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Abstract: As a tree family with important economic and ecological significance, the adaptation
mechanism of Cryptocaryeae trees (Lauraceae) to environmental fluctuations is crucial for protecting
the structure and function of forest ecosystems. This study focuses on the effects of environmental
climate on the adaptability of leaf and fruit functional traits. Through analyzing trends in the
distribution of leaves and fruits across the latitude and longitude and their relationship with
environmental factors, and by quantifying the relative contributions of environmental factors to these
traits, we demonstrated that leaf morphology exhibits distinct latitudinal zonation and sensitivity to
environmental fluctuations, especially to temperature changes. In contrast, the change of fruit is
relatively conservative, mainly affected by annual precipitation. This indicates that in the process of
plant adaptation to the environment, different functional traits may have independent adaptation
mechanisms and different trade-off strategies, and plants themselves also have different trade-off
strategies. Highlighting the importance of integrating ecological and evolutionary perspectives and
considering phylogeny effects on various functional traits, it provides novel viewpoints on
understanding environmental adaptation in plants.

Keywords: Cryptocaryeae; functional traits; adaptation; climate change

1. Introduction

As sessile organism, plants develop corresponding survival strategies to maximize adaptation
to the environment through continuous evolution (Boyko et al., 2023), and their trait variation plays
an important role in species evolution and maintenance of biodiversity (Liu et al., 2024). However,
since the industrial revolution, global climate change and human activities have strongly altered the
environment and the increasing temperature and drought events has posed a serious threat to plant
growth(Field et al., 2016; van Oldenborgh et al., 2021). Currently, plants have to migrate northward
to find suitable habitat(Boisvert-Marsh and de Blois, 2021), but studies have shown that plants
migrate northward at a slower rate than climate change due to the long budding mating period and
landscape fragmentation(Ash et al.,, 2017; Alexander et al., 2018). Thus, studying the adaptation
mechanism of plants to climate change in situ is of great significance for maintaining the structural
and functional stability of forest ecosystems.

Plants adaptation is the result of plant-environment interactions, and it respond to
environmental changes mainly through two mechanisms: genetic variation or phenotypic plasticity
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(Murren et al., 2015; Fox et al., 2019), whereas phenotypic plasticity has a faster response time in the
face of variable or deleterious environmental conditions compared to genetic adaptation (Pigliucci et
al., 2006; Fox et al., 2019), which can help plants to flexibly cope with a variety of environmental
changes (Gratani, 2014). Phenotypic plasticity is prevalent in plants and is the basis for optimal
adaptation in the face of fluctuating environmental conditions or exposure to transient deleterious
conditions (Schlichting, 1986; Fritz et al., 2018). Plants can adjust their morphology, physiology, and
reproduction to enhance adaptability through phenotypic plasticity in order to optimize their
resource use strategies under various environmental conditions (Liu et al., 2020; Ren et al., 2020).
However, the plant is extremely sensitive to changes in the environment, and in order to maintain
the high phenotypic plasticity to the environmental changes, plants need to put additional energy at
the cost of growth and defensive function (Zhang et al., 2020). Therefore, it is important to understand
the role of phenotypical plasticity in regulating plant response to environment.

Plant functional traits are specific manifestations of plant adaptation to external conditions and
serve as a bridge between the environment, individual plants, and broader ecological processes and
functions(van der Merwe et al.,, 2021), and their intraspecific spatial variability and phenotypic
plasticity can help predict species distribution under global climate change(Ren et al., 2020). Variation
in functional traits provides good adaptive strategies for plants to cope with environmental
changes(Liu et al., 2020). Some of these functional traits reflect core aspects of plant ecological
strategies and may therefore be relevant to plant phenotypic plasticity (Stotz et al., 2022). For example,
the leaf, being a vital photosynthetic organ of plants, which is an important trait of plant's ability to
obtain crucial resources (Yang et al., 2023), and the variation of its morphological characteristics is
key factors influencing plant morphology, structure and adaptation to the environment (Desmond et
al., 2021; Rawat ef al., 2021). Fruit traits are important reproductive traits in plants and also have a
significant impact on plant population establishment and reproduction(Fricke et al., 2019). And seed
size, among other things, determines the effectiveness of seed dispersal(Smith et al., 2022).

