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Abstract 

Despite enthusiasm for big data in the life sciences, challenges arise because of biases and incomplete data. Demographic studies often 
overlook dormant life stages, which can skew inferences. They also tend to focus on few populations and short time spans. We assessed 
omissions of seed banks in demographic studies, exploring trends across life forms, climates, and taxonomic groups. We compared 172 
species (192 cases) with independent seed bank and demographic studies. Approximately 25% of the demographic studies excluded 
known seed bank stages. The probability of omissions was lower for annuals and shrubs and higher for perennial herbs. We found no 
evidence that ecoregion or phylogeny explained these omissions. Modeling choices and study designs may explain patterns of seed 
bank omissions. Considering more populations reduced the chance of omissions. Omissions raise concerns for ecological analyses 
using databases. Leveraging large data is important, but we must be careful to understand their biases and limitations. 
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vanced statistical techniques can help uncover patterns, relation- 
ships, and trends that might not be apparent through traditional 
methods (Schmaljohann et al. 2012 , Flack et al. 2016 , McCormack 
and Iversen 2019 ). Furthermore, ecological databases have been 
integrated into decision support systems that aid in making in- 
formed choices related to such things as land use, conservation 
prioritization, and resource management. Despite the benefits, 
there are challenges associated with ecological databases, such as 
data quality control, standardization, and data privacy concerns. 
Ensuring that data are accurate, reliable, and up to date is crucial 
for maintaining the integrity of these databases. 

We should be cautious of conclusions derived from analyses of 
incomplete data sets with undisclosed and sometimes unidenti- 
fiable biases. The potential risk of biases on big data analysis has 
already been described in health research (e.g., Kaplan et al. 2014 ) 
and in the social sciences (e.g., Raub 2018 ). These considerations 
should not dissuade researchers from engaging with data-driven 
inquiries. Instead, they should serve as a reminder to be critical of 
the sources of the data and test the assumptions behind them. 

Seed banks as an example of bias in data 

Within population ecology, researchers have long been aware of 
several biases and limitations in the application of demographic 
models. Most notably, dormant life stages—particularly those that 
are hard to detect—have been ignored with relatively high fre- 
quency (Doak et al. 2002 , Nguyen et al. 2019 ). This type of life 
stages can occur across a broad taxonomic range and includes 
hibernating animals, dormant cysts and eggs, and, within plants, 
dormant individuals, and dormant propagules in the soil and 
within fruits and cones. Furthermore, demographic studies rarely 
explore the range of conditions necessary to quantify the full 
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apidly advancing technology has radically increased the volume
nd accessibility of data across a diverse range of fields. Within the
usiness sector, in particular, big-data approaches have empow-
red companies to monitor products in great detail (e.g., Praveen
t al. 2020 ), gauge the effectiveness of marketing with precision
e.g., Aljumah et al. 2021 ), and even begin to forecast customer be-
avior (e.g., Kachamas et al. 2019 ). Naturally, these achievements
ave sparked enthusiasm for the potential application of similar
pproaches to an ever-growing array of disciplines, including the
ife sciences (e.g., Bouwmeester et al. 2019 , Gobeyn et al. 2019 ).
owever, the attributes of data accessible to life science research
ontrasts markedly with what is available to businesses. The cru-
ial distinction is one of data completeness. Although, in most
usiness operations, data sets include complete lists of transac-
ions, website visitations, and so on, in the realm of life sciences
e must contend with incompletely collected data representing
istorical biases. 
The recent development and proliferation of technology has

nabled researchers to collect, store, and analyze vast amounts of
cological data more efficiently than ever before. Remote sensing,
PS tracking, sensor networks, and other data collection meth-
ds have provided a wealth of information about various eco-
ogical phenomena. Informatics and communication technologies
ave made it possible to store and manage large data repositories.
n ecology, this has led to a proliferation of databases compiling
nd standardizing a broad range of information, including species
raits, biodiversity measurements, animal movement, and other
henomena (e.g., Edwards et al. 2000 , Iversen et al. 2017 , Kays
t al. 2022 ). These databases can contribute to a deeper under-
tanding of ecosystems, biodiversity, and the impact of human
ctivities on the natural world. The rise of big data and data ana-
ytics has enabled researchers to extract meaningful insights from

