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Theincreasing similarity of plant species composition among distinct
areasis leading to the homogenization of ecosystems globally. Human
actions such as ecosystem modification, the introduction of non-native
plant species and the extinction or extirpation of endemic and native plant
species are considered the main drivers of this trend. However, little is
known about when floristic homogenization began or about pre-human
patterns of floristic similarity. Here we investigate vegetation trends during
the past 5,000 years across the tropical, sub-tropical and warm temperate
South Pacific using fossil pollen records from 15 sites on 13 islands within the
biogeographical realm of Oceania. The site comparisons show that floristic
homogenization has increased over the past 5,000 years. Pairwise Bray-
Curtis similarity results also show that when two islands were settled by
peopleinagiventimeinterval, their floristic similarity is greater than when
oneor neither of the islands were settled. Importantly, higher elevation
sites, which are less likely to have experienced humanimpacts, tended to
show less floristic homogenization. While biotic homogenization is often
referred to as acontemporary issue, we have identified amuch earlier trend,
likely driven by human colonization of the islands and subsequent impacts.

Biotichomogenization threatens global biodiversity, astheincreas- Increased homogeneity may also affect ecosystem function and
ing similarity of species composition among regions leads to an  services and thus (socio)ecosystem resilience in the face of further
overall decline of inter-regional diversity>. Homogenizationis often  anthropogenicimpacts”™.

linked to anthropogenicimpacts such as habitat loss and range expan- In many ways, islands are ideal models for studying biodi-
sions of generalist introduced taxa, which can lead to range con-  versity changes’. Insular biotas are particularly vulnerable to
tractions and/or population declines of native/endemic species®®.  human-mediated drivers that are known to be causes of the biotic
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Fig.1|Homogenizing and differentiating trendsin floristic similarity for
eachsite. Proportions for each site of Bray-Curtis similarity homogenizing
trends (<0 slope coefficients) in blue and differentiating trends (>0 slope
coefficients) inyellow over time based on the standardization-1dataset. The

Andesite Line is shown as a green dashed line. Circles with solid leader lines
indicate sites settled ~3,000 cal years BP, and squares with dashed leader

lines indicate sites settled ~700 cal years BP. Island names follow site names in
parentheses. The x axis andy axis represent longitude and latitude, respectively.

homogenization process, such as species introductions, habitat loss
and climate change'® ™. In addition, island ecosystems have higher
proportions of endemics than mainland areas™'¢, thus making them
important habitats and high priorities for conservation'. In the bio-
geographical realm of Remote Oceania, many plant species have
threatened status, although the scale of the problem s still unclear,
asonly ~3% of species have been assessed by the International Union
for Conservation of Nature”. Due to the threatened status of many
plantspecies, it is likely that Pacific islands have been susceptible to
floristic homogenization in both the past and present (for example,
refs.18-20).

Many studies of biotic similarity rely on published lists of native,
non-native, extinct or extirpated taxa to delineate a baseline for bio-
diversity composition. Such lists limit the time frame for setting a
baseline to a few centuries, and they exclude unrecorded introduc-
tions or extirpations (for example, refs. 20-23). Fossil datasets have
the potential to extend these timescales and capture previously unre-
corded introductions or extirpations 2,

Remote Oceania was colonized by people in two broad migra-
tions ~3,300-2,700 and ~1,000-700 years ago (see Supplementary
Tablelandreferencestherein).Studies of the islands have provided an
abundance of information, both palaeoecological and archaeological,
allowing us to observe and quantify trends in floristic similarity on a
longer temporal scale and to observe human settlement and activity.
By analysing 15 fossil pollen records from Remote Oceaniaencompass-
ing the past 5,000 years and a west-to-east gradient of 8,300 km, we
quantify the taxonomic similarity of island floras over time. We use two
methods for standardizing taxon names: standardization-1, which pre-
servesthe lowest level of identification, and standardization-2, which

uses a higher level of taxonomic identification. We use Bray-Curtis
similarity for the pairwise similarity analyses®.

Results

We focus on the results of the standardization-1 approach, as it uti-
lizes the lowest taxonomic level of identification. Out of a possible
105 slope coefficients (whole site-to-site comparisons over time),
amajority indicate trends of homogenization for 13 of the 15 sites
(Fig.1), while Lake Tagimaucia (Taveuni), Waitetoke (Ahuahu), Tukou
Marsh (Rapa), St. Louis Lac (Grande Terre), Bonatoa Bog (Viti Levu)
and Lake Lanoto’o (Upolu) show the most differentiation, Yacata
(Yacatalsland), Avai’o’vuna Swamp (Pangaimotu) and Finemui Swamp
(Ha’afeva) show the most floristic homogenization trends over time.
Supplementary Fig. 11 shows the results of the analysis using the
standardization-2 approach.

The 105 whole site-to-site comparisons of the standardization-1
dataset over time offer another perspective: all sites except Lake
Tagimaucia (Taveuni) have negative median slope coefficients, show-
ing that they have become more similar to other sites (Fig. 2). Yacata
(Yacatalsland) has the lowest median slope coefficient and has there-
fore become the most similar to other sites over time. Avai’'o’vuna
Swamp (Pangaimotu), Ngofe Marsh (‘Uta Vava’u) and Finemui Swamp
(Ha’afeva) also show strong floristic homogenization, while Waite-
toke (Ahuahu) and Lake Lanoto’o (Upolu) show relatively low floristic
homogenization. Supplementary Fig.12 shows the results of the analy-
sis using the standardization-2 approach.