Cryptocaryeae taxa is an important branch of the Lauraceae, mainly concentrated in tropical and
subtropical regions, including the Cryptocarya, Beilschmiedia, Endiandra, and so on, with more than 850
species in the world, which have important ecological and economic values (Song et al., 2020; Song et
al., 2023). However, most of the current studies on Lauraceae focus on phylogeny, establishing
phylogenetic trees by genomics methods (Song et al., 2020; Yang et al., 2022; Cao et al., 2023; Song et
al., 2023), and there are fewer studies have been conducted on the relationship between
environmental adaptation and key traits in Lauraceae. In this study, we collected data on functional
traits of leaves and fruits of Cryptocaryeae taxa (Lauraceae) species from around the world, and
investigated and discussed the impact of ecological plasticity in regulating plant environmental
adaptation strategies. We aim to: 1) analyze the trends in the distribution of leaf and fruit functional
traits along latitude and longitude, and their correlation with environmental factors. 2) quantify the
relative contribution of environmental factors to leaf and fruit size in Cryptocaryeae in the context of
ecological plasticity. 3) compare and contrast the mechanisms of the independent or synergistic
evolution of leaf and fruit functional traits in Cryptocaryeae.

2. Materials and Methods
2.1. Plant Materials

We obtained location data from GBIF (www.gbif.org) for the reported Cryptocaryeae taxa and
extracted 17,117 data records using R scripts (Sun et al., 2020), including 369 unique species (Figure
1a), and collected data on the functional traits of their leaves and fruits, some of which were obtained
by our own experiments. Measurements include leaf length, leaf width, leaf area, fruit length, fruit
width, fruit diameter and fruit area.
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Figure 1. (a)The distribution of plant sites included in this study. Each dot may overlap more than one location

because of the point size. (b) denotes the region of distribution of the biota of the different species in this study.

2.2. Climate Data

The Cryptocaryeae taxa plants was studied by using the environmental factors proposed by
O’Donnell and Ignizio (O'Donnel and Ignizio, 2012). These environmental factors include 20 species,
named Biol: annual mean temperature; Bio 2: mean diurnal range; Bio3: isothermality; Bio4:
temperature seasonality; Bio5: max temperature of warmest month; Bio6: min temperature of coldest
month; Bio7: annual temperature range; Bio8: mean temperature of wettest quarter; Bio9: mean
temperature of driest quarter; Biol0: mean temperature of warmest quarter; Bioll: mean temperature
of coldest quarter; Biol2: annual precipitation; Biol3: precipitation of wettest month; Biol4:
precipitation of driest month; Biol5: precipitation seasonality; Biol6: precipitation of wettest quarter;
Biol7: precipitation of driest quarter; Bio18: precipitation of warmest quarter; Bio19: precipitation of
coldest quarter; Bio20: digital elevation model (Tablel).
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Table 1. Environment factor information.

Category Environmental factors

Annual Mean Temperature (Biol)

Mean Diurnal Range (Bio2)

Isothermality (Bio3)

Max Temperature of Warmest Month (Bio5)
Energy factors Min Temperature of Coldest Month (Bio6)

Mean Temperature of Wettest Quarter (Bio8)

Mean Temperature of Driest Quarter (Bio9)

Mean Temperature of Warmest Quarter (Bio10)

Mean Temperature of Coldest Quarter (Bioll)

Annual Precipitation (Bio12)
Precipitation of Wettest Month (Bio13)
Precipitation of Driest Month (Bio14)
Precipitation factors Precipitation of Wettest Quarter (Biol6)
Precipitation of Driest Quarter (Biol7)
Precipitation of Warmest Quarter (Bio18)
Precipitation of Coldest Quarter (Bio19)

Temperature Seasonality (Bio4)
Climate factors Annual Temperature Range (Bio7)

Precipitation Seasonality (Biol5)

Digital Elevation Model (Bio20)

2.3. Data Analysis

By establishing a general linear model, to analyze the variation trend of leaf and fruit functional
traits of Cryptocaryeae taxa along the latitude and longitude and relationships with differentiation
rates. The variance expansion factor analysis was performed by the “vif” function in the R software
car package to determine the collinearity between the environmental factor variables, and the
“dredge” function in the MuMIn package was used to select the multiple linear regression model
with the smallest AIC (Akaike Information Criterion) to analyze the influence of environmental
factors on the leaf and fruit size of Cryptocaryeae. And The variance decomposition model was
further established by using the hierarchical segmentation method to quantify the relative
contribution rate of different environmental factors to the functional traits of leaves and fruits. At the
same time, the correlation between leaf and fruit size of Cryptocaryeae and environmental factors
was analyzed to study the mechanism of ecological adaptability. The significance level of all statistical
tests was set to 95 % confidence interval. All analytical methods and analytical models were
completed using R 4.3.3 software (Team R).

