
which can approximate the total biomass diverted from native
species, can reflect the extent of any invasion by any taxonomic
group in any invaded habitat. Although simple, intuitive, and use-
ful, this metric has not been used as such. Recently compiled
databases are already providing the necessary data for some tax-
onomic groups and we recommend adopting biomass as a start-
ing point for the comparison of invasion magnitudes. Despite its
many advantages, total biomass of an invader is limited to the
magnitude of an invasion, and inference of impact on natives re-
quires nuanced consideration. For a unified impact quantification,
another metric is needed, and that could be linked to the mag-
nitude of invasions through total biomass. The rigors of quan-
tifying biological invasions are many, but a unified and compre-
hensive metric is an important step toward addressing this global
challenge.

Acknowledgments

The concept presented in this paper was generated during discus-
sions held at an international workshop on biological invasions,
funded by the AXA Research Fund Chair for Biological Invasion at
Université Paris-Saclay, in which the authors participated. BF used
funding from a travel grant from the journal Ecological Modelling.
CJAB acknowledges the sovereign Traditional Owners and custodi-
ans (First Nations) of the unceded lands, seas and skies where he
lives and works, Kaurna in Tarndanya/Adelaide and Peramangk
in Bukatila/Mount Lofty Ranges. JDT is supported by a Ruther-
ford Discovery Fellowship administered by the Royal Society Te
Aparangi (RDF-18-UOC-007), and Te Punaha Matatini, a Centre of
Research Excellence funded by the Tertiary Education Commis-
sion, New Zealand.

Author contributions

Franck Courchamp (Conceptualization, Data curation, For-
mal analysis, Funding acquisition, Investigation, Methodology,
Project administration, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing), Gabriel
Klippel (Conceptualization, Data curation, Formal analy-
sis, Methodology, Validation, Visualization, Writing - original

920z 111dy 90 U0 Jasn ajniisu| yoleasay umol) Aq 05Z9858/S6 LIBIG/I0S0IG/S60L 0 L /I0P/3|91e-80UBAPE/a0USIOSOIq/W 0o dNo"olWwapeoe//:sdny WoJj papeojumoq



draft, Writing - review & editing), Elena Angulo (Writing -
original draft, Writing - review & editing), Ugo Arbieu (Writ-
ing - original draft, Writing - review & editing), Alok Bang
(Writing - original draft, Writing - review & editing), Jamie Bojko
(Writing - original draft, Writing - review & editing), Gabriel
Henrique de Oliveira Caetano (Writing - original draft, Writing -
review & editing), Morelia Camacho-Cervantes (Writing - original
draft, Writing - review & editing), Lafs Carneiro (Visualization,
Writing - original draft, Writing - review & editing), Ross N. Cuth-
bert (Writing - original draft, Writing - review & editing), Michael
N. Dawson (Writing - original draft, Writing - review & editing),
Andrea Desiderato (Writing - original draft, Writing - review &
editing), Brian Fath (Visualization, Writing - original draft, Writing
- review & editing), Josh A. Firth (Writing - original draft, Writing
- review & editing), Guillaume Latombe (Writing - original draft,
Writing - review & editing), Boris Leroy (Writing - original draft,
Writing - review & editing), Chunlong Liu (Writing - original draft,
Writing - review & editing), Eléna Manfrini (Writing - original
draft, Writing - review & editing), Xubin Pan (Writing - origi-
nal draft, Writing - review & editing), Daniel Pincheira-Donoso
(Writing - original draft, Writing - review & editing), Jonathan
D. Tonkin (Writing - original draft, Writing - review & editing),
Giovanni Vimercati (Writing - original draft, Writing - review &
editing), Shengyu Wang (Writing - original draft, Visualization,
Writing - review & editing), and Corey J. A. Bradshaw (Data cu-
ration, Visualization, Writing - original draft, Writing - review &
editing)

References cited

Abbott KL. 2005. Supercolonies of the invasive yellow crazy ant,
Anoplolepis gracilipes, on an oceanic island: Forager activity pat-
terns, density, and biomass. Insectes Sociaux 52: 266-273.

Ahmed DA, et al. 2022. Managing biological invasions: The cost of
inaction. Biological Invasions 24: 1927-1946.

Albrecht G, McMahon CR, Bowman DMJS, Bradshaw CJA. 2009. Con-
vergence of culture, ecology, and ethics: Management of feral
swamp buffalo in Northern Australia. Journal of Agricultural and
Environmental Ethics 22: 361-378.

Arca M, et al. 2015. Reconstructing the invasion and the demographic
history of the yellow-legged hornet, Vespa velutina, in Europe. Bio-
logical Invasions 17: 2357-2371.