arge and complex ecological data sets. Machine learning and ad- 
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mpact of dormancy. Within a population, individuals go through
arious life stages, starting from propagules and progressing to re-
roductive adults. Each stage plays a distinct role in the popula-
ion’s persistence and is affected by different environmental fac-
ors. Failing to consider any of these stages can lead to inaccurate
nferences (Caswell 200 0; e.g., López-Borghesi et al. 2023 ). A large
ortion of plant species possess dormant seed banks that can po-
entially buffer against adverse environmental conditions. The de-
ographic patterns of seed banks can be extremely challenging

o quantify, particularly over the relatively short time frames typ-
cal of field studies. Under specific conditions, usually as popula-
ions recover from disturbances, the relevance of the seed banks
ecomes more apparent. 
Seed banks play a key role in maintaining the demographic and

enetic viability of numerous plant species. They may serve as
 buffer against environmental adversity, provide a record of the
egetation history, and wield significant influence over future veg-
tation composition, particularly after disturbances (Warr et al.
993 ). The soil seed bank is composed of seeds that remain vi-
ble in and on the soil for an extended period of time, sometimes
panning multiple years (Simpson et al. 1989 ). They are often cat-
gorized as either persistent and transient on the basis of whether
he seed remains viable for longer than a year. Thompson and col-
eagues (1998) proposed to further divide the persistent seed bank
nto short term (lasting 1–5 years) and long term (lasting over 5
ears). Regardless of the classification, only a fraction of a seed
ank undergoes germination at any time; this may represent a
et-hedging mechanism that reduces the risk during unfavorable
ears (Venable 2007 ). Seed banks can potentially prevent the ex-
inction of a population even after the aboveground individuals
ave been eradicated (Stöcklin and Fischer 1999 ). Seed dormancy
as also been found to promote species coexistence in fluctuating
nvironments (Nathan and Muller-Landau 2000 ). Given the signif-
cant implications to population dynamics, overlooking the seed
ank from demographic models could be very problematic (Kalisz
nd McPeek 1992 ). Despite this, past reviews of the literature have
hown that seed banks are excluded without justification in over
0% of published demographic studies (Doak et al. 2002 , Nguyen
t al. 2019 ). 
In some cases, excluding a seed bank stage from demographic
odels might be justified by empirical evidence (Logfet et al. 2017 )
r by the known absence of dormancy within the species. How-
ver, in most cases, the omissions do not seem to be justified
Doak et al. 2002 ). These omissions might be the consequence of
tudy limitations but can have profound consequences—for in-
tance, in predicting the long-term success of restoration efforts
López-Borghesi et al. 2023 ). In an already established population,
 failure to include the seed bank can lead to an underestima-
ion of viability or a failure to capture its ability to recover from
isturbances. 
Besides the unjustified exclusion of seed banks, demographic

tudies often fail to include the variability in environmen-
al conditions necessary to estimate their impact. Most demo-
raphic studies are short term (more than 3 years), and they
oncentrate on few areas (1–2 years) and in conditions where
boveground individuals are numerous enough to facilitate data
ollection (Salguero-Gómez et al. 2015 ). This trend challenges
he possibility of documenting more realistic long-term dy-
amics and extrapolation to other areas (Crone et al. 2011 ).
he limited variation represented in these studies may ob-
cure the long-term effects of seed bank in the life history
f the species. For example, conditions that increase survival
nd longevity of established individuals but reduce recruitment
ay reduce the expression of seed banks. Low levels of dis-
urbance are not conducive to regeneration from seeds. Higher
evels of disturbances create gaps in the vegetation and tend
o promote increased recruitment from the seed bank (Fen-
er and Thompson 2005 ). As the intensity of disturbances
ncreases, the role of the seed bank becomes more promi-
ent. Indeed, current theory stipulates that areas with higher
evels of disturbance contain a higher proportion of species with
ersistent seed banks (Grime 2006 ). However, it is important to re-
ember that belowground dynamics tend to require longer time
pans than aboveground ones (Ma et al. 2020 ). When evaluating
he conclusions of a demographic analysis, then we should con-
ider whether it accounts for the breadth of conditions necessary
o observe the role of the seed bank. 
As we stated earlier, seed bank dynamics can be difficult to

