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The global biomass of mammals since 1850

Lior Greenspoon 1, Noam Ramot1, Uri Moran1, Uri Roll2, Rob Phillips3,4,
Elad Noor 1 & Ron Milo 1

Mammals are of central interest in ecology and conservation science. Here, we
estimate the trajectory of mammal biomass globally over time — including
humans, domesticated and wild mammals. According to our estimates, in the
1850s, the combined biomass of wild mammals was ≈200Mt (million tonnes),
roughly equal to that of humanity and its domesticatedmammals at that time.
Since then, human and domesticated mammal populations have grown
rapidly, reaching their current combined biomass of ≈1100 Mt. During the
same period, the total biomass of wild mammals decreased by more than
2-fold. We estimate that, despite a moderate increase in the recent decades,
the global biomass of wild marine mammals has declined by ≈70% since the
1850s. This provides a broader perspective to observed species extinctions,
with ≈2% of marine mammal species recorded as extinct during the same
period. While historical wild mammal biomass estimates rely on limited data
and have various uncertainties, they provide a complementary perspective to
species extinctions and other metrics in tracking the status of wildlife. This
work additionally provides a quantitative view on the rapid human-induced
shift in the composition of mammalian biomass over the past two centuries.

Humans have continuously increased their global range and footprint
over the last ≈10,000 years. These processes accelerated considerably
following technological innovations introduced in the 19th century,
with the global human population growing from 1.2 billion in 1850 to
the current 8 billion individuals over less than 200 years1. This rapid
growth in the global human population required a greater consump-
tion of natural resources, accompaniedby lossofnatural habitat2. Over
the same period, human activities placed numerous pressures on wild
mammal populations, including hunting, habitat loss, and many
more3–5. In the marine environment, for example, the second half of
the 19th century marked the emergence of modern industrial whaling
and extensive hunting pressures on mammals6, which intensified over
the following century, causing dramatic population declines.

When discussing the changing status of fauna, it is common to
refer to species extinctions. While the loss of every species is tragic,
this metric only partially reflects the global status of wildlife. It gives
equal weight to the elimination of globally abundant species, which
shape environments on a large scale7, and rare species. Thismetric also

does not encapsulate functional extinctions: cases in which species,
although still extant, reach such low abundance that they no longer
interact significantly with their environment8.

Biomass can serve as a metric giving an integrative global view
across groups of species9 while answering a very basic curiosity-driven
question regarding the ubiquity of life. A holistic view of mammalian
biomass encompasses wild mammals, humans, and domesticated
mammals. Our recent census showed that domesticated mammals cur-
rently outweigh all wild mammals tenfold10. While there is no zero-sum
tradeoff between domesticated andwildmammal biomass, the land and
water resources required for raising or feeding the growing livestock
populations puts additional pressures on the natural environment and
on wild animals4. In addition, animal biomass is strongly correlated with
energetic consumption11, thus exploring trends in mammalian biomass
highlights an additional perspective on resource consumption required
by humanity and its livestock, including primary productivity12.

Severalmetrics and datasets assess changes to the global status of
wildmammal biodiversity13–15. Among them is the Living Planet Index16,
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which aims to monitor trends across wildlife populations since 1970.
Biomass can offer additional information regarding the status of
wildlife and complement other current metrics. In addition, the use of
biomass as a metric allows us to compare species with vastly different
body sizes. Previous efforts that quantified temporal dynamics of
mammalian biomass globally, focused only on specific groups17,
worked at a very different time scale and temporal resolution (span-
ning a hundred thousand years18), or only provided a back-of-the-
envelope estimate19. Here, we used a variety of data-drivenmethods to
provide a provisional holistic estimate of global mammalian biomass
from 1850 until today.

Results
We start by estimating the biomass of the world’s most tightly mon-
itoredmammalian species, humans. The total biomass of humanity can
be calculated as the product of the population size and themean body
mass, both of which have changed throughout history. Between the
years 1850 and 2020, the global human population increased from
1.2 billion to 8 billion1. Over the same timeperiod, themean bodymass
of humans increased by an estimated ≈30% (Fig. S1) due to an increase
in the average weight of adults as well as their share of the total
population20. Combining the two factors, we estimate that the global
biomass of humans increased ≈8-fold over this time period, fueled
mainly by population growth (Fig. S2), from ≈50 Mt to ≈420Mt, as
shown in Fig. 1.

