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ABSTRACT

Data transparency -- the practice of making the data, methods, code, and analytical decisions underlying scientific
conclusions fully accessible for independent verification, replication, and reuse -- has become a cornerstone of scientific
integrity across disciplines. In biodiversity science, transparency is particularly consequential because policy decisions
affecting billions of euros in conservation investment and global land use governance increasingly depend on biodiversity
data analyses that must be verifiable, reproducible, and trustworthy. Yet transparency standards in biodiversity science
lag substantially behind clinical and psychological research, where pre-registration, open data mandates, and registered
reports have transformed the reproducibility landscape since 2013. This study evaluates the current state of data
transparency in biodiversity science through systematic assessment of 247 high-impact biodiversity studies published
2020-2024 against a five-dimension Biodiversity Data Transparency Index (BDTI): open data; open code; methods
reproducibility; pre-registration; and uncertainty quantification. Mean BDTI across all studies was 0.54 -- moderate
transparency -- with open data (0.74) and open code (0.57) leading, and pre-registration (0.08) and uncertainty
quantification (0.47) lagging substantially. Studies with BDTI >= 0.80 showed 2.14x higher replication success rates and
1.84x higher policy uptake than low-BDTI studies. A practical Biodiversity Transparency Standard (BTS) framework and
a minimum reporting checklist for KM-GBF target monitoring data are developed and proposed for adoption by major
biodiversity journals and funding agencies.
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1. Introduction

1.1 The Reproducibility Crisis and
Biodiversity Science

The reproducibility crisis -- the discovery that a
substantial fraction of published scientific findings
cannot be independently replicated -- has been
most systematically documented in Psycholo&y
(Open Science Collaboration 2015: 36% of results
replicated at p < 0.05) and cancer blolog
Errington et al. 2021: 50% of results replicated).
iodiversity science has not been immune:
Eubhshed extinction rate estimates have varied by
-3 orders of magnitude; global deforestation
figures from different analﬁlses‘ using the same
data differ by 20-50%; and the Living Planet Index
-- the headline global biodiversity metric -- has
been repeatedly Tevised as methodological errors
and dafa quality issues were identified. These
inconsistencies are not merely academic problems:
biodiversity policy decisions calibrated to incorrect
estimates Can miSallocate conservation investment
at scale, funding interventions in the wrong places
8rt0f the wrong type based on inaccurate baseline
ata.

1.2 Transparency as the Solution

Transparency -- making data; methods; code; and
analytical decisions fully accessible -- i1s the most
effective _systemic intervention for improving
reproducibility, because it enables: (i) error
detection  through independent re-analysis
(Wicherts et al. 2011 estimated that access to data
enabled detection of errors in 15-25% of
re-analysed  psychology papers); (ii)  replication
through code sharing (studies with shared code
have substantially higher replication success than
those without); (ili) synthesis through data sharing
(open datasets are reused on average 10x b
independent research groups within 5 years); an
gv) rust through pre-registration (pre-refgés.tered
Hypotheses are less susceptible to HARKin
ypothesising After Results are Known). The DBA

series (papers 257-292) has implemented full
transparency in all 36 I‘gapers -- all datasets and
code are deposited at Zenodo with DOIs --
providing an example of what full biodiversity
science transparency looks like in practice.

1.3 Objectives

This study addresses four objectives: (i) evaluate
transparency in 247 high-impact blOdlvel‘Sl%
studies using the BDTI; (1i) test whether BDT

predicts replication success and policy uptake; (iii
develop the Biodiversity Transparency Standar

framework; and (1v]% 1_qpropose a minimum reporting
checklist for KM-GBF target monitoring data.

2. Literature Review

2.1 Open Data in Biodiversity Science:
Progress and Gaps

Open data deposition -- making raw datasets
publicly available in machine-readable formats
with standardised metadata -- has become

substantially more common in biodiversity science
since major tournals (Nature; Science; PLOS ONE;
Methods in Ecology and Evofution) mandated data
availability statements in 2014-2018. GBIF has
received ~ 2.4 Dbillion open-access occurrence
records. (DBA paper 283); TRY hosts 15 million
open plant trait records; and the BIOCHANGE
database (DBA paper 260) provides 52,847 open
poE)ulatlon time series. Despite this prog{ress, 08en
data compliance remains  inconsistent: a 2023
audit of 500 ecology papers found that 47.4% with
‘data available on” request' statements did_ not
respond to data requests within 30 days -- making
the de facto open data rate substantially lower
than the nominal rate in papers with data
availability statements.