tudy. Properly accounting for them in demographic models, how-
ver, is essential to obtain accurate projections—an issue of in-
reasing importance under conditions of rapid environmental
hange and disruption of disturbance patterns. Regardless, it ap-
ears that published demographic models often assume an ab-
ence of persistent seed banks or downplay their importance. In
he present study, we assess the rate at which published demo-
raphic studies omitted seed bank data when these data were
vailable through a second independent study. In particular, we
ddress the following questions: Are omissions of seed banks
ore pervasive in the demography of certain life forms, climates,
r taxonomic group? Are omissions less likely in demographic
tudies with longer duration and evaluating greater number of
onditions? The omission of seed banks in demographic studies
as been documented before (e.g., Doak et al. 2002 and Nguyen
t al. 2019 ), but the possible causes of its prevalence were not in-
estigated enough. To address this, we document the occurrence
r lack of occurrence of seed banks only for species with indepen-
ent available assessments. We argue that the omission of seed
ormancy and probably other vital rates can be explained by hu-
an oversight of effects temporal and spatial heterogeneity on
opulation dynamics likely prompted by systemic limitations of
raduate and funding programs. Although it can be argued that
egative impact of these omissions may vary among studies de-
ending on their original objectives, the use of demographic mod-
ls lacking accurate accounts of the organism’s life history in data
onglomerates most probably misinform overall patterns. 

ompiling data: Seed bank studies and 

lant demography 

e compared the inclusion of seed bank stages in plant demo-
raphic models with studies independently documenting their oc-
urrence for each focal species. We assembled a list of species
ith both types of information available. We began by finding
ommon elements across two existing databases: the COMPADRE
lant Matrix Database and the LEDA Traitbase. Like the databases
isted before, these two repositories compile and standardize in-
ormation from hundreds of studies and have been used to ex-
lore global patterns and advance ecological knowledge. 
The COMPADRE Database is an open-source online repository

urrently hosting over 8900 matrix population models for more
han 790 plant species worldwide (Salguero-Gómez et al. 2015 ).
he elements of these matrices classify individuals into differ-
nt stages, including a propagule class, which allows to readily
dentify studies that include seedbanks. This database has al-
eady contributed significantly to expanding our understanding of
opulation ecology. Salguero-Gómez and colleagues (2016) lever-
ged data from COMPADRE to develop a framework for predicting
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lant life-history strategies on the basis of growth form, habitat
haracteristics, and phylogenetic relationships. This seminal work
ound that much of the variation in these strategies can be ex-
lained by whether the organism is fast or slow growing (fast–slow
ontinuum) and its reproductive strategy. Multiple studies have
ince expanded on these findings, exploring the interplay of life
istory strategies with other factors, including responses to cli-
ate (Compagnoni et al. 2021 ) and another usually neglected eco-

ogical process—seed dispersal (Beckman et al. 2018 ). This frame-
ork has even been used to test theoretical questions about de-
ographic processes, such as the effects of temporal autocorre-

ation (Paniw et al. 2018 ). These are just a few examples of how
ata hosted in COMPADRE has helped expand our understanding
f life-history strategies and their evolution. 
The LEDA Traitbase compiles life-history traits of plant species

rom Northwest Europe (Kleyer et al. 2008 ). It contains informa-
ion on 26 plant traits related to persistence, regeneration, and
ispersal for over 3000 species. Among the regeneration trait data,
t contains over 40,000 observations on seed bank type and seed
ongevity collected via a mixture of literature compilations and
eld experiments. Following a strict protocol, the LEDA Trait-
ase classifies seed banks into long-term persistent (more than 5
ears), short-term persistent (1–5 years), and transient (less than
year). This repository has also had a profound impact in further-
ng our ecological knowledge. For instance, Fry and colleagues
2018) leveraged data from LEDA and other databases to aid in
 field-based experiment to show the link between belowground
unctional traits—that is, root architecture and depth—and soil
unction during grassland restoration. Studies using data on seed
haracteristics have also increased rapidly with the advent of
atabases such as LEDA (e.g., Jiménez-Alfaro et al. 2016 ). 
By combining the information available in COMPADRE and

