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Fig. 4 | Results from the multigroup SEM analysis. Diagram illustrating the
relationships between the independent variables in the model, with richness
change as the final response variable, and stem abundance change and mortality
rate asintermediate response variables that may also influence richness change.
Both panels are part of the same SEM, but for easier interpretation, they show
general and region-specific relationships separately. a, Significant relationships
constrained across the study area, with arrowhead colour indicating negative or
positive effects. The effect of annual precipitation on stem abundance change

(marked by asterisk) is constrained to 0. The effect of mortality rate on stem
abundance change (marked by hash sign) is positive and significant across
regions but not constrained. Non-significant constrained relationships are
showningrey. b, Significant relationships in specific regions, with arrow colour
indicating the region, width representing the standardized effect size (in mm x 2)
and stroke style denoting the effect sign (solid, positive; dashed, negative). For
standardized effect sizes of all variables, see Supplementary Table 5.

vice versa. Changes in individual abundance are crucial for enabling
compositional change, as more recruits increase the likelihood of
detecting new species from the local pool*°. However, the entry of
new species does not necessarily imply a shift in composition out-
side the existing regional pool, and species loss could reflect local
extinctions or shifts within the same pool. Further analysis is needed
todetermine whether these species are new or are part of the regional
pool.Allregions showed a negative trend in stem abundance, with the
Eastern Amazon (Guyana Shield, Central-Eastern and Southern Ama-
zon) experiencing sharper declines than the Western Amazon and the
Andes, which showed higher variability. Thisis contrary to theresults
of previous research showing an increase in stem density across 50
Amazonian plots from 1979 to 2002°. Although this discrepancy may

simply reflect the differing sample sizes and geographical extents of
the studies, it could also indicate a recent change in the stem density
trend driven by rising temperatures.

Mortality directly affected only the Central Andes, withiits effects
on other regions mediated through stem abundance change. Thus,
the hypothesized disturbance effect of mortality in promoting the
colonization of new species is probably limited to the Central Andes.

Acrossregions, warmer and drier areas are linked to lower rates of
richness change. Regional temperature gradients, particularly eleva-
tion gradients in the Andes, play a crucial role in richness change. We
foundanincreaseinrichnessinthe Northern Andes, which agrees with
the reported compositional change caused by the thermophilization
processin the area’*%** and with research showing a warming-related
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Fig. 5| Standardized effect of each predictor on richness change from

the multigroup SEM analysis. Only significant (P < 0.05) direct effects are
shown. Indirect effects were calculated by multiplying the significant (P < 0.05)
standardized coefficients within each of the possible three indirect pathways
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represents the effect path, with direct effects being opaque and indirect effects
transparent. The bar colour indicates the sign of the effect (red is negative, blue
is positive). Region colours are shown in the top line for coherence with Fig. 4.
For extended results, including specific Pvalues, see Supplementary Tables 5
and 6. For standardized effects of each predictor variable for each region, see
Supplementary Table 7.

increase in mountain-top diversity****. The encroachment of
lower-elevation, warm-adapted species, which would initially be rare
in the community, would lead to a potentially temporary increase in
the number of species supported by the extinction lag of cold-adapted
species that cannot tolerate the new conditions and will eventually
becomelocally extinct®>**, We expected that both Andean regions would
share the same pattern; however, the Central Andes showed a declinein
richness. Our results suggest that the faster-warming Northern Andes
region™ could be more suitable for range shifts than the more moder-
ate—and even cooling—Central Andes (Extended Data Fig.2). The most
important factor determining the richness change in the Northern
and Central Andean regions was change in precipitation seasonality,
having a negative effect in the Northern Andes and a positive effectin
the Central Andes. Across the Andes, precipitation and its seasonality
are highly variable, being affected by local orography, orientation and
cloud cover™; however, on average, the Central Andes are drier and
more seasonal than the Northern Andes, and they are also becom-
ing drier and more seasonal at a faster rate (Extended Data Fig. 2 and
Supplementary Table 8). We hypothesize that migrating lower-elevation
species, particularly those distributed in the Western Amazon, are more
likely to succeed expanding into higher elevations of the wetter and
less seasonal Northern Andes than in the Central Andes. The Central
Andes probably pose a greater barrier from water-related physiologi-
calstress (particularly when compared with the Western Amazon) than
the Northern Andes. Furthermore, the negative relationship between
richness and landscape integrity inthe Central Andes probably results
from the confounding effect of decreasing tree cover with elevation.
The Westernand Central-Eastern Amazon presented a very similar
breakdown of driver effects. In both regions, changes in stem abun-
dance were the primary ecological drivers, with minor indirect effects
from climate variables, largely mediated by the change in stem abun-
dance. In these regions, forests that are warmer, drier or becoming
warmer or drier exhibited declining richness, as these conditions
reduce thenumber ofindividuals. The Central-Eastern Amazonis drier