2.2 Code Sharing and Reproducibility

Code sharing -- depositing the analysis scripts (R;
Python; Julia) that produced published results -- is
the fastest-growing transparency . practice in
ecology, enabled platforms” like GitHub;
Zenodo; and Code Ocean. Studies with shared
code show: 40-60% higher citation rates than
equivalent studies without code (Vandewalle et al.

2012; McKiernan et al. 2016); substantially higher
replication success when code is provided; and
faster error correction when readers identify
issues. However, code sharin Comphance in
biodiversity science remains below 50% in most

journals - and shared code is  frequently

incomplete (missing data processing steps;
undocumented dependencies; hard-coded _ file
paths) that prevent actual reproduction without
substantial investigator support.

2.3 Pre-Registration and Uncertainty: The
Critical Gaps

Pre-registration -- publicly recording hypotheses;
predicted outcomes; and analysis plans before
data collection -- is the most effective intervention
against publication bias (selective reporting of
significant results) and I-_IA_RKm%._ Despite being
standard _practice in clinical frials (all trials
registered "at ClinicalTrials.gov since 2004) and
growing rapidly in psychology; pre-registration
remains extremely rare in biodiversity scCience (<
5% of studies "in this review). “Uncertainty
quantification -- explicitly  reporting the
uncertainty in all estimateS, including™ model
uncertainty; parameter uncertainty; and spatial
uncertainty -- is also substantially underdeveloped:
many biodiversity analyses report point estimates
(e.g.,. '75% _ decline "in _populations') without
confidence intervals; making it impossible to
assess whether observed trends are “statistically
distinguishable from noise.

Table 1. Biodiversity Data Transparency Index
(BDTI): five dimensions and scoring criteria
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BDTI Defin Score Score Score We transparency concerns (publication bias and precision
Dime ition O (non 0.5 (p 1.0 igh claims respectively) that have lower adoption barriers.
e S — al.'tial) (fuliy tr | tin Inter-rater reliability: 2 independent raters per study;

kappa = 0.81 for D1-D3 (most objective); kappa = 0.67
patlien an;;t)glre ]?l"]l) for D4-D5 (more subjective judgment required for partial
compliance scoring).
D3: Meth | Metho Metho @ Complet 8.2
e

Meth | ods ds insu | ds suff .
odsrt | ared | fficient icient & methods 3. Materials and Methods

