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Abstract

Seed dispersal is one of the essential aspects of plant life cycles
that promote the recolonization of degraded sites and naturally
restored lands. Bibliometrics has become a necessary tool for
analyzing and assessing the output of scientists, cooperation
between universities and other related parameters. This
review covered the studies carried out between 2001 and 2024.
It aims to identify the frequency methods used and dispersal
agents and analyze publication trends by utilizing network
analysis, identifying leading countries, and visualizing keyword
co-occurrence patterns. The results found that seed traps and
animal faeces collection are frequently used, while animal
dispersal (zoochory) is the most intensive seed dispersal agent
studied. However, the findings reveal that scholars from 51
countries were actively engaged in seed dispersal research
based on study site and 83 based on institutional affiliations,
with the USA leading in both options. Additionally, the analysis
revealed that genetic structure and biological control, such as
DNA, are emerging fields in seed dispersal studies. The study
recommends that future seed dispersal research emphasize
explosive, gravity, and water dispersal mechanisms with limited
agents and larger coverage.

Keywords: Seed dispersal agents, Methods, Publication trends,
Vosviewer analysis

Introduction

Tree population structure and forest
composition are significantly impacted
by the production, germination,
establishment, and survival of seeds
(Chen et al., 2014; Francisco et al.,
2007; Lalfakawma et al., 2009; Sahoo &
Lalfakawma, 2013; Thakur et al., 2021).
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The spatial distribution of mature trees
within a forest community is determined
by seed dispersal and recruitment of
seedlings (Chen et al., 2014; McEuen
& Curran, 2004; Leslie et al., 2017).
However, because of the diverse spatial
patterns of seed dispersal, tree seed
output frequently varies significantly
from year to year (Sahoo & Lalfakawma,
2013). Accordingly, seedfall significantly
1mpacts a forest ecosystem’s regeneration
process (Gémez et al., 2004).

Seed dispersal is the seed movement
process from the mother plant to a
new habitat/location, increasing the
offspring’s survival rate (Martinez et
al., 2008). Although it is an important
seed escape mechanism from the mother
plant (Tabarelli & Peres, 2002) and a key
process for forest regeneration (San-José
et al., 2020). Dispersal syndromes and
seed size, along with dispersing agents,
are essential to understanding the role
of plant ecology, ecosystem functioning,
and biodiversity conservation (O’farrill
et al., 2013; Gonzalez-Varo et al., 2019),
as well as connecting the reproduction
of adult plants to recruitment processes
(Blendinger et al., 2011). Notwithstanding,
it is a multifaceted process encompassing
several critical stages of a plant’s life cycle,
including seed removal and treatment,
deposition, survival, regeneration, and
recruitment (Tsujino & Yumoto, 2009).
Animals are essential in seed dispersal,
maintaining terrestrial ecosystems
(McConkey & O’Farril, 2016; Rogers
et al., 2021) and promoting restoration
of disturbed habitats (Howe & Miriti,
2004). While dispersal distance and
forest density are two important features
influencing spatial tree patterns (Bleher
et al., 2002), the mean and maximum
seed dispersal distances vary across
different regions (Campos-Arceiz & Blake,

2011). Muller-Landau et al. (2008) and
Sebastian-Gonzalez et al. (2017) found
similarities in dispersal mode and seed
properties amongst species. As a result,
seeds that travel great distances from the
parent tree are more likely to colonize
new environments (Lehouck et al., 2009)
and influence plant dynamics at different
distances from the parent trees.

