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Abstract

1.

Little attention has been paid to phylogenetic diversity during restoration
initiatives. Because plant phylogenetic distance can be a surrogate for functional

diversity, its consideration could foster the restoration of degraded areas.

. This study investigates the influence of species richness and phylogenetic relat-

edness during early restoration of a riparian forest located between the Atlantic
Forest and semi-arid ecosystems in NE Brazil. The restoration experiment was
established along a perennial stream in Monte Alegre, RN, investigating the signifi-
cance of species richness and phylogenetic diversity for sapling survival and growth

of the restored communities.

. We used phylogenetic information on 47 tree species naturally occurring at the

study site. The resulting phylogenetic tree had a basal node with three major
clades. To implement the experiment, three species from each clade were randomly
selected, resulting in nine species (from five families). We defined five levels of
diversity: (i) no planting, (ii) monoculture, (iii) three phylogenetically related species
(same clade), (iv) three phylogenetically distant species (different clades) and (v)
nine species. The experiment consisted of 96 (12 m x 10 m) plots established along
the two margins of the stream. Overall, 1656 saplings (20-50 cm) were planted in
September 2015 (184 per species). We tested whether the survival and growth of
saplings are influenced by the number of species planted and phylogenetic distance

among them.

. We assessed plant mortality and growth during two consecutive years (2016 and

2017). Survival was lower but relative growth was higher for plants near the
stream. After controlling for differences in initial size, plots with phylogenetically
distant species produced significantly taller plants, but only when occurring near
the stream. Diversity treatments did not influence plant survival, while initial size

determined plant survival and growth.

. Our findings show that greater phylogenetic distance led to increased plant

growth, probably, because of the presence of functionally divergent species that
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1 | INTRODUCTION

Restoration projects provide the opportunity for locally assessing how
different aspects of plant diversity affect community assembly and the
functioning of restored ecosystems (Hipp et al., 2015; 2018; Montoya
et al., 2012). Such projects also offer the possibility of testing how the
manipulation of diversity will influence plant performance and restora-
tion outcomes (Hipp et al., 2018; Williams et al., 2021). Among the
different facets of diversity, phylogenetic distance between species,
that is the estimation of the amount of time in which a pair of species
diverged from the most recent common ancestor (Vellend et al., 2010),
is a promising component of restoration planning.

Phylogenetic distance can be considered as a surrogate for eco-
logical differences, thus potentially correlating to the development of
dissimilar functional traits across species with increasing phylogenetic
distance (Cadotte, 2013; Cadotte et al., 2009; Diaz et al., 2013). This
implies that such species would complementarily use resources with
benefits for ecosystem functioning (Cadotte, 2013; Mazzochini et al.,
2019), and increased species coexistence due to reduced competition
for shared resources (HilleRisLambers et al., 2012; Maynard et al,,
2017; Tilman, 1999; Verdu et al., 2012). Furthermore, positive plant-
plant interactions are more frequent when phylogenetically distant
species are co-occurring in the same community (Valiente-Banuet &
Verdu, 2007; Verdu et al., 2012; but see Mayfield & Levine, 2010). This
should increase survival of such species, especially when considering
plants from harsh environments (Brooker et al., 2008; Carrion et al.,
2017; Paterno, Siqueira Filho & Ganade, 2016). Therefore, the phyloge-
netic relatedness among species can be one of the aspects determining
the outcomes of ecological succession during restoration of degraded
areas (Verdd, Gomez-Aparicio & Valiente-Banuet, 2012; Winter,
Devictor & Schweiger, 2013). However, the great disparity among
studies investigating the effects of phylogenetic relations on species
interactions (Anacker & Strauss, 2016), and the significance of environ-
mental contingency (Piston et al., 2015; Williams et al., 2021), impedes
generalizations about the application of phylogenetic information
during restoration.

Regardless of the ample evidence demonstrating the effects of
species richness on the structuring of plant communities and function-
ing of ecosystems (Duffy et al., 2017; Tilman et al., 2014; Venail et al.,
2015), the lack of consideration of other, more integrative, aspects of
diversity (such as the phylogenetic relatedness among target species)
during the design and implementation of restoration projects hinders

use resources in a complementary way. Therefore, plant phylogenetic relatedness
should be considered during the design of restored communities to improve the
outcomes of future restoration initiatives.

forest restoration, phylogenetic relatedness, phylogenetically informed restoration, plant
survival, random partition design, relative growth, species richness

the advancement of restoration research, and jeopardizes the develop-
ment of new techniques or the delivery of better outcomes (Hipp et al.,
2015; Verdu et al., 2012). By ignoring plant diversity beyond species
richness, restoration projects also miss important evolutionary aspects
that might have shaped community assembly (Staab et al., 2021). To
better understand how these two facets of diversity affect survival,
growth and other aspects of plant performance, such projects should
be designed to account for effects of species numbers and its phylo-
genetic relatedness. In this context, the incorporation of study design
and hypotheses testing the importance of phylogenetic diversity will
contribute to improved restoration (Hipp et al., 2015). In spite of its
promising implications to restoration initiatives, the incorporation of
phylogenetic information during the planning and implementation of
restored plant communities might also be hindered by the need of spe-
cific knowledge for its application by restoration practitioners (Hipp
etal., 2015; Verdu et al., 2012).

Despite recent progress stimulated by the UN Decade on Ecosystem
Restoration (Young & Schwartz, 2019), many restoration projects still
lack the systematic inclusion of scientific evidence (Gomez-Aparicio,
2009; Hipp et al., 2015; Verdu et al., 2012), while this can be helpful
for advancing restoration success (Perring et al., 2015), for upscaling
(Perring et al., 2018) as well as to promote nature’s contributions to
people (Takahashi et al., 2022). This is particularly important for areas
that comprise multiple uses, like riparian forests, with relatively fertile
soils, mild climate and high water availability (Aradjo, 2009; Bernhardt
et al., 2005; Foley et al., 2005). Although being protected by legis-
lation such as the Forest Law 12.651 (Brasil, 2012), these areas (in
Brazil as in other parts of the world) are often degraded by defor-
estation, expansion of agriculture, urban development, river regulation
and pollution (Foley et al., 2005). In semi-arid climates, restoration of
riparian forests is also challenged by pulse dynamics drastically affect-
ing soil conditions, that is from extremely dry to almost flooded soils
(Collins et al., 2014; Williams et al., 2006). These dynamics can reduce
plant establishment and survival, thus compromising restoration out-
comes. However, the inclusion of communities with high diversity
levels could buffer flooding impacts on plants (Wright et al., 2017), and
thus increase ecosystem stability of riparian forests (Cadotte, Dinnage
& Tilman, 2012; Tilman, Reich & Knops, 2006).