and is warming faster than the Western Amazon, which could explain
theoverallrichness decreaseinthe Central-Eastern Amazon as opposed
to theincrease in the wetter Western Amazon.

In the Southern Amazon, where there was no significant trend in
richness change, and in the Guyana Shield, which showed a negative
trend, precipitation and its seasonality played predominant roles.
In the Guyana Shield, dry forests—and particularly those becoming
drier—experienced the greatest species losses. In the Southern Ama-
zon, which is highly seasonal, there is evidence that forests that were
more seasonal at baseline tended to gain species; however, increases
in precipitation seasonality were associated with richness declines.
Nevertheless, in the Southern Amazon (the area with some of the most
fragmented forests), landscape integrity exerted the strongest direct
effect on richness change: forests embedded within larger, contigu-
ous forested areas tended to gain species, whereas more fragmented
forests tended to lose them.

Landscape integrity also had a negative relationship with mortal-
ity rate across all regions, indicating that higher landscape integrity
supports tree survival, thereby increasing tree abundance, which, in
turn, positively impacts richness. This agrees with previous findings
on the damaging effects of deforestation and/or degradation in sur-
rounding forests, underscoring the importance of preventing forest
fragmentation to supportbiodiversity conservation®. It also highlights
the conservation priority of the Western Amazon-Northern Andes cor-
ridor, which appears to be the most feasible pathway for range shifts
that could support species persistence.

This study provides acomprehensive assessment of tree richness
change in the Andes-Amazon forests using long-term field data. How-
ever, we acknowledge that we are working in one of the most diverse
and dynamic areas of the planet*®, and, as such, there are limitations
to our analyses. First, the dataset lacks a historical baseline, so initial
conditions may be influenced by uncertain processes®. To minimize
bias, we used strict plot selection criteria, excluding plots with any sign
of fire orlarge disturbances and directly including identification effort
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change and time between censuses as predictors in our analyses. The
change in identification effort positively influenced richness change
across regions: as more individuals are identified, we encounter more
species. Monitoring time had only a small effect on species richness
change, where shorterintervals capture more noise relative to the signal
thanlonger intervals.

Second, climatic and environmental data extracted from global
databases add uncertainty, especially in topographically complex
areaslikethe Andes. Ataneven finer scale, itisimpossible to know the
real climate experienced on the forest floor by each individual tree;
further investment in microclimate monitoring in these structurally
complex forests is crucial to improve our understanding of climate
change effects. Third, we are including only trees with a diameter at
breast height (DBH) greater than 10 cmand areignoring the potential
contribution of smaller size classes to changes in diversity. Finally,
there are multiple factors not accounted for in the study that can have
important roles in diversity trends. For example, it was beyond the
scope of this study to evaluate the roles of past forest history, includ-
ing Indigenous management, in current richness trends, nor did we
evaluate the potential role of biotic pressures (for example, herbivory
and pathogens), nor that of conservation efforts and compensation
mechanisms, including carbon and biodiversity benefits. Further
research should address more complex compositional questions, such
asevaluating the taxonomic and functional identities of species being
lost or recruited, and whether thisindicates that the Andes-Amazon
is undergoing taxonomic homogenization, functional homogeniza-
tionor both.

In conclusion, across the study area, hot, dry and seasonal forests
and those becoming warmer and more seasonal are losing species,
while forests with higher tree density and higher landscape integrity
are gaining them. Our large-scale findings emphasize the critical role
of temperature and temperature change in shaping tree richness in
the Andes-Amazon area. However, at the regional level, precipitation
anditsshiftsin distribution and annualamounts play moreimportant
and region-specificroles, outweighing the influence of temperature®’.

