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Trait-by-environment interaction effects on tree community dynamics

Jesse R. Lasky", I-Fang Sun?, Sheng-Hsin Su®, Zueng-Sang Chen”, and Timothy H. Keitt*
(1 University of Texas at Austin, Section of Integrative Biology, Austin, Texas, USA;
2 Department of Natural Resources and Environmental Studies, Dong Hwa University;Hualien,

Taiwan;3 Taiwan Forestry Research Institute, Taipei, Taiwan,.
4 Department of Agricultural Chemistry, Taiwan University, Taipei, Taiwan)

Individual performance is a function of the interaction between traits and environment. This
function, referred to as a selective filter, varies in space and shapes community composition.
However, filters are poorly characterized owing to the unknown role of dispersal and a lack of
longitudinal data linking individual performance to environment. We model environmental
selection on demographic rates of 96 tree species from a subtropical rainforest using a hierarchical
Bayesian framework. Interestingly, environmental gradients associated with selection were
different for growth versus survivorship. Species maximum height was under the strongest selection
for growth, with taller trees favored in concave sites. Wood density selection had the strongest
effects on survival. Steep slopes and high available P soils favored species with low density wood.
Such sites may be favorable for fast growing species that exploit light-rich environments. The
trait-by-environment interactions we identified may underlie spatial niche differentiation, and partly

explain study species coexistence.

ERWKEEL LB Esh ST

IR
(PEAMFRHIORMATANE, =@, 666303)

SIS PR R FAH AR P PSS AR A, (R i e Bk AR b — o, AT A 0 1k
RETHEMERIIBLR, (BAE— OSSR 5 H A 4 I AW o AT 7T LS XUk 4Y 20ha
P AR AS IRERL b 453 A 1m? S HIRETS 5 FERIIEREHE S FER, @I XS B R
L SN LW 25 SR W B A2, oM 1AM AR AP DR AR B R 4 v A 3 2 P (KA
XPE BN, SREM: KRELSR, ERWAE RS FIFBCA R, Mk, HXTIEES
s A RISET R m e BRI RS FhrZ i MR AT 35 K B A SR



AP AT A YN, T2k 0 G A G R 2 o R BERR AR . BERR
YRR R Rl R H A A B R A SRR

B LXK ZHARFE TR S BB AT T

AT, HZR, BAL
(L AELKERKEARRRER, 675; 2P ARFAIRREALELELR, 65)

BRI SEX TAE 7 H 1 HHFBRITHE="EE, 2/\HKRC7%EMK 2.75 Abi
S 2.03 AW EIRBN . ARG LLETERH AN 2.03 2B X FEAT R ARTE TR
S BE B A AR o

ARG AR, A XIEF 2005 1A 21,208 FRlak, % 2012 F A 20,331 F,
HABET: 3,541 #k, FET-ELBIN 16.70%, #7i 2,664 &, ity 12.56%. (EFCT-HIMEIE
H, RRREAL TN AR, H 28.12% MRS BLALAE T, FR 17.71% 2 fER AT A6 T,
D BORRRIRAET; TaiEBE T, KEMRIME SWBERE ), TEHh R 51K T 40em
Wby B B %, TR T 40em A BUNAIR TA046 )\ o 2048 )\ f I DAL B 23R, /D
oA, FAH A BBILGETRSE 75 VBRI DU T 7By . XEEHITBERE ) k)
FET- R B RBOHT G FRAIG, R EAR P] R S DX R WD AL R T 2 SR

N =L w8 SRS E eSS

KAz E
(PEMFRIEERESFRIT, Ykh, 10016))

A KA AR B A AL 6 AL AR 70 o IR R AR A 32 B ARG/ IN B K] B A2 )
PIE, R RIRA0, (HR AR BRI AR E A TR ZERA T M SRR G
ARG I6 A 1 1 i 2R R, BEARAR S ) R BB DR 1 DA B M B A PR 8 B 2 X A A 1
AFEFEEEZW . YR T, O AMR20mIE A, [FIFASMARIBART/ B MARIBART (the
frequency of conspecifics ) [HF, FEARHE 2 B RN A IO A AT A OB A ZE
KA RN, R R MAGE R AR E K R BB R £ 225,
R SSRGS S AR B R 73 A, R 1 L i ZEAR AR P R AR 52 213
G 7/l ENINE AR S TE

