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Background . Anthropogenic activities significantly impact natural ecosystems, leading to
alterations in plant and pollinator diversity and abundance. These changes often result in
shifts within interacting communities, potentially reshaping the structure of plant-pollinator
interaction networks. Given the escalating human footprint on habitats, evaluating the
response of these networks to anthropization is critical for devising effective conservation
and management strategies.Methods. We conducted a comprehensive review of the
plant-pollinator network literature to assess the impact of anthropization on network
structure. Employing a meta-analytical approach, we examined how anthropization
activities, such as land use changes, urbanization, habitat fragmentation, agriculture, and
livestock farming, affect both plant and pollinator richness. Additionally, we assessed
network metrics such as nestedness (NODF), network specialization (H2), connectance (C),
and modularity (Q) to understand structural changes.Results. We generated a dataset of
36 effect sizes for various metrics of network structure from 38 papers published between
2010 and 2023. Studies assessing the impact of agriculture and livestock farming were
well-represented, with networks involving interacting insects being the most studied taxa.
Our meta-analysis suggests that anthropization decreases richness for both plants and
pollinators. However, there was high heterogeneity among studies. Similarly, agriculture
and fragmentation reduce nestedness and increase specialization in plant-pollinator
networks, while modularity and connectance are mostly not affected. We also performed
meta-regressions to identify variables accounting for this heterogeneity across studies,
and we demonstrate that outcomes may depend on the habitat fragment size where the
studies were carried out. Conclusions. The analysis of human impacts on plant-pollinator
networks showed varied effects worldwide. Activities like agriculture and livestock farming
significantly changed ecosystems, reducing species richness in both pollinators and plants,

highlighting network vulnerability. Responses differed among network metrics, signaling
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nuanced impacts on structure. Regional differences stressed the need for tailored
conservation. Despite insights, more research is crucial for a complete understanding of
these ecological relationships.

Peer] reviewing PDF | (2024:01:95435:0:1:NEW 16 Jan 2024)



PeerJ

f—

O 00 9 O »n b

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

The human touch: a meta-analysis of anthropogenic effects

on plant-pollinator interaction networks

Karla Lopez-Vazquez!, Carlos Lara?, Pablo Corcuera®, Citlalli Castillo-Guevara?, and Mariana

Cuautle?

"Doctorado en Ciencias Bioldgicas y de la Salud, Universidad Autdbnoma Metropolitana,
Iztapalapa, Ciudad de México, México.

2Centro de Investigacion en Ciencias Biologicas, Universidad Autonoma de Tlaxcala, San Felipe
Ixtacuixtla, Tlaxcala, México.

SDepartamento de Biologia, Universidad Autonoma Metropolitana, Iztapalapa, Ciudad de

México, México.

*Corresponding author:

Carlos Lara

Centro de Investigacion en Ciencias Bioldgicas, Universidad Autonoma de Tlaxcala, San Felipe
Ixtacuixtla, Tlaxcala, Mexico

Email address: carlos.lara.rodriguez@gmail.com

Peer] reviewing PDF | (2024:01:95435:0:1:NEW 16 Jan 2024)



PeerJ

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

Abstract

Background. Anthropogenic activities significantly impact natural ecosystems, leading to

alterations in plant and pollinator diversity and abundance. These changes often result in shifts

within interacting communities, potentially reshaping the structure of plant-pollinator interaction

networks. Given the escalating human footprint on habitats, evaluating the response of these

networks to anthropization is critical for devising effective conservation and management

strategies.

Methods. We conducted a comprehensive review of the plant-pollinator network literature to

assess the impact of anthropization on network structure. Employing a meta-analytical app

roach,

we examined how anthropization activities, such as land use changes, urbanization, habitat

fragmentation, agriculture, and livestock farming, affect both plant and pollinator richness.

Additionally, we assessed network metrics such as nestedness (NODF), network specialization

(H2), connectance (C), and modularity (Q) to understand structural changes.

Results. We generated a dataset of 36 effect sizes for various metrics of network structure

38 papers published between 2010 and 2023. Studies assessing the impact of agriculture and

from

livestock farming were well-represented, with networks involving interacting insects b¢ing
most studied taxa. Our meta-analysis suggests that anthropization decreases richness fof bc
plants and pollinators. However, there was high heterogeneity among studies. Similarly
agriculture and fragmentation reduce nestedness and increase specialization in plant-pollin
networks, while modularity and connectance are mostly not affected. We also performed nj
regressions to identify variables accounting for this heterogeneity across studies, and we
demonstrate that outcomes may depend on the habitat fragment size where the studies wer:

carried out.

This statement is
ambiguous. Could
you provide a
percentage that
represents the
extent to which
studies assessing
the impact of
agriculture,
livestock farming,
and insect
networks were

well-represented?

Conclusions. The analysis of human impacts on plant-pollinator networks showed varied effects

worldwide. Activities like agriculture and livestock farming significantly changed ecosystems,

reducing species richness in both pollinators and plants, highlighting network vulnerability.

Responses differed among network metrics, signaling nuanced impacts on structure. Regional

differences stressed the need for tailored conservation. Despite insights, more research is crucial

for a complete understanding of these ecological relationships.
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Introduction

Anthropization is thd\process by henefit from rm natural environments or ecosystems

(Steffen et al., 2011). This multifa additional s a myriad of economic and political
examples of

factors, including changes imNand|studies with rastructure development, deforestation,

results supporting

iculture, mining, and polluti
ASTICUTIUTE, mining, and polutioiy, o statements.

1g the landscapes that sustain life on our

planet (Ellis & Ramankutty, 2008jFurthermore, vz, Cardenas-Garcia, 2017). Within this

separating the
citations would
challenges and disruptions. make it easier to
consult the papers
of interest.

been pivotal in our understanding of how human activities have fundamentally altered thes

context, the intricate relationships heir pollinators face unprecedented

Studies exploring the impacts of ant-pollinator interaction networkg |

ecological relationships. The focus of these investigations primarily centers on discerning {
shifts in structural patterns within these networks. These changes are driven by an assortmg
influences, including disturbance gradients, land use modification, uxbanization, habitat los

fragmentation, which have been studied extensively in recent years (Maxpero, Torreta & M

| believe that this
statement needs a
citation. Perhaps
you can refer to
this work: https://
doi.org/10.3389/
fevo.2022.806615.
Alternatively,
support the
statement with
other references
used in our work

2014; Moreira, Boscolo & Viana, 2015; Grass et al., 2018; Jauker et al., 2N 9; Newt[This seems
repetitive with the
first paragraph.
Please consider
restructuring for

2018; Della Rocca et al., 2023). Importantly, these same factors constitute the primat

behind the alarming worldwide decline in pollinators (Addedoja & Kehinde, 2018).

