nature portfolio

Corresponding author(s): David Garcia-Callejas

Last updated by author(s): 2025-05-07

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.

Please do not complete any field with "not applicable" or n/a. Refer to the help text for what text to use if an item is not relevant to your study.
For final submission: please carefully check your responses for accuracy; you will not be able to make changes later.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed
The exact sample size (/) 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

x| [xI [x] [][x]

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. /4, £ /) with confidence intervals, effect sizes, degrees of freedom and £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

XXX O OO0O00KXOS
[x]

OO

Estimates of effect sizes (e.g. Cohen's &, Pearson's /), 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 specific software was used for data collection.

Data analysis All data analysis was performed in R v4.3, using the following packages:
glmmTMB v1.1.7
mgcv v1.9-0
DHARMa v0.4.6
Hmsc v3.0-13
glmm.hp v0.1-0
ggeffects v1.8.5
rootSolve v1.8.2.4
pROCV1.18.5
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
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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 data generated in this study have been deposited in Zotero under accession code https://zenodo.org/doi/10.5281/zenodo.10812903. Raw data from the
National Vegetation Survey Databank (NVS), from the Natural Forest LUCAS programme of the Ministry for the Environment, and from the Department of
Conservation are under restricted access due to ownership rights, and can be obtained by signed license agreements with these institutions.

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 Use the terms sex (biological attribute) and gender (shaped by social and cultural circumstances) carefully in order to avoid
confusing both terms. Indicate if findings apply to only one sex or gender; describe whether sex and gender were considered in
study design, whether sex andyor 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 constructeadyrelevant variables
groupings (for example, race or ethnicity should not be used as a proxy for socioeconomic status).
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 djfferent categories (e.q. 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 ldentify 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.

D Life sciences D Behavioural & social sciences Ecological, evolutionary & environmental sciences

Life sciences study design

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

Sample size Describe how sample size was determined, detailing any statistical methods used to predetermine sample size OR if no sample-size calculation
was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.

Data exclusions | Describe any data exclusions. If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the
rationale behind them, indicating whether exclusion criteria were pre-established.

Replication Describe the measures taken to verify the reproducibility of the experimental findings. If all attempts at replication were successful, confirm this
OR if there are any findings that were not replicated or cannot be reproduced, note this and describe why.

Randomization | Describe how samples/organisms/participants were allocated into experimental groups. If allocation was not random, describe how covariates
were controlled OR If this is not relevant to your stuady, explain why.

Blinding Describe whether the investigators were blinded to group allocation during data collection anayor analysis. If blinding was not possible, describe
why OR explain why blinding was not relevant to your stuady.
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Behavioural & social sciences study design

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

Study description

Research sample

Sampling strategy

Data collection

Timing

Data exclusions

Non-participation

Randomization

Briefly describe the stuady type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional,
quantitative experimental, mixea-methods case stuay).

State the research sample (e.qg. Harvard university undergraduates, villagers in rural India) and provide relevant demographic
Information (e.q. age, sex) and indicate whether the sample is representative. Provide a rationale for the stuady sample chosen. For
studlies involving existing datasets, please describe the dataset and source.

Describe the sampling procedure (e.g. random, snowball, stratifieqd, convenience). Describe the statistical methods that were used to
predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a

rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and
what criteria were used to decide that no further sampling was needed.

Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper,
computer, eye tracker, video or audio equjpment) whether anyone was present besides the participant(s) and the researcher, and
whether the researcher was blind to experimental condition andyor the stuady hypothesis during data collection.

/ndicate the start and stop dates of data collection. If there is a gap between collection periods, state the dates for each sample cohort.

Ifno data were excluded from the analyses, state so OR jf data were excluded, provide the exact number of exclusions and the
rationale behind them, indicating whether exclusion criteria were pre-established.

State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no
participants dropped out/declined participation.

If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if
allocation was not random, describe how covariates were controlled.

Ecological, evolutionary & environmental sciences study design

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

Study description

Research sample

The study analysed a structural metric, communicability, of a country-level network between plants and their frugivore birds. For
building that spatially explicit network, we used different sources of empirical data previously collected (see Fig. 1 of manuscript for a
visual summary of the methodology).

The study area is the territory of the two main islands of Aotearoa New Zealand. We collected empirical occurrences of 102 plant
species across the territory, and of 22 frugivore bird species. From this empirical data, we projected the expected probability of
occurrence of each species over the whole territory with a statistical model, a "Joint Species Distribution Model" (see Methods for
details). For doing so, we discretised the study area in 3030 cells of 10x10km.

In parallel, we used a compilation of empirical observations of interactions between plants and frugivores to build a "metaweb".

From these two sets of data, we generated a local plant-frugivore network in each of the 3030 cells of our study area, by looking at
which species are present in each cell, and assigning local interactions between them based on the metaweb. These interactions are
binary, i.e. take values of 1 if a given pair of plant and bird interact in the metaweb, and 0 otherwise.