The standardization-1 and standardization-2 smoothing splines
show an increase in floristic similarity during the past 5,000 years
(Fig.3a). The smoothing splines show similarity values of 0.07 and 0.08
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Fig. 2| Floristic similarity trends for each site ordered by elevation. The
direction and steepness of the floristic similarity trends is based on the
standardization-1 dataset between sites (n = 14 site comparisons as we exclude
comparisons within a given site) based on pairwise Bray-Curtis similarity slope
coefficients. Sites are organized by elevation with the lowest (sea level) on the left

to the highest on the right (760 ma.s.l.). Data points above the grey horizontal
dashed line are differentiating trends and below this line are homogenizing
trends. The black horizonal lines indicate the medians of the data for each site,
and the blue bars encompass the first and third quantiles of the data. Whiskers
extend to the maximum and minimum of the data.

for the earliest time interval (4,900-4,400 calibrated years before
present (cal years BP)) for standardization-1 and standardization-2,
respectively. These valuesriseto 0.15and 0.19 for the most recent time
interval (400 cal years BP to the present), based on standardization-1
and standardization-2, respectively. The medians for comparisonsin
which people were not present on either island (0.04) or present on
oneisland were similar (0.04) (Fig. 3b). However, when both sites were
colonized by people, the median similarity was greater (0.08), indicat-
ing greater floristichomogeneity (Fig. 3b). See Supplementary Fig. 13
for results of standardization-2.

Discussion

Given the large geographical area explored in this study (8,300 km
west to east), it is striking to find a 5,000-year-long trend of floristic
homogenizationacross15siteson13islands (Fig. 3a). In addition, when
incorporating the potential human dimension to our analysis, the flo-
ristic homogenization process was enhanced when two islands were
settled in the same time frame (Fig. 3b). As a whole, this information
provides astrongindication that anthropogenic activities resulted in
increased floristic similarity among the islands analysed.

Non-anthropogenic drivers of floristichomogenization

Pairwise comparisons in which neither site or one site or island was
settled show that similarity was relatively low (Fig. 3b). Dynamics in
pre-human settlement composition are likely related to natural driv-
erssuchassealevel change, hydroseral development of wetlands and
lacustrine vegetation, volcanism and other disturbances (for example,
cyclones and droughts)***. These drivers may have animpact onbiotic
similarity in numerous biotas and habitats as they can affect a given
species and thus alter the species poolinsimilar ways across different
communities (for example, ref. 38). Finally, continued dispersal of
pan-oceanic planttaxashould not beignored as a contributing factor
to floristic similarity on theislands. Indeed, on both western and east-
ern Pacificislands, bird dispersal of plant propagules is an important
mechanism for bothinter-island and intra-island dispersal (see ref. 39
for discussion on plant dispersal mechanisms). In this study, however,

despite the range of natural drivers that could have affected the islands
ecosystems, the results suggest that non-anthropogenic factors did
not contribute to floristichomogenization, at least ina detectable way.

Floristichomogenization linked to novel anthropogenic
drivers

The trend towards floristic homogenization on settled islands
(Fig.3b) is likely caused by novel anthropogenic drivers. Within the
novel drivers of change, burning (for example, as a part of agricultural
activities), introduction of non-native taxa and extinctions or extir-
pations (of both fauna and flora) have been shown to impact island
ecosystems'>%4°_First, the increased occurrence and intensity of
disturbancesis linked to anthropogenic modification of the islands’
landscapes, for example, as a consequence of slash and burn tech-
niques™***. It has also been shown that intense human impacts, such
asurbanization and intensively managed agroforestry plantations,
can lead to anincrease in globally distributed taxa and therefore
biotic homogenization****. Second, it isimportant to highlight that
fossil pollen records from islands have also shown that non-native
plantintroductions increased within the past 1,000 years, suggest-
ing potentially long-term presence of widely distributed species®.
For example, non-native species introduced to multiple islands by
people may have contributed to increased similarity among island
ecosystems®***, Last, there has been an anthropogenically driven
extinction or extirpation of native or endemic plant families and
genera (for example, Pritchardia) from Pacific islands**~*°. The
arrival of humans to Pacific islands is known to have coincided with
many bird extinctions* .. For example, it has been suggested that
in Tonga, the decline of native birds and bats may have reduced the
dispersal capabilities of many trees with large seeds, such as Calo-
phyllum inophyllum, Cerbera odollam, Planchonella garberi, Plan-
chonellamembranacea, Pometia pinnata, Syzygium quadrangulatum,
Syzygium richii and Terminalia catappa*®>*>*. Predation of seeds
by rodents introduced by both Polynesians and Europeans is also
asuggested cause for the decline of many plant taxa in Tonga and
Rapa Nui (Easter Island)***. Therefore, it cannot be ruled out that
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Fig. 3| Floristic similarity trends over time and grouped by human occupancy
for allsites. a, Non-parametric regressions were fitted using smoothing splines
deploying package npreg® with function ss (fit asmoothing spline). Smoothing
splines showing pairwise Bray-Curtis similarity scores among all 15 sites on
13islands, over the past 5,000 cal years BP.1, greatest similarity; O, lowest similarity.
The dark blue line represents the standardization-1dataset, and the lighter blue
line represents the standardization-2 dataset. The grey shaded areas represent
95% confidence intervals. Open circles represent standardization-1datapoints,
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and open triangles represent standardization-2 datapoints. b, Pairwise Bray-
Curtis comparisons for the standardization-1dataset grouped according to
whether neither (n=223), one (n = 430) or both (n =157) islands were settled
during atime interval. n, number of individual pairwise comparisons. The black
horizonal lines represent the medians, and the box areas represent the first and
third quantiles. The whiskers of the boxplot extend to the last data points within
1.5 times the range from first quantile to third quantile (interquartile range of
the box).

the increase in similarity between islands has also been driven by a
decrease in trees with large, animal-dispersed fruits*°.