The sensitivity of pollinators to habitat alterations is striking, resulting in reduction bette

richness and abundance. Moreover, these alterations provoke shifts in species compof@nd clarity.

r coherence

the foraging behavior of pollinators, with far-reaching ecological consequences (Murcia, 1996,

Aizen & Feinsinger, 2003). Nevertheless, it is not a uniform decline, as anthropized ecosys

tems

affect various species differently. Some species suffer harm, while others might evenl| think it's

important to
separate the

and availability of floicitations to
facilitate the
reader's access to
stabili| the specific study

This seemsto | 0f interest.
indicate changes | (Additionally,
Urbanization, a hallmark of anthropization, 1 ' in beta-diversity, ficiconsider

which is important., [SUPPOrting the
Consider statement with

(Ewers & Didham 2006; Steffan-Dewenter et al., 2 . Furthermore, the conversion

areas into cultivated land significantly modifies the abundan
resources, the number of visits by pollinators, and the richness of thesg crucial specie

(Ricketts et al., 2008). This transition can also disrupt the spatial and tempd

interactions (Garibaldi et al., 201 1a).

pollution (Morén & Mdrquez, 2012), and the extensive use o|providing further cidMore

green spaces (Muratet & Fontaine, 2015). Intriguingly, there supporting 0 imore

explanation and | possibly from

references. sources.

examples,

recent
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differences have been identified in terms of pollinator abundance or diversity between urbanized
and less urbanized areas (Williams & Winfree, 2013; Vanbergen et al., 2014; Zakardjian et al.,
2020). A nuanced impact emerges when considering specialist and generalist pollinators.
Specialists, which rely on a limited number of plant species for sustenance, are more severely
affected by anthropization compared to generalists, which have a broader dietary range
(Bronstein, 1994; Kunin, 1997; Marrero, Torreta & Medan, 2014; Marin et al., 2020).

Animal pollination is crucial for the sexual reproduction of the majority of flowering plants
(Kremen, James & Pitts-Singer, 2008; Campbell et al., 2012; Cardoza, Harris & Grozinger,
2012). The efficiency of pollinators in transporting compatible pollen to plant stigmas
profoundly influences reproductive success. Consequently, the decline in pollinators can trigger
adverse impacts on the life cycle of zoogamous plants and lead to reductions in species
populations (Yao, Holt & Marshall, 1999; Lennartsson, 2002). Habitat fragmentation, a frequent
outcome of anthropization, is a known factor in the disruption of pollinator richness, abundance,
and composition (Kearns, Inouye & Waser, 1998; Young & Clarke, 2000). It is often cited as the

primary cause of reproductive impairment in fragmented habitats (Aguilar et al., 2009).

cases emphasize how habitat fragmentation and alterations in pollinatio

If you mention '
ertain plants. However, the intricate relationship bdocumented
cases', itis
important to
support this with

. ) . . . ) citations for these
To truly grasp the impacts of habitat modification on species survival and commun cases and

affect the reproductive suc
habitat alteration and pollination is shaped by vario rs, including plant-pollina

specificity, the quality of fragmented habitat, and resource availability (Jau

composition, it is imperative to transcend species richness and recognize that all spedP€rhaps explain
o ) oo . how they affect
intricately interconnected by ecological interactions (Valiente-Banuet et al., 2015). Pinollination.

pollinator interactions exist as complex networks, organized into local groups of plants and
pollinators (Biella et al., 2019). Network analysis emerges as a valuable tool, providing insights
into the stability and functionality of plant-pollinator communities in ecosystems. Nonetheless,
the influence of land use changes on insect diversity and the structure of their plant-insect
interaction networks may be contingent on the intensity of the disturbance (Escobedo-Kenefi et
al., 2022).

The primary objective of this review was to synthesize the existing body of literature
concerning plant-pollinator interaction networks in anthropized environments. Our emphasis was

on understanding the impact of human activities on the structural characteristics of these
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networks. We utilized various indices, including nestedness (NODF), specialization (H2),

connectivity (C), and modularity (Q), to conduct our analysis. Additionally, using a meta-

analysis, our review aimed to compare species richness of both pollinators and plants

anthropized and conserved environments. We assessed whether the effect size varied

in

depending

on factors such as the type of organism (plant or pollinator), the type of disturbance, the

continent of study, authorship, and the size of fragmented areas where the revised studies were

carried out. These assessments were conducted through a comprehensive meta-analysis,

providing a more detailed understanding of the multifaceted impact of anthropization on plant-

pollinator interaction networks.

Materials & Methods

Search protocol and data collection

A comprehensive literature search was conducted by KL-V and CL based on studies published

from 2010 to 2023 in scientific journals reporting plant-pollinator interaction networks within

anthropized environments. Keyword searches and their combinations were used. The

se included

“interaction networks” AND “pollinators” AND “diversity” AND “fragmentation”, OR “land

use change”, OR “habitat loss”, along with specific terms such as “bats”, “bees”, “beetles”,

“birds”, “butterfly”, “flies”, “hummingbirds” and “moth”. Articles were retrieved through an

intensive search in the public databases Web of Science and Scopus.

Selection criteria: After conducting the literature search, article titles and abstracts were

reviewed to determine whether they met the inclusion criteria for the review. Only studies that

assessed the impact of anthropogenic activities on structural patterns of plant-pollinator

interaction networks, allowing for comparisons of pollinator and plant species richness within

these networks, and studies that considered at least three sampling sites (see Figure 1) were

included. Titles and abstracts were carefully examined to determine if the article met

this phrase is

inclusion criteria for the review. Subsequently, articles meeting these criteria were re

repeated in this
paragraph.

entirety. By adhering to these explicit inclusion and exclusion criteria, potential disa

were resolved. In cases where discrepancies persisted; consulted

decision was reached through a majority vote.

You didn't mention
any exclusion
criteria, only
inclusion criteria

In order to describe the impact of anthropization on_the structure of interaction netw

arks

between plants and pollinators, those studies employing hetwork metrics such as nest
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(NODF), network specialization (H2”), connectivity (C), and modularity (Q) were included for

our analyses. These network-level parameters allow for a comprehensive understanding of the

overall structure of all interactions within the community.