This study highlights the unevenimpact of changing environmen-
tal conditions on tree diversity across different tropical forests, as well
asthevaried importance of climate and environmental variables across
the different regions and scales. Our results underscore the key role
of the Northern Andes as a refuge for tree species facing increasingly
unsuitable climatic conditions in the Amazon. Finally, our findings
highlight the tight relationship between preserving tree abundance
and preserving diversity, emphasizing the enormous threat posed by
land-use change, whichindiscriminately reduces both tree abundance
and regional species diversity.

Methods

Forest monitoring plots

We combined permanent plot data from ForestPlots.net>® (https://
forestnet.com/) and from the Madidi project (https://madidiproject.
weebly.com). Plot establishment and resurveys were performed by
well-trained field teamsthat followed a detailed protocol thatincluded
geolocating plot boundaries, marking subcorners with permanent
polyvinyl chloride tubes, taking tree subplot and coordinate data,
tagging trees with numbered aluminium tags, and noting and painting
the point of measurement. Post-field quality control was carried out
by database managers and the field team leader. We selected all plots
within the study area (Andean or Amazonian country in areas lower
than 4,000 m above sea level (a.s.l.)) that had been censused at least
twice. We did not include plots located in the Chocé and the Northern
Venezuela regions because of insufficient sample sizes to represent
these areas. To avoid the confounding effects of successional trends on
diversity change, weincluded only plotsin forests that were undisturbed
or had experienced disturbance at least 50 years prior (identified as
equivalent to long-term successional forest). For the same reason, we

excluded plots that had been recorded on ForestPlots.net as swamp
or seasonally flooded forests or as having a history of fire or of large
disturbances. We also excluded plots that had been flagged for having
taxonomicidentificationissues.

We obtained curated datasets for each census and plot. For each
plot, we selected the first and the last census. Hereafter, we refer to
these two censuses as ‘initial’and ‘final’. We ensured that plot areaand
location exactly matched on both censuses and that the plot sampling
strategy was standardized across time. For instance, we excluded palms
when they were not measured in every census.

Tostandardize methodologies, we removed from the dataset sub-
plots (delimited sections withina plot) in which the protocol required a
minimum tree DBH greater than10 cm for inclusion. We also removed
allindividuals smaller than10 cm DBH and those belonging to the fami-
lies Cyclanthaceae and Araceae. Species taxonomicidentification was
carried outinthe field and in the herbaria where reference collections
with vouchers are deposited. Any change in anindividual’s identifica-
tion was applied across all censuses. To minimize the impact of the
change in identification effort (the proportion of individuals identi-
fied to species level) between censuses, we restricted our analyses to
plots that (1) had more than 50% of the tree individuals identified to
specieslevelintheinitial census, (2) had a differenceinthe proportion
ofidentified individuals between first and last census smaller than10%
and (3) had atleast 50% of the recruits in the final census identified to
species (when there were more than 20 recruits). In some instances,
this meant using the next-to-last census within the plot as the final
census. The change in the percentage of individuals identified to spe-
cieslevelisusedinthe modelasapredictor toaccount for the potential
confounding effect of this factor.

We used the taxonomic name resolution service (TNRS) tool*
(https://tnrs.biendata.org) and R package®’ to standardize species
names. We manually verified matches with an overall score <0.9, and
‘unclear’and ‘not found’ matches. We looked for potential explanations
suchasspellingerrorsinthe Tropicos (https://www.tropicos.org) and
WEFO (https://wfoplantlist.org/plant-list) lists, and we either manually
modified the accepted name for these species or used only their genus
ID if there was no clear option. As the treatment of morphospecies
was not curated or standardized across the dataset, we converted any
morphospecies codes into ‘Genusindet’ format to group morphospe-
ciesinto genera across the dataset. See the ‘Unidentified species and
morphospecies’ section for an overview of the process of integrating
morphospecies into the analyses.

