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The Janzen–Connell hypothesis and seed
masting
Highlights 
Janzen–Connell (JC) dynamics allow 
species to escape enemies in space, 
and results in negative density depen-
dence. Seed masting allows species to
escape enemies in time and assumes
positive density dependence.

Considering these hypotheses together 
suggests that species may either mast 
or experience JC effects, but not both. 
However , forests may include a mix of
strategies across species.

JC effects might depress the fitness ad-
T. Jonathan Davies 1 ,2 , * , Janneke Hille Ris Lambers3 , and E.M. Wolkovich2 

The Janzen–Connell hypothesis (JC effect) has been proposed as a mechanism 
for explaining high tropical tree diversity via negative conspecific density depen-
dence imposed by natural enemies. Seed masting describes the uneven invest-
ment in reproduction between years, and could be a mechanism for reducing 
seed predation by means of predator satiation. JC effects select for wider 
dispersal kernels, allowing species to escape enemies in space, while the 
predator-satiation model of seed masting assumes escape from predators in 
time. Although representing contrasting ecological dynamics, both models are 
predicated on similar assumptions: that tree recruitment is limited by seed mor-
tality via natural enemies. We suggest that the individual fitness advantages of
masting and JC dynamics would be better understood by considering both
mechanisms together.
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vantage of masting by selecting for 
widely dispersed kernels, he lping to ex-
plain why only some trees mast.

A high frequency of seed masting could 
help to explain observations that the 
strength of conspecific negative density 
dependence is often greater in tropical
trees with lower abundance.

Joint models of masting and JC effects 
would allow for a better understanding 
of how natural enemies structure forest
diversity.
Natural enemies structure forest communities
The natural enemies of plants have been linked to two prominent ecological mechanisms struc-
turing forest communities: (i) conspecific negative density dependence (see Glossary) which 
can promote tree species coexistence (the Janzen–Connell hypothesis, JC effect) [1,2], and 
(ii) selection for seed masting [3]. Despite sharing a common driver and ori gins in the literature
[1,4], these two phenomena have been largely explored independ ently (with some notable excep-
tions [5,6]). Herein we suggest that not only is there a direct mechanistic link between them, but 
our understanding of each would be enhanced by considering the other.

JC dynamics 
The JC hypothesis describes a process by which plant natural enemies impose conspecific negative 
density dependence (equivalent to the mechanism of local stabilising density dependence described
in [7]) on tree seeds or seedlings, preventing abundant species from competitively excluding others
[1,2]. The JC effect is hypothesised to be a mechanism by which the t ropics supports higher tree di-
versity (reviewed in [8]). While JC effects have been widely reported [9], the agents imposing negative 
density dependence are only rarely identified (but see e.g., [10,11]), and empirical evidence for a lat-
itudinal gradient in the strength of conspecific density dependence is mixed [9,12–14]. Furthermore, 
theoretical models have shown that negative conspecific density dependence does not necessarily 
maintain community diversity if its strength varies widely among species [13,14]. 

Seed masting 
There are multiple putative explanations for masting, including non-adaptive explanations such as 
resource availability, and various economies of scale, including pollination efficiency and seed 
dispersal efficiency, whereby individuals bene fit through synchronising the production of flowers
(for pollination) or seeds (dispersal) with nearby conspecifics [15–17]. However, seed masting is 
often associated with another economy of scale: escape from seed predators through predator
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Box 1. The community context of Janzen–Con nell effects and masting

The interaction between trees and their natural enemies plays out in a community context. This context is implicit within the 
Janzen–Connell (JC) hypothesis, and JC effects are commonly examined across multiple (co-occurring) tree species, re-
vealing evidence for greater conspecific negative density dependence in rare species (e.g., [7,13,14,67]). While these stud-
ies implicitly acknowledge a community of natural enemies, the mechanism driving conspecific density dependence 
assumes that natural enemies are host-specific. However, even natural enemies classified as host specialists (monopha-
gous) frequently feed on more than one host species [68]. If most natural enemies lack strong host specificity, how can 
natural enemies explain conspecific density dependence in a mixed host community (Figure I)? One possibility is that more 
specialised natural enemies impose higher host mortality [69]. Another possibility is that phylogenetic conservatism in nat-
ural enemy host range [70] in combination with a tendency for phylogenetic overdisper sion of host species at local scales
[71] might mean that even generalist enemies are effectively host specialists within a tree community, as their alternative
hosts are likely to be rare or absent [72]. 