Australian Government. 2011. Feral Horse (Equus caballus) and Feral
Donkey (Equus asinus). Australian Department of Sustainability,
Environment, Water, Population, and Communities. www.dcceew
.gov.au/sites/default/files/documents/feral-horse.pdf.

Australian Government. 2023. National Feral Deer Action
Plan 2023-28. Government of South Australia. https:
//feraldeerplan.org.au/wp-content/uploads/2023/08/Nation
al-Feral-Deer- Action-Plan-2023-28.pdf.

Bar-On YM, Phillips R, Milo R. 2018. The biomass distribution on
Earth. Proceedings of the National Academy of Sciences 115: 6506~
6511.

Barbet-Massin M, Rome Q, Villemant C, Courchamp F. 2018. Can
species distribution models really predict the expansion of inva-
sive species? PLOS ONE 13: e0193085.

Borgelt ], Dorber M, Géron C, Kuipers KJJ, Huijbregts MA]J, Verones F.
2024. What is the impact of accidentally transporting terrestrial
alien species? A new life cycle impact assessment model. Envi-
ronmental Science and Technology 58: 3423-3436.

Boujenane I. 2019. Comparison of body weight estimation equations
for camels (Camelus dromedarius). Tropical Animal Health and Pro-
duction 51: 1003-1007.

Courchampetal. | 9

Bradshaw CJA, Isagi Y, Kaneko S, Brook BW, Bowman DMJS,
Frankham R. 2007. Low genetic diversity in the bottlenecked pop-
ulation of endangered non-native banteng in northern Australia.
Molecular Ecology 16: 2998-3008.

Briggs JC. 2010. Marine biology: The role of accommodation in shap-
ing marine biodiversity. Marine Biology 157: 2117-2126.

Campione NE, Evans DC. 2012. A universal scaling relationship
between body mass and proximal limb bone dimensions in
quadrupedal terrestrial tetrapods. BMC Biology 10: 60.

Carlton JT. 2009. Deep invasion ecology and the assembly of com-
munities in historical time. Pages 13-56 in Rilov G, Crooks JA, eds.
Biological Invasions in Marine Ecosystems: Ecological, Management, and
Geographical Perspectives. Springer.

Catford JA, Vesk PA, Richardson DM, PySek P. 2012. Quantifying lev-
els of biological invasion: Towards the objective classification
of invaded and invasible ecosystems. Global Change Biology 18:
44-62.

Chu]J,DingY, Zhuang Q. 2006. Invasion and control of water hyacinth
(Eichhornia crassipes) in China. Journal of Zhejiang University Science
B 7:623-626.

Clarke E. 2012. Plant individuality: A solution to the demographer’s
dilemma. Biology and Philosophy 27: 321-361.

Courchamp F, Fournier A, Bellard C, Bertelsmeier C, Bonnaud E,
Jeschke JM, Russell JC. 2017. Invasion biology: Specific prob-
lems and possible solutions. Trends in Ecology and Evolution 32:
13-22.

Cozzi B, Povinelli M, Ballarin C, Granato A. 2013. The brain of the
horse: Weight and cephalization quotients. Brain, Behavior, and
Evolution 83: 9-16.

Cuthbert RJ, Wanless RM, Angel A, Burle M-H, Hilton GM, Louw H,
Visser P, Wilson JW, Ryan PG. 2016. Drivers of predatory behavior
and extreme size in house mice Mus musculus on Gough Island.
Journal of Mammalogy 97: 533-544.

Diagne C, Leroy B, Gozlan RE, Vaissiere AC, Assailly C, Nuninger L,
Roiz D, Jourdain F, Jaric I, Courchamp F. 2020. InvaCost, a public
database of the economic costs of biological invasions worldwide.
Scientific Data 7: 277. https://doi.org/10.1038/541597-020-00586-z

Diagne C, Leroy B, Vaissi'ere AC, Gozlan RE, Roiz D, Jari'c [, Salles JM,
Bradshaw CJA, Courchamp F. 2021. High and rising economic
costs of biological invasions worldwide. Nature 592: 571-576. ht
tps://doi.org/10.1038/s41586-021-03405-6

Dickey JWE, et al. 2020. On the RIP: Using Relative Impact Potential
to assess the ecological impacts of invasive alien species. NeoBiota
55: 27-60.

Dong Y, Q.Yan H, Pan JL, Zhang YZ, Guan ZH, Yan J. 2022. Prevention
and control measures of pine wilt disease in China. Forest Pest and
Disease of China 41: 1-8.