To study the seed dispersal of each
plant, it is important to identify the seed
dispersal agent, which helps monitor and
assess the quantity of seed movement.
Therefore, seed dispersal agents can
be classified as: (a) animal (Zoochory),
which are divided into: endozoochory,
a seed dispersal procedure in which
animals devour fruits and then expel
the seed at varied distances from the
parent plant (Rubalcava-Castillo et al.,
2021); epizoochory, seeds attached to the
feathers, fur, or animal skin and carried
to new location, and myrmecochory,
seed dispersed by ants (Leal et al.,
2007), (b) wind (Anemochory) seeds
have adaptations like hairs, wings or
lightweight structure that allow them to
be carried by wind (Muller-Landau et al.,
2008; Griz & Machado, 2001), (c) water
(Hydrochory) seeds are adapted to float
and can be dispersed by water current
(Muller-Landau et al., 2008), (d) gravity
(Barochory) where the seed falls beneath
the parent plant crown (Sant’Anna et
al., 2013), and (e) ballistic mechanisms
(Autochory) seeds forcefully eject from
fruit, e.g., explosive (Muller-Landau et
al., 2008; Griz & Machado, 2001).

A bibliometric review provides an
invaluable contribution to the existing
scientific research (Ferreira et al., 2016).
It 1s a method used to analyze scientific
literature on a specific field or topic
quantitatively (Gutiérrez-Salcedo et al.,
2018), and an integral part of research
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evaluation methodology, particularly
within scientific and applied fields
(Ellegaard & Wallin, 2015). However,
biometric analysis has been increasingly
used as a tool within the scientific
research community (Ellegaard, 2018). It
can be used to identify research terms in
any scientific field, assess the impact of
publications, map influential institutions
and authors, identify key journals and
research gaps, evaluate evidence-based
decisions, and track international
collaborations. Consequently, in the
academic world, ranking and other
productivity measurements are routinely
applied to bibliometric indicators (Harvey,
2008). A review article summarizes
critically selected scientific content
(Ellegaard & Wallin, 2015). In recent
years, several tools have made producing
reports much easier. In contrast, this
ranges from databases such as Web of
science (WoS), Google scholar or Scopus
(L1 et al., 2010), which have added
capabilities of incorporating reference
handling. On the other hand, Vosviewer,
bibioshiny, CiteSpace and other related
software are used intensively in analyzing
these kinds of data (Wu et al., 2023;
Moral-Munoz et al., 2020).

Literature intensively covered seed
dispersal issues including loss of seeds
through various means (McConkey &
O’Farril, 2016; Rogers et al., 2021),
maximum dispersal distant (Tamme et al.,
2014), empirical plant dispersal kernals
synthesis (Bullock et al., 2017), causes
of seed dispersal (Beckman & Sullivan,
2023), seed dispersal effectiveness (Schupp
et al., 2010), methodological overview of
seed dispersal (Quintero et al., 2021),
meta-analysis of seed dispersal (Albert et
al., 2015), and seed dispersal effectiveness
framework (Beckman et al., 2020).
However, limited studies summarise

seed dispersal methods, dispersal agents,
bibliometric analysis of global trends,
and research networks of seed dispersal.
Therefore, this study aims to identify the
frequency methods used and dispersal
agents and analyze publication trends
by utilizing network analysis, identifying
leading countries based on study site and
affiliation, key terms, and visualizing
keywork co-occurrence patterns. To
achieve these objective the following
research questions were highlighted; a)
what are frequency methods used?, b)
what are most dispersal agents studied?,
c) what are the leading countries in field
of seed dispersal studies based on study
site and affiliation?, d) what is most term
used?, e) what are the sources published
seed dispersal studies?, and f) what is
emerging trends? The study hypothesized
that the most frequent methods used are
based on dispersal agents studied. In
contrast, the leading countries in seed
dispersal studies could differ based on
study site and affiliation. However, the
emerging trend in the field follows the
innovative technologies for examining
the seed movement. This review will help
researchers in seed ecology, particularly
seed dispersal, identify the best methods
for specific dispersal agents, countries not
explored, and emerging trends.