Giventhatthe plotsize varied widely, we grouped plots that were
lessthan 0.5 hainareaif they had other plots withina 7-kmradius with
no indication of large differences (that is, similar elevation, forest
type, soil classification and so on). For quantitative metadata values,
such as the time between censuses, we used the mean. We will refer to
these plot groupings as ‘plots’, given that they are treated as a single
unit. We also reduced the size of our biggest plots (plot areas of 25 and
9 ha) by selecting two 1-ha subplots on opposite corners and treating
them independently. We then eliminated plots that had intervals of
less than 4 years between the two selected censuses, because we con-
sidered this time elapsed to be too short to provide mid-to-long-term
diversity change information. The time elapsed between the initial and
final censuses was used in the model as a predictor to account for its
potential confounding effect.

Finally, after preliminary exploration of plot distributions, we
removed plots with ten or fewer species in either the initial or final
census, as adding or removing even a single species could produce
extreme percentage changes (+10%).

Aftertheselectionprocess, our dataset compiled information from
406 plots (or grouped plots) covering ~420 ha (range 0.25-3 ha, mean
plotsize1.04 + 0.26 ha) with acumulative monitoring time of 4,847 years
(range 4.01-44.2, mean 11.94 + 8.01 years). The earliest census dates
were from 1971, and the latest were from 2021 (Supplementary Fig. 4).
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Regions

We divided the study areainto six regions roughly following previous
studies® **. The division between the Northern and Central Andes was
drawn at the border between Peru and Ecuador®*. Supplementary Fig. 5
shows the relative floristic similarity of our plots and regions.

Richness change

We calculated species richness as the number of fully identified spe-
ciesin each plot and census (SP). We calculated the change in species
richness (% yr™) asrichness change = (((SPiicia = SPfina1)/SPinitiar) X 100)/
time; where SP,;;.; and SPg,,, are the richness in the initial and final
censuses, respectively, and time is the time interval between the
initial and final censuses (in years). Palms (family Arecaceae) were
included in the analyses (when included in both the initial and final
censuses) as their exclusion did not have a significant effect on the
results (Supplementary Fig. 6).

Totest whether there was asignificant change inrichness through
time, we used two-sided ¢-test analyses on richness change both for
each of the regions independently and for the combined database.
Given that the number of plots was unevenly distributed among the
regions, to avoid sampling bias in the combined dataset analysis, we
randomly sampled 30 plots per region and carried out atwo-sided ¢-test
with this subset. We repeated this process 1,000 times and obtained
the averages of the t-test means and Pvalues.

To assess potential linearity issues in the relationship between
changes in the number of individuals and species richness, we calcu-
lated the change in species richness after rarefying both the initial and
final censuses to the minimum number of individuals observed in either
census (that is, whichever is lower) (package vegan). The correlation
between the resulting rarefied richness change and the non-rarefied
estimate (r=0.74, P< 0.001) (Supplementary Fig. 7) supports the use
of richness change and stem abundance change as independent vari-
ables (see ‘Predictor variables’ section) in the subsequent analyses.

Additional diversity indices and their change through time for
eachregionwere calculated using the vegan R package® and tested in
the same way as richness change (Supplementary Note 1).

Unidentified species and morphospecies. Despite the considerable
identification efforts by all research groups involved in this project,
many tree individuals remain unidentified (Indet indet), identified
only to the genus level (for example, Ocotea indet) or classified as
morphospecies (for example, Ocotea spl1, Ocotea sp2 and soon). These
morphospecies codes were maintained through the multiple censuses
andretroactively changed to afull species namein the databaseif one
was given; however, the morphospecies criteria were not standardized
across plots, nor were they curated. Because there is no obvious way to
address these issues, we decided to (1) apply the restrictive selection
criteria in terms of identification effort explained above, (2) exclude
the unidentified individuals from the dataset, (4) use the genus-level
information for the morphospecies (as their classificationis not stand-
ardized across the dataset) and (4) exclude individualsidentified only
tothegenuslevel fromthe species-level analyses. Consequently, some
changesinspecies diversity are not captured due to these exclusions;
however, we speculate that such unreported changes are probably
caused by a small number of individuals that recruit or die without
beingidentified across multiple censuses and are unlikely to be domi-
nant members of the community.