NODF) is an asymmetric pattern of network specialization where specialis

species exclusively (or predomi eract with generalists, while the generalists alsd
interact with each other (Jordano, Bascompte & Olesen, 2
nestedness pattern holds significant ecological importance as it acts as a kind of insurancq
long-term functioning of the ecosystem. It serves as a buffering mechanism against

environmental variations (7hébault & Fontaine, 2010) and significantly contributes to thd

stability of such networks (Bastolla et al., 2009; Thébault & Fontaine, 2010) by promotit

It might be
interesting to add
another subtitle
here related to

Ges et al., 2006). finteraction

network metrics.
In the next
paragraphs, there
is no discussion
about 'Search
protocol and data
collection'.

greater resilience to extinction for well-connected generalist species (4izen, Sabatino &

Tylianakis, 2012).

Connectance (C) is a parameter that measures the proportion of observed interactions relative

to all possible interactions within the network and is used to assess the complexity of am

From a conservation perspective, there is a desire to maintain high levels of connectalCitation

provides stability and resilience to the network. Additionally, connectance is closely related to

species richness in each community and, therefore, the size of the network. As the network size

increases, interactions that do not involve species become more frequent, which decreases the

value of connectance (Jordano, 1987).

Network specialization (H2’) is a parameter that measures the degree of specialization (or

selectivity) of the network, with values ranging from 0 to 1. When values are close to 0, the

network consists mainly of generalist species, indicating low specialization. Conversely, values

close to 1 indicate that the network is highly specialized, with a predominance of specialist

species (Bliithgen, Menzel & Bliithgen, 2006). Particularly, specialization in plant-pollinator

interactions can be a successful strategy in stable and specific environments, but in areas with

anthropogenic activities, it can make speciespmorasmlnarahlata shanges and disturbances in

Citation

their surroundings.

Modularity (Q) is a parameter that indicates whether there is a group of individuals or species

that have more interactions among themselves than with other groups in the network (Marquitti

et al., 2014). It has been observed that the modularity of networks increases their robustness

against disturbances, as specialized interactions are concentrated within the modules and do not
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affect other species outside of those modules (Stouffer & Bascompte, 2011). Additionally,
modules can have specific ecological functions, so if one module is negatively affected by a
disturbance, other modules can partially compensate for the loss of function, maintaining the
overall functional stability of the network (Montoya, Pimm & Solé, 2006). However, highly
modular networks also inevitably exhibit lower overall connectivity and thus lower overall
redundancy, which could reduce resilience to secondary extinctions (Thébault & Fontaine,

2010).

Statistical analyses

A synthesis was conducted on the potential impact of anthropization on the structural patterns of
plant-pollinator interaction networks, describing the decrease, increase, or lack of effect as
reported by the authors (see Table 1). As an initial step in assessing the impact of anthropogenic
activities on the structure of plant-pollinator interaction networks, we examined variations in
metric values associated with network structural patterns, such as NODF, H2, connectance, and
modularity (as response variables), across different anthropogenic activities, including land use
change, urbanization, fragmentation, agriculture, and livestock (as a fixed factor), using analysis
of variance (ANOVA). To identify specific groups of anthropogenic activities that displayed
significant differences in their network metric values, we utilized Tukey post hoc tests. These

tests were performed using the R Studio software (R Core Team, 2020).

Effect size calculation

To conduct a meta-analysis, it was necessary to determine an effect size that could be
summarized across all studies. In this regard, the effect size is defined as a metric that quantifies
the relationship between two entities, capturing the direction and magnitude of this relationship
(Harrer et al., 2021). The effect size was selected using the standardized mean difference
(SMD), with the Hedges’ g correction for small samples (Hedges & Vevea, 1996). This was
because the means of plant and pollinator richness between preserved and anthropized
environments were the most frequently reported response variables in the collected articles. The
calculation of SMD for each study involved subtracting the mean of pollinator or plant richness
from the preserved site from the mean of pollinators and plants from the anthropized site in each

respective study, and then dividing this difference by the pooled standard deviation (Harrer et
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al., 2021). Positive values indicate a higher number of pollinators or plants in the preserved site,

while negative values indicate the opposite. A value of 0 represents the absence of an effect size.

When means and standard deviations were not reported in an article, other reported statistics that

could be converted to SMD, such as correlation coefficients, chi-square (y2), one-way ANOVA,

and two-sample t-test, along with their corresponding formulas, were used (Harrer et al.,

2021).

In cases where a document did not provide any of these data, it was excluded from the meta-

analysis.

Meta-analysis and meta-regressions

The limited number of studies conducted in a semi-arid climate prevented its inclusion as

a

category in the meta-analysis. Consequently, these were included within the category of studies

in tropical climates and analyzed accordingly. Additionally, only one study included in the

review examined livestock as an anthropogenic activity; therefore, this activity was not included

as a category in the analyses.

For the meta-analysis, a random-effects model was employed. This model assumes that

studies

do not reflect a single true effect due to differences in populations, interventions, comparators, or

outcome assessment methods (Fernandez-Chinguel et al., 2019). This approach allowed t

In addition to

comparison of results across different studies, even when they did not measure the paramejmentioning the

interest in the same way. The maximum likelihood (ML) method was used to obtain tau?,

packages, please

‘provide

measures the variability between the effects of different studies (Higgins, 2011), and the Jginformation on the

method was used to calculate confidence intervals for tau? and tau (Borenstein et al

enhance the robustness of our analysis, outlier effect sizes were excluded. Oughiers were

1dentified when the confidence intervals fell outside the confidence intepval of the summar]

specific functions
used for the
analysis and cite
the authors of
these packages.

effect (Higgins, 2011). All analyses were conducted using the dmetar, meta, and metafor

packages in the R Studio programming environment (Viechtbauer, 2010), and the results

displayed in forest plots. In these To s, when the confidence interval of an effect si

not intersect with the null vertical line on the ‘effect sizes™ axt ests a significant
difference in the response variable influenced by the studied factor. Furthermore, 1
confidence intervals do not cross the null line in the same direction, this may indicate

consistency in the results and stronger evidence of a significant difference. A ¢ test was

performed to determine if the size effect was different from the nule value (zero). The O-

fjprogramming

Previously, you
mentioned 'R
Studio software,
and now you
referred to 'R
Studio

environment.'
Please use a
consistent
definition; |
recommend the
latter.
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used to compare the observed value to the expected value (i.e. residual heterogeneity, OF),

assuming a chi-squared (?) distribution with degrees of freedom k-1, where k is the number of

studies. If the observed value was significantly greater than the expected value, the p-value from

the test indicated the presence of a real difference in effect sizes among subgroups (Higgins,

2011). Also, we calculated the I? statistic, which determines the percentage of the total variability

in a set of effect sizes due to true heterogeneity, that is, the between-study variance (Gurevitch &

Nakagawa, 2015).