Factors controlling the expansion and sustainability of a recruitment limited

population of Ficus benjamina

Trevor Padgett
(Donghwa University, Taiwan)



Tropical forests are hyper-diverse ecosystems within which the abundance and
distribution of species is a direct result of species specific recruitment potential, growth
and mortality. However, while tree growth and mortality are both important regulators
of forest dynamics, recruitment and mechanisms limiting recruitment have been shown
to have direct and demonstrable impacts on the ecological function of a forest. Every
forest species exhibits recruitment limitation to some degree and, therefore,
understanding  species-specific  recruitment limitations is essential towards
understanding the ecological dynamics of a forest. In the last decade, much attention has
been focused on early stage recruitment limitations, seed- and establishment-limitations,

as being key factors regulating potential recruitment of a given species.

In this study, recruitment limitation in a population of Ficus benjamina (Moraceae) in the
10-ha Kenting Karst Forest Dynamics Plot in southern Taiwan will be investigated using
this approach. A recent census has identified this population as exhibiting heightened
recruitment limitation, only four seedlings have been located (epiphytes; all growing on
different individuals of Bischofia javanica) from a population of 69 mature individuals.
Through both field and greenhouse experiments this study will attempt to clarify the
specific mechanisms of recruitment limitation by quantifying the relative contributions of
both seed (fecundity, viability, dispersal) or establishment (predation, microsite)
limitations to better understand the recruitment model of Fbenjamina.

Initial results suggest that recruitment limitation is not a result of individual mechanisms
alone, but rather collaboration between multiple mechanisms creating a continuum of
limitation throughout the transition from seed to seedling. Seasonality in fecundity and
seed viability, coupled with high seed predation and limited suitable microsites,
currently best explains recruitment limitation in this population. Ongoing germination
trials, predator exclusion experiments and genetic analysis will advance our
understanding of the recruitment potential of this species while also contributing to the

overall understanding of recruitment limitation in ecologically important Ficus species.
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The contribution of rare species to community phylogenetic diversity across a
global network of forest plots

Xiangcheng Mi*, Nathan G. Swenson?, Renato Valencia®, W. John Kress®, David L. Erickson®,
Alvaro J. Pé&ez®, Haibao Ren*, Sheng-Hsin Su®, Nimal Gunatilleke®, Savi Gunatilleke®, Zhanging
Hao', Wanhui Ye®, Min Cao®, H. S. Suresh’®, H. S. Dattaraja’®, R. Sukumar'® and Keping Ma'*



(1. State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese
Academy of Sciences, 20 Nanxincun, Xiangshan, Beijing 100093; 2. Department of Plant Biology,
Michigan State University, East Lansing, Michigan 48824, U.S.A.; 3. Laboratorio de Ecolog & de
Plantas, Escuela de Ciencias Biol&yicas, Pontificia Universidad Catdica del Ecuador, Apartado
17-01-2184, Quito, Ecuador; 4. Department of Botany, MRC-166, National Museum of Natural
History, Smithsonian Institution, P.O. Box 37012, Washington, DC 20013-7012; 5. Taiwan
Forestry Research Institute, Taipei, 10066; 6. Department of Botany, Faculty of Science,
University of Peradeniya, Peradeniya 20400, Sri Lanka; 7. Institute of Applied Ecology, Chinese
Academy of Sciences, Shenyang 110016; 8. South China Botanical Garden, Chinese Academy of
Sciences, Guangzhou, 510650; 9. Key Laboratory of Tropical Forest Ecology, Xishuangbanna
Tropical Botanical Garden, Chinese Academy of Sciences, Kunming, 650223; 10. Center for
Ecological Sciences, Indian Institute of Science, Bangalore, 560012, India)