As Bray-Curtis similarity is sensitive to changes in abundant taxa®,
itisimportant to consider what these taxa are. Before colonization of
any of theislands (3,000 and 700 cal years BP), Euphorbiaceae was the
most abundant taxon (comprising 7% mean value of the pollen sum).
After colonization, Cyperaceae and Poaceae became the most abundant
taxa (17%and 10% mean values, respectively; Supplementary Table 5).
This change may have been driven by a shift from a predominance of
forests to more open vegetation, mainly the result of anthropogenic
burning®****°, With the exception of relatively small (<1%) increases in
Arecaceae (possibly Cocos nucifera) and Casuarinaceae pollen (possibly
Casuarina equisetifolia) after human settlement of the islands, none of
the most abundant taxa, either pre- or post-human settlement, appear
to be obvious introductions or cultivars (see ref. 44 for discussion of
introduced and cultivated plants).

Site-specific factors

While human presence appears to be a key determinant of the magni-
tude of similarity amongsites, island and site characteristics may also
beimportant. Forexample, among 30 Eastern Atlantic Oceanislands,
once colonized by humans, topographically complex islands main-
tained native vegetation cover suggesting that topography constrains
human impacts on biodiversity®. Indeed, Lake Tagimaucia (Taveuni)
and Lake Lanoto’o (Upolu) are two of the least floristically homogenized
sitesincluded in this analysis, and both arelocated at high elevations:
680 and 760 m above sea level (a.s.l.), respectively (Fig. 2). However,
Waitetoke (Ahuahu) showed the opposite relationship, as it was one of
the least floristically homogenized, but the site is located at 1m a.s.l.
Theisland’s close proximity to the North Island (Te Ika-a-Maui) of New
Zealand may have maintained Ahuahu’s floristic diversity as propagules
are continuously dispersed to Ahuahu from the mainland. Ahuahu’s
floristic diversity may have contributed toits apparent dissimilarity to
othersites. Other low-elevationsites, such as Avai’'o’vuna Swamp (Pan-
gaimotu), Ngofe Marsh (‘Uta Vava’u) and Finemui Swamp (Ha’afeva),
locatedat 0 m,4 mand7 ma.s.l., respectively, were the most floristically

homogenized, potentially because low-elevation and coastal areas are
most exposed to intense anthropogenic ecosystem modifications.
Island or site characteristics are likely complex predictors of anisland’s
susceptibility to becoming floristically homogenized.

Itisimportant to highlight that pollen assemblages based onlarger
sample numbers may include more rare taxa, which may in turn make
them appear to be dissimilar from other sites. To some extent, the use
of Bray—Curtis similarity, which tends to underestimate the effects of
rare taxa, may have removed some of the impacts of differing sample
numbers. Indeed, the sites with the highest mean pollen and spore
counts were Bonatoa Bog (Viti Levu) and St. Louis Lac (Grande Terre)
(Supplementary Table 3), and these were neither the most nor the least
floristically homogenous (Figs.1and 2). Inaddition, the trend towards
floristic homogenization was also apparent when samples with low
pollen counts (<300) were excluded from the analysis (Supplementary
Fig. 15). This indicates that differences in sample size are unlikely to
explainthe observed large-scale patterns.

Conclusions

This study provides ananalysis showing that South Pacificisland vegeta-
tion has become more homogenous over the past 5,000 years. Some
narratives point to biotichomogenizationbeing alargely contemporary
issue exacerbated by increased commerce between islands®, whichin
turn increases dispersal possibilities for plant taxa. Our analysis indi-
cates, however, that initial human settlement was likely a major driver
of floristic homogenization. Future trends of floristic similarity will
depend onthelevels of continued human ecosystem modification, rates
of non-native introductions and rates of extinctions and extirpations.
This study highlights the need for long, standardized palaeoecological
records that canbeintegrated with modern ecological observations to
fully understand and effectively manage modernisland ecosystems.

Methodology

Study sites

This study focuses on islands in the tropical, sub-tropical and warm-
temperate Southwest Pacific Oceanand includes the more continental
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originating islands west of the Andesite Line®* (n =12) and the strictly
oceanicislands to the east (n = 3) within the biogeographical realm of
Remote Oceania (Fig.1). The main sources of precipitationare the Inter-
tropical Convergence Zone and South Pacific Convergence Zone®. The
island of Ahuahu (Great Mercury), which is offshore of New Zealand’s
North Island (refs. 64,65), experiences a warm temperate climate.
New Caledonia, Fiji and Vanuatu, located in the tropical Southwest
Pacific geographic area, have floras similar to those of Australia and
Papua New Guinea®®. The more remote islands to the east are char-
acterized by an Indo-Pacific flora, which includes species from the
Americas, New Zealand and the sub-Antarctic®. Throughout the Pacific,
plantdiversity decreases from west to east, but larger and older islands
tend to be more biodiverse®. The island areas included in this study
range from Grande Terre, New Caledonia (1,890,000 ha) to Foa, Tonga
(135 ha), and theislands’ geologies include composites, volcanics and
limestone (Supplementary Table 1).

Thearrival of oceanic voyagersinthe Pacificislands represents the
last wave of human migrationinto unoccupied lands (see Supplemen-
tary Tablelandreferencestherein). Archaeological evidence suggests
that the first human migrations to Remote Oceania were by the Lapita®®.
Linguistic studies indicate Lapita origins to have been somewhere
between Taiwan and the Bismarck Archipelago®, and genetic studies
supportthisinference (seerefs. 70-73 for discussion). After a pause of
~1,700 years (~2,700t01,000 cal years BP), Polynesians, descendants
of the Lapita, undertook the last great migration east into the Pacific
(forexample, refs. 63,74).

Acquisition of pollen datasets

Pollen records from 15 sites (Supplementary Table 1) are included in
this analysis. These sites were chosen because together they represent
both early (~3,000 cal years BP) and late (~700 cal years BP) human
colonizationand provide pollenrecords atleast 3,300 yearslong, allow-
ing comparisons between pre- and post-settlement pollen assemblages
(Supplementary Fig. 6).Inaddition, they form an elevational gradient
from 0 mto 760 ma.s.l. Sites at different elevations allow us to investi-
gate trends from coastal regions, where humans have typically settled,
to upland areas that may have escaped some of the biotic impacts of
human disturbances®®”.