Masting theories focus on the evolutionary advantage of masting for populations or species. Although few studies explore 
masting patterns for co-occurring trees and their seed consumers (but see [73] for work on vertebrate consumers), the 
community context is highly relevant. This is because the benefits of masting through predator satiation can emerge only 
if (i) seed consumers are host-specific, or (ii) trees within communi ties share seed production patterns (mast synchro-
nously) [4]. Multi-host communities present a particular challenge for the predator satiation model of seed masting as both 
specialist and generalist seed predator s can cause seed mortality. Further, because there is a tendency for masting to be
phylogenetically conserved [60] (but see [74]), phylogenetic overdispersion of host communities will tend to favour the co-
existence of trees with different reproductive strategies. It is possible that hyperdominance in the tropics might nonetheless 
be sufficient to satiate seed predators, assuming that generalist seed predators of rare, non-synchronously masting trees
are proportionally less abundant (Figure II). Janzen [4] alternatively suggested that predator satiation in the tropics might 
occur at the scale of individual trees. In the more species-poor temperate forests, community-wide masting is seemingly
more common (e.g., [74,75]), potentially indicating evolutionary convergence towards a synchronis ed masting strategy
[74] that would be more easily attained in more species-poor communities. Observations for community-wide synchrony 
in species-rich dipterocarp forests perhaps indicate a high prevalence of shared enemies in this ecosystem.
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Figure I. Strength of conspecific negative density dependence covaries with host community diversity and 
host specificity of natural enemies imposing density dependence.

Glossary 
Conspecific negative density 
dependence: a  process  by  which  
individuals of a species experience 
decreased fitness (e.g., survival, growth, 
or reproduction) as the number of 
individuals of that species i ncreases, often
due to competition, predation, or disease.
(Conspecific) positive density 
dependence: a process by which 
individuals of a species experience 
increased fitness (e.g., survival, growth, 
or reproduction) as the number of 
individuals of that species increases, for 
instance due to mate availability, 
cooperative behavio ur (animals),
accumulation of mutualists, and dilution
of natural enemies.
Economies of scale (in masting): a 
reduced individual cost of reproduction 
per surviving offspring w ith increasing
seed production.
Host specificity (of natural enemies): 
the  degree  to  which  natural enemies 
(pests or pathogens) are restricted to a
limited number of host species.
Hyperdominance: a phenomenon in 
which a small number of tree species 
dominate a community in terms of 
abundance or biomass; frequently applied 
to ( but not limited to) tropical forests.
Janzen–Connell hypothesis (JC 
effect): a process by which natural 
enemies impose conspecific negative 
density dependence on tree seeds or 
seedlings, allowing for greater coexistence 
among species that would otherwise be 
co mpetitively excluded from a community.
Masting: the synchronous and 
episodic investment in reproduction 
among years, typically within a 
population, but sometimes at the 
co mmunity level (see also Synchrony).
Monodominance: a  phenomenon  
wherein a single tree species dominates 
a community in terms of abundance or 
biomass; frequently applied to (but not
limited to) tropical forests.
Natural enemies: predators, 
parasites, parasitoids, or pathogens that 
limit the population growth or survival of
a host species.
Predator satiation: reduction in 
depredation as a consequence of 
resource availability exceeding pr edator
handling rate.
Synchrony (in masting): the 
simultaneous investment in reproductive 
output (seed masting) among individuals 
within a population (population synchrony) 
or species within a community
(community-wide synchrony).

Trends in Ecology & E
volution, December 2025, Vol. 40, No. 12 1191



Trends in Ecology & Evolution

TrendsTrends inin EcologyEcology & EvolutionEvolution 

Figure II. Strength of conspecific positive density dependence covaries with host community diversity and
community-wide synchrony in masting.
satiation [18]. During mast years, when seeds are overabundant, predators consume a lower 
proportion of seeds (due to satiation), while low seed availability in non-m ast years prevents
seed predators from maintaining high abundance [4]. Seed predators are typically assumed to 
be vertebrates or insects, but masting could also evolve in response to seed pathogens [19].

Contrasting ecological dynamics
Selection for masting via predator satiation, our focus here, and the JC effect are based on similar 
assumptions: that seed predators are specialists (or that t here is community-wide synchrony in the
case of seed masting) (Box 1) and that tree recruitment is limited by seed/seedling mortality via 
natural enemies. The selective landscape that favours masting might therefore support JC effects, 
and vice versa. However, masting and JC effects present contrasting ecological dynamics that 
operate across the axes of space and time: the negative (spatial) density dependence of JC dynam-
ics versus the positive (temporal) density dependence of predator satiation via masting (Figure 1).

The literature on JC effects has focused almost exclusively on how natural enemies operate 
across spatial gradients. Conspecific negative density-dependent JC dynamics, imposed by 
specialist consumers at high densi ties, can be avoided by increasing dispersal distances,
allowing species to escape predation in space [20]. Seedlings that establish far from the mother 
tree are more likely to find predator/pathogen-free space (the ‘es cape hypothesis’ described
in [21]). There is no explicit temporal component to the JC hypothesis as originally formulated, 
although strength of conspecific density dependence has been shown to vary over time [22]. 
The predator satiation model of masting provides an advantage to seeds at high conspecific 
densities – (conspecific) positive density dependence – and selects for population-wide
1192 Trends in Ecology & Evolution, December 2025, Vol. 40, No. 12
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Figure 1. Variation in strength and sign of conspecific density dependence (CDD) (y-axis) across space (x-
axis), where Janzen–Connell (JC) effects are assumed to operate, and time (z-axis), which is the focus of 
masting theories. Economy of scale in the predator-satiation model of seed masting generates positive CDD (low CDD 
mortality) that is strongest (red) immediately following (and during) a masting event and weakens over time. The negative
density dependence predicted by JC effects (high CDD mortality) is stronger (blue) closer to the parent tree, where seed-
fall is greatest, and declines with distance.
temporal synchrony in seed production. Masting has a spatial dimension reflected in the patch-
iness and synchrony of masting trees. However, the dynamics that explain predator escape can 
operate over various spatial scales, and the underlying th eory that masting satiates predators
does not have an explicit spatial scale.