This study aims to advance the restoration of semi-arid riparian
forests via the consideration of biodiversity-ecosystem functioning
aspects during restoration design. As a suitable study case, we manip-

ulated species richness and phylogenetic relatedness of plant species
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FIGURE 1

Piptadenia stipulacea *

Phylogenetic trees, implemented in R by the Grafen’s method for branches length, for plant species native from Atlantic Forest and

Caatinga (NE Brazil) and naturally occurring at the experimental site surroundings (a) and for the nine species randomly selected for composing

our experimental communities (b)

during restoration of a riparian forest in NE Brazil, which is a region
where plants are seasonally exposed to high temperatures and water
stress. We tested the following hypotheses: (i) Increased distance to
the stream reduces plant survival and growth due to lower water
availability; (ii) Plant survival is higher in more diverse communities
(i.e. higher number of species or greater phylogenetic distance) due
to reduced competition at early establishment stages; and (iii) Plant
growth is enhanced in communities with higher species richness or
composed by phylogenetically distant species.

2 | MATERIALS AND METHODS

2.1 | Plant species selection and phylogenetic
classification

In May 2015, we conducted a field survey in the study area located
at Monte Alegre (NE Brazil) and its surroundings to identify native
plant species that could be applied for the restoration of a degraded
riparian forest. This area is at a transition zone between the Atlantic
Forest and the tropical dry forests (Caatinga), known as the Agreste
Potiguar (5°52’60” S, 36°18’0” W; Figures 1 and 2). Here, 47 woody
species with potential use for restoration projects were identified that
are native to the Atlantic Forest or the Caatinga of Rio Grande do Norte
(Figure 1; Table S1).

A phylogenetic tree based on an angiosperm supertree (Zanne
et al., 2014) was generated for the plant species identified during the

field survey (Figure 1). The 47 species belonged to three main clades
(the superasterids clade, and within the superrosids, the malvids and
fabids clades). Nine species (three from each clade) were randomly
selected for the experiment. However, since the commercial availabil-
ity of species is an important constraint for restoration of degraded
areas in NE Brazil, species selection was conducted separately for
each clade, and repeated depending on availability from local pro-
ducers. Plant species with regional provenance were acquired from
two local producers and kept in a nursery (under natural light and
temperature conditions) at the study site during 4 weeks for acclima-
tization until start of the experiment. All plants were 20-50 cm tall
with 20-30 cm root length when transplanted to the experimental
plots.

2.2 | Experimental design and monitoring

In July and August 2015, 96 plots (12 m x 10 m) were established
within 800 m on both sides of a perennial stream in Monte Alegre
(Figures 2 and S1). In each plot, 18 holes (c. 20 cm diameter and 50 cm
depth) were prepared for receiving the saplings. Planting was done in
a2 m x 3 m grid, with six lines of holes receiving three plants in differ-
ent distances from the stream (8, 10, 12, 14, 16 and 18 m, respectively).
The experiment started in late September 2015 by transplanting 1656
saplings (184 per species and 18 per plot) from the nine plant species
(Figure S1).
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FIGURE 2 Riparian forest restoration experiment implemented in Monte Alegre (NE Brazil). The figure depicts a map of South America
presenting the extension of the Atlantic Forest domain in the Brazilian territory and indicating the position of the study site (a). The riparian forest
restoration experiment was established along an 800-m section of a perennial stream (b) in a private property located at a transition zone between
Atlantic Forest and Caatinga (5°52'60” S, 36°18'0” W). After definition of a flooding zone with 8 m width, 96 experimental plots (12 m x 10 m)
were distributed along both margins of the stream (c) and were planted with 18 saplings each in a2 m x 3 m grid (d), except for the control

treatment to which no saplings were allocated (i.e. no planting).

We used a random partition design (Bruelheide et al., 2014)
restricted to the plant species used for the construction of our phy-
logenetic tree, where the randomization was conducted for the plant
species composing each branch of our phylogenetic tree (Figure 1). The
experiment included five levels of diversity: (i) no planting (zero species,
i.e. control [C] treatment); (ii) monoculture; (iii) three closely related
plant species (belonging to the same branch); (iv) three distantly related
species (one species from a different branch) and (v) nine species (with
three species per branch). Control, monoculture, closely and distantly
related species treatments were replicated four times. Polyculture
treatment (all nine species used in the experiment planted together)
was replicated nine times, resulting in a total of 96 experimental plots
(Table S2). In total, the experiment comprised 22 community compo-
sitions (Table S3). Besides the nine monocultures and the polyculture,
we used three compositions of phylogenetically ‘related communities
a-c’ and nine phylogenetically ‘distant communities a-i’; see Table S3
for details of the experimental communities.

Plant survival and height (cm) were monitored during the first
2 years of the experiment, that is in April, June and October 2016, and

in September 2017. Using height measurements, we calculated rela-

tive plant growth, that is a ratio between the most contemporary size
measurement (t1) and the measure of size collected in the previous
monitoring (tp), and community mean growth, that is average height of
all individuals planted in experimental plots. In November 2015, there
were 157 dead plants in eight species, that is 78 individuals of Tapirira
guianensis, 23 Piptadenia stipulacea, 20 Schinus terebinthifolius, 13 Han-
droanthus impetiginosus, 11 Tabebuia roseoalba, nine Cenostigma pyra-
midale, two Myracrodruon urundeuva and one Ziziphus joazeiro, repre-
senting approximately 9.5% of mortality 1 month after the experiment
was implemented; species nomenclature follows APG IV (Angiosperm
Phylogeny Group et al., 2016). Those individuals were replaced in early
December by plants from the same sources, that is kept in a nurs-
ery at the study site. Therefore, height in December 2015 (instead of
September 2015) was considered as the initial size for all plants.