Additionally, subgroup analysis was performed to determine if the pattern of heterogeneity in

effect size was related to the group of organisms evaluated (pollinators and plants), climate,

continent, or anthropogenic activity. The model for subgroup analyses is a mixed-effects model,

because contains both random effects (within subgroups) and fixed effects (since sub

assumed to be fixed). The O-test was used to compare the observed value to the expe

groups arc

cted value

(i.e. residual heterogeneity, QE), assuming a chi-squared (?) distribution with degrees of

freedom G-1, where G is the number of groups. If the observed value was significantly greater

than the expected value, the p-value from the test indicated the presence of a real difference in

effect sizes among subgroups (Higgins, 2011). Also, we calculated the /> statistic for

subgroup.

each

Furthermore, a meta-regression was conducted to identify specific continuous variables

explaining heterogeneity between studies (Borenstein et al., 2009; Koricheva, Gurevitch &

Mengersen, 2013). In this type of analysis, one or more predictor variables can be us

d to nredict

real differences in effect sizes, considering mixed-effects models (Higgins, 2011). In

the following predictor variables were employed: 1) habitat fragment size where the

conducted (total coverage in square meters), tudy publication, 3) year of
The model was constructed using a stepwise (forward) approach, wher i
added one by one. Comparison between the full model and the reduced model was pg
using the likelihood ratio test. If the full model proved superior to the reduced model
variable was retained, and the next variable was added. The Knapp-Hartung adjustmsg

to obtain more robust estimators, especially when the number of studies was low (Hi

Why are these
variables
important as
predictor variables
, and how can you
justify the use of
the year of
publication if you
are also using the
year of sampling
(which seems
more appropriate)
7

2011). Finally, permutations were used to assess the robustness of the model through

resampled

data (Higgins, 2011). In this analysis, p-values were recalculated based on test statistics obtained

from all possible permutations or a random selection of permutations from the original dataset. If
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the test statistic was equal to or greater than the original value in 50 out of 1000 permutations, a

p-value of 0.05 was established for that predictor.

Results

Network metrics from a total of 38 articles published between 2010 and 2023, were use

enhance

ANOVAs. This dataset is representative across four continents. The most promi y junderstanding of

represented anthropogenic activities included agriculture and livestockfarming. FurtherthIS well- :
representation

most well-represented taxon was that of insects (see Figure 2 and Table 1). The nestednfand eliminate
ambiguity.

| believe providing
a percentage or a
specific number of
the articles would

metric showed no effect in nine studies, decreased in fourteen, and increased in two out

O1LUIc 25

studies reviewed. Concerning H2%,ten articles exhibited no effect, seven indicated a decrg

and nine showed an increase in the 26 studies tha is metric. Regarding connectang

seven publications did not record an increase, while seven indicated ani e, and eighf
demonstrated a decrease in the 22 studies analyzed. In terms of modularity, eight articles
an increase, three exhibited no effect, and one indicated a decrease out of the 12 studies in

this metric was assessed (see Table 1). Our ANOVAs revealed that anthropogenic activiti

If you use the
names of the
metrics, please do
so for all the
metrics described.
| think
standardization is
necessary
throughout the
document.

varying effects on metrics associated with the structure of plant-pollinator interaction net

VOIKS.

NODF values showed significant variation among different anthropogenic activities in the

studies we evaluated (F' = 16.15, d.f- =2, p = 0.007), with agriculture (p = 0.001) and

fragmentation (p = 0.009) being the primary determining factors. A similar significant effect was

observed for specialization (H2”) (= 0.02, d.f. = 3, p = 0.02), where land use change (p =

and fragmentation (p = 0.03) contributed to these differences. Conversely, no significant

0.02)

differences were found among anthropogenic activities in their effects on connectance values (¥

=0.9,d.f. =3, p=0.46). Regarding modularity, ANOVA was not applicable due to the limited

sample size of the reviewed studies and the lack of variance homogeneity

Meta-analysis

For the meta-analyses, only 16 out of the 38 studies met the inclusion criteria, and for the

final

dataset used, 36 effect sizes were included (16 for plant species and 20 for pollinator species).

The average effect size was 0.52, with a 95% confidence interval ranging from 0.07 to 0.96. The

associated p-value was significant (¢ = 2.37, d.f.= 35, p=0.02), indicating that anthropogenic

disturbance reduces the richness of pollinators and plants (see Figure 3). The value of tau” was
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like a discussion

seems more

a result.

1.21, while the I value was 83.8%. The test of heterogeneity was significant (Q = 2;7 df=

35, p <0.0001), suggesting variability in effect sizes among different studies. The results

indicated a statistically significant difference in the richness of pollinator species between

conserved and disturbed sites. Both pollinators and plants are more vulnerable in sites with

anthropogenic activities, as they exhibit lower species richness. However, there is also

significant heterogeneity among the studies. This suggests that the actual effect may vary

depending on the type of disturbance or that additional factors, beyond disturbance, may

influence species richness of pollinators at different sites (see Table 2, Figure 3).

Subgroup Analysis

A subgroup analysis revealed significant differences in the observed effects within subgroups of

pollinators, plants, continents, and anthropogenic activities and climate subgroup (see Table 2).

Pollinators and Plants. The group of ‘Pollinators’ showed the largest effect size (g = 0.13)

compared to ‘Plants’ (g = 0.79; Table 2). The Tau? value for ‘Pollinators’ (t>=0.88) indicates low

heterogeneity, meaning that the studies regarding this group are consistent in their findings. On

the other hand, the Tau? value for ‘Plants’ (t>=1.37) indicates a moderate level of heterogeneity,

suggesting that there is some variability in the effect sizes reported in the studies concerning this

group. This variability may be due to differences in study characteristics, methodologies, or other

factors that influence the relationship between ‘Pollinators’ and the structure of the studied

networks.

Anthropogenic Activity. Our results indicate that ‘Fragmentation’have the most significant

effect (g =2.07, Table 2 ) on the outcome variable within the anthropogenic activity c

ategory.

The high SMD value suggest that this activity have a substantial impact on the richness of plant-

pollinator networks, and the low Tau? value (t>= 0.11, Table 2) indicate that this effect was

consistent among the different studies within this subgroup. We can also observe that the other

types of antropogenic disturbances had similar negative effects in plant and pollinators richness

(Table 2).