To support the use of species-level data despite potential issues
such as mistakes, changes in botanists and changes in the species
concept through time, we calculated the change in genus richness
in the same way as the change in species richness (but using the indi-
vidual’s genus-level information, thus including morphospecies).
Then, we calculated the correlation between the rate of change in
proportional genus and species richness for the combined dataset
(r=0.711) (Supplementary Fig. 8) and for each region independently

(Supplementary Table 9). Given the reasonably high correlation
between the genus- and species-level richness change, we decided to
continue working at the species level. Despite the challenges of work-
ing at this scale, we believe it was important to use this very valuable
informationandtotry toaddressits shortcomingsinstead of reducing
the available information by working at the genus level.

Predictor variables

Baseline climate and climate change. To characterize the average
climate and changing patterns for the Andes-Amazon area, we down-
loaded climatic data from TerraClimate®. We selected this product for
its temporal resolution (monthly from1958 t0 2020), its spatial resolu-
tion (-4 km) and the availability of data for maximum temperature and
annual precipitation. We used the ‘climateR’ package® to download the
TerraClimate monthly data from 1979 to 2020 (inclusive) for each of
our plot locations based on their coordinates. We restricted the time
series to post-1979 because of the higher uncertainty in earlier years.
For each year, we used the monthly data to calculate the maximum
‘maximum temperature’ (°C), the sum of annual precipitation (mm)
and the seasonality of precipitation (using monthly cumulative pre-
cipitation, coefficient of variation (CV) =100 x (standard deviation/
mean))®, For each plot, we used the data between 1979 and the year
of its final census; for example, if the censuses are in 2000 and 2015,
the climate variables provide information from1979 to 2015. This way,
we include any lagged effects of climate on forest dynamics, but we
do notinclude post-census climate events that are not relevant in the
database. For each plot, we estimated the mean values for the relevant
time period to use as the baseline climate. For the same time period per
plot, we performed a linear regression of the variable over time and
used the slope as the annual rate of change. We show the relationship
between the baseline value and the annual change for these variables
(Supplementary Fig. 9). We also calculated the change of each variable
inthe complete 1979-2020 time period for reference.

Landscape context variables. To characterize the geography and
structure of the area where each of the plots is located, we extracted
elevation and landscape integrity from available datasets.

We downloaded and mosaiced the elevation rasters from the SRTM
90-m Digital Elevation Database v.4.1 from CGIAR-CSI*’ and extracted
the elevation values (ma.s.l.) for our plot locations.

We obtained tree cover datafrom the Global Forest Cover Change
(GFCC) Tree Cover Multi-Year Global 30-m resolution raster’ via
Google Earth Engine”.. Tree cover is expressed as the percentage of
pixel area covered by trees in 2015 (0-100%). We calculated the mean
landscape integrity (%) as the mean tree cover for a radius of 50 km
around each of the plot locations.

Structural variables. We calculated stem abundance change as the
annualrate of proportional change intree abundance per plot. To cal-
culate this, we first computed the number of live individuals for each
plotand census. To calculate the change in the number of individuals,
we subtracted theinitial from the final number of individuals, divided
by the initial number of individuals, and multiplied by 100. Then, to
calculate the annual rate of change in the proportional number of
individuals, we divided this number by the time elapsed between the
censuses. Due to species accumulation curves, this variable is crucial
indetermining richness change, and, as such, itis treated asan endog-
enous variable in the SEM.

We calculated the mortality rate (% yr™) per plot using the ref. 72
equation together with the ref. 73 interval-length correction:

f = (((In(ng) — In(ny))/t) x 100) x 098,

where n, is the number of stems at the start of the census interval, n
is the number of stems that survive that interval and t is the census
intervallength.
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Sampling variables. To account for a potential change in the identi-
fication effort (for example, a large increase in individuals identified
to genus level only), we calculated the change in the percentage of
individuals per plot that were identified to species level in each plot
(thatis, the changein the percentage of identified individuals). We also
included the time frame (years) between the initial and final censuses
as a sampling variable. We show the total change in species through
time per plotin Supplementary Fig.10.

Further descriptors of each variable in each region can be found
in Extended Data Fig. 2 and Supplementary Table 8.

Regressions
To investigate the relationship between the predictors and richness
change separately for the entire Andes-Amazon area, we performed lin-
earregressions between each of the variables specified above (Table 1)
(including census time frame) and the richness change per plot (annual
rate of percentage change in richness) for the combined dataset. We
explored second-order polynomial relationships for all variables and
compared them with linear regressions using analysies of variance.
Only temperature change (%) had abetter fit using polynomial regres-
sion. Mortality rate was log transformed to better fulfil linear model
assumptions. To assess the potential interference of spatial biasin the
dataset, we bootstrapped eachindividual linear regression 100 times
usingrandom sets of 30 plots per region at each time, and we compared
the direction of the slopes and their significance with those obtained
fromthe complete dataset.