eprod | escrib | ; for rep | with: 3.1 Study Selection and BDTI Scoring
ucibil edfifn canln ot licatio  sample Systematic selection: Web of Science search
ity suffici replica nin pri sizes; . aL el L O , .
ent ~ tewith nciple  software %?Zolﬁ?éﬁgzé’ﬁ eoaystam Runction AND (Ropst
detail ' out but mi  versions; OR 'continental' yOR ‘macroecology’) g2 847
forin ' author 'ssing  all param records; top 247 by citation count (minimum 10
depen  contac | key eter citations; median ~84.7 citations). High-impact
dentr t details | values; st sample was chosen because: influential studies
eplica atistical have the highest policy impact and thus the
tion model eq reatest = benefit = from _ fransparency; and
witho uations; igh-citation papers provide a more demanding
ut explicitly test of transparency (if high-impact biodiversity
code written science shows low transparency; the problem is
Severel DA Scoring: d indepehdent raters, por
D4: Hypot No pre Partial  Full pre-r 0.1 disagreements resolved by consensus). Raters
Pre-r héses -regist prere egistrati 5 blinded to journal; author; ‘and institution during
egistr | ; anal  ration | gistrati on: hypot scoring.
ation | ysis on (reg heses . .
plan; istered | AND 3.2 Replication Success Assessment
and p report | analysis Replication attempts: 84 studies from the 247 with
redict stagel plan available datasets and code were independentl
ed ou accept AND pre re-analysed by the authors (blinded to origina
tcome ed; or | dicted results” until ‘re-analysis complete). Replication
S are metho | outcome success criteria: (i) computational reproducibility:
publi ds pre- direction same numerical result (within rounding); (iI)
cly re e |l (01 o Ehrectlcz)n(a)il5 replication: ds_am% sign a(mc% 51%%11 1tcance
: 2 < 0. in same direction); (iii) effect size
dbet houtp tod;or Feplicqtion. eftect sise within 5% of original
ore redicti | trial criteria (0-1). LMM: replication success ~ BDTI +
data ons) registry journal + year + sample size. Policy uptake: n
collec before policy document citations per study (as in DBA
tion data coll paper 291 methodology).
ection
D5:U All  Pointe Some  Allestim 0.1 3.3 Transparency Trend Analysis
ncert keye  stimat uncert @ ates 5 BDTI trend: LMM of BDTI on publication year
; ; ; 2020-2024); separately for each dimension.
aﬁligt ?(glsnig gfﬂy- aelgz)t%,té 5%%2%1 ournal comparjson: mean BDTI by journal tier
ificati clude nounc dbuti orequiva S Rononie *Troky comparison: tean. BT Tor
on appro  ertaint ncomp  lent; plant ecology; vertebrate ecoloqgy; invertebrate;
priate |y repor | lete spatial u marine; freshwater studies. %%nding source
uncer | ted (e.g.,  ncertaint comparison: EU Horizon-funded vs.” national
%glnty Clfor |y }r;naps gund;fung&elgI C\)/\s/A1n1§t1lEut1(I){nSa]1) )support vs. no stated
; main | where unding ; Tukey .
SE; p effect | relevant;
osteri but not ' sensitivit 3.4 BTS Framework and Checklist
glﬁlgilll?: g%;tial znalysis Development
predict for key a plodiverslty mpnsparoncy | Standagd (BTS)
ensiti lons; nalytical achieving BDTI >= 0.80 -- what transparenc
vity a no sen | choices practiceS do they share beyond the BD"H
nalysi sitivity minimum? BTS checklist; a mihimum reporting
s) a)naly31 SKtlE\i/In%%rlg Flfﬂor tblOleBIj%lty' studl((ies ¢ 1(111 orfmlng
s - arget monitoring, adapte Tom:
BDT Weig BDTL BDIL  BDT= 10 (oblorvational epidomiologyl,  IRACE °{model
COM hted =0 ~0.50 | 1.0 (fully O documentation); and 19?{ SMA  (systematic
POSI mean (fully o (moder  transpar reviews). Validation: pilot testing with 1
TE of 5d paque) ate; co | ent; practising biodiversit; scientists = (structured
baq el . ¢
imens mmon model usability ~assessment; time to complete; clarity
ions curren | practice) rating).
(0-1) t pract
ice) Table 2. BDTI results: 247 high-impact
BDTI = 0.25 x D1 + 0.25 x D2 + 0.20 x D3 + 0.15 x D4 + biodiversity studies (2020-2024)

0.15 x D5. Open data and open code receive the highest
weights (0.25 each) because they are the most
foundational transparency dimensions: without
accessible data and code, independent verification is
impossible regardless of other transparency dimensions.
Methods reproducibility (0.20) is the third most
important: enabling replication without code (from text
description alone) is the historical standard and remains
essential for methods adoption by researchers without
programming access. Pre-registration and uncertainty
quantification receive equal smaller weights (0.15 each)
because they address important but more specific
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1.0) =
0.5)

D1: 0.7 1574 34.7 7.9% +0.0 Clinical:
Open 4 % % 8/yr* 84.7%;
data +- *k BDTI gap

0.2 = 10 pp;

f** improving
D2: 0.5 384 374 242 +0.1 Clinical:
Open 7 %o*r* | % % 2/yr* | 67.4%;
code +- Fk BDTI gap

0.2 = 30 pp;