Dyck SV, Strahan R. 2008. The Mammals of Australia, 3rd ed. Reed: New
Holland Publishers.

Elhacham E, Ben-Uri L, Grozovski J, Bar-On YM, Milo R. 2020. Global
human-made mass exceeds all living biomass. Nature 588: 442—
444,

Fang S, Del Giudice D, Scavia D, Binding CE, Bridgeman TB, Chaffin JD,
Evans MA, Guinness J, Johengen TH, Obenour DR. 2019. A space-
time geostatistical model for probabilistic estimation of harmful
algal bloom biomass and areal extent. Science of the Total Environ-
ment 695: 133776.

Finley D, Dovciak M, Dean J. 2023. A data driven method for priori-
tizing invasive species to aid policy and management. Biological
Invasions 25:2293-2307. https://doi.org/10.1007/s10530-023-030
41-3

Fisher MC, Garner TWJ. 2020. Chytrid fungi and global amphibian
declines. Nature Reviews Microbiology 18: 332-343.

920z 111dy 90 U0 Jasn ajniisu| yoleasay umol) Aq 05Z9858/S6 LIBIG/I0S0IG/S60L 0 L /I0P/3|91e-80UBAPE/a0USIOSOIq/W 0o dNo"olWwapeoe//:sdny WoJj papeojumoq


https://www.dcceew.gov.au/sites/default/files/documents/feral-horse.pdf
https://feraldeerplan.org.au/wp-content/uploads/2023/08/National-Feral-Deer-Action-Plan-2023-28.pdf
https://doi.org/10.1038/s41597-020-00586-z
https://doi.org/10.1038/s41586-021-03405-6
https://doi.org/10.1007/s10530-023-03041-3

10 | BioScience, 2025, Vol. 00, No. 0

Fleming PA, Crawford HM, Auckland CH, Calver MC. 2020. Body size
and bite force of stray and feral cats: Are bigger or older cats tak-
ing the largest or more difficult-to-handle prey? Animals 10: 707.

Froese R, Pauly D. 2023. FishBase. Swedish Museum of Natural His-
tory. www.fishbase.se.

Gallagher RV, et al. 2020. Open science principles for accelerating
trait-based science across the tree of life. Nature Ecology and Evo-
lution 4: 294-303.

Gonzalez-del-Pliego P, Mendoza M, Santana ], Ribeiro J, Reino L,
Aratjo MB. 2023. Vacant niches help predict invasion risk by birds.
Journal of Biogeography 50: 1827-1837.

Greenspoon L, et al. 2023. The global biomass of wild mammals. Pro-
ceedings of the National Academy of Sciences 120: e2204892120.

Harcup T, O'Neill D. 2001. What is news? Galtung and Ruge revisited.
Journalism Studies 2: 261-280.

Harcup T, O'Neill D. 2017. What is News?: News values revisited
(again). Journalism Studies 18: 1470-1488.

Hatton IA, Dobson AP, Storch D, Galbraith ED, Loreau M. 2019. Link-
ing scaling laws across eukaryotes. Proceedings of the National
Academy of Sciences 116: 21616-21622.

Herberstein ME, et al. 2022. AnimalTraits: A curated animal trait
database for body mass, metabolic rate, and brain size. Scientific
Data 9: 265.

HoneJ. 2019. How many feral pigs in Australia? An update. Australian
Journal of Zoology 67: 215.

Hortal J, De Bello F, Diniz-Filho JAF, Lewinsohn TM, Lobo JM, Ladle R].
2015. Seven shortfalls that beset large-scale knowledge of biodi-
versity. Annual Review of Ecology, Evolution, and Systematics 46: 523
549.

Huang J, Pan X, Guo X, Li G. 2018. Impacts of air pollution wave on
years of life lost: A crucial way to communicate the health risks
of air pollution to the public. Environment International 113: 42—-49.

Huang YF, Liu Y, Huang SY, He BL, Chen LJ, Li YQ. 2015. A study of
effect of different forest ages on growth and biomass allocation
of Masson’s pines. Journal of Sichuan Forestry Science and Technology
36: 72-75.

Hudgins EJ, et al. 2023. Unevenly distributed biological invasion costs
among origin and recipient regions. Nature Sustainability 6:1113-
1124. https://doi.org/10.1038/s41893-023-01124-6

Hughes L], Morton O, Scheffers BR, Edwards DP. 2023. The ecological
drivers and consequences of wildlife trade. Biological Reviews 98:
775-791.