Finally, we performed regression analysis with interacting cli-
mate variables and richness change. Inall cases, model residuals were
checked to verify the fulfilment of the linear model assumptions.

SEM

To evaluate the effect of the multiple variables directly on the rich-
ness change and indirectly via their effect on the stem abundance
change and mortality rate, we performed a multigroup piecewise
SEM (piecewiseSEM package)’” where the regions were the groups.
This analysis evaluates the relationships for the combined dataset
and each region separately to constrain coefficients with homogene-
ous effects across regions, leaving the remaining variables to vary
freely. The standardized coefficients referred to as the ‘effects’ of one
variable on another should be interpreted as their relative influence
on the mean of the response. We excluded elevation because of the
high correlation with maximum temperature (Supplementary Fig. 11)
asthe piecewise framework is unable to integrate correlated errorsin
its estimates. The SEM was estimated using three component linear
models whose response variables were (1) mortality rate, (2) stem abun-
dance change and (3) species richness change (Supplementary Fig.12).
We tested for normality, heteroscedasticity and the variable impor-
tance factor of each of the three component models to verify that the
model assumptions were met, and that the inclusion of other variables
with moderate correlation (Supplementary Fig. 11) did not create
multicollinearity issues (variance inflation factor <4). The structure
accounted for both the direct effect of mortality rate on changes in
species richness—reflecting its role as a disturbance force that opens
space and provides light for recruitment—and the indirect effect of
mortality throughits influence on changes instem abundance, acting
asademographicforce. Mortality rate was untransformedin order to
facilitate the interpretation of results. Changes inidentification effort
were included only as a predictor of richness change, but not of stem
abundance change or mortality rate, as there is no causal connection
between these variables—an observation supported by the directed
separation tests (P> 0.05) automatically performed in the piecewise
analyses (Supplementary Table 10). We maintained this relatively sim-
ple partitioning of indirect paths to balance intrinsic uncertainty, the
number of predictor variables, and a reduced sample size per region
when applying the multigroup approach.

To estimate the indirect effects for each predictor and region, we
multiplied the standardized path coefficients for each significant path
(for example, maximum temperature > stemabundance change - rich-
ness change), considering paths viastem abundance change, mortality
rate, and the longer combined path through stem abundance change
and mortality rate. We computed theseindirect effects only when each
path coefficient was significant (P < 0.05). Then, we added the indirect
effects obtained by the three potential pathways and added them to esti-
mate the total indirect effect of each predictor on richness change for
eachregion. The direct effects are the standardized coefficients for the
path between each predictor and the richness change for each region.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The datasets generated and analysed within this study are owned and
managed by many co-authors. Data are available from the correspond-
ingauthor onreasonable request and with permission of relevant data
owners. For more information, visit https://forestnet.com/and https://
www.missouribotanicalgarden.org/plant-science/plant-science/south-
america/the-madidi-project/. Source dataare provided with this paper.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection No code or software was use in data collection

Data analysis Data analysis was primarily conducted using the open source programming language R version 4.2.0. The dplyr v.1.1.4, tidyr 1.3.1, data.table
v.1.17.2 and reshape v.0.8.9 packages were used for data preparation. Package TNRS v.0.3.6 was used to standardize species names. Climate
data was accessed via the climateR v.0.3.7 package. The vegan v.2.7.1 package was used to complete the NDMS ordination analysis and the
diversity index calculations. Package piecewiseSEM v.2.1.2was used to conduct the multigroup piecewise structural equation model analyses.
Figures were generated using the packages ggplot2 v.3.5.2, ggpubr v.0.6.0, corrplot v.0.95 and QGIS software version 3.30.0.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The datasets generated and analysed within this study are owned/managed by many different co-authors. Data are available from the corresponding author on
reasonable request and with permission of relevant data owners. For more information visit www.Forestplots.net
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study design; whether sex and/or gender was determined based on self-reporting or assigned and methods used.