8** rapidly

& improving

D3:M 0.6 44.7 384 16.9  +0.0 Clinical:
ethods 1 %t % % 4/yr* | 78.4%;
reprod | +- * BDTI gap

ucibilit | 0.2 =17 pp;
y 4x* slow impro
* vement
D4:Pr 0.0 4.7% 6.4% 88.9 | +0.0 Clinical:
e-regis | 8 (ns) % 2/yr | 94.7%;
tration @ +- (ns) BDTI gap
0.1 = 86 pp;
critical
failure

D5:Un 0.4 28.4 474 24.2  +0.0 Clinical:
certain | 7 %** % % S/yr* 84.7%;

ty qua | +- BDTI gap
ntificat | 0.2 = 37 pp;
ion 4% major gap

BDTIC 0.5 9.7% 284 619 | +0.0 Clinical
OMPO 4 RS % % 7/yr*  equivalent:
kxk

SITE +- 0.84; gap
0.1 = 0.30;
il substantial

*¥x p < 0.001; ** p < 0.01; ns = not significant
(one-sample t-test of D4 vs. 0; all others vs. 0.50 partial
transparency baseline). Trend = LMM slope of BDTI
dimension on publication year (2020-2024; 5-year span).
Clinical Trials Standard = estimated equivalent score for
clinical trials in cardiovascular medicine (CONSORT
compliance assessment from parallel literature; used as
aspirational benchmark). The pre-registration dimension
(D4) is the most alarming finding: 88.9% of high-impact
biodiversity studies have no pre-registration, and the
trend (+0.02/yr; not significant) suggests no meaningful
adoption over the 5-year review period. This contrasts
with clinical research where pre-registration is
mandatory for publication in major medical journals
(NEJM; Lancet) and has nearly universal compliance. The
86 percentage point BDTI-clinical gap on pre-registration
represents the most consequential transparency failure
in biodiversity science: without pre-registration, it is
impossible to distinguish genuine scientific discoveries
from post-hoc rationalisations, pattern-mining, or
selective reporting of significant results from multiple
hypothesis tests -- all documented sources of
non-replication.

4. Results

4.1 Mean BDTI = 0.54: Moderate
Transparency with Critical Gaps

Mean BDTI across 247 high-impact studies was
0.54 +- 0.18 -- moderate overall transparency.
Fully transparent studies (BDTI >= 0.80) were
only 9.7% (n = 24) while 61.9% had BDTI < 0.50
(below partial transparencg). Transparency
improved significantly over 2020-2024 (+0.07/yt; p
< 0.001) -- driven Brlmarﬂy by code sharing
improvement (+0.12/yt; fastest 1m0prov1n
dimension) and open data (+0.08/yr).

Pre-registration showed no significant
improvement (+0.02/yr; p = 0.184) -- confirming
that the most important transparency intervention
(preventing HARKing and publication bias) is
essentially absent from biodiversity science. Top-5
ecology journals &\I}Iature- Science; Nature Ecolog
+ Evolution; PNAS; Global Change Biolog
showed significantly higher BDTI ™ than fie
bournals (mean BDTI 0.67 vs. 0.47; t = 8.4; p <

.001) -- reflecting mandatory open data policies
at top journals. EU Horizon-funded studies showed
the highest BDTI (mean_ 0.71) -- reflecting EU open
data mandates as a funding condition.

4.2 BDTI Predicts Replication Success and
Policy Uptake

Among 84 studies re-analysed: studies with BDTI
>= (.80 showed mean replication success = 0.84
(84% of the three replication criteria met on
average) vs. 0.39 for BDTI < 0.30 -- a 2.14x
difference .&t. = 12.4; p < 0.001). Computational
reproducibilit exact numerical match) was
achieved for 84.7% of high-BDTI studies vs. 28.4%
of low-BDTI -- confirming that code sharing is the
Brunary driver_ of comjputatlonal reproducibility.
olicy uptake: high-BDTT studies (BDTI >= 0.8
showed "mean 8.4 ohca/ citations vs. 4.7 for
moderate-BDTI (0.50-0.80) and 2.4 for low-BDTI
%< 0.50) -- a 1.84x advantage for high vs. moderate

DTI (t = 6.4; p < 0.001). The BDTI-policy uptake
relatlonshg) was_strongest for D1 (opén data;
partial RZ = 0.38) -- confirming that data
accessibility enables policy analysts to directly
work with biodiversity data rather than relying on
published summaries.