EDA, we were able to assemble an initial list of 111 species that
ave both see bank data and demographic models. This list was
xpanded to 172 through a systematic search of the literature
for a list of species, see the supplemental material). We followed
he same criteria as the LEDA Traitbase to incorporate new seed
ank studies (Kleyer et al. 2008 ). In addition, we extracted data
rom the databases and literature regarding the estimated seed
ongevity, growth form (e.g., woody shrub), and climate (e.g., trop-
cal) for each species. Because some species possess multiple pub-
ished demographic studies, our final list contained 192 instances
omparing seed bank measurements with their representation in
atrix population models. For each of the corresponding demo-
raphic studies, we reviewed the manuscripts to retrieve informa-
ion on the duration of the study, the range of environmental con-
itions (e.g., type of habitat, sites, and experimental treatments),
nd the number of individual matrices. 

ata analysis and visualization 

ll generalized linear regressions presented in this article were fit-
ed using Bayesian inference. We used binomial distributions for
inary data and negative binomial distributions for count data.
e conducted all statistical analyses using R version 4.2.3 (R Core
eam 2019 ) and version 2.21.0 of Stan (Carpenter et al. 2017 , Stan
evelopment Team 2018 ). We used the “geiger” R package (Har-
on et al. 2007 ) to calculate Pagel’s λ to search for potential
hylogenetic patterns in seed bank type. For to calculate the D 

tatistic used for estimating the phylogenetic pattern in litera-
ure disagreements, we used the “caper” package in R (Orme et al.
013 ). All visualizations were performed using base R language
ith the exception of phylogenetic trees, which were constructed
sing the “diversitree” package (FitzJohn 2012 ). 
Patterns of omission: Demographic studies 

without known seed bank stages 

We used the information from studies on seed bank formation as
our assumption for the presence of this stage. The comparison be-
tween the corresponding elements in these data bases can have
four outcomes: a species has a seed bank, and it is included in the
matrix (73 positive agreement cases in our study); the species has
no seed bank, and the matrix doesn’t include it (60 cases of neg-
ative agreement); a seed bank isn’t included in the matrix for a
species that has it (omission in 49 cases; i.e., the subject of this
article); and a seed bank is included for a species that doesn’t
have it (unexpected inclusion in nine cases). We found that seed
bank was omitted in approximately 25% demographic studies for
species with evidence of seed banks. Although this is lower than
the proportion of unjustified seed bank omissions found in other
studies (Doak et al. 2002 , Nguyen et al. 2019 ), it still represents
a large bias in demographic data. We recognize that incorporat-
ing seed banks can be a complex task, mainly because of reliance
in supplementary experiments needed to estimate factors such
as seed survival and germinability (Lesica and Steele 1994 ). Al-
though sometimes these exclusions might be justified, as in the
case of clonal species (Logofet et al. 2017 ); in most cases, these
omissions can have both theoretical (Nguyen et al. 2019 ) and prac-
tical consequences (López-Borghesi et al. 2023 ). When evaluating
the potential effect of these biases on large-scale analysis, an im-
portant question to make is whether specific patterns exist in the
exclusion of seed banks. 

Ecoregion and growth forms 

A previous study of 10,170 angiosperm plant species represent-
ing 305 families and covering all world biomes found that 82% of
the studied species had dormant seeds and concluded that seed
dormancy most likely maximizes plant recruitment in habitats
with variation in environmental suitability (Rosbakh et al. 2023 ).
After cautioning of a relatively low predictive power of the stud-
ied climatic variables, these authors suggest that physiological
dormancy may be prevalent in dry biomes with high tempera-
ture seasonality, whereas physical dormancy can be frequent in
biomes with high seasonal temperature and precipitation fluctu-
ations. Nondormancy was likely common in stable, warm, and
wetter climates. Surprisingly, Rosbakh and colleagues (2023) did
not find an effect of pyroclimate but recognized that the binary
character used to assess dormancy (0, absent; 1, present) did not
include fire severity or frequency that may have obscured any pat-
terns, and they encouraged further work. 

