Many researchers use code, how many share?

TADA! is a wizard way to enable you to
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Data and Code Archiving in Ecology and Evolution

e Data archiving high in
* 35-80% (Culina et al 2020, Kimmel et al 2023, Sdnchez-Tdjar et al 2025)

* Clear increase over time

e But quality of archived data low
* 56.4% complete, 45.9% reusable (Roche et al 2015, 2022)

e |Little increase over time

e Code archiving and code quality remains low
* Low code availability: 5-30% (Culina et al 2020, Kimmel et al 2023, Sdnchez-Téjar et al 2025)

* Low code functionality: 25% (Trisovic et al 2022, Kellner et al 2025)

* Low code reproducibility: ~¥25% (Kambouris et al 2025)



https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000763
https://www.nature.com/articles/s41559-023-02144-3
https://royalsocietypublishing.org/doi/full/10.1098/rspb.2021.2780
https://royalsocietypublishing.org/doi/full/10.1098/rspb.2021.2780
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000763
https://www.nature.com/articles/s41559-023-02144-3
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecy.4475
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0300333

Why is code sharing important?

Enables reproducibility

Reduce duplication of work
verification of research TS T + |
Reuse across Advancing scholarship faster

L L [ ]
verification R d b l t
Saves time for others e p ro u C| l ' y Bug fixes
Time saving common lransparency Sharing Quality Transparancy
Openness ragearch understanding team efficiency

Reproducibility in science Supports Reusability Research transparency

Reproducibility of research

avoid duplication of effort



Why is code sharing important?

* Transparency of methods
e See explicitly how the results were generated
e Able to build on the methods and adapt code for new projects
* Allows mistakes to be found

* Computational reproducibility
 the ability to obtain the same results given the same data and code



Major way that researchers can earn trust

* We can’t re-examine the data collection process
* We need to trust authors

* We can re-examine analytical pathway from data to
published results

 We don’t need to trust
e Transparent research pipeline




Code sharing is low

Table 1. Studies assessing the code availability in published EcoEvo articles.

Article Proportion Time Studies Sample

Sanchez-Téjar et al 2025 4.8% 2015-2019 314 Fl)ineccizlsogica' journals without code-sharing
Maitter et al 2024 5.5% 2010-2022 1001 Agriculture and biological science journals
Kambouris et al 2024 16% 2015-2017 177 Meta-analyses in EcoEvo

Kimmel et al 2023 27% 2018-2022 354 5 ecology journals

Culina et al 2020 27% 2015-2019 346 14 ecological journals with code-sharing policies
Kellner et al 2025 33% 2018-2022 497 9 ecology-related journals



https://doi.org/10.1002/ece3.70030
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0300333
https://www.nature.com/articles/s41559-023-02144-3
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000763
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecy.4475

When shared, code functionality is often poor
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:;Saﬁg?; Kellner et al 2025



https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecy.4475

Even when shared and functional, code sharing
does not ensure computational reproducibility:.

All target result values match original exactly
At least 50% of target result values match original exactly
All target result values match original exactly or to rounding precision

At least 50% of target result values match original exactly or to
rounding precision

All target result values within 10% of original

At least 50% of target result values within 10% of original

https://doi.org/10.1371/journal.pone.0300333.t010

Computational Reproducibility: the ability to obtain
the same results given the same data and code
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Kambouris et al 2024



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0300333

Key Points

* Code is often not shared
* When shared, code has limited functionality

* When shared and functional, results not always reproduceable



What are the barriers to code sharing?

system-obsolescence _
unwilling collaborators Not recognised

it's scary Fear of errors in code Potentially Unsure how to share
Confidentiality Confidence

_ myself) code °
Experience pqqp of sr:rutinyT l m e Fee incentives unique
How to Shy (other Mmake *Few incentives consuming technique

Few incentives accessible documenting code loss pata fabrication

time & effort Lacking reward and recognition pNot sure what to share
Lack of appreciation

Not sure how/what to share



What are the barriers to code sharing?

lack of time

lack of incentives

insecurity

Gomes et al. 2022 Proc Roy Soc B



https://doi.org/10.1098/rspb.2022.1113
https://doi.org/10.1098/rspb.2022.1113

How can we increase code sharing?

Raise awareness of value
shared learning and education
manuscript  (not towards Acknowledgement

publications i Require make Recognise/reward
reward worked (and Shar'ng Make it expected 4 4io o

Awareness Policy T TaY Incentives ...
. review
Surface SuUPPort | ink ra ' n ' ng promotion
Appreciation 9eared investment data) COde staff publication

it rocess . . . . .
S“bm'tﬁflgﬁda';ﬂw give incentives data Paradigm shift
Recognition and reward Embedded workflow

Change in incentives Clear guidance



How can we increase code sharing?