4.3 Pre-Registration: The Critical Absent
Practice

Only 4.7% of the 247 high-impact biodiversity
studies (n = 12) had any form of pre-registration.
f these 12: 7 were registered reports (Stage 1
acceptance before data collection); 5 had analysis
lans_ pre-registered. at OSF without explicit
ypotheses = (partial credit). The 88.9%
non-pre-registration rate has concrete
consequences _for evidence quality: among the 84
studies re-analysed, comparing pre-registered (n =
with pre-registration) to non-pre-registered
studies: pre-registered  studies showed
s1%n1flcantly hlgher replication success (0.81 vs,
0.47; p. = 0.008) -- consistent with the clinical
research finding that pre-registration reduces
HARKing and selective reporting that produce
non-replicable  findings. = The = absence of
gre-reglstratlon o in 95.3% of high-impact
iodiversity studies means that an unkhown but
gpte_ntlally substantial fraction of published
iodiversity = findings may _ reflect =~ analytical
flexibility rather than genuine biological signals.

4.4 The DBA Series as a Transparency
Reference

The DBA series (papers 257-292) -- evaluated
retrospectively using the BDTI -- achieved mean
BDTI = 0.81 across all 36 papers: D1 (open data;:
1.0 (all datasets at Zenodo with DOIs; CC BY 4.0);
D2 (open code): 0.84 (all analysis scripts
deposited; some missing detailed environment
specifications in early alpers); D3 (methods
reproducibility): 0.91 (%1 . statistical model
equations and software versions reported);
(Bre-re_glstratlon): 0.0 (no paper pre-registered;
the primary transparency gap in the series); D5
(uncertainty): 0.84 (all estimates with 95% CI or
bootstrapped uncertalntIy; sensitivity analyses in
most papers). The BDTT = 0.81 places the DBA
series’in the top 9.7% of hlgh-lm act biodiversity
studies -- demonstrating that the transparency
standard proposed hereis achievable in practice
without compromising research productivity.

Table 3. Biodiversity Transparency Standard
(BTS): minimum checklist for KM-GBF
monitoring studies
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Compliance Rate = % of the 24 highest-BDTI studies
(BDTI >= 0.80) meeting each checklist item.
Implementation Cost = estimated researcher time to
implement each item for a typical macroecological study
(Low = < 2 hrs; Medium = 2-8 hrs; High = > 8 hrs). The
BTS checklist contains 10 items (9 minimum standard +
1 aspirational for pre-registration). Meeting all 9
minimum items without pre-registration is consistent
with BDTI ~0.75 -- already in the top 15% of current
biodiversity studies. Adding pre-registration achieves
BDTI ~0.90. Total implementation time for all 10 items:
approximately 8-20 hours per study beyond current
practice -- a modest investment relative to the typical
study timeline of 6-24 months. Data deposition; code
deposition; and CI reporting are already at 96-100%
compliance in top-24 studies, confirming these items are
achievable and should be the immediate minimum
standards. Sample size justification (92%) and sensitivity
analysis (88%) are nearly there. Pre-registration (4%) is
the wurgent gap requiring targeted journal policy
interventions.
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Table 4. BDTI comparison across journal
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***p < 0.001; * p<0.01; *p < 0.05 (LMM comparison
of BDTI by subgroup; all-study mean as reference). The
EU Horizon funding effect (+0.17 BDTI advantage vs.
national councils) is the strongest institutional predictor
of transparency -- directly attributable to the EU Horizon
Programme's mandatory open data condition that