Niche differentiation has been proposed as an explanation for rarity in species assemblages.
Testing this hypothesis requires quantifying the ecological similarity of species. This similarity
can potentially be estimated by using phylogenetic relatedness. In this study, we predicted that if
niche differentiation does explain the co-occurrence of rare and common species, then rare species
should contribute greatly to the overall community phylogenetic diversity (PD), abundance will
have phylogenetic signal and that common and rare species will be phylogenetically dissimilar.
We tested these predictions by developing a novel method that integrates species rank abundance
distributions with phylogenetic trees and trend analyses to examine the relative contribution of
individual species to the overall community PD. We then supplement this approach with analyses
of phylogenetic signal in abundances and measures of phylogenetic similarity within and between
rare and common species groups. We applied this analytical approach to 15 long-term temperate
and tropical forest dynamics plots from around the world. We show that the niche differentiation
hypothesis is supported in six of the nine gap-dominated forests but is rejected in the six
disturbance-dominated and three gap-dominated forests. We also show that the three metrics
utilized in this study each provide unique but corroborating information regarding the

phylogenetic distribution of rarity in communities.

Unimodal tree size distributions possibly result from relatively strong
conservatism in intermediate size classes

Yue Bin, Juyu Lian, Wanhui Ye
(South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650)

Tree size distributions have long been of interest to ecologists and foresters because
they reflect fundamental demographic processes. Previous studies have shown that
size distributions are often associated with population trends or with the degree of



shade tolerance. We tested these associations for 31 tree species in a Monsoon
evergreen broadleaved forest in southern China, species that varied widely in growth
form and shade-tolerance. We used 2005 and 2010 census data from the 20 ha
Dinghushan plot. We found that 23 species had reversed J shaped size distributions,
and eight species had unimodal size distributions in 2005. On average, modal species
had lower recruitment and mortality rates than reversed J species, while showing no
difference in per capita population growth rates or shade-tolerance. We compared the
observed size distributions with the equilibrium distributions projected from observed
size-dependent growth and mortality. We found that observed distributions generally
had the same shape as predicted equilibrium distributions in both unimodal and
reversed J species, but there were statistically significant, important quantitative
differences between observed and projected equilibrium size distributions in most
species, suggesting that these populations are not at equilibrium and that this forest is
changing over time. All modal species had U-shaped size-dependent mortality and/or
growth functions, with turning points of both mortality and growth at intermediate
size classes close to the peak in the size distribution. These results show that modal
size distributions do not necessarily indicate either population decline or
shade-intolerance. Instead, the modal species in our study were characterized by a life
history strategy of relatively strong conservatism in an intermediate size class, leading
to very low growth and mortality in that size class, and thus to a peak in the size
distribution at intermediate sizes.

Keywords: growth; mortality; demography; population trend; life history; Dinghushan;
shade tolerance; one-dimensional continuity equation of fluid dynamics; forest
dynamic plot.
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Quantifying spatial phylogenetic structures of fully mapped plant communities

Guochun Shen™?*, Thorsten Wiegand?, Fangliang He'**

(1 State Key Lab of Biological Control and School of Life Sciences, and SYSU-Alberta Joint Lab
for Biodiversity Conservation, Sun Yat-sen University, Guangzhou, Guangdong, 510275;
2 UFZ Helmholtz Centre for Environmental Research-UFZ, Department of Ecological Modelling,
PF 500136, D-04301 Leipzig, Germany; 3 Department of Renewable Resources, 751 General
Service Building, University of Alberta, Edmonton, Alberta, T6G 2H1 Canada)