3. Results
3.1. Relationships Between Leaf and Fruit Size of Cryptocaryeae Trees

We logarithmically processed the data of leaf and fruit related functional traits. In simple linear
regression analysis, we found that fruit diameter was positively correlated with leaf width (Figure
2a, p <0.001, adjusted R? =0.07) and fruit length (Figure 2b, p < 0.001, adjusted R? = 0.56). Significant
positive correlations were also found between Leaf length and leaf width (Figure 2¢, p < 0.001,
adjusted R? = 0.61) and fruit length (Figure 2d, p < 0.001, adjusted R? = 0.02). The fruit diameter was
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more affected by the fruit length (Figure 2b, R = 0.75), and the leaf length was more affected by the
leaf width (Figure 2c, R = 0.78). Therefore, here the fruit diameter and leaf length were selected to
represent the size of fruit and leaf, respectively.
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Figure 2. Relationship between leaf and fruit traits of Cryptocaryeae trees. (a) and (b) are fruit diameter with
fruit length and leaf width; (c) and (d) are leaf length with leaf width and fruit length. Here the data is

logarithmically processed.

3.2. Longitudinal and Latitudinal Gradients of Leaf and Fruit Size of Cryptocaryeae Trees

Through logarithmicizing the size of leaves and fruits, to analyze the relationship between them
and the latitude and longitude by established a simple linear model. We further observed that both
fruit and leaf size of Cryptocaryeae species species were affected by spatial variation in latitude and
longitude, but the degree of response differed between the two (Figure 3). Leaf size tends to be
smaller at higher latitudes compared to the tropics, as evidenced by a significant negative correlation
(Figure 3a, p <0.001, adjusted R2=0.32, R =-0.56). Additionally, leaf size decreases along the longitude
gradient (Figure 3b, R =-0.27), indicating considerable spatial variability. In contrast, the fruit size of
the Cryptocaryeae species changed less in the latitude and longitude gradient (Figure 3c, R = -0.047;
Figure 3d, R =-0.038).
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Figure 3. Trends in spatial distribution of leaf and fruit size of Cryptocaryeae trees. (a) and (c) indicate the effect
of latitude, (b) and (d) indicate the effect of longitude.

3.3. Global Patterns of Leaf and Fruit and Size Species Distribution of Cryptocaryeae Trees

Beside the latitudinal gradients of leaf size, we find that Ecuador, Malesia, upper Myanmar,
Victoria state of southeastern Australia, and west and central Africa harbor the Cryptocaryeae species
with largest leaves (Figure 4a), while Espirito Santo state of Southeast Brazil, Southeast Asia, and
west and central Africa have the Cryptocaryeae species with largest fruits (Figure 4b). In contrast,
Argentina, New Zealand, South Africa, and south China harbor the Cryptocaryeae species with
smallest leaves (Figure 4a), while East African Plateau, eastern Australia, and southeast China have
the Cryptocaryeae species with smallest fruits (Figure 4b).

Whittaker's biomes analysis suggested that the distribution of Cryptocaryeae populations is
concentrated in tropical and temperate rainforests and seasonal forests that are relatively warm and
humid, with temperatures and precipitation ranging from approximately 15-28°C and 100-220 cm. In
addition, temperate tropical seasonal forest/savanna biomes have a relatively high species richness
in the Whittaker biome-wide grid cells (Figure 1b).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Global patterns of leaf and fruit and size species distribution of Cryptocaryeae trees. (a) and (b)

represent the global distribution of species with different leaf and fruit sizes, respectively.