Focusing on the temporal dynamics of domesticated mammals,
we compiled available estimates of their total population and mean
body mass (see Methods). During this period, cattle consistently
comprised roughly two-thirds of the total mammalian livestock bio-
mass. The biomass of cattle alone increased 4-fold since 1850. The
biomass of other mammalian species commonly reared for meat or
dairy—buffaloes, swine, sheep, goats, etc.—also increased 3–10 fold
over this period (Fig. S4). The main exception is horses, whose total
biomass likely peaked in the 1920s and is now roughly equal to its 1850
value. In addition to livestock, we performed a coarse estimate of the
biomass of commonpet species (dogs and cats) andhuman-associated
rodents (rats and house mice). Their combined biomass increased
froman estimated≈5Mt in 1850 to ≈20Mt in 2020 (see Supplementary
Note 4: Domestic dogs, domestic cats, rats and house mice). The
combined estimates suggest a 5-fold increase in the total biomass of
domesticated mammals over the last 170 years, from ≈130Mt to
≈650Mt, as shown in Fig. 1.

Our analysis also includes an estimate for the global biomass of
wild mammals. The uncertainty associated with these estimates is
expected to be greater than for human and domesticated mammal
biomass due to more limited data availability (see “Discussion”). We
estimate the global biomass of marine mammals using a population
dynamics model that relies on a combination of catch and abundance
data (following Christensen17, see Methods). A fewmarine mammalian
populations, including the North Atlantic right whale (Eubalaena gla-
cialis) and some historically exploited pinniped populations, have
dwindled drastically due to hunting operations prior to 185021.
Nevertheless, new hunting techniques introduced during the second
half of the 19th century, such as the exploding harpoon6, led to a
dramatic expansion of global marine mammal hunting pressures.
Great Whale species—including the blue whale (Balaenoptera muscu-
lus), humpback whale (Megaptera novaeangliae), fin whale (Balae-
noptera physalus) and sperm whale (Physeter macrocephalus)—were
hunted extensively between the 1860s and 1980s, leading to a dra-
matic decline in their populations. We estimate that these four species
alone comprised ≈80% of marine mammal biomass in 1850. Their
decline was halted in 1986, when the International Whaling Commis-
sion initiated a moratorium on industrial hunting of Great Whales,
allowing only small-scale hunting for specific purposes, such as
aboriginal sustenance22. While some exploited marine mammal

populations have partially recovered since 198621,23, others remain
heavily depleted compared to their estimated historic abundances21,24.
Altogether, the total biomass of marine mammals declined by ≈70%,
from ≈130Mt in 1850 to ≈40Mt today, as shown in Fig. 2.

The dynamics of the combined global biomass of ≈6400 wild
terrestrialmammal species is especially challenging to estimate due to
limited data availability. We could not apply the samemethod used for
marinemammals to estimate the biomassofwild landmammals.While
wild landmammals were also subjected to intensive hunting pressures
over the past two centuries4,5, records of hunted land mammals were
not maintained as systematically as those of hunted marine mammals.
Moreover, in contrast to many marine populations, human pressures
on wild land mammals began tens of thousands of years ago, and wild
mammal populations on land were not at carrying capacity levels in
1850. Therefore, for wild land mammal biomass, we only provide a
coarse estimate of the temporal dynamics based on published histor-
ical population sizes. These were only available for a small fraction of
wild land mammal species, mainly large-bodied species. However, our
recent census shows large-bodied mammals comprise the majority of
wild landmammal biomass, with ≈60% of the biomass concentrated in
even-hoofed mammals (Artiodactyla) and elephants (Proboscidea)
alone10. We therefore surveyed the literature to find historical
population-size estimates for species whichwe suspected comprised a
large fraction of wild land mammal biomass at some point since 1850
(Supplementary Table 2). This includes all large-bodied (>100 kg)
species. By assembling and harmonizing these heterogeneous data, we
estimated that the biomass of wild land mammals decreased by over
one half since 1850, from ≈50Mt to ≈20Mt. Indeed, our estimates
suggest that the biomass of the African elephant (Loxodonta africana)
alone in 1850 roughlyequal to the current biomass of all wild terrestrial
mammals combined10,25. While some species, such as the white-tailed