Methodology

Data extraction and approach

This review focused on research of seed
dispersal studies conducted during 2001
and 2024. The data were acquired from
Web of Science (WoS). However, the used
key search terms were “seed dispersal
and dispersal distance”, “seed dispersal
of plant”, and “tree seed dispersal”.
All research articles in English were

exported using the plain text file option
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and downloaded for network analysis.
Conversely, all research titles and
abstracts were extracted from plain
text files and sorted based on the study
objectives following the method described
in (Fig. 1). All relevant papers were
downloaded using Google Scholar to
extract the methodologies used, dispersal
agents, study site based on country, and
the study duration of each research.

Data sorting and analysis
All extracted data were summarized
and presented in tables and figures.

All methods and sampling procedures
were listed, and their percentages were
recorded. The frequently used methods in
seed dispersal and agents were identified
based on their frequencies. At the same
time, all studies were sorted to identify the
most commonly studied countries based
on study site. Additionally, we conducted
network analysis using VOSviewer
to examine research trends in seed
dispersal during the determined period
(2001- 2024), the key terms used in seed
dispersal studies, number of studies
based on affiliation were visualized using
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Figure 1. Preferred reporting items for systematic review and meta-analyses (PRISMA)
flow diagram (Adopted from Moher et al., 2010)
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VOSviewer overlay visualization, where
the new trend were identified based
on recent year used and its relation to
seed dispersal field. Moreover, timeline
visualization was applied to model the
track evolution of research themes with
time. Besides that, network visualization
was created using VOSviewer (v1.6.20) to
identify the key terms, journals, leading
countries and explain the relationships
between clustering terms, co-citation, and
occurrence from the literature database of
seed dispersal studies.

Results

Publication trends and global distribution
based on institutional affiliation and study
sites

The publication trends varied between
years, showing an increasing trend with

years, except during the COVID-19
period. In contrast, publications index
shows a good value from 2012 to 2018
(Fig. 2). As many as 83 countries were
actively engaged in seed dispersal studies,
while the font size and circle label
of each country based on number of
documents (Fig. 3). However, based on
the institutional affiliation and the study
sites, the USA followed by China, Brazil,
and Spain were the most leading countries
in seed dispersal research (Fig. 4).

Study duration, methods, and sampling
procedures

We found that the studies with duration
of two years were the highest, followed by
one and three years (Fig. 5). Ten methods
were frequently used by researchers
for the study of seed dispersal, led by
application of seed traps (36.94% studies)
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Figure 2. Number of publications during the period of 2001 to 2024 and publication
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Figure 3. Countries engage in seed
dispersal research based on institutional
affiliation using VOSviewer analysis

and faeces collection (26.13% studies)
(Table 1). These methods are applied
practically via 15 sampling procedures,
dominated by transect line procedures
(28.89% studies) (Table 1). Moreover, each
method used and its sampling design/

procedures were listed and summarized
in Table 2.

Dispersal agents covered by previous
studies

Seed dispersal is classified into five
categories based on the main dispersal
agents. The findings revealed that most
of the studies (363 studies) were covered
by animal dispersal (zoochory), followed
by other dispersal agents (Table 3), while
within zoochory, most of the studies were
covered by large/medium animals (151
studies), followed by birds (122) (Table 3).
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Table 1. Methods and sampling procedures of seed dispersal
%
Method used
T G
Count number of seedlings 1.80
Faeces collection 26.13
Experiment using seed under mother tree 8.11
Using camera traps 2.70
Using drift net 0.90
Using model for wind 5.41
Using plots in forest 3.60
Using seeds traps 36.94
Using seeds traps and facces collection e 3L
. Sampl 3 ng proced R
Class1ﬁedd1spersalagentsandseedslze222
Correlate with seed dispersal 7.78
Estimate seedling for seed and dispersal distance 1.11
Measuring distance and sow seed under the tree 3.33
Measuring distance from the mother tree 5.56
Record the birds and seed removal 18.89
Record the seed removed by rodents 2.22
Recorded faeces position using GPS 1.11
seed collection and counting 2.22
Sample plot around mother tree 6.67
Targeting bat roosts 2.22
Tracking animals 11.11
Transect line 28.89
Transect line and count seed remove by animals 3.33
Used genetic approach (DNA) 3.33