Five datasets were accessed via the Neotoma Paleoecology
Database’ using the neotoma2 R package (version 0.0.0.9)”". These
include Anouwe Swamp (Aneityum)’®, Bonatoa Bog (Viti Levu), Lake
Tagimaucia (Taveuni)”, Tukou Marsh (Rapa) and Waitetoke (Ahuahu/
Great Mercury)®. We excluded the pollen data from Lake Emeric,
New Caledonia®®, which also can be accessed via the Neotoma Paleo-
ecology Database, due to low pollenand spore counts (~60 per sample
for the past 5,000 years). The following pollen datasets were acquired
from published papers: Ngofe Marsh (‘Uta Vava'u), Lotofoa Swamp
(Foa), Finemui Swamp (Ha’afeva), Avai’o’vuna Swamp (Pangaimotu)*-%,
Lake Lanoto’o (Upolu)”, Plum Swamp (Grande Terre)®, St. Louis Lac
(Grande Terre)®, Yacata (Yacata Island) and Volivoli (Viti Levu)”. One
pollenrecord from Rano Aroi (Rapa Nui) was digitized manually using
Image] software (version1.53e)*.

Age-depthmodels

The fossil pollen datasets from Anouwe Swamp, Avai’o’vuna Swamp,
Bonatoa Bog, Finemui Swamp, Lake Lanoto’o, Lake Tagimaucia,
Lotofoa Swamp, Ngofe Marsh, Tukou Marsh and Waitetoke already
included calibrated ages (see Supplementary Table 2 for details of
calibration curves). The age-depth models for Plum Swamp, Rano
Aroi, St. Louis Lac, Volivoli and Yacata were recalibrated using the
SHCal20 calibration curve using rbacon (version 3.0.0)5% (Sup-
plementary Figs. 1-5). We rejected one date (50 cm depth) from the
Volivoli age-depth model (Supplementary Fig. 3) as it was based on
freshwater shells and the original publication indicated that it likely
contained old carbon”,

Standardization of pollen datasets

We matched pollen and spore names to accepted plant names from
Plants of the World Online®® using the R package taxize (version
0.9.100)¥. As pollenidentificationis often limited taxonomically®®, we
use two methods toimprove the thoroughness of our approach. Both
approaches, standardization-1 and standardization-2, removed the
categories ofindeterminate pollen and spores and taxa that indicated
uncertainty at levels higher than family. Both approaches replaced
synonyms with the most recently accepted names. Likewise, pollen
and spore names with multiple matches were aggregated up to one
taxonomic level if they were members of the same genus or family;
for example, Macaranga/Mallotus was updated to Euphorbiaceae.
Standardization-1 preserves the lowest level of identification (for
example, [pomoea cf. batatas was updated to Ipomoea batatas), while
standardization-2 uses the higher level of identification (for exam-
ple, Ipomoea). Standardization-1 resulted in 383 taxa (family = 81,
genus =253, species =49), and standardization-2 resulted in 361 taxa
(family =102, genus = 218, species =41).

Statistical analyses

As methods of pollen sampling differ over time and among sites (Sup-
plementary Table 3), we rarefied the original pollen counts (excluding
unknown types) before standardization using the R package vegan
(version2.6-4) to allow for temporal and between-site comparisons®**°
(Supplementary Figs. 7 and 8). Rarefaction was not possible for the
three pollen records from which only pollen percentage data were
available, specifically, digitized records Lotofoa Swamp and Finemui
Swamp and the Rano Aroi dataset digitized for this analysis.

To allow for temporal comparisons within both the
standardization-1and standardization-2 datasets, pollen samples from
each site were placed within ten 500 year intervals, and pollen data
withintheseintervals were averaged to obtain the meanvalues, result-
ingin132averaged pollen assemblages for analysis. Before averaging,
pollen datawithin the earliest eight 500 year intervals contained ~30
samples fromall sites, and the two most recent time intervals contained
~45samples from all sites (Supplementary Table 4 and Supplementary
Figs.9and 10). Pollen counts were transformed to percentages before
further statistical analyses. We defined unique pairings among the
15sites, thus comparing each site with all others resulting in 105 unique
pairs (excluding comparisons within a given site). We then calculated
the Bray-Curtis dissimilarity index for each pairing within each time
interval (thereby creating 810 individual pairwise comparisons). Bray-
Curtis dissimilarity was selected as it takes abundance into account,
whereas other methods (for example, the Jaccard dissimilarity index)
arebased on presence/absence data. This method also excludes joint
absences, and thus sites with the same missing taxa are not deemed
moresimilar®. Bray-Curtis dissimilarity values (0-1) were inverted so
the values represent taxonomic similarity, with 1being the most similar
(100%) and 0 being the least (0%).

Linear models identify the slope coefficients of trends in similar-
ity over time, with negative trends (<0) representing homogenization
and positive trends (>0) representing the opposite, differentiation.
Theslopes thusindicate how oftenasite’s pollen assemblages tend to
become more floristically similar (homogenization) or less floristically
similar (differentiation) to those of the other sites through time. Each
slope coefficient is derived from a minimum of four data points. The
individual pairwise comparisons can be from a period when neither,
one or both of the islands were settled by people. Two site pairings
compared time frames when both islands were settled, 81 pairings
compared sites with two of the settled statuses (neither, one or both),
and 22 pairings compared sites from all three of the settled statuses. To
assess the effect of human settlement on floristic similarity, pairwise
comparisons were defined according to whether both sites were set-
tled by people, just one of the pair was settled or if neither was settled
during agiventime interval.
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Smoothing spline models were created using the npreg package
(version 1.0-9)°* to plot overall changes in taxonomic similarity over
time in the standardization-1and in the standardization-2 datasets.
See the supplementary information (Supplementary Figs. 14-16)
for results of the sensitivity analyses based on pairwise comparisons
between taxa within the same rank (for example, genus with genus)
(Supplementary Fig. 14), on pollen samples with counts <300 that
are excluded from the analysis (Supplementary Fig. 15) and on the
pollen datasets excluding abundant taxa (Cyperaceae and Poaceae)
(Supplementary Fig. 16).