Continent. Our results indicate differences in the effect sizes and levels of heterogeneity among

continents. ‘America’ has the largest effect size (g = 0.66, Table 2) observed moderaf

Isn't this the
smaller effect size

heterogeneity between-study (t?>= 2.64, Table 2). ‘Asia’ has a low effect size’g(ZOE

?

moderate heterogeneity (1=1.59 Table 2). ‘Africa’ and ‘Europe’ have smaller effect sizes (g =
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341 0.5 and g=0.5, respectively) with moderate levels of heterogeneity (t>=0.84 and 17=0.57 Table
342  2). The differences in effect sizes and heterogeneity may be attributed to regional variations,
343 such as different environmental factors, study methodologies, or other factors that affect the
344 relationship between anthropogenic activities and plant-pollinator networks richness in these
345 continents.

346 Climate. Our results indicated a larger effect size in studies conducted in tropical climates
347 (g=1.08), with an intermediate level of heterogeneity among these studies (g=-0.02) with slightly
348 lower heterogeneity ( 1>=0.77) compared to the former.

349

350 Meta-regression

351 A meta-regression analysis was conducted to identify quantitative variables that could act as
352 sources of heterogeneity and explain differences in effect size between studies. The model used
353 in this analysis exhibited a significant amount of residual heterogeneity that is explained by the
354 fragment size variable (QF = 180.53, d.f- =33, p =<0.0001). In combining variables that could
355 explain our meta-analysis results, in addition to fragment size, we included the year of sampling
356 (QE=206.90, df. =34, p=<0.0001) and the year of publication of the studies (QF =215.17,
357 d.f =34, p=<0.001). Their values were found to be significant. Furthermore, after conducting
358 permutations, however there was insufficient evidence to assert a significant relationship

359 Dbetween fragment size, year of sampling, and year of publication variables (QF = 178.06, d.f. =
360 31,p=0.52).

361

362 Discussion Actually,

mutualistic
interactions can
etwork allows us to anticipate the potential  [be more
susceptible to
anthropogenic
ilchanges than
single species. I'm
not sure about
368 affect plants and their pollinators. They explain how intensified agriculture can influence tjthis statement;

. perhaps you need
. This highlights that gt5 e more

ictability of pollinatigSPeCific about it.

363 Identifying the structural patterns most susceptible to alterations caused by anthropogenic

364 activities in the plant-pollinator interacti

365 consequences of anthropogenic impacts on biodiversity. ts showed that the most
366 impactful activities in this research are related to agriculture and fragmentation.

367 are widely practiced worldwide. Some articles have examined how these agricultural activ

369 availability of native pollinators for crops, affecting food producti

370 expanses of natural habitats contribute to increased stability and pre

371  services (Tscharntke et al., 2005; Sardirias & Kremen, 2014).

Citation
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Furthermore, it has been observed that agricultural practices can affect pollinator p

Citation

such as bees;awidety studied taxonomic group in plant-pollinator interaction networks-Trrras

been noted how monocultures and pesticide use impact not only populations of wild bees but

also other pollinators (Roulston & Goodell, 2011; Garibaldi et al., 2011b). It’s worth

mentioning

that a significant transformation of natural ecosystems into agricultural land is projected to reach

1. 4

109 million hectares by 2050. This transformation is expected to have substantial imy

for the environment, such as increased nitrogen and phosphorus-driven eutrophicatio

How can this be
related to the
results in this

pesticide use (Tilman et al., 2001). —

research?

Although our study did not find significant effects of activities such as livestock farming,
urbanization, land-use change, and intentional fires on interaction networks, it’s important to
consider that these results may be due to the study’s limitation in focusing solely on structural
patterns of networks. However, other research suggests that these activities also contribute to
climate change, which can affect plants through alterations in temperatures, precipitation
patterns, and atmospheric carbon dioxide levels, favoring invasive species over native ones
(Dukes & Mooney, 1999). It has also been examined that when analyzing livestock farming
independently from agriculture, how livestock impact pollinator visitation frequency can vary
and is further modified by changes in vegetation cover caused by livestock presence (7Tadey,

2008).

On the other hand, changes in land use can vary in intensity, but in all cases, they ¢ C‘Z‘irfaat]idc;lﬁ;m

alterations that affect pollinator populations. This effect is mainly evident through thé-arrorarorr
of floral resources; its impact varies depending on specific characteristics of pollinators, such as
specialization, mobility, sociability, nesting sites, and phenology (Ldzaro & Tur, 2018).
Regarding the impact of intentional fires on pollinators, most studies are limited to comparing
burned areas with unburned areas (Carbone et al., 2019). The overall results of the two analyzed
studies indicated a positive effect on pollinator richness. However, a slight impact on
Lepidoptera richness was identified (Peralta et al., 2017; Da Silva, 2022). Regarding the effects
of anthropization on the structural patterns of interaction networks, previous research supports

our results, concluding that the metrics used (NODF, H2’, C, and Q) are particularly sensitive to

environmental changes (Aguilar et al., 2009; Ferreira, Boscolo & Viana, 2013; Soar

& Lopes, 2017). However, contrary to our findings, other stadtes-have-indicated-that

data available suggest that nesting is not affected by habitat disturbance. Instead, H2

Could you please
specify which
studies are being
referred to?
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show responses similar to those obtained in this study. Furthermore, changes in the roles of

species are also described, with oscillations between generalists and specialists in different

conditions. This is because in situations of lower environmental quality, specialist species with

morphological and behavioral limitations tend to be lost, as observed in previous research

(Ferreira, Boscolo & Viana, 2013).

The reviewed studies indicate that, although network nesting exhibited different effects on

anthropogenic activities, we can infer that the explanation for the fourteen studies where nesting

tends to decrease is that authors have observed that any disturbance resulting from anthropogenic

activities affects total species richness and the abundance of interactors, which decreases with

habitat loss (Spiesman & Inouye, 2013). This is because a reduction in species richne

. . . . . . \
the network size, and in turn, the number of interactions (links) by generalist species.

Could you please
support this with

references?

related to specialization results (H2’), where an increase was observed in most studies. In some

cases, no effect was recorded concerning the different impacts of anthropogenic activities. This

can be attributed to the loss of specialist species, the increase in generalist species, and the

decrease of pollinators specialized in plants sensitive to environmental changes (Weiner et al.,

2014). Furthermore, this is confirmed by the analysis of variance, which shows that there are

indeed significant differences between anthropogenic activities concerning this metric, as it

demonstrates that specialization increases in studies where agricultural activities are present.