Key terms, journals, authors, and an
emerging cluster of seed dispersal studies
The findings show that the frequency key
terms used in seed dispersal studies from
2001 to 2024 were summarized into 3171
key terms, while based on the analysis of
minimum five occurrences of key terms,
only 158 key terms met the criteria, and
term (seed dispersal) mainly was used
among other (Fig. 6). Although the node
size indicates the frequency of term
use compared to other, the connection

between nodes (edges) represents a strong
co-citation relationship. Additionally, we
found that 237 journals were actively
engage in publishing seed dispersal
studies, with only 49 journals publishing
at least five papers during the study
period (Fig. 7). In contrast, the leading
journals include Journal of Ecology, Forest
Ecology and Management, Molecular
Ecology, and Journal of Global Ecology
and Conservation (Fig. 7). Based on
analysis, the findings revealed that 3180
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Table 2. Summary of studies in each method with sampling procedure

Methods

Sampling procedure

References

Count number of
fruits in the tree

Count number of
seedlings

Faeces collection

Experiment using
seed under mother
tree

Using camera traps
Using drift net
Using model for

wind

Using plot in forest

Using seeds traps

Using seeds traps
and faeces collection

Record bird type and number
of seed removal

Estimated seedling for seed
and dispersal distance
Transect line, record faeces
position using GPS, target-
ing bat roosts, and measuring
distance from mother tree
Record the seed removed by
rodents

Tracking animals
Seed collection and counting

Correlate wind speed with
seed dispersal distance

Sample plot around the moth-

er tree, transect line and seed
removed by animals, measur-
ing distance and sow seed
under tree

Seed collection and counting,
measuring distance from the
mother tree, and record seed
removed by rodents or birds

Transect line and seed re-
moved by animals, tracking
animals, classified dispersal
agents and seed size, target-
ing bat roosts, using genetic
approach (DNA)

(Brodie et al. 2009; Jaco-
massa and Pizo 2010)

(McEuen and Curran 2004)

(Fragoso et al. 2003; Link et
al. 2006; Lenz et al. 2011;
Mahandran et al. 2018)

(Fedriani and Delibes 2009;
Leal et al. 2007)

(Babweteera and Brown
2008; Niu et al. 2018)

(Greet et al. 2012)

(Heydel et al. 2014; Nathan
et al. 2011; Nathan et al.
2002)

(Stevenson and Guzman
2008; Chen et al. 2014; Far-
wig et al. 2006)

(San-José et al. 2020; Mi-
randa et al. 2019)

(Gonzalez-Varo et al.

2019; Millerén et al. 2013;
Blendinger et al. 2011; Griz
and Machado 2001; Jordano
et al. 2007)

authors were actively engaged in the
field of seed dispersal according to their
affiliations. In contrast, only 46 authors
met the threshold based on five minimum
documents. However, “Nathan, r” was
the most cited author (1502 citation)

(Fig. 8). Moreover, the trend of seed
dispersal is summarized into 5 cluster
based on VOSviewer analysis, though
new emerging trend introduced in seed
dispersal studies are genetic structure,
scatter hoarding, microsatellites, climate
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Table 3. Number of studies based on dispersal agents