The following discussion is predicated on the following assumptions: (i) that masting is a distinct 
feature of reproductive investment, (ii) that masting can increase seed/seedling success via pred-
ator satiation, and (iii) that seed/seedling natural enemies impose conspecific negative density de-
pendence. We recognise that these assumptions are the subject of considerable debate. For 
e xample, interannual variation in seed production might be better understood as a continuum
[23], and there are many potential explanations for both masting [17] and conspecific negative 
density dependence [24]. Our hope is that by considering the relative fitness advantages of 
masting and JC effects jointly we can help advance these debates and potent ially offer new ave-
nues to explore the contribution of natural enemies in structuring forest communities.

Latitudinal gradients in JC effects, seed masting, and species richness
JC effects have been suggested as contributing to latitudinal gradients in species richness, with 
greater host specificity of ‘natural enemies’, including seed predators – a requirement for JC
Trends in Ecology & Evolution, December 2025, Vol. 40, No. 12 1193
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conspecific negative density dependence – in tropical communities [1]. Masting was traditionally 
viewed as a more characteristic feature of low-diversity temperate forests where one or a few tree
species often dominate the community [4]. Early observations on the frequency of masting across 
latitudes and more recent work on correlations with seed dispersal mechanism [25] provide some 
support for a lower prevalence of masting at lower latitudes [26]. 

Preconceptions that JC dynamics are stronger and masting less frequent in the tropics have, 
however, been challenged. Empirical support for a latitudina l gradient in biotic interaction
strengths is mixed [27], and evidence for greater ecological specialisation at lower latitudes is in-
consistent in both effect size and direction [28]. Quantitative analysis of the strength of stabilising 
conspecific negative density dependence across latitudes also indicates no difference between
tropical and temperate sites [14]. Further, hyperdominance appears to be a common feature 
of some tropical forest trees (e.g., [29,30]), indicating that at least some species are able to over-
come the density dependence imposed by JC dynamic s. Although fewer tests of latitudinal gra-
dients in masting exist, Norden et al. [31] suggest that masting may be much more frequent in the 
tropics than previously assumed, with 23% of species in the forests of Central French Guiana
demonstrating a masting tendency. Pearse et al. [32] detected a hump-shaped relationship be-
tween masting and latitude that peaked at mid northern temperate latitudes. However, further 
work is needed to differentiate among the mechanisms selecting for masting. For example, es-
cape from seed predators might generate ver y different gradients in the prevalence of masting
across latitude than pollination efficiency in wind-pollinated trees [32]. 

If JC effects do not display an obvious latitudinal gradient, then JC dynamics alone are insufficient 
to explain tropical forest diversity. JC dynamics are, of course, just one of many putative mecha-
nisms for the latitudinal diversity gradient [33]). It is possible that a high frequency of masting might 
help maintain species coexistence via storage effect dynamics [31], although this requires some 
degree of asynchrony in masting events among species (Box 1). 

Integrating the JC hypothesis and masting theories enhances our understanding
of both
Given the opposing assumptions of positive density dependence in time (masting) and negative 
density dependence in space (JC effects) it is possible that species either mast or experience 
JC effects, but not both. For example, if seed masting releases species from JC density depen-
dence by reducin g the burden from natural enemies, masting species might be able to achieve
higher local abundances. Indeed, seed masting has been proposed as a mechanism to explain
the commonness of some forest trees [34]. By extension, we might then predict that common 
species would generally exhibit weaker conspecific negative density dependence than rarer spe-
cies as the risk of pest and pathogen spillover between conspecifics is reduce d. This could help
explain observations that the per capita strength of conspecific negative density dependence is
stronger in tropical trees with lower abundance [14] (see also [13,35]). In addition, where masting 
is common, as in dipterocarp-dominated Southeast Asian forests, we would predict JC effects to
be concomitantly weaker, as suggested by Comita et al. [9]. 