2.3 | Statistical analysis

Prior to analysing the data, we re-classified the distances into two cat-

egories based on personal observations of stream flooding at the field
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site. Plants at 8, 10 and 12 m were considered near to the stream
(i.e. more permanently affected by stream pulse or flooding dynamics),
while plants at 14, 16 and 18 m were considered far from the stream
(i.e. having less access to water, but also suffering less from flood-
ing; Figure S1). Afterward, we tested the relationships between plant
survival and distance to the stream (‘near’ vs. ‘far’), species richness,
phylogenetic relatedness and time with a generalized mixed-effects
model (GLMM) with binomial error. This model controlled for plot
number nested within the specific margin of the stream (E or W) and
species composition as random intercepts. Models assessing plant sur-
vival were structured as follows: gimm(plant survival ~ plants initial
size + diversity treatments * distance from the stream + plant diversity
* time + (1|margin/plot) + (1|species), family = binomial). GLMMs with
Gaussian error structure and random intercepts were used to test the
effects of distance to the stream, species richness, phylogenetic relat-
edness and time on plant growth (calculated as height t,/ty). To control
for differences in plant size and its potential effects along the exper-
iment, we used the initial size (log-transformed values) as a covariate
in the models assessing survival and growth. These models tested for
the individual effects of predictors (distance to the stream, species
richness, phylogenetic relatedness and time) and for the interaction
between diversity treatments, that is species richness or phylogenetic
relatedness, and distance to the stream or time (as a categorical vari-
able represented by the month and year in which measurements were
taken). Three-way interactions were not considered. Models assessing
plant growth were structured as follows: gimm(plant growth ~ plants ini-
tial size + plant diversity * distance from the stream + diversity treatments
* time + (1|margin/plot) + (1|species)).

Additionally, we calculated community mean growth as the mean
absolute growth of all individuals alive (height t,, - t,_1); t,,_1 represents
the time point immediately before t,, for all experimental communities
(with each community stratified according to distance to the stream)
and is used as a proxy for community biomass production. We then
fitted a similar GLMM model to assess the effects of distance to the
stream, diversity treatments (i.e. species richness and phylogenetic
relatedness) and time on community mean growth. In this case, random
intercepts were plot number nested within the margin of the stream
(E or W) and community types. Mean initial size (calculated as the
averaged initial size of all individuals composing the experimental com-
munities) was the covariate used in the models assessing community
mean growth. Models assessing community mean growth were struc-
tured as follows: glmm(community mean growth ~ mean initial size +
diversity treatments * distance from the stream + diversity treatments * time
+ (1|margin/plot) + (1|community types)).

Values of plant height and relative growth were log-transformed
(log10), while community mean growth values were standardized by
the most negative value, that is by adding 22.85, so all negative val-
ues would be >0, and, then, log-transformed [log(x+1)] to fulfil the
assumptions of the analysis (normality of residuals and homogeneity of
variances). Species richness values were also log-transformed before
running the GLMMs. As a consequence of the experimental design,
models testing the effects of phylogenetic relatedness on plant survival

and growth considered only communities composed of three species of

trees: those being phylogenetically distant or phylogenetically related
(Figure 1; Table S2).

All models were implemented using the R package glmmTMB in R
(Brooks et al., 2017). Significance was determined through a Wald Test
(type 3) calculated with the function Anova of the car package (ver-
sion 3) in R (Fox & Weisberg, 2019). Statistical analyses were calculated
using R Statistical Computing version 3.6.3 (R Core Team, 2020).

3 | RESULTS

3.1 | Effects of diversity and distance to the
stream on plant survival

Overall plant survival was 86%, 86% and 83% across levels of species
richness (for one, three and nine species, respectively) and varied
from 87% to 85% for phylogenetically close and distant communities,
respectively (Figure 3). Still, survival probability was not influenced by
the diversity treatments (species richness:)(2 =0.25,df =1,p=0.6;
phylogenetic relatedness:;(2 = 0.005, df = 1, p = 1.0; Figure 3a,b). In
turn, individual survival was significantly reduced for plants located
near the stream (;(2 = 8.85,df = 1, p < 0.01). However, this effect was
only observed when testing for the effects of species richness, mainly
due to including the monoculture treatments in the analysis (Figure 3a).
When fitting the model for the effects of phylogenetic diversity (which
used only plots composed of three species of plants), the distance to the
stream marginally increased plant survival (y? = 3.15,df = 1, p = 0.08;
Figure 3b). Additionally, plant survival was also significantly reduced
with time (¥ = 340.9, df = 3, p < 0.001 for the model testing species
richness effects; and y2 = 266.1, df = 3, p < 0.001 when testing for phy-
logenetic relatedness effects). Survival probability was almost 100% in
April 2016, 96% in June 2016 and 85% in October 2016. In September
2017, 2 years after the experiment started, we registered 1003 alive
plants resulting in 61% survival (Figure 4). We also observed plant sur-
vival to strongly vary among plant species and community composition
(Appendix S2; Figures S2 and S4).

3.2 | Effects of diversity and distance to the
stream on plant growth

Mean plant height in September 2017 was 572 + 3.3 cm
(£SE) for monocultures, 62.3 + 2.9 cm for three-species commu-
nities, and 66.1 + 8.3 cm for nine-species communities. In turn,
mean height in September 2017 was approximately. 28% higher in
phylogenetically distant in comparison to phylogenetically related
communities (66.1 + 3.7 cm height for phylogenetically distant and
51.6 + 4.2 cm for close communities).

Plant height and relative growth were positively affected by species
richness in interaction with the distance to the stream (;(2 = 3.13,
df = 1, p = 0.08; Figure 5a,c), while community mean growth was not
(;(2 = 0.53, df = 1, p = 0.5; Figure 6a), being significantly influenced
by the individual effect of time (;(2 = 25.2,df = 3, p <0.001). Still, the
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marginal positive effects of the interaction between species richness
and distance to the stream on plant growth (i.e. height and relative
growth) can only be seen for the three-species plots as a parabolic
relationship (Figure 5a,c). Furthermore, we observed plant height and
relative growth (y2 = 7.08, df = 3, p = 0.07) to be marginally positively
influenced by the species richness in interaction with time, indicating
that diversity effects on plant growth might increase with time. Finally,
species richness and distance to the stream (by itself) did not influence
plant height nor relative growth (y2 = 0.28, df = 1, p = 0.6; ¥2 = 0.55,
df = 1, p = 0.4 for richness and distance from the stream, respectively).

Plant height and relative growth significantly increased with phy-
logenetic relatedness in interaction with the distance to the stream,
and this differed from species richness (Figure 5b,d). Therefore, plants
from phylogenetically distant communities were larger when grow-
ing near the stream (;(2 = 6.4, df = 1, p < 0.05). No significant effects
were observed for the interaction between phylogenetic relatedness
and time ()(2 = 2.07, df = 3, p = 0.5); however, plant height and rela-

tive growth were significantly influenced by the distance to the stream
(2 = 7.62, df = 1, p < 0.01) and time, when considered individu-
ally (2 = 13.1, df = 3, p < 0.01). Again, community mean growth did
not respond to the interaction between phylogenetic relatedness and
distance to the stream (y2 = 0.006, df = 1, p = 0.9), nor to the inter-
action between phylogenetic relatedness and time (y2 = 2.07, df = 3,
p=0.5), but was significantly influenced by time alone (y? = 9.41,df = 3,
p < 0.05; Figure 6b). Finally, plant growth also varied strongly among
plant species and communities (Appendix S2; Figures S3, S5 and Sé).