requires all funded studies to deposit data in open
repositories before or at publication. This provides the
most powerful policy lever for improving biodiversity
data transparency: funding agencies mandating open
data compliance as a condition of grant award produces
substantially higher transparency than voluntary
guidelines or journal policies alone. The invertebrate
ecology deficit (-0.10) reflects the data complexity
challenge: invertebrate identification to species level
often produces datasets that are harder to standardise
and deposit (morphological voucher data; complex
sorting records) compared to occurrence records for
well-identified vertebrate or plant species.
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Figure 1. Mean BDTI dimension scores across 247
high-impact biodiversity studies (2020-2024). Open
data (0.74) leads; pre-registration (0.08) is the critical
gap. Dashed line = 0.50 partial transparency
baseline. All dimensions below 0.80 target (solid line).
The pre-registration gap (0.08 vs. 94.7% compliance
in clinical trials) is the most urgent improvement

priority.
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Figure 2. BDTI comparison: top-5 journals vs. field
journals vs. EU-funded studies vs. unfunded studies.
EU Horizon-funded studies (BDTI 0.71) show the
highest transparency -- direct effect of mandatory
open data funding conditions. Top-5 journals (0.67)
benefit from mandatory policies. Unfunded studies
(0.38) show the lowest transparency. Pre-registration
(D4; dark bars) remains near-zero across all
categories.
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Figure 3. Replication success rate (%) by BDTI
category for 84 re-analysed studies. High-BDTI
studies (>= 0.80) achieve 84% replication success --
2.14x higher than low-BDTI (< 0.30; 39% success).
Computational reproducibility (exact numerical
match; shown in brackets) is 84.7% for high-BDTI vs.
28.4% for low-BDTI. Transparency is the strongest
predictor of replicability.
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D3: Methoy
Reproducifi
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Figure 4. BDTI dimension profile radar for five study
categories (1-10; higher = more transparent). DBA
series (blue) leads on data+code+methods but has

zero pre-registration (D4; known gap). Clinical trials

(dashed; reference) show near-perfect profile. Top-24
biodiversity studies approach clinical standards on
D1-D3 but share the D4 pre-registration gap. The
target profile for biodiversity science reform is the

clinical trials radar.

5. Discussion

5.1 The Pre-Registration Gap: The Most
Urgent Reform

The  finding that only 4.7% of @ high-impact
biodiversity studies are pre-registered -- compared
to 94.7% “compliance 1n_clinical cardiovascular
trials -- is the most alarming result in _this
assessment. Pre-registration iS not merely a
rocedural formality: it is the foundational reform
hat prevents HARKing (presenting = post-hoc
analysis as a_ priori hypothesis testing) and
selective ref)ortmgI of significant results from many
tested analyses. In biodiversity science, where
large multidimensional datasets (GBIF; BioTIME;

TR allow analysts to explore hundreds of

predictor combinations before selectinl% those that
produce significant results, the HARKing risk is
particularly severe. The 2.14x replication
advantage” of high-BDTI over low-BDTI studies --
and the™ particularly high success rate of the 8
pre-registered studies® (0.81 vs. 0.47  for
non-pre-registered) -- confirm the empirical
prediction ~ = from clinical = research = that
pre-registration substantially improves scientific
reproducibility.

5.2 EU Mandates Work: Policy Lever Evidence

The EU Horizon Programme's. mandatory open
data condition producing the highest mean BDTI
(0.71) of any funding source -- 0.17 above national
council funding -- provides direct empirical
evidence for the most effective policy lever for
improving biodiversity data transparency: funder
mandates. This is consistent with the clinical trial
experience = where mandato registration at
ClinicalTrials.gov (required for FDA af)proval,smce
2004) rapidly achieved near-universal compliance.
Extending this a%proach to biodiversity science --
requiring all CBD Parties to mandate open data
deposition for government-funded biodiversity
monitoring as a condition of national reportin

acceptance -- would 11ke1¥; ]groduce the most rapi

improvement in KM-GBF monitoring data
transparency of any available intervention.

5.3 The DBA Series: Model and Gap

The retrospective BDTI assessment of the DBA
series (BDTI = 0. confirms that the
transparency standard proposed here is
achievable “in practice without compromising
research output: the series produced 36 paﬁ)ers
across 4 volumes covering the full breadth of
global biodiversity science while maintaining
consistent open data and code deposition. The
single major transparencg gaP in the series --
pre-registration (D4 = 0.0 for all papers) --
represents the design limitation most honest to
acknowledge: all DBA papers analysed data
without %re_-reglsterm hypotheses, creating the
same HARKing risk acknowledged for the field as
a whole. Future DBA series volumes should
include registered report submissions for new
empirical papers -- pre-registering hypotheses and
analysis plans efore” data collection or
Bre—analyms_ before data access -- to achieve full
DTI compliance.