By intersecting theory on masting and JC dynamics, we are thus able to better understand 
how trees such as Dicymbe corymbosa, sometimes known as the blackbead tree, and the 
monkey pod tree, Mora gonggrijpii – both masting neotropical trees within the Fabaceae –

can achieve local monodominance [34,36–38]. More broadly, we suggest that masting 
could be one of several processes, in addition to special ist mutualisms and plant–soil feed-
backs [39], that can result in positive conspecific density dependence, by which trees can
attain hyperdominance.
1194 Trends in Ecology & Evolution, December 2025, Vol. 40, No. 12
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Another interesting possibility is a potential trade-off between strategies to reduce the burden 
from natural enemies. Why some trees mast and others do not remains a puzzle, but it is clear 
that there is a fitness cost to masting which includes delayed reproduction [40], a reallocation 
of resources in mature trees from growth and defenc e to seed production in mast years
[15,16,41], and of course, conspecific density-dependent mortality [3]. If species exposed 
to strong JC effects experience selection for wider dispersal kernels, allowing them to escape 
natural enemies in space, it could violate the implicit assumption in the predator-satiation 
model of masting that seeds are aggregated in space. If this were the case, we would expect 
seed masting to be more prevalent in trees with narrower dispersal kernels, and rarer in trees
with wider dispersal kernels. Such a trend is consistent with observations for lower interan-
nual variation in seed production for animal-dispersed species [25]. We can thus conceive 
a  simple  fitness landscape where masting plus local dispersal satiates predators and more
distant dispersal allows predator escape in space [41], obviating selection for masting
(Figure 2). 

There are, of course, additional traits and life-history strategies that might mediate the relative 
benefits of masting and strength of JC effects, and the exact functional form of these relationships
will vary among species [14]  (Figure 2). Shorter generation times make the cost of a missed repro-
ductive event higher (which could be why woody shrubs are less a ble to forfeit a reproductive
season [42]), investment in physical or chemical defences can reduce seed depredation [43], 
and mycorrhizal associations can modify susceptibility to plant fungal pathogens [44], while 
plant–soil feedbacks can generate positive conspecific density dependence [7]. In some cases,
TrendsTrends inin EcologyEcology & EvolutionEvolution 

Figure 2. Recruitment success under models of masting and Janzen–Connell (JC) effects. In the absence o
masting, conspecific negative density dependence dominates, and recruitment is higher for species with wider dispersa
kernels which reduces seed densities. However, masting can relieve the effects of conspecific negative density
dependence, favouring trees with narrower dispersal kernels which benefit from the greater likelihood of experiencing
good environments for establishment and growth by falling close to the mother tree, but with recruitment declining in non-
mast years when seed-fall is low. The functional form of the relationships describing the how JC effects and masting
shape seed density and recruitment dynamics vary among species (faint lines), reflecting additional trade-offs with species
functional traits and life-history characteristics.
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seed predators (such as scatter hoarders), might also act as important seed dispersers [3,45]. 
Such interactions mediate the strength of conspecific density dependence, and genera te
trade-offs between density-dependent mortality and growth rate [46], and plant functional traits 
such as seed mass [47]. 

Long-distance dispersal that might allow escape from JC effects also incurs potential fitness 
costs: seeds dispersed far from the mother tree are less certain of landing on a substrate optimal 
for germination and growth, whereas seeds close to the mother tree benefit from those same
conditions that supported her through to reproduction [48]. This and other fundamental life-
history trade-offs, such as the relative allocation of resources to growth versus reproduction, con-
tribute to the more topologically complex fitness landscape of plant reproductive strategies. It 
also remains possible that some species experience both negative density dependence in
space and positive density dependence in time. New models are required to explore how such
dynamics might influence species coexistence and community structure.

Combining studies of masting and JC effects
Combining experiments and observations with models that capture both masting dynamics and 
JC effects can improve our understanding of both. While JC effects are commonly quantified at
the seedling stage [49], the predator-satiation model of masting has focused on seed survival, 
and studies on the evolutionary ecology of masting rarely include a longitudinal component that 
tracks individual seeds or seedlings (e.g., [50]). For example, empirical studies supporting the 
predator satiation model of seed masting have reported evidence for greater seed survival in
mast versus non-mast years (e.g., in the English oak, Quercus robur [51], European beech, 
Fagus sylvatica [52], and Ponderosa pine, Pinus ponderosa [53]) (see meta-analysis by Zwol ak
et al. [18] for further examples). However, few of these studies have simultaneously considered 
the costs of masting from elevated conspecific density depend ence following masting events
[54–56]. Critically, there are potential trade-offs in survival and recruitment success that might 
be missed by a narrow focus on any one event or lif e history stage. For instance, Huang et al.
[55] report that masting in Castanopsis fargesii, an evergreen tree from the wet tropics, allowed 
a greater number of seeds to escape vertebrate seed predators but decreased seed germination 
success rate. Unified models of masting and JC effects should thus consider how both costs and 
benefits of masting/dispersal a ccrue at each life history stage and the transitions between life
stages, such as the seed–seedling–sapling transition [55,57–60]. 