3.3 | Initial size affects plant survival and growth

Plant initial size had strong effects when evaluating survival prob-
ability according to species richness (;(2 = 62.7,df = 1, p < 0.001;
Figure 7a) and phylogenetic relatedness (y2 = 21.6, df = 1, p < 0.001;

Figure 7b). The same effects of initial size were observed when
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evaluating plant growth against species richness (y2 = 753.1, df = 1,
p < 0.001; Figure 7c) and phylogenetic relatedness (y2 = 222.2,
df = 1, p < 0.001; Figure 7d). As observed above, effects of ini-
tial size were stronger over plant growth in comparison to plant

survival.

4 | DISCUSSION

We presented results for the first 2 years of a long-term restoration
experiment in a riparian forest in NE Brazil. Despite the small species
pool included in the study, our findings reveal that the planting of phy-
logenetically distant species can produce positive outcomes for the
restoration of a semi-arid riparian forest. However, not all of our expec-
tations were confirmed. For example, despite the relatively high overall
survival probability (61%) in comparison to what is observed in other
parts of NE Brazil (c. 35% survival; Sales et al., 2019), plants survived
less when located near the stream, possibly indicating that flooding
affects plants adapted to semi-arid conditions more negatively than
does water scarcity. However, this relationship was only detected when
testing plant survival against the richness of species planted, mainly
because of the influence of monocultures that might have reflected
individual species performance as affected by, for example, functional
traits. Also, we observed that mortality was particularly high for three
species, that is H. impetiginosus, T. guianensis and T. roseoalba. Inci-
dentally, these species had the smallest plants when the experiment
was implemented. Thus, plant initial size affects plant establishment
and survival during the restoration of degraded areas and, ultimately,

restoration outcome. Finally, we found that plant mortality increased

with time, possibly due to cumulative effects of environmental
harshness representing the main filter during early community assem-
bly in such systems (Maia et al., 2020; Méndez-Toribio et al., 2020).
Furthermore, dead plants were not continuously replaced during the
restoration experiment.

Some of our results should be considered in future restoration
research and applications: First, the interaction between phyloge-
netic relatedness and distance to the stream resulted in faster plant
growth, while marginally positive effects were observed for species
richness in interaction with distance to the stream. This indicates
that diversity effects on plant biomass are stronger when natural
resources are abundant. Furthermore, it is possible that the differen-
tial effects observed when comparing phylogenetic relatedness and
species richness as affecting plant growth might be related to the
number of species comprising both diversity treatments. Because
species richness reached up to nine species (whereas phylogenetic
relatedness was only manipulated in communities composed by three
species of trees), competition exerted by dominant species might have
played a stronger role during early assembly of the restored com-
munities. Second, increases in plant growth were associated with
particular communities. Hence, the inclusion of phylogenetic aspects
in restoration experiments allows for the identification of species com-
binations that would maximize growth, thus fostering restoration in
the long term. Third, we observed that the significant effect of phy-
logenetic relatedness (and the marginal effect of species richness)
affects plant growth at the individual but not at the community level.
This indicates that broad-scale measures for the evaluation of restora-
tion outcomes require more time to show the positive influence of

diversity.
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and R2 = 0.11 (phylogenetic relatedness).

4.1 | Diversity, pulse dynamics and plant survival
in restored riparian forests

One previous study found that species diversity is important for
increasing plant survival during restoration of tropical forests in
Malaysia (Tuck et al., 2016). In these areas, where logging and
agricultural activities reduced tropical forest coverage and threat-
ened species diversity and population viability, the authors argue
that so-called enrichment planting (i.e. multispecies mixtures inside
semi-natural fragments) facilitates forest regeneration by overcoming
recruitment limitations. This technique can increase establishment and
survival of endangered species via insurance effects, thus contribut-
ing to restoration success (Tuck et al., 2016). In fact, various studies
described the potential benefits of species diversity for plant survival
and the consequences to species coexistence and community struc-
ture. The mechanisms responsible for this positive relationship can
include reduction of competitive and an increase of facilitative inter-
actions and, also, the dilution of herbivory effects (Lambers et al.,
2004; Srivastava et al., 2012; Tilman, 1999; Verdu, Gémez-Aparicio &
Valiente-Banuet, 2012).

Here, we tested whether species richness and phylogenetic relat-
edness increase survival probability of plants used for the restoration
of a riparian forest in NE Brazil. This was expected because recent
findings indicate that plant communities can recover better after a
flood when they have higher levels of species diversity (Wright et al.,
2017). Contrarily to our expectations, plant survival was not affected
by plant diversity. However, such results might be due to the rela-
tively short observation period of our study rather than to an absence
of diversity effects. Furthermore, we can argue that species diversity,
ultimately, has more importance for community dynamics, ecosys-
tem stability and resilience than for immediate or local evaluations
of plant survival probability (Foster et al., 2004; Tuck et al., 2016;
Wright et al., 2017). Therefore, long-term monitoring is paramount for
assessing plant community dynamics and the success of restoration
projects.

Moreover, we expected higher survival in plants close to the stream,
while actually the opposite pattern was found. It seems that survival
here is reflecting individual species characteristics instead of diversity
effects on plant establishment. Because riparian forests are exposed

to strong pulse dynamics, the ability to grow fast and reach resource
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patches in the soil would confer an advantage for such species dur-
ing initial stages of succession (Chesson et al., 2004; Collins et al.,
2014; Williams et al., 2006). Therefore, we can argue that fast-growing
species will have higher survival during restoration of a riparian for-
est. Besides, plant size when transplanted to the field (i.e. initial size)
and, also, the conditions in which plants were produced might have
an important role for survival (Charles et al., 2018; Gardiner et al,,
2019; Jacobs et al., 2020). In fact, this factor could have caused the
low survival rates found for three species in our experiment, that
is H. impetiginosus, T. guianensis and T. roseoalba. All individuals of
such species were smaller than plants of other species (minus 20-
50 cm stem height, and minus 30 cm root length), and as they were
produced under greenhouse conditions (under shade and with high
water availability) with insufficient time for acclimatization to the
harsh field conditions. Additionally, in the case of T. guianensis, high
plant mortality can also be related to the species poor responses
to the habitat conditions of the areas to be restored or undergoing
restoration. Tapirira guianensis is an evergreen species commonly found
along river margins, thus preferably occurring where soil water and air

humidity are not limiting factors.