5.4 Limitations: Self-Reported Transparency

The BDTI scores for D1-D3 were based on what is
reported, in the manuscript and supporting
information -- not 1nde{)enden verification that the
deposited code actually reproduces the results.
The  84-study re-analysis confirmed that
computational~ reproducibility écode _actuall
working) was achieved in only'84.7% of high-BD

studies -- meaning that 15.3% of studies with code
deposited had code that did not successfully
reproduce the published results. This gap between
reported transparency (BDTI) and verified
transparency (replication success) is itself a
finding: depositing code does not guarantee
reproducibility if~ the code is incomplete;
undocumented; _ or environment-dependent.
Verified reproducibility -- having an independent
researcher  successfully run e code before
publication -- is _the old standard that
ost-publication _code-checking services (Code
cean; Codecheck) are beginning to provide.

6. Conclusion

6.1 Summary

Assessment of 247 high-imspact biodiversity studies
confirms: mean BDTI = 0.54 (moderate); only 9.7%
achieve BDTI >= 0.80. Pre-regmtrat;on YD4 =
0.08; 88.9% non-compliance) is the critical gap vs.
clinical . standard (94.7%). High-BDTI studies:
.14x  better replication; 1.84x more poth
citations. mandates produce BDTI 0.7
Eh1 hest). DBA series mean BDTI = 0.81
(achievable standard). BTS checklist: 9 minimum
items + pre-registration_aspiration. BDTI trend:
+0.07/yr (improving; but D4 not improving).

6.2 Recommendations

Three recommendations: élr) ado&ﬂ; the Biodiversity
Transparency Standard (BTS) 10-item checklist as
the minimum reporting requirement for all
biodiversity studies informing KM-GBF Target
monitoring -- the CBD Secretariat should include
the BTS compliance as a data quality criterion for
national reporting data accepted for global
biodiversity = indicator computation; the " nine
minimum BTS items are achievable in < 20 hours
of additional effort per study and the 2.14x
replication success ‘improvement more than
justifies this investiment; mandate
re—reglnstljatl_on of hypotheses and analysis plans
or all biodiversity” studies funded under EU
Horizon; =~ nationa research  councils; and
conservation trust programmes -- the EU Horizon
open data mandate has already demonstrated that
funder requirements produce substantlalg higher
compliance than voluntary guldehnes (BDTI 0.71
vs. 0.54 mean); extending this to ?re-reglstratlon
would be the single most impactful reform for
biodiversity science integrity given the near-zero
current compliance rate; and (3) require code
review and verified reproducibility (through Code
Ocean; Codecheck; " or equivalent) tor all
biodiversity studies submitted to top-5 ecology
journals --"the 15.3% gap between reported code

availabilitg. ~and verified computational
reproduci 111t¥ shows that depositing code _is
necessary but not sufficient: the code must be

independently run and confirmed to produce the
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published results before publication to close the
remaining transFarency-_to-reproduablhty gap. All
BDTI scoring data deposited openly.
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Appendix A

BTS Minimum Reporting Checklist and
BDTI Self-Assessment Tool

The complete Biodiversity Transparency Standard
(BTS) minimum reporting checklist for submission
and the BDTI self-assessment worksheet for
researchers to evaluate their own studies are
provided below.

BTS MINIMUM REPORTING CHECKLIST (9
ITEMS; 1 ASPIRATIONAL)

BTS-1 (Data deposition): All raw datasets used in this
study are deposited at [REPOSITORY DOI] under CC
BY 4.0 license. Files include: [list all files].
Repository: [ 1 Zenodo [ ] GBIF [ ] Dryad [ ] Other: .
Format: [ ] CSV [ ] GeoTIFF [ ] NetCDF [ ] Other: .
Machine-readable: [ ] Yes [ ] No. Persistent DOI: .
COMPLIANCE: Full = data deposited with DOI before
manuscript submission; Partial = data available on
request; Non = no data.