Dispersal agent Number References
of studies
Zoochory (animal) 363 Stevenson & Guzman, 2008; Guimaraes et al.,
2008; Martinez et al., 2008; Khan et al., 2005
Anemochory 52 Nathan et al., 2011; Damschen et al., 2014;
(wind) Larson-Johnson, 2023
Hydrochory 15 Cabra-Rivas, 2014; Greet et al., 2012; Kowarik &
(water) Saumel, 2008
Barochory 14 Chen et al., 2014; Sant’ Anna et al., 2013
(gravity)
Autochory 11 Muller-Landau et al., 2008
(ballistic
OIS e
00CRO Y e
Large/medium 157 Clark et al., 2004; Godoy & Jordano, 2001;
animals Brockelman et al., 2022; Mason et al., 2022
(Elephant,
monkey, etc.)
Ants 9 Leal et al., 2007; Gallegos et al., 2014
Bat 21 Mahandran et al., 2018; Jacomassa & Pizo, 2010
Rodents 61 Briggs et al., 2009; Bogdziewicz et al., 2020
Birds 119 Herrera et al., 2011; Wang et al., 2019;
Tsunamoto et al., 2020
Fish 2 Costa et al., 2023; Anderson et al., 2011

change, habitat fragmentation, gene
flow, and genetic diversity but still seed
dispersal is used recently (Fig. 9).

Discussion

Publication trends and global distribution
based on institutional affiliations and study
sites

The publication trends for seed dispersal
studies show an increasing pattern during
the study period, except for COVID-19,
which experienced lockdown and
postponement of activities. Several studies
showed that seed dispersal publications

increased before lockdown (Schupp et al.,
2010; Beckman & Sullivan, 2023; Nogales
et al., 2024). The active engagement in
research is usually associated with the
availability of funds, a well-equipped
team, and experts. Consequently, Musa
et al. (2023) observed that the number of
studies in a particular area depends on
the experience and availability of study
materials. These findings indicate that
developed countries primarily support
scientific research, conduct research
in varied fields, and share the findings
in peer-reviewed publishing houses.
Therefore, the number of seed dispersal
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research studies is mainly covered by
developed countries, while less developed
countries still need more studies to fill
the gap.

Study duration, methods, and sampling
procedures

The monitoring of seed dispersal studies
1s based on dispersal agent behaviour and
the availability of seeds produced by the
mother tree in a given year. Therefore,
monitoring the dispersal agent quickly
could not provide enough information to
monitor specific dispersal agent behaviour
in seed movement. However, Stevenson
& Guzman (2008) stated that one year
of seed dispersal monitoring by a specific
animal may not be enough to determine
1its home range, while Andresen (2002)

described that studies on seed dispersal
should be run for more than one year.
Long-term investigation in seed dispersal
and seedling recruitment could assist
in further determining the complicated
dynamics between changing seed
distributions, establishing opportunities,
and recruitment (McEuen & Curran,
2004) and the trend of dispersal agents.

To conduct any research, choosing
an appropriate method and sampling
procedure 1s important to get accurate
data and better findings. The analysis
found that the most adopted methods
for seed dispersal were seed traps and
animals’ faeces, which revealed that
most species exhibited endozoochory or
avichory seed dispersal. The intensive use
of seed traps and animals’ faeces is due
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to the dispersal agents and conditions.
Although the remaining methods are
less used, this does not mean that these
methods are not recommended to be used
in seed dispersal studies, but they have
still not been studied intensively based on
dispersal agent, and similarly reported by
(Tamme et al., 2014; Bullock et al., 2006).

Dispersal agents covered by previous
studies

As discussed earlier, the findings showed
that many studies are emerging to
examine the processes that connect seed
dispersal with seedling distribution. In

this context, the dispersal agents can
have far-reaching consequences on the
regeneration or survival of a species. We
found five main dispersal agents covered
by scientific literature, and most dispersal
agents studied were animal (zoochory),
covering different types of sub-dispersal
agents (Table 3). These findings indicate
that most plants tend to disperse their
seeds via animals; therefore, most studies
focused on particular dispersal agents.
Similarly, other investigators reported
that animals, such as mammals, birds,
ants, reptiles, and fish, disseminate more
than half of seed-bearing plants (Rogers
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et al., 2021; Beckman & Sullivan, 2023).
Conversely, fleshy fruits are vital in seed
dispersal by attracting the endozoochory.
Valenta & Nevo (2020) reported that
mammals disperse large fruits with an
odour and colour (such as green and
yellow), whereas birds disperse smaller
fruits with contrasting colours (such as
black, blue and red) and Koike et al.
(2011) confirmed seed dispersal by birds
and bats. The other dispersal agents have
received less attention than animal seed
distribution. Several plants distribute
their seeds by abiotic mechanisms such