4.2 | Phylogenetic relatedness effects on plant
growth of restored communities

Plant interactions can determine ecological succession with different
starting communities (HilleRisLambers et al., 2012). Such influence
is equally important when considering plant community dynamics in
restored or regenerating systems (Gémez-Aparicio, 2009; Tuck et al.,
2016). Therefore, the inclusion of positive interactions among plants
contributed to ‘nurse-based restoration’ (Castillo, Verdu & Valiente-
Banuet, 2010; Goémez-Aparicio, 2009; Verdu, Gdémez-Aparicio &
Valiente-Banuet, 2012).

Here, we assessed the effects of phylogenetic relatedness on plant
growth and community mean growth during restoration of a riparian
forest in NE Brazil. We found phylogenetic relatedness to significantly
increase plant growth (when plants occurred near the stream), but not
community mean growth. Such significant interaction indicates that
the positive relationship between diversity and productivity is stronger
when environmental conditions are favourable. These findings are
in accordance with previous studies showing that creating phyloge-
netically distant communities can enhance plant performance while
restoring a degraded area due to increased plant-plant positive inter-
actions, thus contributing to improved restoration outcomes (Castillo,
Verdu & Valiente-Banuet, 2010; Verdu et al., 2012). Nonetheless, sci-
entific evidence when assessing the effects of phylogenetic relations
on species interactions and coexistence is still unresolved (Piston et al.,
2015). While some studies showed that increased phylogenetic dis-
tance might favour plant-plant positive interactions (Castillo, Verdu
& Valiente-Banuet, 2010; Verda et al., 2012), others found unim-
portant effects (Cahill et al., 2008; Piston et al., 2015), or increased
negative interactions among plant species (Anacker & Strauss, 2016),

especially under stressful environmental conditions (Williams et al.,
2021). Here, we tested how the species richness and phylogenetic
relatedness of planted trees would influence plant survival and growth
during restoration of a semi-arid riparian forest in NE Brazil. Because
of the small species pool considered in our study and the strong filter
imposed by the environmental harshness observed in our study sys-
tem (i.e. frequently high temperatures and water stress), findings might
differ when testing different sets of species or having other type of
environmental stress.

The differential effects of community composition on plant growth
(and survival) suggest that other species combinations should be tested
to identify plant compositions that will maximize the effects of pos-
itive interactions on restoration (Cadotte, 2013; Verdu et al., 2012).
Additionally, our results did not account for the effects arising from the
imbalance of abundance among clades (IAC). This measure can be cal-
culated as the deviation of abundances at internal nodes from a null
distribution (Cadotte et al., 2010). High values of IAC indicate that
some clade, family, or genus is disproportionately represented in the
phylogenetic tree in comparison to others (Cadotte, 2013). Such val-
ues can be associated with strong selection effects, indicating that this
measure accounts for the effects of closely related species (Cadotte,
2013). The phylogenetic tree in our experiment included nine species
belonging to five families (Anacardiaceae, Bignoniaceae, Fabaceae,
Polygonaceae and Rhamnaceae). Anacardiaceae plants dominated
our experimental design (three species), therefore controlling for
IAC would allow us to separate the effects of phylogenetic relat-
edness from those of the dominant family in our experiment. The
aspects related to the influence of more abundant species or domi-
nant clades should be considered in future initiatives of establishing
phylogenetically oriented restoration projects in order to disentangle
phylogenetic diversity from identity effects (Hipp et al., 2018; Staab
etal, 2021).

5 | CONCLUSION

Because phylogenetic relatedness can positively affect growth and,
potentially, plant performance, the inclusion of phylogenetic informa-
tion in restoration projects can have an important contribution to
advance such initiatives. The relatively cheap and easy application
of such an approach, that is simply plotting a phylogenetic tree and
selecting distantly related species for the composition of restored
communities (which can be easily accomplished by the inclusion of a
list with the species names in an online tool such as the PhyloT v2;
https://phylot.biobyte.de/), makes it a promising strategy for restoring
degraded areas in semiarid environments. Therefore, we recommend
the use of phylogenetically distant communities in order to maximize
cost-effective restoration activities.

AUTHOR CONTRIBUTIONS
Leoandro H. Teixeira and Guilherme G. Mazzochini designed the

research. Leonardo H. Teixeira, Guilherme G. Mazzochini and Gislene


https://phylot.biobyte.de/

TEIXEIRAET AL.

11013

Ganade implemented the experiment. Leoandro H. Teixeira and Guil-
herme G. Mazzochini monitored the experiment. Johannes Kollmann
and Gislene Ganade financially supported field activities. Leonardo H.
Teixeira analysed the data and led the writing of the manuscript. All
authors revised the manuscript and agreed on the submitted version.

ACKNOWLEDGEMENTS

This work was made possible by a research scholarship granted to
Leonardo H. Teixeira and Gislene Ganade by the Brazilian Commit-
tee for Science Development (CAPES-DS). The first author was also
supported by CNPq during his PhD sandwich period at Technical
University of Munich between 2016 and 2017 (PVE Project number
400672/2013-8). The authors thank Felipe Marinho, Adler Santana,
Marina Fagundes, Rafael Domingos, Adriana Pelegrini, Edjane Dama-
sceno (Restoration Ecology Lab, UFRN), Daniel Costa and Raoni Costa
for their support and suggestions during the experiment implementa-
tion and monitoring. We also thank José Luiz Attayde, Andreas Bronni-
mann and the students from the course of Restoration Ecology (2015)
for their incredible support during the experiment implementation.

Open Access funding enabled and organized by Projekt DEAL.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

All data associated with this study are archived in the Technical Uni-
versity of Munich repository, mediaTUM: https://doi.org/10.14459/
2022mp1687209 (Teixeria et al., 2022).

ORCID

Leonardo H. Teixeira "= https://orcid.org/0000-0001-7443-087X

Guilherme G. Mazzochini " https://orcid.org/0000-0002-6932-8544

PEER REVIEW
The peer review history for this article is available at: https://publons.
com/publon/10.1002/2688-8319.12184.

REFERENCES

Anacker, B. L., & Strauss, S. Y. (2016). Ecological similarity is related to
phylogenetic distance between species in a cross-niche field transplant
experiment. Ecology, 97, 1807-1818.