Fig. 1 | Estimate of the global biomass of the class Mammalia since 1850. Black
labels indicate absolute biomass estimates, gray labels indicate the fraction of the
total estimated biomass of mammals (see Fig. S9 for the estimated fraction of
global biomass). Top: the total biomass of humans and domesticated mammals
(cattle, buffalo, swine and others). Bottom: the total biomass of wild marine
mammals, along with a coarse, preliminary estimate of the total biomass of wild
land mammals, based on previously published temporal abundance estimates. For
wild land mammal species with no available historical abundance estimates, the
majority of species in this group, we assume that their biomass remained constant
between 1850 and the present (see Discussion). To estimate the historical global
biomass of marine mammals, we used a population dynamics model that relies on
catch records and population estimates (following Christensen17; see “Methods”).
The icon for humans was created in BioRender. Greenspoon, L. (2025) https://
BioRender.com/i2g5u8q.
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deer (Odocoileus virginianus), experienced a rapidboomover the same
time period26, their estimated biomass gains are negligible compared
to the decline of the African elephant biomass, as shown in Supple-
mentary Fig. 7. As wediscuss below, there aremany caveats to the land
mammals estimate that make this only a preliminary effort.

In sum, we estimate that the global biomass of mammals in the
year 1850, before the second stage of the industrial revolution, was
≈400Mt. In the 170 years since then, it has increased almost 3-fold, to
≈1100Mt (Fig. 2). This increase is exclusively due to the rapidgrowthof
the human and domesticated mammal populations, namely livestock,
and in spite of the decline in wild mammal biomass.

Discussion
We integrated temporal dynamic estimates for the global biomass of
the main groups in the class Mammalia. This quantitative perspective
on the global biomass of all mammals reveals the growth in the human
population and human-associated mammals worldwide, in parallel
with the decline of wild mammal biomass. Since biomass is strongly
correlated with resource consumption, comparing human, domes-
ticatedmammal, andwildmammalbiomass over 170 years also reveals
the increased requirements of humanity compared to all wild
mammals.

Biomass as ametric enables a global view of the dynamic status of
wildlife beyond species extinctions. For example, while the Interna-
tional Union for Conservation of Nature (IUCN) Red List of Threatened
Species records only three global extinctions of marine mammal spe-
cies since 1850 (see Supplementary Table 8), we estimate that the
global wild marine mammal biomass has reduced by ≈70% over this
period27. This biomass decline indicates a significant loss of key pro-
cesses facilitated by marine mammals and has likely altered the func-
tions and structure of the marine environment28,29.

Many charismatic wild mammal species, such as the African ele-
phant, are relatively well-monitored. However, none have continuous
global population abundance observations that span over the past 170
years. In fact, multiple global population size observations are avail-
able only for a small fraction of wild mammal species. We therefore
used population dynamics modeling to augment the sparse data and
estimate the historical biomass of wild marine mammals. To provide a
coarse estimate for the historical biomass of wild land mammals, we

performed a dedicated literature survey around species for which data
on their historical abundances were available. As discussed below,
each of these methods has limitations and potential biases.

To estimate the biomass of wild marine mammals since 1850, we
used a population dynamics model that relies on catch records and
direct population estimates (see “Methods”). The model inherently
assumes that the only human impact on wild marine mammal abun-
dance is direct exploitation.Our assessmentsmight, therefore, contain
biases since human impacts onmarinemammals can include fishing of
whaleprey,fishing gear entanglement, ship strikes, climate change and
many other drivers30–32. Importantly, our estimates do not fully
encapsulate changes in carrying capacity due to changes to the food
web and available resources.