as wind and water (Backman & Sullivan,
2023), and wind and water velocity
determine seed dispersal distance in these
situations (Soons et al., 2017; Beckman et
al., 2020). Conversely, Tamme et al. (2014)
and Thomson et al. (2011) discovered that
plants with vertebrate dispersal vectors
have the most significant seed dispersal
distance, followed by wind dispersal,
ants, ballistic, and unsupported dispersal
ways and Schupp et al. (2010) present in
detail the intensive seed dispersal efficacy
framework.

The seed dispersal by animals can
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disperse over large distances, particularly
by migratory animals, and has a high
probability of colonizing new habitats
(Lehouck et al., 2009) by depositing
seeds 1n nutrient-rich environments.
Some adaptations, such as hooks or
nutritious fruit, will encourage animals
to carry them. The disadvantage of
animal seed dispersal relies on animal
behaviour, which can be unpredictable
and variable; also, potential predation
before dispersal may not visit all potential
habitats, limiting the range of dispersal.
Additionally, the advantage of water
seed dispersal is practical for plants near
water bodies and could transport over
long distances through streams, rivers
or the ocean, but is also limited by water
flow patterns, timing, and may end up in
unsuitable environments and high risk
or mortality due to submersion or other
water-related factors.

Ballistic seed dispersal (ballochory)
is effective for short-distance (Muller-
Landau et al., 2008; Rubalcava-Castillo et
al., 2021) and occurs when the seeds are
forcibly ejected from the parent, due to
explosive dehiscence of the fruit, ensuring
immediate separation. Meanwhile, the
disadvantage of ballistic dispersal is
that it leads to a limited dispersal range,
requires a specific plant structure to
facilitate seed ejection, and may not
reach diverse areas. Moreover, seed
dispersal by gravity is reported to be a
reliable and straightforward mechanism,
through which seeds fall close to the
parents, ensuring some degree of habitat
suitability, while the disadvantage of
this agent is that it limits dispersal
range, higher competition with parents
and siblings and leads to potential seed
predation on the ground. Chen et al. (2014)
explained that seeds aggregating around
the parent trees due to gravity can die

easily due to competition. Furthermore,
the researchers have noted that specific
dispersal methods should be avoided
because of accuracy problems (e.g., wind,
ants, and water dispersal can be variable
and unpredictable, and animal dispersal
can be challenging due to tracking
complexity). Another factor to avoid
specific dispersal methods was difficult
to quantify the seeds disseminated by
animal herds, while water and wind
involved large-scale and rapid movement,
which complicated accurate counting.
Measuring the dispersal distance and
environmental variables in such studies
was another obstacle noted by several
researchers.