Angiosperm Phylogeny Group, Chase, M. W.,, Christenhusz, M. J. M., Fay,
M. F, Byng, J. W,, Judd, W. S,, Soltis, D. E., Mabberley, D. J., Sennikov,
A. N, Soltis, P. S., & Stevens, P. F. (2016). An update of the Angiosperm
Phylogeny Group classification for the orders and families of flowering
plants: APG IV. Botanical Journal of the Linnean Society, 181, 1-20.

Aratjo, G. M. (2009). Matas ciliares de Caatinga: Floristica, processo de germi-
nagdo e sua importdncia na restauracdo de dreas degradadas. Universidade
Federal Rural de Pernambuco.

Bernhardt, E. S., Palmer, M. A, Allan, J. D., Alexander, G., Barnas, K., Brooks,
S., Carr, J,, Clayton, S., Dahm, C,, Follstad-Shah, J., Galat, D., Gloss, S.,
Goodwin, P, Hart, D., Hasset, B., Jenkinson, R., Katz, S., Kondolf, G. M.,
Lake, P. S., ... Sudduth, E. (2005). Synthesizing U.S. river restoration
efforts. Science, 308, 636-637.

Brasil. (2012). Cédigo Florestal. Lei n° 12.651 de 25 de Maio de 2012.

Brooker, R. W., Maestre, F. T,, Callaway, R. M,, Lortie, C. L., Cavieres, L. A,,
Kunstler, G., Liancourt, P, Tielborger, K., Travis, J. M. J.,, Anthelme, F,,
Armas, C., Coll, L., Corcket, E., Delzon, S., Forey, E., Kikvidze, Z., Olofsson,
J., Pugnaire, F.,, Quiroz, C. L., ... Michalet, R. (2008). Facilitation in plant
communities: The past, the present, and the future. Journal of Ecology, 96,
18-34.

Brooks, M. E., Kristensen, K., van Benthem, K. J., Magnusson, A, Berg, C. W.,
Nielsen, A., Skaug, H. J., Maechler, M., & Bolker, B. M. (2017). glmmTMB
balances speed and flexibility among packages for zero-inflated general-
ized linear mixed modeling. The R Journal, 9, 378-400.

Bruelheide, H., Nadrowski, K., Assmann, T., Bauhus, J., Both, S., Buscot, F.,
Chen, X.-Y., Ding, B., Durka, W., Erfmeier, A., Gutknecht, J. L. M., Guo,
D., Guo, L.-D., Hardtle, W., He, J. S, Klein, A. M., Ktihn, P, Liang, Y., Liu,
X., ... Schmid, B. (2014). Designing forest biodiversity experiments: Gen-
eral considerations illustrated by a new large experiment in subtropical
China. Methods in Ecology and Evolution, 5, 74-89.

Cadotte, M. W. (2013). Experimental evidence that evolutionarily diverse
assemblages result in higher productivity. Proceedings of the National
Academy of Sciences, 110, 8996-9000.

Cadotte, M. W,, Cavender-Bares, J., Tilman, D., & Oakley, T. H. (2009). Using
phylogenetic, functional and trait diversity to understand patterns of
plant community productivity. PLoS ONE, 4, 1-9.

Cadotte, M. W, Davies, J. T., Regetz, J., Kembel, S. W,, Cleland, E., & Oakley,
T. H. (2010). Phylogenetic diversity metrics for ecological communi-
ties: Integrating species richness, abundance and evolutionary history.
Ecology Letters, 13, 96-105.

Cadotte, M. W.,, Dinnage, R., & Tilman, D. (2012). Phylogenetic diversity
promotes ecosystem stability. Ecology, 93,223-233.

Cahill, J. F, Kembel, S. W,, Lamb, E. G, & Keddy, P. A. (2008). Does
phylogenetic relatedness influence the strength of competition among
vascular plants? Perspectives in Plant Ecology Evolution and Systematics, 10,
41-50.

Carrion, J. F., Gastauer, M., Mota, N. M., & Meira-Neto, J. A. A. (2017).
Facilitation as a driver of plant assemblages in Caatinga. Journal of Arid
Environments, 142, 50-58.

Castillo, J. P, Verdu, M., & Valiente-Banuet, A. (2010). Neighborhood
phylodiversity affects plant performance. Ecology, 91, 3656-3663.

Charles, L.S., Dwyer, J.M., Smith, T. J., Connors, S., Marschner, P, & Mayfield,
M. M. (2018). Seedling growth responses to species-, neighborhood-, and
landscape-scale effects during tropical forest restoration. Ecosphere, 9,
e02386.

Chesson, P,, Gebauer, R. L. E., Schwinning, S., Huntly, N., Wiegand, K., Ernest,
M.S.K,, Sher, A., Novoplansky, A., & Weltzin, J. F. (2004). Resource pulses,
species interactions, and diversity maintenance in arid and semi-arid
environments. Oecologia, 141,236-253.

Collins, S. L., Belnap, J., Grimm, N. B., Rudgers, J. A., Dahm, C. N., Odorico,
P. D, Litvak, M., Natvig, D. O., Peters, D. C., Pockman, W. T,, Sinsabaugh,
R. L., & Wolf, B. O. (2014). A multiscale, hierarchical model of pulse
dynamics in arid-land ecosystems. Annual Review of Ecology, Evolution, and
Systematics, 45,397-419.

Diaz, S., Purvis, A, Cornelissen, J. H. C., Mace, G. M., Donoghue, M. J.,, Ewers,
R.M.,, Jordano, P, & Pearse, W. D. (2013). Functional traits, the phylogeny
of function, and ecosystem service vulnerability. Ecology and Evolution, 3,
2958-2975.

Duffy, J. E., Godwin, C. M., & Cardinale, B. J. (2017). Biodiversity effects in
the wild are common and as strong as key drivers of productivity. Nature,
549,261-264.

Foley, J., Defries, R., Asner, G. P, Barford, C., Bonan, G., Carpenter, S. R,,
Chapin, F. S., Coe, M. T,, Daily, G. C,, Gibbs, H. K., Helkowski, J. H.,
Holloway, T., Howard, E., Kucharik, C. J., Monfreda, C., Patz, J., Prentice,
I. C., Ramankutty, N., & Snyder, P. K. (2005). Global consequences of land
use. Science, 309, 570-574.