IPBES. 2023. Thematic Assessment Report on Invasive Alien Species
and their Control of the Intergovernmental Science-Policy Plat-
form on Biodiversity and Ecosystem Services. Bonn, Germany:
IPBES Secretariat. https://doi.org/10.5281/zenodo.7430682

Jones KE, et al. 2009. PanTHERIA: A species-level database of life his-
tory, ecology, and geography of extant and recently extinct mam-
mals: Ecological Archives E090-184. Ecology 90: 2648-2648.

Kattge], et al. 2019. TRY plant trait database: Enhanced coverage and
open access. Global Change Biology 26: 119-188.

Latombe G, Catford JA, Essl F, Lenzner B, Richardson DM, Wilson JRU,
McGeoch MA. 2022. GIRAE: A generalised approach for linking the
total impact of invasion to species’ range, abundance and per-
unit effects. Biological Invasions 24: 3147-3167.

Le Roux J. 2021. The Evolutionary Ecology of Invasive Species. Academic
Press.

Legge S, et al. 2017. Enumerating a continental-scale threat: How
many feral cats are in Australia? Biological Conservation 206: 293—
303.

Lewis JS, Corn JL, Mayer JJ, Jordan TR, Farnsworth ML, Burdett CL,
VerCauteren KC, Sweeney SJ, Miller RS. 2019. Historical, current,

and potential population size estimates of invasive wild pigs (Sus
scrofa) in the United States. Biological Invasions 21: 2373-2384.

Liu M, Mao D, Wang Z, Li L, Man W, Jia M, Ren C, Zhang Y. 2018.
Rapid invasion of Spartina alterniflora in the coastal zone of main-
land China: New observations from Landsat OLI images. Remote
Sensing 10: 1933.

Makarewicz JC, et al. 2001. Distribution, fecundity, and genetics of
Cercopagis pengoi (Ostroumov) (Crustacea, Cladocera) in Lake On-
tario. Journal of Great Lakes Research 27: 19-32.

Matthews F, Kubasiewicz LM, Gurnell J, Harrower CA, McDonald RA,
Shore RF. 2018. A Review of the Population and Conservation Status
of British Mammals. A report by the Mammal Society under con-
tract to Natural England, Natural Resources Wales and Scottish
Natural Heritage. Natural England, Peterborough.

McCann KS. 2000. The diversity-stability debate. Nature 405: 228-233.

Meyer MDF, Gongalves JA, Cunha JFR, Ramos SCDCES, Bio AMF.
2023. Application of a multispectral UAS to assess the cover and
biomass of the invasive dune species carpobrotus edulis. Remote
Sensing 15: 2411.

Moriarty A. 2004. The liberation, distribution, abundance, and man-
agement of wild deer in Australia. Wildlife Research 31: 291.

Mutlu E, Bingel F, Glicti AC, Melnikov VV, Niermann U, Ostr NA, Zaika
VE. 1994. Distribution of the new invader Mnemiopsis sp. and the
resident Aurelia aurita and pleurobrachia pileus populations in the
Black Sea in the years 1991-1993. ICES Journal of Marine Science 51:
407-421.

Nurtiez MA, Pauchard A, Ricciardi A. 2020. Invasion science and the
global spread of SARS-CoV-2. Trends in Ecology and Evolution 35:
642-645.

Parker IM, et al. 1999. Impact: Toward a Framework for Understand-
ing the Ecological Effects of Invaders. Biological Invasions 1: 3-19.
https://doi.org/10.1023/A:1010034312781

Parkes J, Henzell R, Pickles G. 1996. Managing Vertebrate Pests: Feral
Goats. Australian Government.

Rajora K, Tyagi S, Sarma K, Sarma AK, Jena R. 2023. Evaluation of
water hyacinth utility through geospatial mapping and in situ
biomass estimation approach: A case study of deepor beel (wet-
land), Assam, India. Environmental Monitoring and Assessment 195:
1277.

Reed KA, et al. 2022. Metrics as tools for bridging climate science and
applications. WIREs Climate Change 13: e799.

Requier F, Fournier A, Pointeau S, Rome Q, Courchamp F. 2023. Eco-
nomic costs of the invasive yellow-legged hornet on honey bees.
Science of the Total Environment 898: 165576.

Robinet C, Darrouzet E, Suppo C. 2019. Spread modelling: A suit-
able tool to explore the role of human-mediated dispersal in the
range expansion of the yellow-legged hornet in Europe. Interna-
tional Journal of Pest Management 65: 258-267.

Rodda GH, McCoid M]J, Fritts TH, Campbell EW. 1999. Population
trends and limiting factors in Boiga irregularis. Pages 236-254 in
Rodda GH, Sawai Y, Chiszar D, Tanaka H, eds. Problem Snake Man-
agement: The Habu and Brown Treesnake. Cornell University Press.