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability
All data are available via Github at https://github.com/nastrandberg/
Biotic_homogenisation and figshare at https://doi.org/10.6084/
mo9.figshare.22794191.

Code availability

All code is available via Github at https://github.com/nastrandberg/
Biotic_homogenisation and figshare at https://doi.org/10.6084/
m9.figshare.22794191.

References

1.  Blowes, S. A. et al. Local changes dominate variation in biotic
homogenization and differentiation. Preprint at bioRxiv https://doi.
org/10.1101/2022.07.05.498812 (2023).

2. Smart, S. M. et al. Biotic homogenization and changes in species
diversity across human-modified ecosystems. Proc. R. Soc. B 273,
2659-2665 (2006).

3. Kress, W. J. & Krupnick, G. A. Lords of the biosphere: plant winners
and losers in the Anthropocene. Plants People Planet 4, 350-366
(2022).

4. Mckinney, M. L. & Lockwood, J. L. Biotic homogenization: a few
winners replacing many losers in the next mass extinction. Trends
Ecol. Evol. 14, 450-453 (1999).

5. Puttker, T., De Arruda Bueno, A., Prado, P. I. & Pardini, R. Ecological
filtering or random extinction? Beta-diversity patterns and the
importance of niche-based and neutral processes following
habitat loss. Oikos 124, 206-215 (2015).

6. Xu, W.-B. et al. Regional occupancy increases for widespread
species but decreases for narrowly distributed species in
metacommunity time series. Nat. Commun. 14, 1463 (2023).

7. Castilla-Beltran, A. et al. Anthropogenic transitions from forested
to human-dominated landscapes in southern Macaronesia. Proc.
Natl Acad. Sci. USA 118, €2022215118 (2021).

8. Olden, J.D., Poff, N. L., Douglas, M. R., Douglas, M. E. &

Fausch, K. D. Ecological and evolutionary consequences of biotic
homogenization. Trends Ecol. Evol. 19, 18-24 (2004).

9. Vitousek, P. M. Oceanic islands as model systems for ecological
studies. J. Biogeogr. 29, 573-582 (2002).

10. Fernandez-Palacios, J. M. et al. Scientists’ warning—the
outstanding biodiversity of islands is in peril. Glob. Ecol. Conserv.
31, e01847 (2021).

1. Nogué, S. et al. Island biodiversity conservation needs
palaeoecology. Nat. Ecol. Evol. 1,181 (2017).

12. Nogué, S. et al. The human dimension of biodiversity changes on
islands. Science 372, 488 (2021).

13. Pysek, P. & Richardson, D. M. The biogeography of naturalization
in alien plants. J. Biogeogr. 33, 2040-2050 (2006).

14. Sax, D.F., Gaines, S. D. & Brown, J. Species invasions exceed
extinctions on islands worldwide: a comparative study of plants
and birds. Am. Nat. 160, 766-783 (2002).

15.

16.

17.

18.

19.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kier, G. et al. A global assessment of endemism and species
richness across island and mainland regions. Proc. Natl Acad. Sci.
USA 106, 9322-9327 (2009).

Whittaker, R. J. & Fernandez-Palacios, J. M. Island Biogeography:
Ecology, Evolution, and Conservation (Oxford Univ. Press, 2007).
Pippard, H. The Pacific Islands: An Analysis of the Status of Species
as Listed on the 2008 IUCN Red List of Threatened Species
(International Union for Nature Conservation, 2009).

Castro, S. A. & Jaksic, F. M. Role of non-established plants in
determining biotic homogenization patterns in Pacific Oceanic
Islands. Biol. Invasions 10, 1299-1309 (2008).

Castro, S. A., Muioz, M. & Jaksic, F. M. Transit towards floristic
homogenization on oceanic islands in the south-eastern Pacific:
comparing pre-European and current floras. J. Biogeogr. 34,
213-222 (2007).

Rosenblad, K. C. & Sax, D. F. A new framework for investigating
biotic homogenization and exploring future trajectories: oceanic
island plant and bird assemblages as a case study. Ecography 40,
1040-1049 (2017).

Baiser, B., Olden, J. D., Record, S., Lockwood, J. L. & Mckinney, M. L.
Pattern and process of biotic homogenization in the New Pangaea.
Proc. R. Soc. B 279, 4772-4777 (2012).

Dornelas, M. et al. Assemblage time series reveal biodiversity
change but not systematic loss. Science 344, 296-299 (2014).
Finderup Nielsen, T., Sand-Jensen, K., Dornelas, M. & Bruun, H. H.
More is less: net gain in species richness, but biotic homogeni-
zation over 140years. Ecol. Lett. 22, 1650-1657 (2019).

Birks, H., Felde, V. A. & Seddon, A. W. Biodiversity trends within
the Holocene. Holocene 26, 994-1001 (2016).

Blarquez, O., Carcaillet, C., Frejaville, T. & Bergeron, Y.
Disentangling the trajectories of alpha, beta and gamma plant
diversity of North American boreal ecoregions since 15,500 years.
Front. Ecol. Evol. 2, 6 (2014).

Feurdean, A., Willis, K. J., Parr, C. L., Tantau, |. & Farcas, S.
Post-glacial patterns in vegetation dynamics in Romania:
homogenization or differentiation? J. Biogeogr. 37, 2197-2208
(2010).