In a final step, to connect local communities, we obtained dispersal kernels for all bird species. We did so by collecting different traits
at the species level, in particular the Hand-Wing Index (HWI), which is related to dispersal distance. We assumed a negative
exponential dispersal kernel (eqg. 6 in main text), such that species with higher HWI would be able to disperse further and with greater
intensity. Given this information, and the spatially-projected networks, we connected local networks via shared bird species. If a bird
species was present in two cells that were within the dispersal range of that species, we assigned a dispersal link between the two
local populations of the species. These dispersal interactions are weighted by the dispersal kernel of the correspondent bird species.

With this spatially-explicit, country-level network, we obtained the communicability of each species at the population level and at the
level of the whole territory. Population communicability (eq. 3 in main text) is the average of the communicability of a given species
across all grid cells. Species-level communicability (eqg. 4 in main text) is the sum of population communicability values for a given
species. Further, we obtained the aggregated communicability of each grid cell, the landscape-level communicability, by summing the
population communicability values of all species present in it (eq. 5 of main text).

In a last analysis, we explored the relationship between these communicability values and different predictors. In particular, we
related population- and species-level communicabilities to species traits, that we obtained from the literature or from structural
characteristics of the built network. We related landscape-level communicability to land-use patterns of the grid cells. We
implemented generalised linear models (GLM) with gamma or tweedie distributions and log link function for these analyses.

Four existing datasets or compilations thereof were used:

1. Plant species occurrences across the study area. This dataset is a compilation obtained from the New Zealand National Vegetation
Survey, that aggregates spatially explicit observations of plant species from systematic surveys and research projects. We used all
available data from year 2000 onwards, for a total of 61850 observations. This dataset is not available for us to share openly, as the
ownership belongs to both the NVS and the original data collectors. Therefore, we can only share the results of the statistical model
applied to project species occurrences across the territory.
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Sampling strategy

Data collection

Timing and spatial scale

Data exclusions
Reproducibility
Randomization

Blinding

2. Bird species occurrences across the study area. This dataset is a compilation obtained from the New Zealand Department of
Conservation, that runs a systematic monitoring of New Zealand's biodiversity. In particular, we used the "Tier 1" dataset, that
compiles observations from public land in NZ. Sampling sites are established every 8km, and birds that can be seen or heard are
counted at the center and end points of a 200x200m cross, with samples being taken between 07:00 and 13:00. While there is no
explicit sampling interval, we used all observations from 2011 onwards across 1340 Tier 1 plots, for a total of 33556 bird observations.
This dataset is not available for us to share openly, as the ownership belongs to the New Zealand Department of Conservation.
Therefore, we can only share the results of the statistical model applied to project species occurrences across the territory.

3. Compilation of plant-frugivore interactions across the territory of New Zealand. We obtained this compilation from the study by
Peralta et al. (2020).

4. Plant and bird species traits. We compiled morphological traits of plant species from Peralta et al. (2020), and morphological traits
of bird species from Peralta et al. (2020), AVONET (Tobias et al. 2022), and Lislevand et al. (2007).

Number of plant and bird species observations were adequate for projecting their occurrences across the study area, as shown by the
goodness-of-fit of the models (Supplementary Note "Spatial Network Validation" in Supplementary Material). No further sample-size
calculation was performed.

Data collection procedure for plant species observations varies across particular data sources aggregated by the NVS, so it is not
possible to describe it completely.

Data collection procedure for bird species observations is as follows (adapted from the field protocol for Tier 1 data collection
available at https://www.doc.govt.nz/globalassets/documents/our-work/monitoring/field-protocols-tier-1-monitoring-recce-
surveys.pdf)

Centered in each sampling site, bird monitoring consists of four methods carried out at least once over a 2-day period:
1. Distance sampling over a 5-minute count period
2. Standard manual 5-minute bird count

3. Deployment of acoustic recording devices
4. Incidental bird sightings

Method 1,2,3 are carried out at 5 points: one centered in the coordinates of the sampling site, and four more at the limits of a cross
centered at the sampling site, each at 200m from the center of the sampling site. At each point, method 1 is first carried out: an
unbounded index count of all birds that can be seen or heard within known distance intervals for a 5-minute period, taken place
between 07:00 and 13:00 on fair weather. Method 2 follows: a simple unbounded index count of all birds that can be seen or heard
within broad distance intervals for a 5-minute period, taken place between 07:00 and 13:00 on fair weather.

For Method 3, acoustic recording devices are placed at each of these 5 points and gathered after the 2-day period.

For plant species observations, we gathered all observations starting from the year 2000. We obtained an average of 2689
observations per year up to 2022 (minimum of 514 obs in 2013, maximum of 7035 obs in 2014).