Joint models of masting and JC effects that capture information across space and time could 
allow for tests of whether forests where masting is common operate under alternative density-de-
pendent dynamics, or whether they operate under negative density-dependent (JC) dynamics in 
some year s but that these effects are swamped by positive density dependence in high seed
crop years [61]. While data bridging across such scales can be difficult to collect, it is possible 
to parameterise models leveraging data from multiple sources. Observational and experimental 
studies of seed and seedling dynamics where seed density and predation rates are manipulated
provide robust estimates of density dependence and seed-to-seedling transition success. Such
data are already widely used to test for JC dynamics [49,62,63]. Long-term ecological research 
networks can provide time-series data on reproductive investment across species [64], and 
growth rates could be estimated from tree cores retrospectively to evaluate evidence for resource
switching [65]. Information on seed dispersal can be inferred using trait proxi es and literature da-
tabases [66]. Integrating these data streams would allow us to more fully quantify the selective 
benefits of seed masting and alternative dispersal strategies, a necessary step for generating pre-
dictions of when seed masting would be favoured as an evolutionary strategy and where JC ef-
fects might contribute to explaining species coexistence.
1196 Trends in Ecology & Evolution, December 2025, Vol. 40, No. 12
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Outstanding questions 
What are the evolutionary origins of 
masting? Evolutionary hypotheses for 
masting can explain its maintenance, 
but less easily explains its advantage 
when rare. We speculate that trees 
with strongly seasonally struc tured
phenologies might have physiologies
that are pre-adapted to pulsed repro-
duction events.

Are natural enemies more specialised 
in the tropics? The JC model links trop-
ical tree diversity to greater ecological 
specialisation at lower latitudes. The 
predator satiation model of masting re-
quires either tight host specificity of 
seed predators or community-wide 
synchrony in seed production. If pests
at lower latitudes have narrower host
ranges, we predict stronger JC effects
and weaker community-wide syn-
chrony in masting.

What drives spatial synchrony in 
masting? In the predator satiation 
model, spatial synchrony is determined 
by the dispersal range and specificity 
of seed predators, patchiness of 
populations, co-masting across seed-
producing trees, and sensitivity to 
masting cues. Generalist, highly mobile 
Concluding remarks 
We highlight the conceptual and mechanistic links between theory on JC dynamics – conspecific 
negative density dependence that has been suggested to promote high tropical species richness – 
and the predator-satiation model of seed masting, an economy of scale by which seed escape 
from predation at high seed density selects for episodic investment in reproduction among years. 
We suggest that our understanding of the evolutionary ecology of both processes can be enhanced 
by considering them together. By doing so, we can better understand how some trees maintain 
hyperdominance in the species-rich tropic s, help explain observations that the per capita strength
of conspecific negative density dependence is weaker in trees which are more abundant, and assess
when and where uneven reproductive investment among years – masting – provides a selective
advantage (see Outstanding questio ns). 

Unified joint models that capture potential trade-offs between positive and negative density de-
pendence will require considering ecological dynamics operating over mult iple life stages across
time and space. Extending such models to a community-wide context (Box 1) might help explain 
species coexistence and gradients in tree diversity, but will need to be informed by data on plant 
life-history strategies and relative investment in growth, reproduction, and defence, host specific-
ity of natural enem ies, and how all of these are mediated by the environment (see Outstanding
questions).

Acknowledgments 
We thank Justin Ngo and Zihui Wang for assistanc e with formatting the figures.

Declaration of inte rests
No interests are declared.

References 
seed predators , such as birds, will se-
lect for spatial synchrony in masting
over larger areas compared with more
immobile specialist predators.

Do the natural enemies that drive JC 
dynamics also select for masting? JC 
dynamics are reportedly greater for 
seedlings than seeds and are com-
monly attributed to soil pathogens. 
The satiation model of masting typically 
assumes insect or small mammal seed 
consumers, suggesting that different 
natural enemies drive each process. 
Howeve r, pathogens can select for
masting, and insect seed parasites
can impose conspecific negative den-
sity dependence.

What determines masting periodicity? 
Environment and resource depletion 
almost certainly play a role, but are 
not the full explanation. If predator 
satiation selects for masting, we might 
predict more even intervals between 
mast events, proportional to t he
timescale of predator population
responses to changes in resource
availability.

1. Janzen, D.H. (1970) Herbivores and the number of tree species
in tropical forests. Am. Nat. 104, 501–528

2. Connell, J.H. (1971) On the role of natu ral enemies in preventing
competitive exclusion in some marine animals and in rain forest
trees. In Dynamics of Populations (den Boer , P.J. and Gradwell,
G.R., eds), pp. 298–312, Centre for Agri cultural Publishing and
Documentation 

3. Kelly, D. (1994) The evolutionary ecology of mast seeding.
Trends Ecol. Evol. 9, 465–470

4. Janzen, D.H. (1971) Seed predation by anima ls. Annu. Rev. Ecol.
Syst. 2, 465 –492

5. Xiao, Z. et al. (2017) Seed–predator satiat ion and Janzen–
Connell effects vary with spatial scales for seed-feeding insects.
Ann. Bot. 119, 109 –116

6. Bogdziewicz, M. et al. (2018) Effectivene ss of predator satiation
in masting oaks is negatively affected by conspecific density.  
Oecologia 186, 983 –993

7. DeFilippis, D.M. et al. (2025) Frequency-depen dent assembly
processes determine the coexistence and relative a bundance
of tropical plant species. Nat. Ecol. Evol. 9, 249–260