Fraser, D. et al. Late quaternary biotic homogenization of North
American mammalian faunas. Nat. Commun. 13, 3940 (2022).
Gillson, L., Ladle, R. & Araujo, M. in Conservation Biogeography
(eds Ladle, R. J. & Whittaker, R. J.) Ch. 3 (Blackwell Publishing,
20M).

Salgado, J., Sayer, C. D., Brooks, S. J., Davidson, T. A. &
Okamura, B. Eutrophication erodes inter-basin variation in
macrophytes and co-occurring invertebrates in a shallow lake:
combining ecology and palaeoecology. J. Paleolimnol. 60,
311-328 (2018).

Walentowitz, A. et al. Long-term trajectories of non-native
vegetation on islands globally. Ecol. Lett. 26, 729-741 (2023).
Wengrat, S. et al. Paleolimnological records reveal biotic
homogenization driven by eutrophication in tropical reservoirs.
J. Paleolimnol. 60, 299-309 (2018).

Willis, K., Bailey, R., Bhagwat, S. & Birks, H. Biodiversity baselines,
thresholds and resilience: testing predictions and assumptions
using palaeoecological data. Trends Ecol. Evol. 25, 583-591
(2010).

Bray, J. R. & Curtis, J. T. An ordination of the upland forest
communities of southern Wisconsin. Ecol. Monogr. 27, 326-349
(1957).

Franklin, J., Drake, D. R., Mcconkey, K. R., Filipe, T. & Smith, L. B.
The effects of Cyclone Waka on the structure of lowland tropical
rain forest in Vava'u, Tonga. J. Trop. Ecol. 20, 409-420 (2004).
Strandberg, N. A. et al. Influences of sea level changes and
volcanic eruptions on Holocene vegetation in Tonga. Biotropica
55, 816-827 (2023).

Nature Ecology & Evolution | Volume 8 | March 2024 | 511-518

516


http://www.nature.com/natecolevol
https://github.com/nastrandberg/Biotic_homogenisation
https://github.com/nastrandberg/Biotic_homogenisation
https://doi.org/10.6084/m9.figshare.22794191
https://doi.org/10.6084/m9.figshare.22794191
https://github.com/nastrandberg/Biotic_homogenisation
https://github.com/nastrandberg/Biotic_homogenisation
https://doi.org/10.6084/m9.figshare.22794191
https://doi.org/10.6084/m9.figshare.22794191
https://doi.org/10.1101/2022.07.05.498812
https://doi.org/10.1101/2022.07.05.498812

Article

https://doi.org/10.1038/s41559-023-02306-3

36.

37.

38.

30.

40.

a1.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

Strandberg, N. A. et al. Island ecosystem responses to the Kuwae
eruption and precipitation change over the last 1600years, Efate,
Vanuatu. Front. Ecol. Evol. 11, 1087577 (2023).

Wilmshurst, J. M. & Mcglone, M. S. Forest disturbance in the
central North Island, New Zealand, following the 1850 BP Taupo
eruption. Holocene 6, 399-411 (1996).

Chase, J. M. Drought mediates the importance of stochastic
community assembly. Proc. Natl Acad. Sci. USA 104, 17430-17434
(2007).

Gillespie, R. G. et al. Long-distance dispersal: a framework for
hypothesis testing. Trends Ecol. Evol. 27, 47-56 (2012).

Wood, J. R. et al. Island extinctions: processes, patterns, and
potential for ecosystem restoration. Environ. Conserv. 44,
348-358 (2017).

Ravazzi, C. et al. The influence of natural fire and cultural practices
on island ecosystems: insights from a 4,800 year record from Gran
Canaria, Canary Islands. J. Biogeogr. 48, 276-290 (2021).

Marconi, L. & Armengot, L. Complex agroforestry systems against
biotic homogenization: the case of plants in the herbaceous
stratum of cocoa production systems. Agric. Ecosyst. Environ.
287, 106664 (2020).

Mckinney, M. L. Urbanization as a major cause of biotic
homogenization. Biol. Conserv. 127, 247-260 (2006).

Fall, P. L. in Altered Ecologies: Fire, Climate and Human Influence
on Terrestrial Landscapes, Terra Australis (eds Haberle, S. G. et al.)
253-271(ANU, 2010).

Prebble, M. in Islands of Inquiry. Colonisation, Seafaring and the
Archaeology of Maritime Landscapes (eds Clark, G. et al.) Ch. 15
(ANU-E, 2008).

Prebble, M. & Dowe, J. L. The late quaternary decline and extinction
of palms on oceanic Pacific islands. Quat. Sci. Rev. 27, 2546-2567
(2008).

Duncan, R. P, Boyer, A. G. & Blackburn, T. M. Magnitude and
variation of prehistoric bird extinctions in the Pacific. Proc. Natl
Acad. Sci. USA 10, 6436-6441(2013).

Fall, P. L., Drezner, T. D. & Franklin, J. Dispersal ecology of the
lowland rain forest in the Vava'u island group, Kingdom of Tonga.
N. Z. J. Bot. 45, 393-417 (2007).

Sayol, F. et al. Loss of functional diversity through anthropogenic
extinctions of island birds is not offset by biotic invasions. Sci.
Adv. 7, eabj5790 (2021).

Steadman, D. W. Prehistoric extinctions of Pacific Island birds—
biodiversity meets zooarchaeology. Science 267, 1123-1131 (1995).
Steadman, D. W., Pregill, G. K. & Burley, D. V. Rapid prehistoric
extinction of iguanas and birds in Polynesia. Proc. Natl Acad. Sci.
USA 99, 3673-3677 (2002).

Mcconkey, K. R. & Drake, D. R. Flying foxes cease to function

as seed dispersers long before they become rare. Ecology 87,
271-276 (2006).

Mcconkey, K. R. & Drake, D. R. Indirect evidence that flying foxes
track food resources among islands in a Pacific archipelago.
Biotropica 39, 436-440 (2007).