Considering these findings, our expectations were that omis-
sions of seed banks in demographic models would be less com-
mon for species growing in harsh environments (e.g., deserts) and
in environments more prone to disturbances (e.g., shrublands and
grasslands) because is more likely that they will be observed and
less common in relatively more stable environments (e.g., tropical
and temperate forests) because dormancy is less prevalent. Like-
wise, omissions may be more common for demographic models
of species with slower life cycles (e.g., perennial species) because
long term studies may be necessary to document recruitment. We
evaluated the probability of seed bank omission across ecoregions
and across growth forms. 

It is worth noticing that our data might be biased, because dif-
ferent ecoregions and growth forms were unequally represented
in the compiled list—with about 51% of species from temperate
mixed forests and 67% classified as herbaceous perennials. For
this analysis, it was necessary to remove montane from ecoregions,

https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biae042#supplementary-data
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Figure 1. Violin plots of the posterior predicted distributions of the probability of omission between seed bank studies and their inclusion in 
demographic models for studies across different ecoregions (left) and plants with different growth forms (right). 
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s well as palms from growth forms, because they were heavily un-
errepresented (McHugh 2013 ). 
We found some evidence that ecoregion affected the frequency

f seed bank omissions in plant demography. A simple visualiza-
ion of the model output shows that, except for boreal forest and
ropical savannas, omissions occur in similar proportions across
ifferent ecoregions (see figure 1 ). Probability of omissions was
ore prevalent in boreal forests and less prevalent in tropical sa-
annas, an ecosystem with frequent fires that may promote seed
anks. 
There was clear support for differences in omissions across

rowth forms. Examination of the probability of omission among
he data shows annual species and shrubs had low probability
f omission, whereas perennial herbs had higher probability of
mission (figure 1 ). We did not find clear patterns for trees and
ucculents. 

hylogenetic signals 

ertain seed traits are known to be phylogenetically conserved, in-
luding some dormancy mechanisms (Holye et al. 2015 ) and mor-
hometric characteristics (e.g., Süngü Ş eker et al. 2021 ). Because
he physical characteristics of the seeds could make them harder
o detect in the soil, we hypothesized that seed bank omissions in
emographic studies might be more prevalent within certain taxa.
o measure the phylogenetic signal in our data, we used a phylo-
enetic tree that was cropped from a tree provided by the COM-
ADRE team (Salguero-Gómez et al. 2016 ). This tree covers 163 of
he 172 species being analyzed, allowing for estimating whether
missions of seedbanks in demographic studies are more preva-
ent in certain clades. The expectation is that omissions may be
ore prevalent in groups that are more difficult to study because
f the size, shape, and color of the seeds. 
It was first necessary to determine if species displaying seed

ersistence were phylogenetically clustered, biasing the analysis
f discrepancies in the literature. To achieve this goal, we used the
agel’s λ index—a multiplier of internal branches (off-diagonal el-
ments of a variance–covariance matrix) designed to find the best
t for the data (Pagel 1999 ). This index can take values between 0
phylogenetic independence) and 1 (evolution according to Brow-
ian motion). Pagel’s λ was chosen because it minimizes the risk
f type I error, so that it provides a strong method for detecting
hylogenetic independence (Münkemüller et al. 2012 ). 
The temporal persistence of seed banks (classified as long or

hort term, persistent or not persistent) showed an extremely
eak phylogenetic signal (Pagel’s λ << .0001). In other words, the
ormation of persistent seed banks does not seem to be associ-
ted with particular taxonomic groups (see figure 2 ). Although
his might be surprising, because the literature suggests seed
ormancy mechanisms are phylogenetically conserved, persis-
ence in the soil can be achieved through multiple mechanisms
Long et al. 2015 ). Honda (2008 ) claimed that seed longevity of
ondormant species has been underestimated and his analy-
is indicated that dormancy may not be essential for the for-
ation of seed banks. In addition, conservation of traits might
appen at a smaller phylogenetic scale than the scope of our
tudy. 
In order to test whether agreements between literature sources