For wild terrestrial mammals, we provide a provisional estimate
based on previously published temporal abundance estimates (see
“Methods”). These are relatively few and predominantly species of
special interest, mainly for conservation or hunting. For the wild land
mammal species for which no historical population size data were
available, we assume that their biomass remained constant since 1850.
We therefore likely underestimate the historical global biomass ofwild
terrestrial mammals and the level of decline since 1850. While several
striking results are already apparent given current knowledge, dedi-
cated efforts to continuously monitor the global abundance of wild
land mammal species are necessary to better quantify the temporal
dynamics of mammal biomass across all species, and especially for
smaller-bodied ones. This study helps to reveal those gaps in our
knowledge of global wildmammal abundance, forming a step towards
a holistic quantitative census of wildlife.

There are multiple global efforts to quantify the changing status
of wildlife populations, including those of wild landmammals, such as
the Living Planet Index14,15,33–36. While we did not find away to use these
data in our final estimate, we utilize some of these to provide a plau-
sibility check on our final estimate of the historical biomass of wild
land mammals (see “Other methods considered to estimate the tem-
poral dynamics of wild landmammal biomass” in SI). Such datasets are
highly important in paving the way for a more accurate data-driven
estimate of the temporal dynamics of wild land mammal biomass in
the future.

Our estimates begin in the year 1850, as it is widely used in the
literature to mark a pristine ocean biomass, prior to industrial scale
whaling and fishing37. Human impacts on wild terrestrial mammals
began long before 1850. Human activity likely led to the elimination of
half the megafauna species in the Pleistocene and early Holocene,
between ≈50,000 and ≈3000 years ago18. Estimates of wild land
mammal biomass in 1850, therefore, do not reflect a pristine envir-
onment, but a terrestrial environment already depleted compared to
prehistoric levels.

We estimated the global biomass of mammals between 1850 and
the present. As we go further back in history, data on the abundance of
mammals becomes sparser. Therefore, our estimates necessarily
contain increasing relative uncertainties aswe go back in time towards
1850.We aimed to synthesize all extant data and get amodern timeline
on the biomass of mammals on our planet, to provide a baseline
estimate. We sought to utilize available data to improve this previous
estimate, while transparently specifying the assumptions and data
sources used. While imperfect, obtaining a quantitative perspective is
crucial to create a better understanding of the status of wildlife, and to
derive lessons for future conservation efforts. For example, in the case
of marine mammals, their relatively slow and partial recovery follow-
ing the establishment of the global moratorium on industrial hunting
can serve as a lesson for other efforts in coming decades. In addition,
our estimates can serve as a call to action to improve and refine his-
torical baselines of wild mammal biomass.

This study is a quantitative estimate of the recent temporal
dynamics of mammal biomass on Earth. Its results can enrich

Fig. 2 | The estimated global biomass of wild marine mammals since 1850. The
International Whaling Commission declared a moratorium on commercial whaling
starting in 1986, following some restrictions initiated already in the 1960s. We
estimatedmarine mammal biomass using a population dynamicsmodel that relies
on catch data and direct population estimates, following Christensen17 (see
“Methods”). The model inherently assumes that the only human impact on wild
marine mammal abundance is direct exploitation (See “Discussion”).
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discussions on the past, present and future of wild mammals, which
often serve as icons of global wildlife conservation. The results pre-
sented here can be additionally useful in avoiding the “shifting base-
line” syndrome—a gradual change in the accepted norms for the
condition of the natural environment, caused by a lack of
knowledge38,39. It further provides a quantitative perspective on the
human–wild relationship on a global scale.

Methods
Relatively detailed demographic data are available for human popu-
lations and livestock. However, for wild mammals, obtaining accurate
estimates for their total biomass is challenging even for the present, as
global population census data are lacking for most species10. Conse-
quently, to estimate trends in the global mammal biomass over the
past 170 years, we had to fill many gaps in the existing data, as
described in depth below. Since the data availability, life cycles and
human-induced pressures in the ocean are significantly different than
on land, we used separate analyses for marine and terrestrial mam-
mals. For marine mammals, we used a model of population dynamics
that relies on catch data and direct population estimates17, while for
wild land mammals, we collected temporal dynamics estimates from
literature (focusing our efforts on species that currently, or could
potentially, comprise a large fraction of wild land mammal biomass).
See Supplementary Fig. 8 for a schematic visualization of ourmethods.
All of the data used to generate our estimates, as well as the code used
for analysis, are open-sourced and available at https://gitlab.com/milo-
lab-public/mammal_biomass_since_1850.