8. Schemske, D.W. et al. (2009) Is there a latitudinal gradient in the
importance of biotic interactions? Annu. Rev. Ecol. Ev ol. Syst.
40, 245– 269

9. Comita, L.S. et al. (2014) Testing predictions of the Janzen–
Connell hypothesis: a meta-analysis of experimen tal evidence
for distance-and density-dependent seed and seedling survival.
J. Ecol. 102, 845 –856

10. Packer, A. and Clay, K. (2000) Soil pathogens a nd spatial pat-
terns of seedling mortality in a tempera te tree. Nature 404,
278–281 

11. Bagchi, R. et al. (2014) Pathogens and insect her bivores drive
rainforest plant diversity and composition. Nature 506, 85

12. Hille Ris Lambers, J. et al. (2002) Density-depende nt mortality
and the latitudinal gradient in species divers ity. Nature 417,
732–735 

13. LaManna, J.A. et al. (2017) Plant diversity increases with the strength
of negative density dependence at the global scale. Science 356,
1389–1392 

14. Hülsmann, L. et al. (2024) Latitudi nal patterns in stabilizing den-
sity dependence of forest communities. Natur e 627, 564–571

15. Norton, D.A. and Kelly, D. (1988) Mast seeding over 33 years by
Dacrydium cupressinum Lamb.(rimu)(Podocarpaceae) i n New
Zealand: the importance of economies of scal e. Funct. Ecol. 2,
399–408 

16. Kelly, D. and Sork, V.L. (2002) Mast seedi ng in perennial plants:
why, how, where? Annu. Rev. Ecol. Syst. 33, 427–447

17. Pearse, I.S. et al. (2016) Mechanisms of mast se eding: resources,
weather, cues, and selection. New Phytol. 21 2, 546–562

18. Zwolak, R. et al. (2022) Global patterns in the pred ator satiation ef-
fect ofmasting: ameta-analysis. Proc. Natl. Acad. Sci. U. S.A. 119,
e2105655119 

19. Davies, T.J. and MacPherson, A. (2024) Seed mast ing as a mech-
anism for escape from pathogens. Curr. Biol. 34 , R120–R125

20. Muller-Landau, H.C. et al. (2003) Theoretical perspectives on
evolution of long-distance dispersal and the example of special-
ized pests. Ecology 84, 1957–1967

21. Howe, H.F. and Smallwood, J. (1982) Ecol ogy of seed dispersal.
Annu. Rev. Ecol. Syst. 13, 201–228

22. Birch, J.D. et al. (2019) Density-depe ndent processes fluctuate
over 50 years in an ecotone forest. Oecologia 191, 909–918

23. Herrera, C.M. et al. (1998) Annual variabi lity in seed production
by woody plants and the masting conce pt: reassessment of prin-
ciples and relationship to pollination and seed dispersal. Am. Nat.
152, 576– 594

24. Hülsmann, L. et al. (2021) Is variation in conspecific negative den-
sity dependence driving tree diversity patterns at l arge scales?
Trends Ecol. Evol. 36, 151–163

25. Qiu, T. et al. (2023) Masting is uncommon in trees that depend
on mutualist dispersers in the context of glo bal climate and fertil-
ity gradients. Nat Plants 9, 1044–1056
Trends in Ecology & Evolution, December 2025, Vol. 40, No. 12 1197

http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0005
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0005
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0010
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0010
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0010
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0010
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0010
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0015
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0015
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0020
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0020
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0025
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0025
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0025
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0030
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0030
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0030
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0035
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0035
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0035
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0040
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0040
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0040
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0045
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0045
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0045
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0045
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0050
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0050
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0050
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0055
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0055
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0060
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0060
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0060
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0065
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0065
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0065
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0070
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0070
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0075
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0075
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0075
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0075
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0080
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0080
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0085
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0085
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0090
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0090
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0090
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0095
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0095
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0100
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0100
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0100
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0105
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0105
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0110
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0110
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0115
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0115
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0115
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0115
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0120
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0120
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0120
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0125
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0125
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0125


Trends in Ecology & Evolution
26. Koenig, W.D. and Knops, J.M.H. (2000) Patt erns of annual seed
production by northern hemisphere trees: a global perspective.
Am. Nat. 155, 59 –69

27. Hargreaves, A.L. (2024) Geographic gradients in species interac-
tions: from latitudinal patterns to ecological mechanisms. Annu.
Rev. Ecol. Evol. Syst. 55, 369–393

28. Moles, A.T. and Ollerton, J. (2016) Is the notion that species in-
teractions are stronger and more specialized in the tropics a
zombie idea? Biotropica 48, 141–145

29. Draper, F.C. et al. (2021) Amazon tree dominance across forest
strata. Nat. Ecol. Evol. 5, 757–767

30. Ter Steege, H. et al. (2013) Hyperdominan ce in the Amazonian
tree flora. Science 342, 1243092

31. Norden, N. et al. (2007) Mast fruiting is a freque nt strategy in
woody species of Eastern South America. PLoS ONE 2, e1079