Phylogenetic spatial patterns of communities at different spatial scales are increasingly used for
decoding community assembly rules. However, the commonly used quadrat-based phylogenetic
metrics such as the net related index use only a small fraction of the information that is provided
by increasingly available data of fully mapped communities. We integrated previous phylogenetic
alpha and beta diversity analyses with the perspective of spatial marked point pattern analysis to
yield a new metric, the phylogenetic mark correlation function, to quantify spatial phylogenetic
structure of individual mapped community. The new metric is defined as the expected
phylogenetic distance of two heterospecifics separated by distance r, and normalized with the
expected phylogenetic distance of two heterospecifics taken randomly from the plot. It measures
spatial phylogenetic turnover relative to spatial species turnover. We used simulated plant
communities with known phylogenetic structures to test type | and Il errors of the new metric
under an appropriate null model of random phylogenetic spatial structure, the ability of the
phylogenetic mark correlation function to detect scale-dependent signals of phylogenetic spatial
structure, and explored the spatial phylogenetic structure of the well-studied data set of the 50 ha

fully mapped tropical rain forest on Barro Colorado Island (BCI), Panama. The new metric



yielded correct type | and type Il errors and accurately detected the spatial scales at which various
processes (e.g. habitat filtering and competition) were invoked to generate phylogenetic structures
in our simulations. The phylogenetic mark correlation function has an intuitive interpretation of
spatial phylogenetic structure, and is a powerful tool for revealing scale dependent phylogenetic
footprints in community assemblages and allows ecologists to keep up with the increasingly
available data of fully mapped plots and community phylogenies.

Keywords: community assembly rules; phylogenetic mark correlation function; point pattern
analysis; phylobetadiversity; null model; quadrat-based metrics; scale dependence; spatial

phylogenetic community pattern; type | and Il errors
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A Phylogenetic Perspective on the Individual Species-Area Relationship in
Temperate and Tropical Tree Communities

Jie Yang"®, Nathan G. Swenson?, Corneille E.N. Ewango*, Robert Howe®, David Kenfack6, Amy
Wolf°, Min Caol1, Luxiang Lin"*



(1.Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences, Kunming 650223; 2. Department of Plant Biology, Michigan State University,
East Lansing, Michigan 48824, U.S.A.;3. Department of Botany and Plant Physiology, University of

Buea, P.O. Box 63 Buea, Cameroon; 4. Graduate University of Chinese Academy of Sciences,
Beijing 100049; 5. Centre de Formation et de Recherche en Conservation Forestier (CEFRECOF)
Epulu, Ituri Forest, Reserve de Faune a Okapis, Democratic Republic of Congo; 6. Department of
Natural and Applied Science, University of Wisconsin — Green Bay, Green Bay, Wisconsin 54311,

USA,; 7.Smithsonian Global Earth Observatory Network, Smithsonian Institution, Washington,

D.C., U.S.A,; 8. Department of Botany and Plant Pathology, Oregon State University, Corvallis,

Oregon 97331, U.S.AD

Ecologists have historically used species-area relationships (SARs) as a tool to understand the
spatial distribution of species. Recent work has extended SARs to focus on individual-level
distributions to generate individual species area relationships (ISARs). The ISAR approach
quantifies whether individuals of a species tend have more or less species richness surrounding
them than expected by chance. By identifying richness ‘accumulators’ and ‘repellers’, respectively,
the ISAR approach has been used to infer the relative importance of abiotic and biotic interactions
and neutrality. A clear limitation of the SAR and ISAR approaches is that all species are treated as
evolutionarily independent and that a large amount of work has now shown that local tree
neighborhoods exhibit non-random phylogenetic structure given the species richness. Here, we
use nine tropical and temperate forest dynamics plots to ask: (i) do ISARs change predictably
across latitude?; (ii) is the phylogenetic diversity in the neighborhood of species accumulators and
repellers higher or lower than that expected given the observed species richness?; and (iii) do
species accumulators, repellers distributed non-randomly on the community phylogenetic tree?
The results indicate no clear trend in ISARs from the temperate zone to the tropics and that the
phylogenetic diversity surrounding the individuals of species is generally only non-random on
very local scales. Interestingly the distribution of species accumulators and repellers was
non-random on the community phylogenies suggesting the presence of phylogenetic signal in the

ISAR across latitude.
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Tree size distribution in forests: spatial and temporal variation

Jiangshan Lai
(Institute of Botany, Chinese Academy of Sciences, Beijing, 100093)