re more prevalent in certain taxa, we used the D statistic devel-
ped by Fritz and Purvis (2010 ). This approach uses the sum of
ifferences between sister clades to estimate the strength of the
hylogenetic signal in binary traits. Low numbers of the D statis-
ic indicate clumping expected under Brownian motion, whereas
arger values indicate random association. We ran 20,000 per-
utations to estimate the potential D value under phylogenetic

andomness (randomly shuffling the tips) and under a Brownian
hreshold model (traits evolve along the phylogeny) and compared
he observed value with these baselines. 
A discrepancy (or a lack of agreement) between seed bank stud-

es and demographic models also seemed to follow a random
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Figure 2. (A) Distribution of different types of seed bank (transient, persistent, short term, and long term) identified for the 162 study species 
represented in the phylogenetic tree. (B) The distribution of agreements and discrepancies between the representation of seed banks in demographic 
models and published direct studies of the seed bank—partial represents species where more than one demographic study was conducted by only part 
of them agreed with the seed bank literature. (C) The result of a D statistic test to measure the phylogenetic signal in the distribution of agreements 
and discrepancies—the distribution of the random structure hypothesis and the Brownian structure hypothesis are the result of 20,000 permutations. 
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hylogenetic structure (estimated D = .944). A visual review of the
istribution of disagreements in the phylogenetic tree (figure 2 )
hows that they occur sporadically across every major taxonomic
roup, including basal groups such as gymnosperms. As seen in
gure 2 , the estimated value for observed data falls just below
he mean value of the probability distribution E ( D ) for the permu-
ations with random structure—and clearly above the probability
istribution E ( D ) following Brownian motion. 
The lack of evidence of phylogenetic signal in the discrepancy

etween literature sources suggests that omissions of seed bank
n plant demography are likely related to modeling choices and
tudy design. Although, in some cases, these limitations are re-
ated to sampling complexity (Crone et al. 2011 ), it is often related
o issues of temporal and spatial scale of the study. Those that fo-
us on shorter intervals or only include more favorable environ-
ental conditions may be more prone to overlook the presence of
eed banks. 

onstructed matrices with variable spatial and 

emporal extent and heterogeneity 

nvironmental variation is essential for describing and under-
tanding life history traits (Quintana-Ascencio 2023 ). Seeds are
ighly responsive to changes in environmental conditions, and
hese variations can play a major role in shaping seed bank dy-
namics. Some species might be limited by their life history traits—
such as those growing in ephemeral habitats (e.g., Husband and
Barrett 1998 ). Other species might be limited by the occurrence
of the proper growing conditions or the lack of niches for seeds
to recruit. Often, disturbances are needed to generate those con-
ditions and promote increased recruitment from the seed bank
(Fenner and Thompson 2005 ). Although changes in aboveground
plants tend to occur rapidly, longer periods are needed to trigger
shifts within the seed bank (Ma et al. 2020 ). 

Decisions on the inclusion of the seed bank, the length of study,
or the range of environmental conditions occur during the design
stages, often responding to research objectives or to material limi-
tations. Researchers might not be compelled to evaluate complex
vital rates, such as seed banks, which are difficult to study, par-
ticularly when they require specific conditions to be elicited and
may not be critical for the objectives of the study. The conditions
under which the studies are implemented may meet these par-
ticular objectives but may not be enough to properly characterize
the life history of the species, reducing the value of these data in
comparative studies across organisms. 