32. Pearse, I.S. et al. (2020) Biogeography and phylogeny of
masting: do global patterns fit functional h ypotheses? New
Phytol. 227, 1557 –1567

33. Willig, M.R. et al. (2003) Latitudinal gradi ents of biodiversity: pat-
tern, process, scale, and synthesis. Annu. Rev. Ecol. Evol. Syst.
34, 273– 309

34. Hart, T.B. (1995) Seed, seedling and sub-cano py survival in
monodominant and mixed forests of the Ituri Forest, Africa.
J. Trop. Ecol. 11, 443–459

35. Queenborough, S.A. et al. (2007) Nei ghborhood and community
interactions determine the spatial pattern of tropical tree seedling
survival. Ecology 88, 2248 –2258

36. Peh, K.S.-H. et al. (2011) Mechanisms of monodominance in di-
verse tropical tree-dominated systems. J. Ecol . 99, 891–898

37. Henkel, T.W. and Mayor, J.R. (2019) Impli cations of a long-term
mast seeding cycle for climatic entrainm ent, seedling establish-
ment and persistent monodominance in a N eotropical,
ectomycorrhizal canopy tree. Ecol. Res. 34, 472–484

38. Ter Steege, H. et al. (2019) Rarity of m onodominance in
hyperdiverse Amazonian forests. Sci. Rep. 9, 13822

39. Zahra, S. et al. (2021) Do reverse Janzen –Connell effects reduce
species diversity? Trends Ecol. Evol. 36, 387–390

40. Fernández-Martínez, M. et al. (2019) Nutrient sca rcity as a selec-
tive pressure for mast seeding. Nat Plant s 5, 1222–1228

41. Redmond, M.D. et al. (2019) Resource allocation trade-offs in a
mast-seeding conifer: piñon pine prioritizes reproductio n over
defence. AoB Plants 11, plz070

42. Silvertown, J.W. (1980) The evolutionary ecology of mast
seeding in trees. Biol. J. Linn. Soc. 14, 235–250

43. Dalling, J.W. et al. (2020) Extending plant defense theory to
seeds. Annu. Rev. Ecol. Evol. Syst. 51, 123–141

44. Jia, S. et al. (2020) Tree species traits affect which natural ene-
mies drive the Janzen–Connell effect in a temperate forest. Nat.
Commun. 11, 286

45. Vander Wall, S.B. (2002) Masting in anim al-dispersed pines facil-
itates seed dispersal. Ecology 83, 3508–3516

46. Zhu, Y. et al. (2018) Density-dependent survival varies with spe-
cies life-history strategy in a tropical fore st. Ecol. Lett. 21,
506–515 

47. Lebrija-Trejos, E. et al. (2016) Species with grea ter seed mass
are more tolerant of conspecific neighbours: a key driver of
early survival and future abundances in a trop ical forest. Ecol.
Lett. 19, 1071 –1080

48. Ellner, S. and Shmida, A. (1981) Why are adaptations for long-
range seed dispersal rare in desert plants? O ecologia 51,
133–144 

49. Carson, W.P. et al. (2008) Challenges associated wi th testing
and falsifying the Janzen–Connell hypothesis: a re view and cri-
tique. In Tropical Forest Community Ecolog y (Carson, W.P. and
Schnitzer, S.A., eds), pp. 210–241, Wiley–Blackwell

50. Seget, B. et al. (2022) Costs and bene fits of masting: economies
of scale are not reduced by n egative density-dependence in
seedling survival in Sorbus aucuparia. New Phytol. 233,
1931–1938 

51. Crawley, M.J. and Long, C.R. (1995) Alter nate bearing, predator
satiation and seedling recruitment in Quercus rob ur L. J. Ecol.
83, 683– 696

52. Jensen, T.S. (1985) Seed-seed predator interactions of European
beech, Fagus silvatica and forest rodents, Clethrionomy s glareolus
and Apodemus flavicollis. Oikos 44, 1 49–156

53. Linhart, Y.B. et al. (2014) Variability in seed cone production and
functional response of seed predators to seed cone availability:
support for the predator satiation hyp othesis. J. Ecol. 102,
576–583 

54. Visser, M.D. et al. (2011) Strict mast fruiti ng for a tropical diptero-
carp tree: a demographic cost–benefit anal ysis of delayed repro-
duction and seed predation. J. Ecol. 99, 1033–1044

55. Huang, L. et al. (2021) Benefit versus cost trade-offs of masting
across seed-to-seedling transition for a domi nant subtropical for-
est species. J. Ecol. 109, 3087–3098

56. Martini, F. et al. (2022) Variation in biotic inter actions mediates
the effects of masting and rainfall fluctuations on seedling de-
mography in a subtropical rainforest. J. Ecol . 110, 762–771

57. Boggess, C.M. et al. (2021) Facultative seed predators drive
community-level indirect effects of mast seeding. Fo r. Ecol.
Manag. 502, 11971 3

58. Zhang, H. et al. (2021) Effects of masting on seedling establish-
ment of a rodent-dispersed tree species in a warm-temperate re-
gion, northern China. Integr. Zool. 16, 97–108