Foster, B. L., Dickson, T. L., Murphy, C., Karel, I. S., & Smith, V. H. (2004).
Propagule pools mediate community assembly and diversity-ecosystem


https://doi.org/10.14459/2022mp1687209
https://doi.org/10.14459/2022mp1687209
https://orcid.org/0000-0001-7443-087X
https://orcid.org/0000-0001-7443-087X
https://orcid.org/0000-0002-6932-8544
https://orcid.org/0000-0002-6932-8544
https://publons.com/publon/10.1002/2688-8319.12184
https://publons.com/publon/10.1002/2688-8319.12184

120f 13

TEIXEIRAET AL.

regulation along a grassland productivity gradient. Journal of Ecology, 92,
435-449.

Fox, J., & Weisberg, S. (2019). An {R} companion to applied regression (3rd ed.).
Sage. https://socialsciences.mcmaster.ca/jfox/Books/Companion/

Gardiner, R, Shoo, L. P, & Dwyer, J. M. (2019). Look to seedling heights,
rather than functional traits, to explain survival during extreme heat
stress in the early stages of subtropical rainforest restoration. Journal of
Applied Ecology, 56,2687-2697.

Goémez-Aparicio, L. (2009). The role of plant interactions in the restora-
tion of degraded ecosystems: A meta-analysis across life-forms and
ecosystems. Journal of Ecology, 97,1202-1214.

HilleRisLambers, J., Adler, P. B., Harpole, W. S., Levine, J. M., & Mayfield, M.
M. (2012). Rethinking community assembly through the lens of coex-
istence theory. Annual Review of Ecology, Evolution, and Systematics, 43,
227-48.

Hipp, A. L., Glasenhardt, B., Garner, M. L., Scharenbroch, M., Williams, B.
C., E, W, Barak, R. S, Byrne, A, Ernst, A. R,, Grigg, E., Midgley, M. G,,
Wagreich, H., & Larkin, D. J. (2018). Effects of phylogenetic diversity and
phylogeneticidentity in a restoration ecology experiment. In Scherson, R.
A., & Faith, D. P. (Eds.), Phylogenetic diversity: Applications and challenges in
biodiversity science (pp. 189-210). Springer International Publishing AG.

Hipp, A. L, Larkin, D. J., Barak, R. S., Bowles, M. L., Cadotte, M. W., Jacobi,
S. K., Lonsdorf, E., Scharenbroch, B. C., Williams, E., & Weiher, E. (2015).
Phylogeny in the service of ecological restoration. American Journal of
Botany, 102, 647-648.

Jacobs, D. F,, Davis, A. S., Dumroese, R. K., & Burney, O. T. (2020). Nursery
cultural techniques facilitate restoration of Acacia koa competing with
invasive grass in a dry tropical forest. Forests, 11, 1124.

Lambers, J. H. R, Harpole, W. S., Tilman, D., Knops, J., & Reich, P. B.
(2004). Mechanisms responsible for the positive diversity-productivity
relationship in Minnesota grasslands. Ecology Letters, 7, 661-668.

Maia, V. A, de Souza, C. R., de Aguiar-Campos, N., Fagundes, N. C. A,
Santos, A. B. M,, de Paula, G. G. P, Santos, P. F, Silva, W. B., de Oliveira
Menino, G. C., & dos Santos, R. M. (2020). Interactions between cli-
mate and soil shape tree community assembly and above-ground woody
biomass of tropical dry forests. Forest Ecology and Management, 474,
118348.

Mayfield, M. M., & Levine, J. M. (2010). Opposing effects of competitive
exclusion on the phylogenetic structure of communities: Phylogeny and
coexistence. Ecology Letters, 13(9), 1085-1093. https://doi.org/10.1111/
j.1461-0248.2010.01509.x

Maynard, D. S., Bradford, M. A, Lindner, D. L., van Diepen, L. T. A, Frey, S.
D., Glaeser, J. A., & Crowther, T. W. (2017). Diversity begets diversity in
competition for space. Nature Ecology and Evolution, 1,0156. https://doi.
org/10.1038/s41559-017-0156

Mazzochini, G. G., Fonseca, C. R., Costa, G. C., Santos, R. M., Oliveira-Filho,
A. T, & Ganade, G. (2019). Plant phylogenetic diversity stabilizes large-
scale ecosystem productivity. Global Ecology and Biogeography, 28, 1430~
1439.

Méndez-Toribio, M., Ibarra-Manriquez, G., Paz, H., & Lebrija-Trejos, E.
(2020). Atmospheric and soil drought risks combined shape commu-
nity assembly of trees in a tropical dry forest. Journal of Ecology, 108,
1347-1357. https://doi.org/10.1111/1365-2745.13355

Montoya, D., Rogers, L., & Memmott, J. (2012). Emerging perspectives in the
restoration of biodiversity-based ecosystem services. Trends in Ecology
and Evolution, 27, 666-672.

Paterno, G. B., Siqueira Filho, J. A., & Ganade, G. (2016). Species-specific
facilitation, ontogenetic shifts and consequences for plant community
succession. Journal of Vegetation Science, 27, 606-615.

Perring, M. P, Erickson, T. E., & Brancalion, P. H. S. (2018). Rocketing
restoration: Enabling the upscaling of ecological restoration in the
Anthropocene. Restoration Ecology, 26, 1017-1023.

Perring, M. P, Standish, R. J., Price, J. N,, Craig, M. D., Erickson, T. E., Ruthrof,
K. X., Whiteley, A. S., Valentine, L. E., & Hobbs, R. J. (2015). Advances

in restoration ecology: Rising to the challenges of the coming decades.
Ecosphere, 6(8), 131.

Pistén, N., Armas, C., Schéb, C., Macek, P, & Pugnaire, F. I. (2015). Phylo-
genetic distance among beneficiary species in a cushion plant species
explains interaction outcome. Oikos, 124, 1354-1359.

R Core Team. (2020). R: A language and environment for statistical computing.
R Foundation for Statistical Computing.

Sales, F. C. V., Bakke, O. A, Bakke, I. A., Souza, B. V., Ferreira, C. D., & Bakke,
E. A. (2019). How do native trees establish on degraded Caatinga sites?
Journal of Experimental Agriculture International, 32, 1-9. https://doi.org/
10.9734/JEAI/2019/v32i130094

Srivastava, D. S., Cadotte, M. W., Macdonald, A. A. M., Marushia, R. G., &
Mirotchnick, N. (2012). Phylogenetic diversity and the functioning of
ecosystems. Ecology Letters, 15, 637-648.

Staab, M., Liu, X, Assmann, T., Bruelheide, H., Buscot, F., Durka, W,
Erfmeier, A, Klein, A., Ma, K., Michalski, S., Wubet, T., Schmid, B., &
Schuldt, A. (2021). Tree phylogenetic diversity structures multitrophic
communities. Functional Ecology, 35,521-534.