Consequently, these changes can reduce network robustness, which is less robust o

Could you please
support this with
references?

susceptible when core species are extinguished due to potential alterations— sped

comprise it, resulting in an imbalance in communities. Furthermore, some articles argue that

reduced nesting may be due to the reduction of lower-quality environmental areas (Burkle,

Marlin & Knight, 2013; Vanbergen et al., 2014; Moreira, Boscolo & Viana, 2015). An example

of this is the observation of a rapid decrease in species diversity over a short period, which

primarily affects specialist species and leads to a narrowing of the niche for the remaining

generalist species (Burkle, Marlin & Knight, 2013; Moreira, Boscolo & Viana, 2015). However,

in the long term, an even more intense reduction in diversity can be observed, also impacting

generalist species (Burkle & Knight, 2012). Furthermore, the increase and lack of effect on

nesting in the 11 presented studies could be linked to the concentration of interactions by

generalist species, both in plants and pollinators (Jauker et al., 2019; Diaz Infante, Lara &

Arizmendi, 2020; Morrison & Dirzo, 2020; Motivans et al., 2021; Escobedo-Kenefic,
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Regarding network connectance, it did not generally change, although it increased in seven

studies and decreased in eight. While we may consider that network connectance is not

significantly affected in most studies, it’s essential to note that some research has found large,

highly connected networks in agricultural areas due to the presence of flowering herbaceous

plants and fruit trees (4avik et al., 2008). In this regard, some studies suggest that conservation

efforts should focus on preserving highly connected communities, seeking empirical evidence of

a relationship between connectance (complexity) and the conservation value of communities at

different stages of degradation (Prendergast & Ollerton, 2021).

As for modularity, the results showed an increase, likely because interaction networks in

fragmented sites tend to exhibit modular patterns. This is due to the high specialization in these

sites, given the limited number of interacting species (Santamaria et al., 2018; Morrison &

Dirzo, 2020; Libran-Embid et al., 2021). However, this modularity could result from a temporal

relationship influenced by species phenology (Morente-Lopez et al., 2018; Lazaro & Gomez-

Martinez, 2022). As a result, the meta-analysis results showed that there is an impact[Cjtation

richness of interacting species of both plants and pollinators. While two previous studi

es-have |

evaluated the impact of these activities, none have focused on describing what happens to

species richness within interaction networks. Furthermore, these studies have been lim

ited to the

group of bees or insects, where the results have been similar to those obtained in this s
contrast, in the meta-analysis, the magnitude of the effects was not as significant.
It has also been shown that the onlytype of anthropogenic activity that has a negativ

agriculture, an activity performed extensively 1 ny parts of the world where there i

As the richness of plant species increases in anthropized areas, there is also an increass

pollinator pesting that strategies to enhance plant species diversity

al-O Brien et al., 2021

. .
Here, it's crucial to
exercise caution. An
increase in richness is
not necessarily a
positive outcome. It's
year, sampessential to consider
the complexity of
(publicatigmetrics and how
changes in the

promote p ese findings may also relats

results obt ression analysesyWhere we explored the influence of p;

ent siz the effect size. While two of these variables

year) did not yield statistically significant results, they

| find it not entirely
accurate, as you also
mentioned that other
kinds of anthropogenic
activities result in
changes in plant and
pollinator diversity. It's
important to be cautious
when stating 'the only
type of anthropogenic
activity that has a
negative effect is
agriculture,’ especially
considering that
agriculture is associated
with land-use change,
fragmentation, and other
anthropogenic activities.
Please remember to
acknowledge the
limitations of your study
and consider the context
of the analyzed metrics.

explain wlnetwork structure may|a declining trend in species richness within interactio

impact specialist
due to anﬂspecies or key
species within the
network.
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results. In this context, the composition of vegetation cover in the fragments confirms that having
a greater number of flowering species can attract more pollinators (Herrera, 1987).

Finally, our results indicated a larger effect size in studies conducted in tropical climates
compared to those conducted in temperate climates. During our data compilation, we found a
higher number of studies carried out in areas with tropical climates. This bias may be related to
the fact that the majority of terrestrial biodiversity is found in tropical forests (Dattilo & Rico-
Gray, 2018). Therefore, it is in these areas where a greater number of studies regarding plant-
pollinator interactions are conducted. This suggests the need for a greater number of studies that
delve more deeply into the impacts of anthropization on plant-pollinator interaction networks in

temperate climate zones around the world.

Conclusions

An in-depth analysis of patterns in plant-pollinator interaction networks shows a wide range of
responses to human activities. The study suggests that intensified agriculture and habitat
fragmentation are significant factors harming biodiversity and species interactions. While our
results didn’t reveal major effects from activities like livestock farming, urbanization, land-use
changes, or intentional fires, it’s possible these impacts are underestimated because we focused
on network structural patterns. Our findings suggest that metrics such as nestedness, H2’,
connectance, and modularity are useful for assessing how human activities affect these networks.
Nestedness often decreases, likely due to habitat loss and a decline in species, affecting overall
diversity and interaction abundance. Connectance and modularity show variable responses, but
studies emphasize the importance of protecting well-connected communities.

Our study demonstrates that the impact of anthropogenic activities on plant-pollinator networks
is complex, context-dependent, and varies across different taxa and regions. The findings
underscore the importance of considering these factors when designing conservation strategies
and policies aimed at mitigating the negative effects of anthropogenic activities on biodiversity
within these networks. Further research may be needed to identify additional variables that

contribute to the observed heterogeneity and to develop more targeted conservation approaches.
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Table 1l(on next page)

The dataset comprised 38 studies for the systematic review and 16 studies for the
complete set of meta-analyses.

These were utilized to investigate the potential impact of anthropization on the structural

patterns of plant-pollinator interaction networks.
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1 Table 1. The dataset comprised 38 studies for the systematic review and 16 studies for the complete set of meta-analyses. These were

2 utilized to investigate the potential impact of anthropization on the structural patterns of plant-pollinator interaction networks.