59. Gratzer, G. et al. (2022) Does fine scale spatiotemporal variation
in seed rain translate into plant pop ulation structure?Oikos 2022,
e08826 

60. Bogdziewicz, M. et al. (2024) Evolutionary ecolog y of masting:
mechanisms, models, and climate change. Trends Ec ol. Evol.
39, 851– 862

61. Wright, S.J. et al. (2005) Annual and spatia l variation in seedfall
and seedling recruitment in a neotropical forest. Ecology 86,
848–860 

62. Song, X. and Corlett, R.T. (2022) Do natural enemi es mediate
conspecific negative distance-and density-depen dence of
trees? A meta-analysis of exclusion experiments. Oik os 2022,
e08509 

63. Song, X. et al. (2021) When do Janzen –Connell effects matter? A
phylogenetic meta-analysis of conspecific negati ve distance and
density dependence experiments. Ecol. Lett. 24, 608–620

64. Nigro, K.M. et al. (2024) Co-mast: harmonized seed production
data for woody plants across US long-t erm research sites. Ecol-
ogy 106, e446 3

65. Drobyshev, I. et al. (2010) Masting beha viour and dendrochronol-
ogy of European beech (Fagus sylvatica L.) in southern Sweden.
For. Ecol. Manag. 259, 2160–2171

66. Carvajal-Endara, S. et al. (2017) Habitat fi ltering not dispersal lim-
itation shapes oceanic island floras: species assembly of the
Galápagos archipelago. Ecol. Lett. 20, 495–504

67. Johnson, D.J. et al. (2012) Conspecifi c negative density depen-
dence and forest diversity. Science 336, 904–907

68. Ali, J.G. and Agrawal, A.A. (2012) Specialist versus generalist in-
sect herbivores and plant defense. Trends Plan t Sci. 17,
293–302 

69. Guo, Q. and Potter, K. (2025) Generalist pests cause high tree in-
festation, but specialist pests cause high mortal ity. Forests 16,
127 

70. Gougherty, A.V. and Davies, T.J. (2022) Host phylogenetic diver-
sity predicts the global extent and composition of tree pests.
Ecol. Lett. 25, 101 –112

71. Vamosi, S.M. et al. (2009) Emerging patter ns in the comparative
analysis of phylogenetic community structure. Mol. Ec ol. 18,
572–592 

72. Benítez, M.S. et al. (2013) Pathogen regulation of plant diversity
via effective specialization. Trends Ecol. Evol. 28, 705–711

73. Clark, J.S. et al. (2019) Foodwebs based on unreliable founda-
tions: spatiotemporal masting merged with consu mer move-
ment, storage, and diet. Ecol. Monogr. 89, e01381

74. LaMontagne, J.M. et al. (2024) Community synchrony in seed
production is associated with trait similarity and climate across
North America. Ecol. Lett. 27, e14498

75. Szymkowiak, J. et al. (2024) Community-wid e masting improves
predator satiation in North American oaks. For. Ecol. Manag.
569, 122172
1198 Trends in Ecology & Evolution, December 2025, Vol. 40, No
. 12

http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0130
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0130
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0130
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0135
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0135
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0135
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0140
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0140
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0140
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0145
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0145
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0150
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0150
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0155
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0155
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0160
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0160
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0160
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0165
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0165
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0165
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0170
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0170
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0170
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0175
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0175
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0175
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0180
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0180
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0185
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0185
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0185
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0185
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0190
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0190
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0195
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0195
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0200
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0200
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0205
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0205
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0205
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0210
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0210
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0215
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0215
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0220
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0220
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0220
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0225
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0225
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0230
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0230
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0230
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0235
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0235
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0235
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0235
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0240
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0240
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0240
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0245
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0245
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0245
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0245
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0250
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0250
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0250
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0250
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0255
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0255
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0255
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0260
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0260
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0260
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0265
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0265
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0265
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0265
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0270
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0270
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0270
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0275
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0275
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0275
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0280
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0280
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0280
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0285
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0285
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0285
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0290
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0290
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0290
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0295
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0295
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0295
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0300
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0300
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0300
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0305
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0305
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0305
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0310
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0310
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0310
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0310
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0315
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0315
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0315
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0320
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0320
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0320
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0325
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0325
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0325
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0330
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0330
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0330
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0335
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0335
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0340
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0340
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0340
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0345
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0345
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0345
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0350
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0350
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0350
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0355
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0355
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0355
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0360
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0360
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0365
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0365
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0365
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0370
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0370
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0370
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0375
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0375
http://refhub.elsevier.com/S0169-5347(25)00282-4/rf0375

	The Janzen–Connell hypothesis and seed masting
	Natural enemies structure forest communities
	JC dynamics
	Seed masting
	Contrasting ecological dynamics
	Latitudinal gradients in JC effects, seed masting, and species richness
	Integrating the JC hypothesis and masting theories enhances our understanding of both
	Combining studies of masting and JC effects
	Concluding remarks
	Acknowledgments
	Declaration of interests
	References