It can be proposed that studies presenting multiple matrix pop-
ulation models encompass a greater range of conditions and are
therefore more likely to reveal the role of the seed bank. The
number of matrices used in a study can aid in capturing the re-
quired variation to reveal seed bank dynamics. Using multiple
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Figure 3. (A) the top three panels show the results of logistic regressions aimed at estimating changes in the probability of omission as a function to 
the number matrices presented by a study (left), the number of conditions included (middle), and the duration of the study (right). (B) The posterior 
distribution of negative binomial models estimating the number of matrices (left) and the number of conditions (middle) associated with demographic 
modeling literature with positive agreements (both with seed bank), negative agreements (both without seed bank), and with seed bank omission. (C) A 
Loess curve showing the relationship between the number of matrices constructed in a study (natural log transformed) and the number of conditions 
explored (also natural log transformed). 
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atrices allows researchers to incorporate a broader range of data
oints and conditions, leading to a more nuanced description. We
ssessed how the number of matrices in a study affected the prob-
bility of omission of seed banks. We found that probability of
mission remained constant—at around .4, for studies with fewer
han five sites, then decreased to .3 in studies with 10–50 matrices
figure 3 ). This slight declining trend in probability of omission was
ot supported for studies with more than 50 matrices. In these
ast studies, matrices often represent replicates of experimental
reatments and not necessarily explore any additional environ-
ental heterogeneity. We did not find a consistent association
etween number of matrices and number of conditions studied
a proxy of environmental heterogeneity). Agreement between lit-
rature sources is not necessarily the same for species that form
eed banks (positive agreement) as for species that don’t (negative
greement). Therefore, we compared the number of matrices in
tudies representing each type of agreement with those exhibiting
mission (there was not enough data to evaluate unexpected in-
lusions). All three groups showed similar average number of ma-
rices (figure 3 ), with studies showing positive agreement having
lightly higher values than studies with negative agreement and
missions (9.7 versus 9.1). Partly, this neutral relationship might
e explained by a lack of actual relationship between the matrices
onstructed in a study and the heterogeneity of the environment
epresented (figure 3 ). In some cases, matrices might represent
eplicates of theoretical manipulations or short-term experimen-
al treatments (e.g., Sletvold and Rydgren 2007 ), rather than actual
ifferences among environments. 
The length of a study might influence the ability to detect
he seed bank in a population and gauge its relevance. In simple
erms, longer studies provide increased opportunities to observe
he germination and establishment of plants from the seed bank.
ver longer time frames, different environmental conditions and
isturbances may occur, revealing how seed banks respond to a
ider range of factors. Longer-term studies enable researchers to
rack shifts in populations, including those caused by slow suc-
essional processes, and to capture recruitment from long-lived
eeds. As with number of matrices, we evaluated the variation in
missions across studies with different lengths. We did not find
vidence that study length changed the probability of omissions. 
Alternatively, the study design could include sufficient spatial

ariation in habitat or experimental manipulation to cover a wide
ange of environmental conditions in a shorter period of time.
y explicitly including a range of environmental conditions, suc-
essional stages, or population structures, studies can increase
he likelihood of capturing important events in seed bank dy-
amics. We evaluated the probability of omission as a function
f the number of conditions represented by a study. We consid-
red experimental treatments, habitats, populations, and sites as
epresenting different conditions (the number of plots was not
ncluded). The probability of omission clearly decreased as a func-
ion of the number of conditions (figure 3 ). Again, we compared
he number of conditions in studies with positive agreement, neg-
tive agreement in the inclusion of seed banks, and probability
f omission. In this case, the number of conditions in studies
howing positive agreement was much higher on average than in
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tudies exhibiting negative agreement (8.05 and 4.02, respectively;
ee figure 3 ). Studies with omissions had the lowest number of
onditions. These results support the notion that studies includ-
ng greater variation of conditions might be less prone to seed
ank omissions in demographic models. 
In short, increasing the number of environmental conditions

epresented can provide a more comprehensive and accurate un-
erstanding of seed banks in particular and life histories in gen-
ral. The role of environmental variation in elucidating seed bank
nd other stages dynamics cannot be overstated. We suggest that
uture meta-analysis and studies seeking to leverage these data
ases should account for environmental heterogeneity. A review
f 355 demographic papers by Crone and colleagues (2011 ) simi-
arly concluded that predicting capabilities of demographic stud-
es will depend on better understanding on population environ-
ental drivers, habitat heterogeneity, and longer studies. 