Takahashi, Y., Park, K. J., Natori, Y., Dublin, D., Dasgupta, R., & Miwa, K.
(2022). Enhancing synergies in nature’s contributions to people in socio-
ecological production landscapes and seascapes: Lessons learnt from
ten site-based projects in biodiversity hotspots. Sustainability Science, 17,
823-836.

Teixeira, L. H., Mazzochini, G. G., Kollmann, J., & Ganade, G. (2022). Data
used by Teixeira et al. (2022) - Phylogenetic distance controls plant
growth during early restoration of a semi-arid riparian forest. mediaTUM,
http://doi.org/10.14459/2022mp1687209

Tilman, D. (1999). The ecological consequences of changes in biodiversity:
Perspectives. Ecology, 80, 1455-1474.

Tilman, D., Isbell, F., & Cowles, J. M. (2014). Biodiversity and ecosystem
functioning. Annual Review of Ecology, Evolution, and Systematics, 45,
471-493.

Tilman, D., Reich, P. B., & Knops, J. M. H. (2006). Biodiversity and ecosystem
stability in a decade-long grassland experiment. Nature, 441, 629-632.

Tuck, S. L., Brien, M. J. O., Philipson, C. D., Saner, P,, Tanadini, M., Dzulkifli,
D., Godfray, H. C. J.,, Godoong, E., Nilus, R., Ong, R. C., Schmid, B., Sinun,
W., Snaddon, J. L., Snoep, M., Tangki, H., Tay, J., Ulok, P, Wai, Y. S,,
Weilenmann, M,, ... Hector, A. (2016). The value of biodiversity for the
functioning of tropical forests: Insurance effects during the first decade
of the Sabah biodiversity experiment. Proceedings of the Royal Society B,
283,20161451.

Valiente-Banuet, A., & Verdd, M. (2007). Facilitation can increase the
phylogenetic diversity of plant communities. Ecology Letters, 10,
1029-1036.

Vellend, M., Cornwell, W. K., Magnuson-Ford, K., & Mooers, A. @. (2010).
Measuring phylogenetic biodiversity. In Biological diversity: Frontiers in
measurement and assessment (eds Magurran, A. E., & McGill, B. J.),
pp. 194-207. Oxford University Press.

Venail, P, Gross, K., Oakley, T. H., Narwani, A., Allan, E., Flombaum, P,
Isbell, F., Joshi, J., Reich, P. B, Tilman, D., van Ruijven, J., & Cardinale,
B. J. (2015). Species richness, but not phylogenetic diversity, influ-
ences community biomass production and temporal stability in a re-
examination of 16 grassland biodiversity studies. Functional Ecology, 29,
615-626.

Verdu, M., Gomez-Aparicio, L., & Valiente-Banuet, A. (2012). Phylogenetic
relatedness as a tool in restoration ecology: A meta-analysis. Proceedings
of the Royal Society B, 279, 1761-7.

Williams, D. G., Scott, R. L., Huxman, T. E., Goodrich, D. C., & Lin, G. (2006).
Sensitivity of riparian ecosystems in arid and semiarid environments to
moisture pulses. Hydrological Processes, 20, 3191-3205.

Williams, E. W., Zeldin, J., Semski, W. R., Hipp, A. L., & Larkin, D. J. (2021).
Phylogenetic distance and resource availability mediate direction and
strength of plant interactions in a competition experiment. Oecologia,
197(2),459-469.


https://socialsciences.mcmaster.ca/jfox/Books/Companion/
https://doi.org/10.1111/j.1461-0248.2010.01509.x
https://doi.org/10.1111/j.1461-0248.2010.01509.x
https://doi.org/10.1038/s41559-017-0156
https://doi.org/10.1038/s41559-017-0156
https://doi.org/10.1111/1365-2745.13355
https://doi.org/10.9734/JEAI/2019/v32i130094
https://doi.org/10.9734/JEAI/2019/v32i130094
http://doi.org/10.14459/2022mp1687209

TEIXEIRAET AL.

130f 13

Winter, M., Devictor, V., & Schweiger, O. (2013). Phylogenetic diversity and
nature conservation: Where are we? Trends in Ecology and Evolution, 28,
199-204.

Wright, A. J., de Kroon, H., Visser, E. J. W., Buchmann, T., Ebeling, A.,
Eisenhauer, N., Fischer, C., Hildebrandt, A., Ravenek, J., Roscher, C.,
Weigelt, A., Weisser, W., Voesenek, L. A. C. J., & Mommer, L. (2017).
Plants are less negatively affected by flooding when growing in species-
rich plant communities. New Phytologist, 213, 645-656.

Young, T. P,, & Schwartz, M. W. (2019). The Decade on Ecosystem Restora-
tion is an impetus to get it right. Conservation Science and Practice, 1,
el45.

Zanne, A.E., Tank, D. C., Cornwell, W. K., Eastman, J. M., Smith, S. A, FitzJohn,
R. G., McGlinn, D. J., O'Meara, B. C., Moles, A. T,, Reich, P. B., Royer, D. L.,
Soltis, D. E., Stevens, P. F., Westoby, M., Wright, I. J., Aarssen, L., Bertin, R.
1., Calaminus, A., Govaerts, R,, ... Beaulieu, J. M. (2014). Three keys to the
radiation of angiosperms into freezing environments. Nature, 506, 89-
92.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-
ing Information section at the end of this article.

Supporting information

How to cite this article: Teixeira, L. H., Mazzochini, G. G.,
Kollmann, J., & Ganade, G. (2022). Phylogenetic distance
controls plant growth during early restoration of a semi-arid
riparian forest. Ecological Solutions and Evidence, 3,e12184.
https://doi.org/10.1002/2688-8319.12184


https://doi.org/10.1002/2688-8319.12184

	Phylogenetic distance controls plant growth during early restoration of a semi-arid riparian forest
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Plant species selection and phylogenetic classification
	2.2 | Experimental design and monitoring
	2.3 | Statistical analysis

	3 | RESULTS
	3.1 | Effects of diversity and distance to the stream on plant survival
	3.2 | Effects of diversity and distance to the stream on plant growth
	3.3 | Initial size affects plant survival and growth

	4 | DISCUSSION
	4.1 | Diversity, pulse dynamics and plant survival in restored riparian forests
	4.2 | Phylogenetic relatedness effects on plant growth of restored communities

	5 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ORCID
	PEER REVIEW

	REFERENCES
	SUPPORTING INFORMATION