Humans
Global human population estimates between 1850 and 1950 were
taken from the History database of the Global Environment (HYDE,
version 3.21) which contains global historical population data. Global
human population estimates for the time period 1950–2020 were
taken from the United Nations’ World Population Prospects
database40. We estimated mean human body mass at each time point
using a combination of BMI, height and demographics data (see Sup-
plementary Note 2: Individual body mass).

Domesticated mammals
Our analysis includes 14 mammalian livestock groups (either one
species or a few similar species, according to FAO definitions. See
Supplementary Fig. 4). We compiled stock estimates from multiple
sources. For the time period 1961–2020, we used the FAOstat
database41. For the time period 1890–1961, we used global stock esti-
mates from the History database of the Global Environment (HYDE,
version 1.0)42. For the timeperiod 1850–1890noglobal stock datawere
available. To provide a coarse estimate for the biomass of livestock
during this earliest time period, we extracted the 1890 livestock-to-
human population ratio for each livestock species. We thenmultiplied
thesewith available estimates of humanpopulation for the time period
1850–1890 (though livestock-to-human ratios possibly somewhat
increased; see Supplementary Fig. 3).

We multiplied the attained population sizes by the mean body
mass estimates43 (see Supplementary Fig. 4). Data on the historical
mean body mass of livestock species were not available. We therefore
used current-day body mass estimates for livestock species between
1850 and the present (see “Mean bodymass of livestock species” in SI).
It is likely that the historical body mass of many livestock species is
lower than current day body mass, as living conditions and selective
breeding were aimed to optimize yield. We therefore performed a
sensitivity analysis on the impact of this assumption on our estimate of
the total biomass of livestock species.Wemultiplied global population
counts with current-day body mass estimates from the region where
body mass estimates were lowest - Africa. As livestock in Africa are
typically raised using more traditional methods, they could serve as a

potential proxy for themeanbodymass in 1850. This resulted in a total
livestock biomass of ≈80Mt for the year 1850, or ≈60% of the baseline
estimated total livestock biomass in 1850.

For a few groups of mammalian livestock species, including
mules, rabbits and llamas (see Supplementary Fig. 4), data on global
stocks were only available since the 1960s. We therefore provide a
preliminary estimate for the temporal dynamics of these groups,
assuming that the population ratio between these species and humans
remained constant during the time period 1850–1960 (see Domes-
ticated mammal biomass section in SI). As their contribution to the
current day total biomass of domesticated mammals is low (<5%10;),
this assumptiondoes nothave a strong impact on the overall dynamics
of domesticated mammal biomass.

We similarly provide a preliminary estimate for the temporal
dynamics of the total biomass of common pet species, (the domestic
cat anddog) and rodent species that are extremely dense inhomes and
urban environments (black and brown rat, house mouse), assuming
that the population ratio between these species and humans remained
constant between 1850 and the present. The analysis in full is provided
in the Supplementary Note 4: Domestic dogs, domestic cats, rats and
house mice.

Wild marine mammals
Population trajectories for historically exploited marine mammals
traditionally rely on logistic models of various degrees of
complexity17,44. Such models are used by the International Whaling
Commission to assess historical abundances45. Some models include
age structure, geographic variations and other parameters23,45. To
estimate the population trajectories of wild marine mammals, we
implemented a variant of a logistic model, Stochastic Stock Reduction
Analysis17,46 following Christensen17. We chose this model because it is
relatively simple and allows for a high-throughput analysis across all
exploited marine mammal species.

For marine mammals, although most population size reports are
from recent years, the numbers of whales caught have been thor-
oughly documented in logbooks andprocessing stations47. Thosewere
curated by the International Whaling Commission as part of global
efforts to regulate whaling globally 47.