3.4. Climatic Influences on Leaf and Fruit Size of Cryptocaryeae Trees

The relationships between seven environmental factors (Biol, Bio2, Bio3, Bo4, Biol2, Biol5,
Bio20) and leaf and fruit size were analyzed by multiple linear model and correlation analysis. The
results showed that leaf size was significantly affected by temperature environmental factors such as
Biol (R =0.468, p <0.001), Bio3 (R =0.425, p <0.001), Bio4 (R =-0.373, p < 0.001) (Figure 5a; Figure 6b),
while fruit size showed a strong correlation with Biol2 (R = 0.202, p <0.001) (Figure 5b; Figure 7b).
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Figure 5. Correlation between leaf (a) and fruit (b) size and environmental factors.
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Through the hierarchical segmentation method to further determine the relative importance of
each variable of environmental factors to the variation of leaf size and fruit size of Cryptocaryeae.
The results showed that the relative importance of each variable to the variation of leaf size of
Cryptocaryeae species was Biol, Bio3, Bio4, Bio12, Biol5, Bio20 and Bio2, respectively. The relative
contribution rates of Biol, Bio3 and Bio4 were 39.73 %, 24.24 % and 15.16 %, respectively (Figure 6a).
The relative importance of fruit size variation was Bio12, Bio2, Bio3, Biol, Bio4, Bio15, Bio20, and the
largest relative contribution rate of Biol2 was 74.63 % (Figure 8a)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.1285.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 June 2025 d0i:10.20944/preprints202506.1285.v1

9 of 14

4. Discussions

In this study, we found that the leaf size of Cryptocaryeae decreased with increasing latitude,
and large leaves were mainly distributed in areas with lower latitudes and were significantly affected
by environmental factors such as annual mean temperature (Biol), isotherm (Bio3), and seasonal
temperature (Bio3). In agreement with the previous studies (Wright et al., 2017; Fritz et al., 2018; Henn
et al., 2018), our results suggest a direct plastic response of leaf size to temperature and latitudinal
gradients. As the main organ for photosynthesis and gas exchange in plants, changes in leaf
morphology are not only a survival strategy for plants to adapt to changes in the environment
(Vendramini et al., 2002; Liu et al., 2020), but also a manifestation of effective reflection of changes in
the habitat (McDonald et al., 2003; Peppe ef al., 2011), and its variation is frequently related to the
plant's response to environmental factors such as light, water, temperature, etc. (Chitwood and Sinha,
2016). Studies have demonstrated that leaves of plants expand as temperatures increase, while leaf
expansion is restricted at low temperatures (Hudson et al., 2011; Bjorkman et al., 2015). In addition,
leaves are the most numerous plant organ and are closely related to plant biomass and the resources
they require for survival (Zirbel ef al., 2017), and leaf traits are considered to be a major determinant
of trade-off strategies between tree growth and survival. In low-latitude forest environments, species
richness is higher and different plants compete more for resources, so the larger the specific leaf area
(SLA), the stronger the plant's acquisition strategy is likely to be (Meira-Neto ef al., 2019), and an
increased exposed area of leaves is associated with more light, favoring the plant's ability to survive
in a light-competitive environment (Chapin et al., 1987; Wang et al., 2021). In contrast, large leaves
have a significant disadvantage in low-temperature environments at high latitudes, where they are
more susceptible to frost damage (Wright et al., 2017). Therefore, the leaf may be more focused on
improving photosynthetic efficiency and resource acquisition to adapt to environmental changes
(Niinemets, 2020).

In contrast, there was no clear spatial pattern of fruit traits at latitude, while fruit functional traits
were significantly influenced mainly by annual precipitation. As important organs for plant
reproduction and seed dispersal, the functional traits of fruits, such as fruit size, color, and taste, are
more affected by factors such as the selection of dispersers (e.g., animals), etc. (Corlett, 2021), which
usually contribute to seed conservation and dispersal (Gongalves, 2021), and their size and
effectiveness of dispersal directly affect the reproduction of populations. For instance, the fleshy
fruits of plants are a major food source for many animals(Quintero et al., 2020; Gonzalez-Varo et al.,
2022). In exchange, animals contribute to the reproduction of plant populations by dispersing seeds
from the fruit(Rehling et al., 2021). Therefore, the trait of fruit size undergoes little variability in space
and this is closely related to the plant's survival strategy. Adequate precipitation usually favors plant
growth and metabolism, and can provide enough water for fruit development so that fruit cells can
absorb enough water to expand, thus promoting fruit enlargement. In contrast, in arid regions, plant
fruit traits and propagation strategies may also be affected by the degree of aridity (de Oliveira et al.,
2020), where insufficient water may lead to smaller fruits, and plant propagation strategies may be
more focused on quantity (Pueyo et al., 2008). So precipitation has a greater effect on fruit traits.