Meehan, H. J., Mcconkey, K. R. & Drake, D. R. Potential disruptions
to seed dispersal mutualisms in Tonga, Western Polynesia. J.
Biogeogr. 29, 695-712 (2002).

Hunt, T. L. Rethinking Easter Island’s ecological catastrophe. J.
Archaeol. Sci. 34, 485-502 (2007).

Heinen, J. H. et al. Novel plant-frugivore network on Mauritius is
unlikely to compensate for the extinction of seed dispersers. Nat.
Commun. 14,1019 (2023).

Mccune, B., Grace, J. B. & Urban, D. L. Analysis of Ecological
Communities (MjM Software Design, 2002).

Fall, P. L. Vegetation change in the coastal-lowland rainforest at
Avai'o’vuna Swamp, Vava'u, Kingdom of Tonga. Quat. Res. 64,
451-459 (2005).

50.

60.

61.

62.

63.

64.

65.

66.

67.

70.

7.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Stevenson, J., Benson, A., Athens, J. S., Kahn, J. &Kirch, P. V.
Polynesian colonization and landscape changes on Mo'orea,
French Polynesia: the Lake Temae pollen record. Holocene 27,
1963-1975 (2017).

Norder, S. J. et al. Global change in microcosms: environmental
and societal predictors of land cover change on the Atlantic
QOcean Islands. Anthropocene 30, 100242 (2020).

Castro, S. A. et al. Floristic homogenization as a teleconnected
trend in oceanic islands. Divers. Distrib. 16, 902-910 (2010).
Green, R. C. in Man and a Half: Essays in Pacific Anthropology and
Ethnobiology in Honour of Ralph Bulmer (ed. Pawley, A.) 491-502
(Polynesian Society, 1991).

Sear, D. A. et al. Human settlement of east Polynesia earlier,
incremental, and coincident with prolonged South Pacific
drought. Proc. Natl Acad. Sci. USA 117, 8813-8819 (2020).
Holdaway, S. J. et al. Maori settlement of New Zealand:

the Anthropocene as a process. Archaeol. Ocean. 54,

17-34 (2019).

Prebble, M. et al. Early tropical crop production in marginal
subtropical and temperate Polynesia. Proc. Natl Acad. Sci. USA
116, 8824-8833 (2019).

Mueller-Dombois, D. & Fosberg, F. R. Vegetation of the Tropical
Pacific Islands (Springer, 1998).

Keppel, G., Lowe, A. J. & Possingham, H. P. Changing perspectives
on the biogeography of the tropical South Pacific: influences of
dispersal, vicariance and extinction. J. Biogeogr. 36, 1035-1054
(2009).

. Kirch, P. V. & Green, R. C. Hawaii, Ancestral Polynesia: An Essay in

Historical Archaeology (Cambridge Univ. Press, 2001).

. Blust, R. Austronesian culture history: the window of language.

Trans. Am. Phil. Soc. 86, 28-35 (1996).

Lipson, M. et al. Population turnover in remote Oceania shortly
after initial settlement. Curr. Biol. 28, 1157-1165.e7 (2018).
Matisoo-Smith, E. Ancient DNA and the human settlement of the
Pacific: a review. J. Hum. Evol. 79, 93-104 (2015).

Skoglund, P. et al. Genomic insights into the peopling of the
Southwest Pacific. Nature 538, 510-513 (2016).

Valentin, F., Détroit, F., Spriggs, M. J. T. & Bedford, S. Early Lapita
skeletons from Vanuatu show Polynesian craniofacial shape:
implications for remote oceanic settlement and Lapita origins.
Proc. Natl Acad. Sci. USA 113, 292-297 (2016).

Kirch, P. V. On the Road of the Winds: An Archaeological History of
the Pacific Islands before European Contact (Univ. California Press,
2000).

Gosling, W. D. et al. Human occupation and ecosystem change
on Upolu (Samoa) during the Holocene. J. Biogeogr. 47, 600-614
(2020).

Williams, J. W. et al. The Neotoma Paleoecology Database, a
multiproxy, international, community-curated data resource.
Quat. Res. 89, 156-177 (2018).

Vidana, S. D. & Goring, S. neotoma2: An R package to access data
from the Neotoma Paleoecology Database. R package version
0.0.0.9. J. Open Source Softw. 8, 5561 (2023).

Hope, G. & Spriggs, M. A preliminary pollen sequence from
Aneityum Island, Southern Vanuatu. Bull. Indo Pacific Prehist.
Assoc. 3, 88-94 (1982).

Hope, G., Stevenson, J. & Southern, W. in The Early Prehistory of Fiji
(eds Clark, G. & Anderson, A.) 63-86 (ANU, 2009).

Hope, G. & Pask, J. Tropical vegetational change in the late
Pleistocene of New Caledonia. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 142, 1-21(1998).

Stevenson, J., Dodson, J. R. & Prosser, . P. A late quaternary
record of environmental change and human impact from New
Caledonia. Palaeogeogr. Palaeoclimatol. Palaeoecol. 168, 97-123
(2001).

Nature Ecology & Evolution | Volume 8 | March 2024 | 511-518

517


http://www.nature.com/natecolevol

Article

https://doi.org/10.1038/s41559-023-02306-3

82. Stevenson, J. & Dodson, J. R. Palaeoenvironmental evidence for
human settlement of New Caledonia. Archaeol. Ocean. 30, 36-41
(1995).

83. Schneider, C. A., Rasband, W. S. & Eliceiri, K. W. NIH image to
Imagel: 25years of image analysis. Nat. Methods 9, 671-675
(2012).

84. Blaauw, M. & Christen, J. A. Flexible paleoclimate age-depth
models using an autoregressive gamma process. Bayesian Anal.
6, 457-474 (2011).