Provide in the source data disaggregated sex and gender data, where this information has been collected, and if consent has
been obtained for sharing of individual-level data; provide overall numbers in this Reporting Summary. Please state if this
information has not been collected.

Report sex- and gender-based analyses where performed, justify reasons for lack of sex- and gender-based analysis.

Reporting on race, ethnicity, or | Please specify the socially constructed or socially relevant categorization variable(s) used in your manuscript and explain why
other socially relevant they were used. Please note that such variables should not be used as proxies for other socially constructed/relevant variables
: (for example, race or ethnicity should not be used as a proxy for socioeconomic status).
groupings S ; .
Provide clear definitions of the relevant terms used, how they were provided (by the participants/respondents, the
researchers, or third parties), and the method(s) used to classify people into the different categories (e.g. self-report, census or
administrative data, social media data, etc.)
Please provide details about how you controlled for confounding variables in your analyses.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study

design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences |:| Behavioural & social sciences |Z| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description We assembled a dataset of 406 floristic inventory plots. Based on presence/absence (trees with dbh>10cm) and species level
identifications, we calculate the species richness at two different points in time, and estimate the percent change in richness through
time on each plot. We use that data to evaluate the overall trend in Andes-Amazon richness change and the trends in regional
change (6 regions). We use climatic data (baseline and change), environmental data and structural data to understand the potential
role of these variables in driving the change in richness. We first perform bivariate regressions with the complete dataset. We then
perform a multigroup structural equation model to understand the effect of each factor on the richness change of each region.

Research sample The sample consisted of 406 floristic inventory plots distributed across the Andes and Amazonia, each plot contained individual
diameter measurements and species level identifications for woody plants >10 cm in diameter during two points in time, separated
by at least 4 years. The sample was used to represent changes in species richness across the Andes-Amazon tree flora. Original data
was collected by co-authors and their teams following similar field protocols, with the purpose of long-term forest structure and
compositional monitoring.
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Sampling strategy We used as many inventory plots that fulfilled our criteria as were available across the tropical Andes and Amazon basin.
Because the plots are not distributed evenly across the basin and because plots varied in size we used a spatially-stratified bootstrap
resampling approach to ensure the dataset was sampled as evenly as possible when estimating richness change across the Andes-
Amazon area. This approach is described in detail in the methods text, but briefly consisted of repeatedly sampling a standard
number of plots (30) per region. Then for the regional analysis we used all plots available per region.

Data collection Data was collected by coauthors and their teams. Collections consisted of standardized floristic inventory plots, where all individual
trees had their diameter measured and identified to the highest possible taxonomic resolution. Data was uploaded and curated at
Forestplots.org

Timing and spatial scale  Data was collected by coauthors over from the mid 1980's to present. The minimum time between census is 4 years (range= 4.01 —
44.2; mean=11.94+-8.01 years). The spatial scale is the tropical Andes and the entire Amazon (figure 2).

Data exclusions Allindividual that could not be identified to species level were excluded from all analysis. In the methods we discussed extensively
the steps taken to deal with unidentified individuals and those identified only to genus level (morphospecies).

Reproducibility Data consist of observations and not experiments, therefore it was not relevant to reproduce findings.
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Randomization Samples groups were defined by geographical regions that are explicitly defined. We followed resampling procedures where plots
were randomly selected to performed the Andes-Amazon (entire area) analysis.

Blinding not relevant to this observational study design.

Did the study involve field work? Yes |:| No

Field work, collection and transport

Field conditions Fieldwork work was conducted across the tropical Andes and the Amazonian rainforest during different periods of time and
therefore different climatic conditions. A description of the climatic variables at each region is provided on the S|

Location Observational data collected across the tropical Andes and the Amazon in South America, ranging from -17 to 8.5 latitudinal degrees
and -80 to -47 longitudinal degrees,

Access & import/export  For this project no exportation was required

Disturbance No disturbance was caused

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |:| ChlIP-seq
Eukaryotic cell lines g |:| Flow cytometry
Palaeontology and archaeology g |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
Dual use research of concern
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Plants

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

o
was appiied. .
Describe-any-atuthentication-procedures foreach seed stock-used-or novel- genotype-generated—Describe-any-experiments-tsed-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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