In the present study, the different responses of leaf and fruit traits spatially and to environmental
factors suggest that while different plant organs may interact with each other during environmental
adaptation, they may also exhibit different adaptation pathways and mechanisms. Previous studies
have pointed out that changes in plant functional traits in response to the environment are influenced
by both genetic evolution and environmental changes (Reich et al., 2003). Genetics and environment
have a great effect on plant phenotypes (Nicotra ef al., 2010; Ren et al., 2020). Changes in the functional
characteristics of plants should enhance their ability to adapt to changes in the local environment
(Hofhansl et al., 2021). The response to environmental conditions within a same species is both trait-
specific and resource-specific, and varies based on genotype (Ren et al., 2020). The leaf plasticity is
co-regulated by both environment and genetics (Maugarny-Cales and Laufs, 2018). However, Studies
have shown that the leaf size was not conservative and unstable in evolution (Li et al., 2020), and its
variation was more affected by continuous environmental selection rather than phylogenetic
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development (Reich ef al., 2003; Schellenberger Costa et al., 2018). For example, The effect of canopy
position on leaf size variation during plant growth is also much higher than genotype (Eisenring et
al., 2021). Therefore, the leaf, as the nutrient organ of the plant body, is the key to plant growth and
plant survival (Meira-Neto ef al., 2019), and its trait variation can indirectly promote plant growth
through the promotion of photosynthesis (Chitwood and Sinha, 2016), which affects the development
and biomass of the plant (Meira-Neto et al., 2019); while the nutrient organ is not heritable, so the
functional trait of leaf size is more affected by the environment, and it is the embodiment of the
plasticity that responds to the environmental changes, and the effect of the genetic regulation is
smaller. However, fruits are reproductive organs, it was found that plant genome size has a higher
effect on fruit seed size than any other phenotypic trait (except lifestyles), suggesting that fruit traits
may also be primarily regulated by genetic factors, with environmental and other biotic factors
playing a secondary role (Moles et al., 2005; Beaulieu et al., 2007). Additionally, fruit size, as a
reproductive trait, has low phenotypic plasticity (Sukhorukov et al., 2023), and climatic factors
explain much less of the variation in seed size, with more significant phylogenetic effects on seed size
(Zheng et al., 2017).

In addition, leaves and fruits, as important components of plants, differ somewhat in their
functions and ecological niches in the plant (Henn et al., 2018), and this difference may lead them to
exhibit relatively independent environmental adaptations when subjected to different selective
factors. For example, leaves are the most numerous plant organ and are closely related to plant
biomass and the resources they require for survival (Zirbel et al., 2017), and leaf traits are considered
to be a major determinant of the trade-off strategy between tree growth and survival, as the larger
the specific leaf area (SLA), the stronger the plant's acquisition strategy (Meira-Neto et al., 2019).
Therefore, the leaf may be more focused on improving photosynthetic efficiency and resource
acquisition to adapt to environmental changes (Niinemets, 2020). While fruits may be more focused
on attracting dispersers and protecting seeds, and as the habits of disseminators (fruit-eating animals)
change, they tend to evolve larger and more colorful fruits (Encinas-Viso et al., 2014). The uniqueness
exhibited by leaf and fruit size in adapting to the environment is the result of a number of different
environmental factors driving the process. Thus, further exploration of the relationships between leaf
and fruit functional traits under different plant species and ecological conditions could lead to a more
comprehensive understanding of the complexity of plant evolution and ecological adaptation.

5. Conclusions

The leaf and fruit represent the nutritional and reproductive traits of Cryptocaryeae taxa
(Lauraceae), respectively. We did not find common spatial variation between the leaf and fruit size,
suggesting that they may be adapted to the environment in divergent mechanism. As a tropical and
subtropical plant, leaf size was negatively correlated with latitude gradient and showed positive
sensitivity to temperature, indicating that nutritional functional traits may adapt to environmental
changes mainly through phenotypic plasticity. In contrast, reproductive traits such as fruit size
showed relatively conservative variation along the latitude gradient, which may be mainly affected
by survival strategies and genetic control to adapt to the environment. The present study suggests
that both ecological and genetic evolutionary factors are need to be considered, as well as the
combination of different functional traits, to achieve a comprehensive understanding of the
adaptation process of Cryptocaryeae to the environment.
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