To estimate the temporal dynamics of the global biomass of
marine mammals, we used data on the number of individuals caught
every year since the onset of industrial hunting, along with observed
population sizes, mainly from recent years. In simple terms, themodel
we used (as described in detail below) relies on the relationship:

population size

at year t + 1
=

population size

at year t
+

natural production

ðbirthsminus deathsÞ �
numberof individuals

huntedat year t

ð1Þ

This is a simplified version of Eq. (2) below, which produces a
population trajectory. We generated multiple such trajectories by
repeatedly “guessing” the total population in the year of the onset of
known hunt for that population.We gave each trajectory a score based
on the years wherepopulation abundance observations are available: a
simulated population size similar to observed population size would
yield a high score. We then produce the final estimate using a score-
weighted mean, as detailed below. We performed this calculation for
every population of every species (a single species in one area, for
example—the humpback whale in the North Atlantic Ocean).

We manually collected updated catch and population abundance
estimates for 81 populations of 46 exploited marine mammal species
for the time period 2000–2020 frommultiple data sources, including
the International Whaling Commission and NOAA. We added these to
data from Christensen17, which curated catch and population abun-
dance data for the same populations until the year 2000. For great
whale populations in the Southern Hemisphere, we replaced these

Article https://doi.org/10.1038/s41467-025-63888-z

Nature Communications |         (2025) 16:8338 4

https://gitlab.com/milo-lab-public/mammal_biomass_since_1850
https://gitlab.com/milo-lab-public/mammal_biomass_since_1850
www.nature.com/naturecommunications


with catch data from Rocha et al.47, which includes Soviet catch totals.
We then replicated the analysis performed by Christensen17 as descri-
bed below. Of all population size estimates collected, ≈80% are fairly
recent (between 1980 and the present, see Supplementary Data 2).

Themodel uses annual historical catch data to estimate the size of
the population before the onset of human exploitation K (population
at “carrying capacity”), along with rmax, the intrinsic population
production rate (births minus natural deaths) of a species using the
relationship

Nt + 1
|ffl{zffl}

population
size at year t + 1

=Nt + rmax
|ffl{zffl}

intrinsic
growth rate

× ð1� Nt

.

K
|{z}

carrying
capacity

Þ× e wt

z}|{

process
errors

� Ct
|{z}

catch at
year t

ð2Þ

N t ≤ t0
=K ð3Þ

Where t0 is the year of the first recorded industrial hunt, Nt is the size
of the population at year t, the number of individuals hunted at year t,
andwt is the random errors at year t. This is amore detailed version of
Eq. (1), used to calculate the population trajectory in practice.

We generated 10,000 population trajectories by randomly draw-
ing from a prior distribution of rmax, K , and wt values (as specified in
Supplementary Table 4) and simulating the system dynamics using
Eq. (2) and recorded catch Ct .

To account for both observation errors (y, the error associated
with observed population size) and the error associated with our
model (w), we divide a total error term, κ, between the two as follows:

σy
|{z}

observation
error

= p
1
2

|{z}

proportion
of error

× κ
1
2

|{z}

total
error

ð4Þ

σ w
|{z}

process
error

= ð1� pÞ12 × κ 1
2

ð5Þ

The proportion of error associated with the observation error, p,
is determined according to the certainty associated with population
size observations. For example, if dedicated counts were performed to
estimate population size, most of the total error would be allocated to
process errors. In cases where the population size was reported but its
uncertainty was not specified, a larger share of the total error term
would be allocated to observation errors (all cases and values are
specified in Supplementary Table 6). Process error values (ωt , see
Eq. 2) are drawn from a normal distribution with a mean of 0 and
standard deviation σw.

The likelihood of obtaining the observed abundances, Y , was
calculated as follows

log½L ð Y j rmax , K , wtÞ
|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

likelihood of
trajectory Y

� = const �
X
n

t = 1

logðNtÞ � logðytÞ
� �2

2σ2
y

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

sum of deviations between
inferred values and observations

ð6Þ

where n is the number of abundance observations and yt is the
observed abundance at year t.

We calculated the posterior probability to obtain each trajectory
using the product of its likelihood and the prior probability to obtain
the rmax used to generate said trajectory. We then re-sampled the
generated trajectories with a sample probability proportional to the
calculated posterior probability, and extracted the median estimate
along with a 95% confidence interval from that posterior probability
distribution.