Metric Taxonomic Climate Anthropogenic activity ~ Trend Reference
group
Nestedness Bees Temperate Agriculture No effect  Hagen & Kraemer, 2010
Fragmentation Decrease ~ Newton et al., 2018
Tropical Land use change Decrease  Mathiasson & Rehan, 2020
Fragmentation Increase Ferreira et al., 2020
Urbanizacion Decrease Traveset et al., 2018
Urbanizacion Decrease  Prendergast & Ollerton, 2021
Semi-arid  Intentional fires No effect  Peralta et al., 2017
Bees and others  Tropical Agriculture No effect  Morrison & Dirzo, 2020
Land use change No effect  Escobedo-Kenefic et al., 2022
Semi-arid  Fragmentation No effect  Jauker et al., 2019
Fragmentation Decrease Grass etal., 2018
Insects Temperate Agriculture No effect  Motivans et al., 2021
Agriculture Decrease  Vanbergen et al., 2017
Agriculture No effect  Olsson et al., 2021
Fragmentation Decrease  Burkle & Knight, 2012
Fragmentation No effect  Spiesman & Inouye et al., 2013
Livestock Decrease Vanbergen et al., 2014
Tropical Agriculture Decrease ~ Moreira, Boscolo & Viana, 2015
Land use change No effect  Adedoja & Kehinde, 2018
Fragmentation Decrease  Della Rocca et al., 2023
Semi-arid  Fragmentation Decrease Santamaria et al., 2018
Butterflies Tropical Agriculture No effect  Banza, Belo & Evans, 2015
Semi-arid  Agriculture Decrease Colom, Traveset & Stefanescu, 2021
Hummingbirds  Tropical Agriculture Decrease  Bustamante-Castillo, Herndndez

Barios & Arizmendi, 2020
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Land use change
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use of names or Tropical Fragmentatlon
H2"|5ppreviations Temperate Agriculture
throughout the Tropical Fragmentation
document. Fragmentation
Urbanizacioén
Urbanizacion
Urbanizacioén
Semi-arid  Intentional fires
Bees and others  Tropical Agriculture

Land use change
Semi-arid ~ Fragmentation
Insects Temperate Agriculture
Agriculture
Agriculture
Agriculture
Fragmentation
Fragmentation
Urbanizacion
Tropical Land use change
Land use change
Fragmentation
Intentional fires
Semi-arid  Fragmentation

Butterflies Tropical Agriculture
Semi-arid ~ Agriculture
Hummingbirds  Tropical Agriculture

General Tropical Fragmentation

Increase

No effect
No effect
Increase
Decrease
Increase
Increase
No effect
Increase
No effect

No effect
Increase

No effect
Increase

Increase

Decrease
Decrease
Decrease
Decrease
No effect
Increase

Decrease
No effect
Increase

Decrease
No effect
No effect

No effect

Diaz Infante, Lara & Arizmend;,
2020

Pinto et al., 2020

Hagen & Kraemer, 2010

Newton et al., 2018

Ferreira et al., 2020

Traveset et al., 2018

Mas & Vilagines, 2018
Prendergast & Ollerton, 2021
Peralta et al., 2017

Friind, Linsenmair & Bliithgen,
2010

Escobedo-Kenefic et al., 2022
Jauker et al., 2019

Weiner et al., 2011

Vanbergen et al., 2017

Shinohara, Uchida & Yoshida, 2019
Motivans et al., 2021

Burkle & Knight, 2012

Marrero, Torretta & Medan, 2014
Marin et al., 2020

Adedoja & Kehinde, 2018
Sritongchuay et al., 2022

Della Rocca et al., 2023

Da Silva et al., 2022

Santamaria et al., 2018

Banza, Belo & Evans, 2015
Colom, Traveset & Stefanescu, 2021

Bustamante-Castillo, Hernandez
Barios & Arizmendi, 2020
Pinto et al., 2020
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Conectance

Modularity

Bees

Bees and others

Insects

Hummingbirds

General
Bees
Bees and others

Insects

Temperate
Tropical

Semi-arid
Tropical

Semi-arid
Temperate

Tropical

Semi-arid
Tropical

Tropical
Semi-arid
Tropical

Semi-arid
Temperate

Fragmentation
Land use change
Urbanizacioén
Urbanizacion
Urbanizacioén
Intentional fires
Agriculture
Land use change
Fragmentation
Agriculture
Agriculture
Agriculture
Agriculture
Fragmentation
Fragmentation
Livestock

Land use change
Fragmentation
Fragmentation
Agriculture

Land use change

Agriculture
Intentional fires
Agriculture
Land use change
Fragmentation
Agriculture
Fragmentation
Fragmentation

Decrease
Decrease
Decrease
No effect
No effect
Decrease
Increase

No effect
Decrease
Increase

Increase

Decrease
No effect
Increase

Decrease
Decrease
No effect
Increase

Increase

No effect

No effect

Increase
Increase
Increase
No effect
Increase
Increase
Increase
Increase

Newton et al., 2018
Mathiasson & Rehan, 2020
Mas & Vilagines, 2018
Traveset et al., 2018
Prendergast & Ollerton, 2021
Peralta et al., 2017

Morrison & Dirzo, 2020
Escobedo-Kenefic et al., 2022
Jauker et al., 2019

Vanbergen et al., 2014

Shinohara, Uchida & Yoshida, 2019

Motivans et al., 2021

Olsson et al., 2021

Spiesman & Inouye et al., 2013
Libran-Embid et al., 2021
Vanbergen et al., 2017

Adedoja & Kehinde, 2018
Della Rocca et al., 2023
Santamaria et al., 2018
Bustamante-Castillo, Hernandez
Barios & Arizmendi, 2020

Diaz Infante, Lara & Arizmendi,
2020

Sritongchuay et al., 2019
Peralta et al., 2017

Morrison & Dirzo, 2020
Escobedo-Kenefic et al., 2022
Grass etal., 2018

Villa-Galavi et al., 2021
Spiesman & Inouye et al., 2013
Libran-Embid et al., 2021
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Tropical Intentional fires

Semi-arid  Fragmentation
Butterflies Semi-arid ~ Agriculture
Hummingbirds  Tropical Agriculture

No effect
Increase

Decrease
No effect

Da Silva et al., 2022
Santamaria et al., 2018
Colom, Traveset & Stefanescu, 2021

Bustamante-Castillo, Hernandez
Barios & Arizmendi, 2020

Insects: Refers to studies that analyzed taxonomic groups of bees, butterflies, beetles, and flies.

Bees and others: Refers to studies that analyzed taxonomic groups of bees, hoverflies, bumblebees, and wasps.

General: Refers to studies that analyzed taxonomic groups of insects, mammals, and hummingbirds.
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Table 2(on next page)

The subgroup analyses unveil notable differences in observed effects among subgroups
of pollinators, plants, continents, anthropogenic activities, and climate.