* Change policy at Funders and Journals

e Education and improving practice



Clear journal guidelines and mandatory code archiving

* Code sharing policy associated with higher code availability

Journals with code policy Journals without code policy
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Culina et al 2020 PLoS Biology Sanchez-Tojar et al 2025 Peer Community Journal

* Many more journals could do this
e 26.6% encouraged and 26.9% mandated code-sharing Ivimey-Cook et al. 2025 Proc. Roy. Soc. B



https://doi.org/10.1098/rspb.2025.1394
https://doi.org/10.1098/rspb.2025.1394
https://doi.org/10.1098/rspb.2025.1394
https://doi.org/10.1098/rspb.2025.1394
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000763

Data and Code Editors at Journals

* Assess the quality of archived

data and code Peer Community Journal

Section: Ecol
* Help authors comply to i

J ourna | man d ates The SORTEE guidelines for data and code

quality control in ecology and evolutionary

e Standardized guidelines biology

. JOURNAL OF
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Computational Reproducibility
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Behavioral Ecology Ilggtler Community in



https://doi.org/10.24072/pcjournal.687
https://doi.org/10.24072/pcjournal.687

Education and improving practice

* Low sharing maybe linked to lack of knowledge of how to share
functional and transparent code.

e Current guidelines are often difficult to follow, geared towards
software developers and not analytical research code, or do not
follow FAIR principles



Findable Accessible Interoperable Reusable
Q. ‘W =5 ()



Introducing TADA!

<ADA/

=%< Transferable

Available

ocumented
nnotated



https://ecoevorxiv.org/repository/view/9806/
https://ecoevorxiv.org/repository/view/9806/
https://ecoevorxiv.org/repository/view/9806/
https://ecoevorxiv.org/repository/view/9806/

HOW STANDARDS PROUFERATE:
(sEE: AVC CARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE. ARE
|4 COMPETING
STANDPRDS.

17! RiDIcCULOLS)

WE NEED To DEVELORP
ONE UNIVERSAL STANDARD
THAT COVERS EVERYONES
USE CASES. YERH!

[ SCON:

SITUATION:

THERE ARE
|5 COMPETING
STANDPRDS.

https://xkcd.com/927/



https://xkcd.com/927/

Have a look at the code in MyCode.pdf

1. What are some immediate things you notice?

2. What could we do to improve how it is shared?

expansion/annotation

Absolute path o requirements
Need the csv file too contextualisation |gok Annotations

<d Video may data limit show code lacks comments

hard-coded data location NOt well annotated Metadata

Exp[ain I"I"Ilght Need white black theme mi55ing

variable Perhaps usability short could
versions/system Package comments

No explanation of D habitat



ThBay o .
Ly Anyone can open the file, view the code, and run the script
without needing to convert the file or alter the code!

Transfﬁrahlﬂ

How could we make this code more “Transferable” between users?

\ Use interoperable file formats i

\ o Sieformats T og moppepp

. —-FF L.I'sa relative file paths and tools
- - Jile paths : that can prevent coding user-specific paths |

. b e e -



Transferable

Eyy dpy gy iy

library{dplyr)
library{ggplot2)
library{here)

library(dplyr)
library{ggplotl)

data «<-
read.csv("C: /mycomputer/caterpillar data/data.csv")

data «<-
read.csvihere{"caterpillar_data®, “"data.csv™))

summary_data <- data Z»%
group_by{habitat) X»%
summarise(
mean_count = mean{caterpillar_count),
sd = sd{caterpillar_count),
J

susmary_data <- data X%
group_by(habitat) X»X%
susmarise(
mean_count = mean{caterpillar count),
sd = sd{caterpillar_count),
)
filtered_data <- data X%
filter{habitat |= “D") filtered_data <- data %»%
filter{habitat |= "D*)

modell <- glm{caterpillar_count -~ habitat,
family = Poisson, data = filtered_data
}

modell <- glm{caterpillar count ~ habitat,
family = Poisson, data = filtered_data
)
figurel <- ggplot(
filtered data,
aes(x = habitat, y = catperillar_count)
1o
geom_boxplot() +
theme_bw{ }

figurel ¢- gpplot(
filtered_data,
aes{x = habitat, y = catperillar_count}
#
geom_boxplot() +
theme_bw( )




! Anyone can find and access the publicly archived codel -]

vailable

How could we make this code “Available”?