We applied the model above to all marine mammal populations
for which exploitation levels have been recorded. In cases where
t0 > 1850, we assume that the abundance of that population remained
constant between 1850 and t0. Due to lack of other available data, for
populations that were not hunted commercially (see full list in Sup-
plementary Data 1) we use their current day biomass for the time
period 1850–present. These include 69marinemammal species, along
with 24 populations of species exploited in other areas. We estimated
the combinedbiomass of thesepopulations at≈5Mt, less than a fifth of
the total current-day biomass of wild marine mammals. Fully aquatic
freshwater mammals were also included in this category, due to their
functional and phylogenetic association with marine mammals. These
comprise only a very small fraction of the total biomass of marine and
fully aquatic mammals (<0.01Mt).

For spermwhales,we used a previously published estimate for the
historical population trajectory globally instead of generating a new
trajectory using the model used for other populations. As Whitehead
and Shin23 recently estimated the current-day and historical popula-
tion trajectory of sperm whales globally, we manually extracted their
estimated sperm whale abundance between 1850 and the present.

Estimated population sizes were multiplied at each time point by
mean body masses estimated by Trites and Pauly 48.

Our analysis inherently assumes that the carrying capacity (K),
production rate (rmax) and body mass of marine mammal populations
remained constant throughout the past 170 years. Pressures on these
heavily harvested populations likely led to slower production rate, as
well as to a decrease in the mean individual body mass49,50. Similarly,
indirect human pressures on the same populations changed resource
availability, likely reducing carrying capacity. To account for the pos-
sible implications of some of these assumptions using available data,
we compared the values produced by our model for the populations
with the largest contribution to the historical biomass of wild marine
mammals, to published pre-exploitation abundance estimates based
on other models. While most of these were derived from more com-
plex population dynamics models (which incorporate, for example,
age structure and prey availability), they produced similar results (see
Supplementary Note 5, “Comparing inferred marine mammal popu-
lation trajectories to published estimates based on other models”;
Supplementary Table 3).

Wild land mammals
Weprovide a preliminary, coarse estimate of the temporal dynamics of
wild land mammal biomass using a dedicated literature survey.

We performed this dedicated literature survey focusing on spe-
cies we suspected of having a major contribution to mammal biomass
at some point during the past 170 years. The list of species includes all
74 large-bodied (>100 kg) species, as well as seven widespread cervid
and boar species, such as the white-tailed deer (Odocoileus virginia-
nus), and all current-day major biomass contributors (contribution
>0.5% to the total current day biomass of wild land mammals as esti-
mated in our previous study10). We were able to obtain historical
population estimates for 37 of these 121 species (see Supplementary
Note 8, “Published abundance estimates used to calculate the global
biomass of wild land mammals”; Supplementary Table 2). Due to lack
of data availability, we portray the biomass of all other wild land
mammal species as constant. These species combined comprise
roughly half of the global biomass of wild terrestrial mammals in the
1850s, as shown in Supplementary Fig. 7.

Collected historical abundance estimates include census data and
modeled estimates. For many of the species analyzed, estimates of
past total abundance were later than 1850. To be conservative, we
assumed that, for all species, their biomass remained constant
between 1850 and the year of the first available abundance estimate.
We multiplied these obtained population sizes by mean body mass
estimates (see Supplementary Note 2: Individual body mass).
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Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The data used in this study are all available or linked in the designated
GitLab repository, https://gitlab.com/milo-lab-public/mammal_biomass_
since_1850. All Figures from the main manuscript and SI were created
using the PythonMatplotlib library. All of the source code is available on
our online Gitlab repository. The raw data of human BMI data is avail-
able at https://www.ncdrisc.org/data-downloads-adiposity.html; human
population by age https://population.un.org/wpp/; human height at
https://uni-tuebingen.de/fakultaeten/wirtschafts-und-sozialwissenschaf
tliche-fakultaet/faecher/fachbereich-wirtschaftswissenschaft/wirtschaft
swissenschaft/lehrstuehle/volkswirtschaftslehre/wirtschaftsgeschichte/
forschung/data-hub-height.html; country income level https://
datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-
bank-country-and-lending-groups. These are also linked directly in the
designated GitLab repository.

Code availability
The code used to analyze data and generate figures for this study is all
available in the designated GitLab repository, https://gitlab.com/milo-
lab-public/mammal_biomass_since_1850.
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