For bird species observations, we gathered all observations from the start of the Tierl monitoring program in 2011. We obtained an
average of 2796 observations per year up to 2022 (minimum of 741 obs in 2011, maximum of 4060 obs in 2013).

We excluded plant observations before year 2000, to avoid potential biases in current plant species occurrences.
The study is reproducible in terms of the analyses performed, as they are based in a fixed dataset.
Not applicable, as observations are gathered across the whole study area at the level of species.

We did not perform blinding, as we did not perform any analyses that required it.

Did the study involve field work? [ ] Yes No

Field work, collection and transport

Field conditions

Location

Access & import/export

Disturbance

Describe the studly condiitions for field work, providing relevant parameters (e.g. temperature, rainfall).

State the location of the sampling or experiment. providing relevant parameters (e.q. latitude and longitude, elevation, water depth).
Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in
compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority,

the date of issue, and any identifying information).

Describe any disturbance caused by the stuay and how it was minimized.
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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.
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Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies [X]|[ ] chip-seq
Eukaryotic cell lines [X]|[ ] Flow cytometry
Palaeontology and archaeology B] D MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

(%] [x] [x] [x] [x] [x] [X]
Oooogon

Plants
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Antibodies

Antibodies used Describe all antibodies used in the stuay, as applicable, provide supplier name, catalog number, clone name, and lot number.

Validation Describe the validation of each primary antiboaly for the species and application, noting any validation statements on the
manufacturer’s website, relevant citations, antiboady profiles in online databases, or data provided in the manuscript.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) State the source of each cell line used and the sex of all primary cell lines and cells derived from human participants or
vertebrate models.

Authentication Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.

Mycoplasma contamination Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for mycoplasma

contamination OR declare that the cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines | yome any commonily misidentified cell lines used in the study and provide a rationale for their use.
(See ICLAC register)

Palaeontology and Archaeology

Specimen provenance Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the issuing
authority, the date of issue, and any identifying information). Permits should encompass collection ana, where applicable, export.

Specimen deposition Indicate where the specimens have been deposited to permit free access by other researchers.

Dating methods If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where
they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are
provided.

D Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.
Ethics oversight ldentify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance

was required and explain why not.

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

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in Research

<
Laboratory animals For laboratory animals, report species, strain and age OR state that the stuady did not involve laboratory animals. :
S)
S}
Wild animals Provide details on animals observed in or captured in the field; report species and age where possible. Describe how animals were -

caught and transported and what happened to captive animals after the stuady (if killed, explain why and describe method, if released,




say where and when) OR state that the study did not involve wild animals.

Reporting on sex Indicate [f findings apply to only one sex, describe whether sex was considered in study design, methods used for assigning sex. Provide
data disaggregated for sex where this information has been collected in the source data as appropriate, provide overall numbers in thi
Reporting Summary. Please state [f this information has not been collected. Report sex-based analyses where performed, justify
reasons for lack of sex-based analysis.

Field-collected samples | For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature,
photoperiod and end-of-experiment protocol/ OR state that the stuady did not involve samples collected from the field.

Ethics oversight ldentify the organization(s) that approved or provided guidance on the stuady protocol, OR state that no ethical approval or guidance
was required and explain why not.

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

Clinical data

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration | Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.

Study protocol Note where the full trial protocol can be accessed OR if not available, explain why.
Data collection Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.
Qutcomes Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.

Dual use research of concern

Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:

Yes

[ ] Public health

D National security

D Crops and/or livestock

D Ecosystems
D Any other significant area

OO0Ooono s

Experiments of concern

Does the work involve any of these experiments of concern:

=<
(0]
w

Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

minjnininininink;
Ooodooon

Any other potentially harmful combination of experiments and agents
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Plants

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

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene ediiting, 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 taraeting quide RNA sequence (if apolicable) and how the editor was

otrT0j1J0d 9anjeu

Authentication Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used 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.

ChlIP-seq

Data deposition

D Confirm that both raw and final processed data have been deposited in a public database such as GEO.
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D Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links For "Initial submission” or "Revised version" documents, provide reviewer access links. For your "Final submission" document,
May remain private before publication. | provide a link to the deposited data.

Files in database submission Provide a list of all files available in the database submission.

Genome browser session Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to

(e.g- UCSQ) enable peer review. Write "no longer applicable” for "Final submission” documents.
Methodology
Replicates Describe the experimental replicates, specifying number, type and replicate agreement.
Sequencing depth Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and
whether they were paired- or single-end.
Antibodies Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and /ot

number.

Peak calling parameters | Speciy the command line program and parameters used for read mapping and peak calling, including the ChiP, control and index files

usea.
Data quality Describe the method’s used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.
Software Describe the software used to collect and analyze the ChiP-seq data. For custom code that has been deposited into a community

repository, provide accession detalls.
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This checklist template 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
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