Fruit types and seed dispersal

Many plants invest in dispersed
appendages such as diaspora, velcro-like
projections, and in-built mechanisms to
disperse themselves. However, vascular
plants use diaspore, a modified plant
part or dispersal unit of a seed or spore,
plus extra tissues that aid dispersal,
as an efficient method. The important
determinant of seed dispersal distance
and distribution pattern in a fragmented
landscape is the form of the diaspores
in these species. Fruits with a unique
protrusion or sticky pericarp can spread
far by adhering to the fur of mammals or
birds’ feet. The same applies to colourful,
meaty fruits, which attract animals and
birds and aid their spread. Although plant
features like fruit production, nutrient
reward, secondary compounds, and fruit
colour influence birds’ fruit choice, and
fruit attributes like fruit colour, fruit or
infructescence size, pulp/seed ratio, and
nutritional content are crucial for drawing
frugivores (de Sa Dechoum et al., 2015;
Francisco et al., 2007). Large seed size
reduces the number of seeds dispersed,
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affects handling time and determines
the number of fruits moved (Parrado-
Rosselli et al., 2002). Christianini &
Oliveira (2010) highlighted that trees
that produce large fruit are likely to
attract a greater number and variety
of frugivores (successful seed dispersal
Increases) compared to trees with small
fruits. Additionally, the plants disperse
their seeds by wind, which depends on the
wind velocity/speed (Horn et al., 2001),
and the dispersal distance of winged seeds
Increases with decreasing seed size and
increasing wind speed (Muller-Landau
et al., 2008). Though moist tropical and
subtropical rainforests represent 70% of
fleshy fruit plant species (Moran et al.,
2004) and species dispersed by gravity,
the seeds are aggregated around the
parent trees (Chen et al., 2014) and can
be post-dispersed by various external
agents (Kasi & Ramasubbu, 2021).
Furthermore, it has been noted that
secondary dispersal, such as wind, causes
further movement and alters the species
regeneration dynamics once the diaspores
leave their mother plants and land (Tian
et al., 2023).

Key terms, journals, authors’ citation, and
an emerging cluster of seed dispersal

Several terms were recorded in seed
dispersal studies; however, seed dispersal
1s mainly used, which may directly
refer to its presence in the keyword list
and the research titles. We found that
“journal of ecology” and “forest ecology
and management” are the most frequent
journals publishing such studies, due to
their closeness to the seed dispersal and
applied ecology research. Consequently,
the findings revealed that the emerging
research, such as spatial genetic structure,
biological control, and genetic diversity,
are new research themes in seed dispersal

studies. Utilization of the advanced
technology could improve the research
outcomes, restoration plans, and the
management strategies. Quintero et
al. (2021) and Mata et al. (2019) stated
that emerging modern techniques such
as DNA-based molecular analysis and
artificial intelligence, seed dispersal
analysis and detection become more
relevant and precise. Meanwhile, Miguel
et al. (2018) reported that using camera
traps or other multimedia recording
systems allows researchers to observe the
Interactions taking place in seed dispersal
studies. These findings offer powerful,
non-invasive tools for understanding
how seeds move across forest landscapes,
contributing to broader knowledge of plant
ecosystem connectivity and population
dynamics. These findings indicate that the
themes within the field of seed dispersal
change, and more sub-disciplines are
emerging due to the new technology. Thus,
ecologists are now utilizing innovative
technologies and software in conducting
seed dispersal research to understand
better the interlinkages within the
field and their association with other
disciplines.

Conclusion

The study highlighted the ongoing global
research efforts in seed dispersal, with
51countries actively contributing to the
field. The results found a gradual increase
in seed dispersal research, except during
the COVID-19 lockdown. A significant
bias was evident in these studies, with
a strong focus on animals (zoochory)
such as large animals, rodents, bats, and
birds. Additionally, limited attention
was given to dispersal mechanisms like
explosive dehiscence and gravity, which
could provide key insights into seedling
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recruitment patterns. Most of the research
was for a short duration; therefore,
this study recommends extending seed
dispersal research beyond one year to
improve data accuracy and ecological
relevance. The researchers intensively
used seed traps and animal faeces to
extract seed dispersal data. However,
the recent shift towards genetic tools,
such as DNA and camera traps, presents
a promising advancement in the field;
however, their applicability requires
further validation. Future research
should prioritize seed deposition pattern
analysis, considering traditional and
molecular methodologies to bridge the
existing knowledge gap. Addressing these
gaps will improve our ability to forecast
vegetation reactions to environmental
changes, guide conservation measures,
and guarantee the resilience of ecosystems
globally, given the crucial role that seed
distribution plays in forming plant
communities.
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