- Assc:r:lats fila(s) with a globally unique
™ ﬁ :

E“ f - f- ile III'-E.'HIIﬁ er _ persistent identifier (e.g., DOI)
_____:-r._____ :.I- o ...-.-.-.-.-....I.I.I...........I.I.I-I.I.I.................I.I.I.I.I.........._._._....._._..I...I.....-.....-.....I.........I.I.........I.I.I.............I.I.............-.....-....... . .__ . ..
[ 3% | Store files(s) in an online repository that is
E h - storage Jmmumbla and free to access (e.g. Eanc:d::r}



Available

-

2~ "T'ransferable
Available

Eyy Epy dwy iy

MyCode.R

_ library(dplyr)
library (dplyr} . library(ggplot2)
library{geplot2) library({here)

data «<-
read.csv{"C: /mycomputer/caterpillar _data/data.csv™) data «<-
read.csvi{here("caterpillar_data™, "data.csv"})
summary_data <- data %%
group_by{habitat) XX summary data <- data X»X%
summarise( group_by{habitat) X%
mean_count = mean(caterpillar_count), summarise(
sd = sd(caterpillar_count), mean_count = mean(caterpillar_count),
) sd = sd{caterpillar_count),

)

filtered_data <- data X¥»¥
filter{habitat |= “D") filtered_data <- data X»X%
filter{habitat 1= "D")
modell <- glm{caterpillar_count ~ habitat,
family = Poisson, data = filtered_data modell <- glm{caterpillar_count ~ habitat,
} family = Poisson, data = filtered data

)
figurel <- ggplot(
filtered_data, figurel ¢<- ggplot(
aes(x = habitat, y = catperillar_ count) filtered_data,
1+ aes(x = habitat, y = catperillar_ count)
geom_boxplot() + )+
theme_bw() geom_boxplot() +
these bw()




LY :
- Accurate and detailed metadata files that describe the code and
ts usage!

Dﬂr.:umented

How could we “document” this code?

- " Add code along with detailed metadata :
d descriptions —-# ' (e.g. README. Dt

---------------------------------------------------------------------------
---------------------------------

: ﬁ Provide a license so others can use, m::rdﬂ'j-f
3 licenses and share the code (e.g. MIT, GFL) |




Documented

Transferable
f'h-’ﬂi lable
ocumented

MyCode R

library(dplyr)
library(ggplot)
library({here)

digTvimey-Cook.com
Tithe Ciaberpillar abundanoe and habitat: A
SO0TY.
Funders: SORTEE
data «<- Code License: MIT License in
Code_License.ox

library(dplyr)
library{ggplot)

data <-
read.csv("C: fmycomputer/caterpillar_data/data.csv™)
read.csv({here("caterpillar_data™, "data.csv"})
summary_data <- data %»%
group_by(habitat) XX
summarisel
mean_count = mean{caterpillar_count),
sd = sd{caterpillar_count),
]

Code:
summary_data <- data X»% MyCode. R Load packages, imports
group_by({habitat) X»X% caterpillar_data, rans a poissen gim on
summarise( fibrered daea. Produces Figsre 1.
mean_count = mean(caterpillar_count},
sd = sd({caterpillar_count), Sofrware and Packages:

)

filtered_data <- data X%
filter{habitat |= “D") filtered_data <- data XX

filter(habitat 1= ")

modell <- glm{caterpillar coumt -~ habitat,
family = Poisson, data = filtered_data

modell <- glm{caterpillar_count -~ habitat,
family = Poisson, data = filtered_data

)

figurel <- ggplot( + Code_License .o

filtered_data, Foonrieh Edl ook
{x = habitat, = catperill t Cogryright 20 VIMCY-L O
) ies_x abitat, y = catperillar_count) Permisslon ks bereby graneed, free of charge,
o any person obtaining
fowsare and assoctared documentydon files
¢ “Softwane”), o deal in the Software.

]

figurel <- ggplot(

filtered_data,

aes(x = habitat, y = catperillar_count}
)+

geom_boxplot{} +

theme_bw() geom_boxplot() +
theme bw( )




Comments within the code that explain what it does, why, how

and what it produces!
A nnotated

How could we make this code “Annotated”?

DII.".I:]'-EI code into In::glc'al' sections (chunks)
4 ﬂnd dasr:nha these sections

/& Ly O code comments —ix

A EEmbadmdsandtsxtmmarkdnmﬂas """"""
/{‘ . markaown files fag Cuarto, Jupyter Notebook)




library(dplyr)
library(ggplot})

data «<-
read.csv{"C: fmycomputer/caterpillar_data/data.csv")

summary_data <- data ExE
group_by{habitat) XX
summarise(
mean_count = mean{caterpillar_count),
sd = sd(caterpillar_count),
]

filtered_data <- data X%
filter{habitat |= ~D")

modell <- glmi{caterpillar coumt -~ habitat,
family = Poisson, data = filtered_data

]

figurel <- ggplot(
filtered_data,

aes(x = habitat, y = catperillar_count)
o

geom_boxplot{} +

thaeme_bw{ )

¥ Load packagesfidas
lloraryrdply
library{gepl
library(here)