Size-frequency distribution of trees is one of the most fundamental attributes offorest structure,
and provides useful insights into many important ecological phenomena and biomass allocation.
Many theories and their derivative prediction models have been proposed to explain and describe

such negative pattern of tree size distributions in natural mixed forests. One set of ideas are based



on the assumption that forest are essentially in dynamic equilibrium; The equilibrium theory
considers that tree size distribution of a natural mixed forest can be understood as the simple
demographic consequence of size-specific growth and mortality. An alternative set of models are
based on the idea that, at the fine scale at least, forests are not in dynamic equilibrium but
undergoing “stand development” or successional processes, in which competitive interactions
are responsible for driving changes to stand structure over time and all also the size structure of
forest at wider scales. Whether an equilibrial or patch-dynamics model is more appropriate for
forest? In this study, we analyze tree size distribution for 9 large forests plots (9-50ha) distributed
in different latitude from 9°N -48°N representing a variety of different forests. This paper has
one goal that we used large forest plots in different latitude to explore the spatial and temporal
variability in size distributions of whole communties.

Key words: Abundance-body size relationship, exponential distribution, metabolic ecology theory,
diameter at breast height, growth rate, macroecological patterns, power-law model, tree size
distribution, Weibull distribution.
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The phylogeny signal of functional traits and their effect on community structure
in a subtropical forest

Cao ke', Rao MI-de’, Liu Xiao-juan?, Chen Jian-hual', Mi Xiang-cheng?, Ma Ke-ping?



(1. College of Chemistry and Life science, Zhejiang Normal University State Key Laboratory of
Vegetation and Environmental Change,Jinhua, Zhejiang, 321004; 2. Institute of Botany, the
Chinese Academy of Sciences,Beijing, 100093)

The relationship between plant functional traits and their evolution history and the relationship
between functional traits and community structure is one of current hot topics in ecological
research. Plant functional trait is simultaneously affected by its evolutionary background, habitat
and the climate. In this study we asked whether functional traits have significant phylogenetic
signal and whether functional traits significantly affect species abundance in a community. To
attain this objective, we used data from Gutianshan forest plot including species abundance and 7
functional traits of 156 woody species: leaf nitrogen content (Npmass), leaf phosphorus
content(Pss), leaf area (LA), woody specific gravity(WSG), specific leaf area(SLA), Seed mass
and maximum height We found that six functional traits displayed the significant phylogenetic
signal except Leaf Area(LA), suggesting that most functional traits are significantly affected by
their evolutionary history. We also found species abundance was significantly correlated with leaf
nitrogen content, woody specific gravity and specific leaf area except leaf phosphorus content,
seed mass and maximum height, suggesting that resource acquisition significantly affect species
abundance in a community, and these functional traits have different ways impacting community

structure.
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Soil Organic Carbon in an old-growth temperate forest: spatial pattern,
determinants and bias in its quantification

Zuogiang Yuan
(Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang, 10016)

Although there exists a consensus regarding the spatial variation of Soil Organic Carbon (SOC),
neither the way to quantify the relative contribution of factors such as topography or canopy
composition on SOC variation, nor how soil sampling intensity affects the estimated fraction is
completely clear. In this study, we propose the use of variation partitioning with environmental
factors (topographic and soil variables), canopy composition and spatial structure, as a powerful
tool to partitioning spatial variations in SOC. Furthermore, we address the importance of sampling
density (n=967-120) to exhaustively represent spatial variations in SOC. Our results indicated that
SOC variation was mainly determined by soil factors like moisture and pH, but the topography
and canopy composition also contributed significantly to the determination. The spatial pattern of
SOC disintegrated dramatically along trajectories of sparser sampling density when compared
with the reference data (n=967). SOC is spatially structured, partially due to the soil conditions
that determine decomposition rates of the organic matter, but also due to the sink-source balance
of the canopy structure and composition, and to the different conditions created by the topographic
heterogeneity. Moreover, these factors are potentially interrelated mostly because the topographic
conditions can influence soil variations. The estimation of SOC variation is strongly dependent on
sampling density, and thus to draw strong conclusions about its local patterns an exhaustive and

intense sampling effort is needed.
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