85. Hogg, A. G. et al. SHCal20 Southern Hemisphere calibration,
0-55,000vyears cal BP. Radiocarbon 62, 759-778 (2020).

86. POWO Plants of the World Online (Royal Botanic Gardens Kew,
accessed 18 September 2023); https://powo.science.kew.org/

87. Chamberlain, S. & Szocs, E. taxize: taxonomic search and retrieval
in R. R package version 0.9.100. FI00OResearch 2, 191 (2013).

88. Birks, H. J. B. et al. Approaches to pollen taxonomic harmonisation
in Quaternary palynology. Rev. Palaeobot. Palynol. 319, 104989
(2023).

89. Birks, H. J. B. & Line, J. The use of rarefaction analysis for estimating
palynological richness from Quaternary pollen-analytical data.
Holocene 2,1-10 (1992).

90. Oksanen, J. F., et al. vegan: Community Ecology Package. R
package version 2.6-4 (2022).

91. Anderson, M. J. et al. Navigating the multiple meanings of 3
diversity: a roadmap for the practicing ecologist. Ecol. Lett. 14,
19-28 (2011).

92. Helwig, N. Multiple and Generalized Nonparametric Regression.
in SAGE Research Methods Foundations (eds Atkinson, P.,
Delamont, S., Cernat, A., Sakshaug, J. W. & Williams, R. A.)
https://doi.org/10.4135/9781526421036885885 (SAGE, 2020).

Acknowledgements

This work was supported by the Natural Environment Research
Council (grant number NE/LO02531/1). S.N. was supported by

the European Research Council grant ERC-CoG-2021-101045309
TIME-LINES. We thank K. Richards for assistance with the pollen
notations. We are grateful to authors who have contributed their
pollen datasets to online repositories. We acknowledge the pioneering
work by J. Flenley. We also thank the three anonymous reviewers for
their helpful suggestions.

Author contributions

N.A.S., M.J.S. and S.N. designed the study. N.A.S., M.J.S. and A.W. wrote
the code. All authors contributed to interpreting the results and writing
the paper.

Competinginterests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary
material available at https://doi.org/10.1038/s41559-023-02306-3.

Correspondence and requests for materials should be addressed to
Nichola A. Strandberg, Manuel J. Steinbauer or Sandra Nogué.

Peer review information Nature Ecology & Evolution thanks the
anonymous reviewers for their contribution to the peer review of
this work.

Reprints and permissions information is available at
www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2024

Nature Ecology & Evolution | Volume 8 | March 2024 | 511-518

518


http://www.nature.com/natecolevol
https://powo.science.kew.org/
https://doi.org/10.4135/9781526421036885885
https://doi.org/10.1038/s41559-023-02306-3
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

nature portfolio

Corresponding author(s): Sandra Nogué

Last updated by author(s): Nov 30, 2023

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

O XOOOOs

|X’ 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)

D 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.

X

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

X X X

|:| 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  RStudio 2023.03.1 and R 4.2.1. were used.

Data analysis RStudio 2023.03.1 and R 4.2.1. were used.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

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

Data and R scripts are available at https://doi.org/10.6084/m9.figshare.22794191 and https://github.com/nastrandberg/Biotic_homogenisation.git




Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

>
Q
Y
(e
)
1®)
o
=
o
S
_
(D
©
o
=
>
(@}
w
[
3
3
Q
<

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 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 tested the similarity of fossil pollen data through time and between different locations. Prior to analysis, pollen data with
uncertain identifications were removed. This process is shown in the R code and described in the methods.

Research sample Some datasets were accessed via the Neotoma database https://www.neotomadb.org/ wheras others were accessed via publications
and digitization. The pollen data was from islands in the South Pacific and we aimed to use the longest pollen records.

Sampling strategy We included all pollen records >3300 years long and with higher pollen counts than 60 per sample as we deemed this sample size to
be rather small and not representative.

Data collection Data was collected from published papers and from online repositories by Nichola Strandberg.

Timing and spatial scale ' The spatial scale of the study is from -13.9093 to -36.61015 latitude and 166.55 to -109.435 longitude in the South Pacific Ocean
between New Caledonia and Rapa Nui (Easter Island). The oldest pollen sample is from 4991 calibrated years BP to the most recent
from 2018 CE. Nichola Strandberg accessed these datasets between 2020 and 2023.

Data exclusions A dataset with pollen counts <60 was excluded since we considered this to be low compared to other datasets. Data points older
than 5000 years were excluded since there was a lack of data points therefore decreasing the opportunity for similarity comparisons.

This is explained in the manuscript methods section.

Reproducibility The R code is well organized and has comments at each stage to explain what was done. The methods section of the manuscript also
summarizes this.

Randomization This is not relevant since no data was required to be randomized since we only used pollen data.

Blinding Blinding was not required in the study since we just used pollen data.

Did the study involve field work? [ ves No

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

XX KX XXX =
oo dn

Involved in the study

Antibodies

Eukaryotic cell lines
Palaeontology and archaeology
Animals and other organisms
Clinical data

Dual use research of concern

Plants

n/a | Involved in the study

|Z |:| ChiIP-seq
|:| Flow cytometry
|Z |:| MRI-based neuroimaging

uiodal | oljojuod sinjeu

=
3
3
Q
<




	Floristic homogenization of South Pacific islands commenced with human arrival

	Results

	Discussion

	Non-anthropogenic drivers of floristic homogenization

	Floristic homogenization linked to novel anthropogenic drivers

	Site-specific factors


	Conclusions

	Methodology

	Study sites

	Acquisition of pollen datasets

	Age–depth models

	Standardization of pollen datasets

	Statistical analyses

	Reporting summary


	Acknowledgements

	Fig. 1 Homogenizing and differentiating trends in floristic similarity for each site.
	Fig. 2 Floristic similarity trends for each site ordered by elevation.
	Fig. 3 Floristic similarity trends over time and grouped by human occupancy for all sites.