# Load caterpillar abundance data (w ile paths)eaeed
data <- read.csvihere("caterpillar_data"

# summarise the mean rumber caterpillars with erroresses
SUmTary_

# Remove walues from habitat D as these are an errorffdss
tiltered_data <- data 33
fllter(habltat |= "D")

# Run a Poisson general linear model#dsdss
# to analyse caterpillar abundamce warying with mabitat
# numeric result I rpillar Abundance®
medeldl «- gl a 1t = hmabltat,
family = Pa
}

#oreate figure 1, caterpillar count against habitatemes
TIEUFEL ©- gRplot(
ed_data,
aes{x = habitat, y = caterpillar_count)

Transferable

Awvailable
ocumented
nnotated

it Caaverpillar abundance and habitat: A
SO0y,

Funders: SORTEE

Caode Licenss: MIT Licenss in
Code_License. ot

Code:

MyCode B: Load packnges, imports
caterpillar_data, runs a poisson glm on
flzered dae Produces Figure 1

Software and Packages:
Rv433

Copyright 2008 Fd Ivimey-Cook
Permisslon ks bereby graneed, froe of charge,




Transferable

Awvailable
ocumented
nnotated

MyCode.pdf MyCode.R [ MY

" Awthors: Bd Ivimey-{ ook
library(dplyr) ol el L e Email; EdTvimey-Cook.com

Tibrary(dplyr} .~ )
library(ggplot2) library(geplata) Tithe: Claterpiller sbundance snd hahitat: A

library{here) ;E:'J"-' —
TS A

# Load caterplllar abundance data (wfo local File paths)eassd Code License: MIT Licenss in
data ¢- read.csvihere("caterpillar_data", “data.csv®}) Code_License.ox

data <-
read. csv({"C: /mycomputer/caterpillar_data/data.csv™)

summary_data <£- data %:% # summarise the mean number caterpillars with erroréddss Ciode::
roup _by{habitat) X»¥ SLARAry data - data &r% , d B
[ F'_i]-f{ ) b bltat) Ao MyCode. R: Load packages, imports
summarise( cummardse( caterpillar_data, rans a possen gim on
mean_count = mean{caterpillar_count), mean_count = mean{caterpillar_count), filrered daes. Produces Figure .
sd = sd{caterpillar coumt}, sd = sdf{caterpillar_ceunt],

] 1 Sofware and Packages;

Rvig3.
B B 1 i habitat D th AEETE .
filtered_data <- data %»¥% e i — o ————————— EEplot V232

filter{habitat l= “D") Filter(habitat |= "0 dphyrviig
; -'j'L herevi.oz
modell <- glm{caterpillar_count ~ habitat # Fun a Poisson general linear modelsdddss L4
family = Poisson, data = filtered data ¥ to analyse caterplllar abundance warylng with habitat Dlara locaned here:
¥ * = ¢ numeric results in “Caterpillar abundance® del o
J medell «- gla{caterplllar_cownt =~ habitat,
family = Polssan, data = flltered_data

lerea fika, ]
Flitered data, #oreate figure 1, caterpillar count against habitatésss Lﬂlﬂjﬂ_l_ﬂmﬂﬁﬂ -IXt

aes(x = habitat, y = catperillar count) TS e T5E
) o+ Eﬂcweﬂ_ﬁ:a. I: Cogyright 2025 Ed Ivimey-Cook
geom_boxplot() + aps{x = habltat, y = caterpillar_court) Permlsalon s hereby granmed, free of charge,
theme_bw( ) Y+ v any person obtining a copy of this
- gecm_boxplat() + software and assoclared documentation files
theme_bu() (the “Software™), to deal in the Software._




Code Review

DOI: 10.1111/jeb.14230

FORUM

JOURNAL OF Evolutionary Biology

Implementing code review in the scientific workflow: Insights
from ecology and evolutionary biology

Edward R. lvimey-Cook?

Antica Culina**© | Elliot Gould®

| Joel L. Pick?

David Moreau’ ® | Matthieu Paquet®

Alfredo Sanchez-Téjar'?

| Inés Silva®®

| Kevin R. Bairos-Novak®
| Matthew Grainger’

| Raphaél Royauté'!
| Saras M. Windecker®

| Benjamin M. Marshall®

N
N7
el

Project
organisation

Is my folder structure logical?

Are raw data, code and intermediate
outputs separated?

Does file and folder naming complement
the workflow?

Project and
input metadata

Can someone understand (and access)
the workflow and content of the data?

Is a README provided to explain data
confents, licensing, and curation?

Code
readability

Is my code understandable?
Does my code have a consistent style?

Is external package use clearly
documented?

Output
reproducibility

Can the results be reproduced?

Are all components required to recreate
analysis and figures accessible?

Is there a clear link between code
and output?

imev-Cool L 2023 J. Evol. Biol


https://doi.org/10.1111/jeb.14230
https://doi.org/10.1111/jeb.14230
https://doi.org/10.1111/jeb.14230
https://doi.org/10.1111/jeb.14230
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