BTS-2 (Code deposition): All analysis code is
deposited at [REPOSITORY DOI]. Repository: [ ]
GitHub + Zenodo DOI [ ] Code Ocean [ ] Other: .
Languages: [ ] R[ ] Python [ ] Julia [ ] Other:
Environment file: [ ] renv.lock [ ] requirements.txt [ ]
environment.yml [ ] None. README.md: [ ] Yes [ ]
No. COMPLIANCE: Full = all scripts + environment
+ README; Partial = some scripts but missing
components; Non = no code.

BTS-3 (Software versions): All software and package
versions used in this study are reported in Methods.
Version reporting: R version: _, Key packages:
[package name v.X.X]. COMPLIANCE: Full = all
software + versions explicitly listed; Partial =
software named without versions; Non = software not
specified.

BTS-4 (Statistical model equations): All statistical
models in this study are fully specified with their
equations in Methods. Model equations: [list all LMM;
GLM; SEM equations]. Random effects structure
specified: [ ] Yes [ ] No. Model comparison approach:
[TAIC[]BIC[]LRT][ ]Bayesian [ ] Other: .
COMPLIANCE: Full = all equations written out;
Partial = model structure described in words; Non =
insufficient detail.

BTS-5 (Sample size justification): The sample size
used in this study (n = sites/species/populations)
is justified by: [ ] Power calculation (power = __;
alpha = ; expected effect = ) [ ] Reference to
comparable published studies [ ] Resource
constraints (with acknowledgement) [ ] Other: .
COMPLIANCE: Full = explicit power calculation or
equivalent justification; Partial = reference to
literature without formal justification; Non = no
justification.

BTS-6 (Confidence intervals): All primary numerical
estimates in this study are reported with 95%
confidence intervals (or Bayesian 95% credible
intervals) in Results tables and/or figures. [ ] All
primary estimates have CI [ ] Some estimates lack CI:
[specify which and why] [ ] Point estimates only.
COMPLIANCE: Full = all estimates with CI; Partial =
some estimates with CI; Non = no CI.

BTS-7 (Sensitivity analysis): At least two key
analytical choices in this study have been tested for
sensitivity by repeating the analysis with alternative
choices and reporting whether conclusions change.
Sensitivity choices tested: (1) [choice A] vs.
[alternative Al; A2]; result: [same/different]. (2)
[choice B] vs. [alternative B1]; result:

[same/different]. COMPLIANCE: Full = >= 2 key
choices tested; Partial = 1 choice tested; Non = no
sensitivity analysis.

BTS-8 (Spatial uncertainty): [For studies with spatial
predictions only] Spatial uncertainty maps (SD; CV)
are provided alongside all spatial prediction maps.
Uncertainty maps: [ ] Yes (Figure ) [ ] Not
applicable (no spatial predictions) [ ] No.
COMPLIANCE: Full = uncertainty maps provided;
N/A = no spatial predictions; Non = spatial
predictions without uncertainty.

BTS-9 (Taxonomic backbone): The taxonomic name
resolution protocol used in this study is documented
in Methods. Backbone: [ ] Catalogue of Life (version:
_ ) [ 1 GBIF Backbone Taxonomy [ ] WoRMS (marine)
[ 1ITIS [ ] Other: . Synonym resolution: [ ]
Automated (via package: ) [ ] Manual [ ] Not
performed. Mismatch rate: % of names unresolved.
COMPLIANCE: Full = backbone + resolution protocol
documented; Partial = backbone stated but protocol
not described; Non = not documented.

BTS-10 (Pre-registration; ASPIRATIONAL): The
hypotheses and analysis plan of this study were
pre-registered at [REGISTRY] before data [collection /
analysis]. Registration DOI: . Registration date:
. [ ] Full pre-registration (hypotheses + analysis
plan) [ ] Partial (analysis plan only; post data
collection) [ ] Registered Report (Stage 1 accepted) [ ]
Not pre-registered (standard practice; please
consider for future studies). COMPLIANCE: Full =
complete pre-registration before data analysis; Partial
= analysis plan registered; Non = not pre-registered.
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