Rome Q, Muller FJ, Touret-Alby A, Darrouzet E, Perrard A, Villemant
C. 2015. Caste differentiation and seasonal changes in Vespa ve-
lutina (Hym.: Vespidae) colonies in its introduced range. Journal of
Applied Entomology 139: 771-782.

Saalfeld WK, Edwards GP. 2010. Distribution and abundance of the
feral camel (Camelus dromedarius) in Australia. Rangeland Journal
32: 1.

Scalera R, Genovesi P, Essl F, Rabitsch W. 2012. The Impacts of Inva-
sive Alien Species in Europe. Copenhagen: European Environment
Agency.

920z 111dy 90 U0 Jasn ajniisu| yoleasay umol) Aq 05Z9858/S6 LIBIG/I0S0IG/S60L 0 L /I0P/3|91e-80UBAPE/a0USIOSOIq/W 0o dNo"olWwapeoe//:sdny WoJj papeojumoq


https://www.fishbase.se/
https://doi.org/10.1038/s41893-023-01124-6
https://doi.org/10.5281/zenodo.7430682
https://doi.org/10.1023/A:1010034312781

Schultheiss P, Nooten SS, Wang R, Wong MKL, Brassard F, Guénard B.
2022. The abundance, biomass, and distribution of ants on Earth.
Proceedings of the National Academy of Sciences 119: €2201550119.

Sender R, Bar-On YM, Gleizer S, Bernshtein B, Flamholz A, Phillips R,
Milo R. 2021. The total number and mass of SARS-CoV-2 virions.
Proceedings of the National Academy of Sciences 118: €2024815118.

Shakya SK, et al. 2021. Phylogeography of the wide-host range pan-
global plant pathogen phytophthora cinnamomi. Molecular Ecology
30: 5164-5178.

Stobo-Wilson AM, et al. 2022. Counting the bodies: Estimating the
numbers and spatial variation of Australian reptiles, birds, and
mammals killed by two invasive mesopredators. Diversity and Dis-
tributions 28: 976-991.

Stuart IG, et al. 2021. Continental threat: How many common carp
(Cyprinus carpio) are there in Australia? Biological Conservation 254:
108942.

Svoboda J, Mrugata A, Kozubikova-Balcarova E, Petrusek A. 2017.
Hosts and transmission of the crayfish plague pathogen
Aphanomyces astaci: A review. Journal of Fish Diseases 40: 127-140.

Courchampetal. | 11

Tiller S.1982. Production et cycle reproducteur de I'escargot Achartina
fulica Bowdich, 1822 en Nouvelle Caledonie (Pulmonata: Stylom-
matophora: Achartinidae). Haliotis 12: 111-112

Tobias JA, et al. 2022. AVONET: Morphological, ecological and geo-
graphical data for all birds. Ecology Letters 25: 581-597.

Vall-llosera M, Llimona F, De Caceres M, Sales S, Sol D. 2016. Compe-
tition, niche opportunities and the successful invasion of natural
habitats. Biological Invasions 18: 3535-3546.

Ward SF, Moon RD, Aukema BH. 2019. Implications of seasonal and
annual heat accumulation for population dynamics of an inva-
sive defoliator. Oecologia 190: 703-714.

Warren DA, Bacela-Spychalska K, Grabowski M, BojkoJ. 2023. Parasite
invasions and impact potential. Pages 77-99 in Bojko J, Dunn AM,
Blakeslee AMH, eds. Parasites and Biological Invasions. CABI, Boston,
MA, USA.

Zheng S, Shao D, Sun T. 2018. Productivity of invasive saltmarsh plant
spartina alterniflora along the coast of China: A meta-analysis. Eco-
logical Engineering 117: 104-110.

Received: April 26, 2024. Revised: September 30, 2025. Accepted: October 8, 2025

© The Author(s) 2026. Published by Oxford University Press on behalf of the American Institute of Biological Sciences. All rights reserved. For commercial re-use, please
contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on
the article page on our site-for further information please contact journals.permissions@oup.com

920z 111dy 90 U0 Jasn ajniisu| yoleasay umol) Aq 05Z9858/S6 LIBIG/I0S0IG/S60L 0 L /I0P/3|91e-80UBAPE/a0USIOSOIq/W 0o dNo"olWwapeoe//:sdny WoJj papeojumoq


mailto:reprints@oup.com
mailto:journals.permissions@oup.com

	Biomass as a standard metric of invasion magnitude
	Illustrating the use of invasive biomass
	Conclusions
	Acknowledgments
	Author contributions
	References cited