This detailed analysis offers a more nuanced understanding of the overall effect by

accounting for potential differences and variations present across the included studies.
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1 Table 2. The subgroup analyses unveil notable differences in observed effects among subgroups
2 of pollinators, plants, continents, anthropogenic activities, and climate. This detailed analysis
3 offers a more nuanced understanding of the overall effect by accounting for potential differences
4 and variations present across the included studies.

Category SMD 95% p Tau?

size effect confidence (within groups)
intervals

Species 0.02

Pollinators 0.79 0.22-1.36 0.88

Plants 0.13 -0.58-0.85 1.37

Climate 0.02

Tropical 1.08 0.43-1.73 1.04

Temperate -0.02 -0.03-0.50 0.77

Anthropogenic 0.02

activity

Agriculture 0.15 -0.32-0.62 0.62

Fragmentation 2.07 1.06-3.09 0.11

Urbanization -0.44 -4.54-2.76 0.82

Land use 0.98 0.11-1.85 0.36

change

Fires -0.49 -2.57-1.72 2.26

Continent 0.02

America 0.66 -0.55-1.87 2.64

Europe 0.50 0.003-1.01 0.57

Africa 0.50 -0.78-1.80 0.84

Asia 0.50 -2.33-2.93 1.59
5
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Figure 1

PRISMA flow diagram illustrating the data compilation process for the systematic review
and meta-analysis. In the flowchart, the articles obtained from other sources are a
result of reviewing the reference lists of the articles identified in the database

In the flowchart, the articles obtained from other sources are a result of reviewing the
reference lists of the articles identified in the database search, while the excluded articles

are those that did not meet the evaluation criteria in our review.
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Figure 2

Representativeness of papers by taxonomic group in studies on plant-pollinator
networks conducted in locations with anthropogenic activities, which were used in the
meta-analysis.

Taxonomic groups were categorized as follows: (1) “Bees,” referring to studies focused on
this group of hymenopterans; (2) “Bees and others,” which includes studies that analyze
insect groups such as bees, syrphid flies, bumblebees, and wasps; (3) “Insects,”
encompassing studies that analyze bees, beetles, and butterflies as a group; (4)
“Butterflies,” focusing on Lepidoptera; (5) “Hummingbirds”, covering studies conducted on
this group of birds; and (6) “General,” incorporating studies that analyze species groups,

including insects, mammals, and hummingbirds.
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Figure 3

Forest plot for the effect size (grey squares) and 95% confidence intervals (Cl, vertical
lines) for pollinator (“po”) and plant (“pl”) richness. The plot displays measurements in
conserved (positive effect size values) and disturbed sites (negative effec

The plot displays measurements in conserved (positive effect size values) and disturbed sites

(negative effect size values) across each study (Study ID).
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Standardised Mean

Study ID SMD SE (SMD) Difference SMD 95%-Cl Weight
Yanbergen-pl-2014 -1.0200 0.4700 —'—| -1.02 [-1.94;-010] 29%
Motivans-pl-2021 0.4300 0.8300 —— 0.43 [1.20; 2.06] 2.2%
Shinohara-pl-2019 -1.4800 0.8200 ——: -1.48 [-3.09; 0.13] 2.2%
Da_silva-pl-2022 -1.2900  0.6400 —=: -1.29 [[2.54;-0.04] 2.6%
Weiner-pl-2014 0.4500 0.2200 - 0.45 [0.02; 0.88] 3.3%
Marin-pl-2020 -2.0200 05800 - |: -2.02 [[316,-088] 2.7%
Stitongchuay-pl-2022 07500 04600 = 0.75 [-0.15, 1.65) 2.9%
Hagen-pl-2010 -1.7200  0.5900 - |: -1.72 [[2.88;-0.56] 2.7%
Olsson-pl-2021 -0.8500  0.3400 = -0.85 [1.52;-0.18] 3.1%
Burkle-pl-2012 1.7400 0.5300 - 1.74 [0.70, 2.78] 28%
Frand-pl-2010 0.8900 0.2800 | 0.89 [0.34, 1.44] 32%
Pinto-pl-2020 27100 0.6000 - 271 [1.63; 3.89] 27%
Ferreira-pl-2020 1.5000 0.6000 - 1.50 [0.32; 268 2.7%
Peralta-pl-2017 0.3400 0.3800 - 0.34 [0.40; 1.08] 31%
Stein-pl-2020 07400 0.7300 (i 0.74 [[0.69;, 217] 2.4%
Kehinde-pl-2014 0.8300 0.6600 e 0.83 [[046, 212] 2.5%
Traveset-po-2018 0.4100 0.4200 . 0.41 [0.41; 1.23] 3.0%
Weinerl-po-2011 06100 03200 {-‘- 061 [0.02; 1.24] 3.2%
Weiner2-po-2011 0.2700 0.3100 ] 0.27 [[0.34; 0.88] 3.2%
Weiner3d-po-2011 0.8400 0.3300 - 0.84 [0.19;, 1.49] 32%
Weinerd-po-2011 -0.5800 0.3200 B -0.58 [-1.21; 0.05] 3.2%
Weiners-po-2011 -0.4200 0.3200 B -0.42 [1.05; 0.21]  3.2%
Jauker-po-2019 22200 03100 P 222 [1.61, 283] 3.2%
Matin-po-2020 0.0800 04700 - 0.08 [0.84, 1.00] 29%
Kehinde-po-2014 0.5600 0.6400 —— 056 [-0.69; 1.81] 26%
Motivans-po-2021 1.3400 0.9400 i 1.34 [[0.50; 3.18] 2.0%
Stein-po-2020 2.0300 09100 — 2.03 [0.25; 3.81] 2.0%
Shinohara-po-2019 -0.7500  0.7400 —= -0.75 [[2.20; 0.70]  2.4%
Weiner-po-2014 01600 0.1200 . 016 [-0.08; 0.40] 3.4%
Hagen-po-2010 1.0600 0.5000 - 1.06 [0.08; 2.04] 29%
Friind-po-2010 1.7000 0.3100 : 1.70 [1.09; 2.31] 3.2%
Escohedo-po-2022 1.0800 05300 H— 1.08 [0.04; 212] 28%
Da_silva-po-2022 -0.7900 0.6000 -0.79 [1.97, 039] 2.7%
Sritongchuay-po-2022 2.2900 0.5800 . 229 [1.15; 343] 2.7%
Burkle-po-2012 1.2700  0.4900 o u 1.27 [0.31; 2.23] 29%
Ferreira-po-2020 65100 1.1700 —— 551 [3.22,780] 1.6%
Random effects model (HK) ; > 0.52 [0.07; 0.97] 100.0%

-5 0
Effect size
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