s it justified? 
e explored the differences in documentation regarding the in-
lusion of seed banks between demographic studies with positive
greement, negative agreement, and discrepancy with seed bank
tudies. We considered whether each study presented documen-
ation for its decision—either by providing a literature reference or
y including seed banks in the experimental design. We estimated
ifferences in the probability of providing documentation. The re-
ults showed that studies with positive agreement were 36% more
ikely to provide documentation than those exhibiting omissions
nd 31% more likely than studies with negative agreement. The
ower incidence of documentation in negative agreements may
e due to the higher number of asexually reproducing plants in
hat group. 

onclusions 

he potential limitations arising from seed bank omissions in
lant demography (Kalisz and McPeek 1992 , Nguyen et al. 2019 )
ight affect our ability to leverage databases for robust analyses
f ecological patterns. Our study was focused on the interaction
etween seed bank studies and plant demographic models as a
ay to unveil biases in the omission of seed bank stages within
atrix population models. These omissions are particularly perti-
ent given the role that seedbanks play in maintaining population
ynamics and genetic diversity. 
Surprisingly, no strong patterns emerged in terms of ecoregions

orms that could explain the prevalence of seed bank omissions.
erbaceous perennials, particularly from temperate regions, were
eavily overrepresented in the demographic literature. This life
orm had the highest frequency of unjustified omissions. Further-
ore, the lack of phylogenetic signal in the discrepancies be-

ween seed bank studies and demographic models suggest that
he source of bias likely arises from study limitations, particularly
patial scales, and factors that hinder accurate representation of
nvironmental heterogeneity. 
Several attempts have been made to find generalizations in

eed persistence rates as functions of more easily measured char-
cteristics. A seminal paper by Thompson and colleagues (1993)
uccessfully described the correlation between seed size and seed
hape with persistence in the soil for plant species. Such results
ere replicated in works performed in other geographic regions,
uch as Argentina (Funes et al. 1999 ). However, the pattern was
ot maintained in other works, most notably for Australia species
(Leishman and Westoby 1998 ) and New Zealand species (Moles
et al. 2000 ). Likewise, Rees (1993 ) and Honda (2008 ) were able to
link optimal seed dormancy rates to adult longevity and other life
history traits. More recently, machine learning algorithms have
been developed to predict seed bank persistence on the basis of
seed traits (Rosbakh et al. 2022 , Tang and Li 2023 ). Although these
models are promising, they might suffer from the same limita-
tions described for big-data approaches. 

Such generalities could be used to predict the formation of a
substantial seed bank. However, they have been largely focused
in understanding evolutionary trade-offs and do not offer enough
detail about governing vital rates as to be usefully applied to de-
mographic models. Because determining seed age structure tends
to be difficult in most situations, alternative model structures
(such as those based on physiological characterizations) might
provide a valuable alternative. Long and colleagues (2015) sug-
gested the use of exposure-resistance models in which seed traits
conferring resistance to environmental factors were associated
with changes in viability. Such approach could provide a window
for more rapid characterizations of seeds and to establish a more
robust method for cross-species and cross-population compar-
isons. Another potential avenue for enhancing seed bank detec-
tion is to expand the duration of demographic studies. In addition,
our investigation into the inclusion of a diverse range of condi-
tions within a shorter study period offered a promising approach.

Although technological advancements and the availability of
ecological databases offer immense opportunities, they also war-
rant a critical examination of biases and limitations inherent in
the data. By addressing these issues and incorporating a com-
prehensive understanding of seed bank dynamics and other dor-
mant life stages, researchers can move closer to robust ecological
insights. 

In a rapidly changing world, where environmental disruptions
and disturbances are becoming more prevalent, a thorough un-
derstanding of vital rate variation among multiple stages and with
environmental heterogeneity becomes all the more critical. Our
findings underscore the need for continued efforts in refining de-
mographic models and ensuring the comprehensive role of all
relevant stages is incorporated. More importantly, as the field of
ecology continues to evolve, embracing data-driven approaches
while maintaining a critical perspective of the data sources will
be essential for disentangling complex ecological patterns and
relationships. 

Supplemental data 

Supplemental material are available at BIOSCI online. 
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