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Abstract

Previous studies have shown that changes in community composition in mature
kauri forests are driven by topographical gradients. The extent to which functional
traits influence the patterns detected in these forests has not been well-studied.
The overall objective of this thesis was to enhance our understanding of what
drives community assembly in these forests by testing the importance of
functional traits in mediating the relationship between environmental factors and

community composition.

Puketi Forest (Northland, New Zealand) was selected as the study site because
rapid turnover of species composition occurs over very strong topographic and
edaphic gradients. Community composition was determined using forty
permanent 400 m? plots that spanned the full gradient in soil properties and
topographic variation. Leaf, height and wood traits were measured in thirty of
these plots on three individuals (> 10 cm dbh) for each species on each plot. A
total of 30 species were studied; the criteria for a species to be included was that
the species had to attain a relative abundance of at least 0.05 within a single plot
and occur on at least 10 percent of the forty plots sampled. Fully-expanded,
mature, healthy, well-lit leaves were collected from the canopy using a pole
pruner, shotgun or slingshot. Cores were collected using an increment borer. The
relationships between community-weighted mean traits and environmental

gradients were analysed using linear regression.

Results showed that there is a continuous compositional change along this
environmental gradient and consequently there are few visually abrupt changes
that occur between forest types. The exception to this is the kauri-dominated
stands that are found in low fertility environments that are present on ridges. Soil
variables and topography were found to be correlated, and the environmental
variables that explain the majority of the variation in the community composition
and functional trait data were soil carbon: nitrogen ratio, total soil phosphorus and

soil pH, rather than topography.

Trait — environment regressions showed that traits are filtered along the soil
fertility gradient. Species that have high SLA, high leaf and litter nitrogen, low
leaf thickness, large seeds and low wood densities were found in the more fertile

environments, which have a low soil carbon: nitrogen ratio, high total soil



phosphorus and a high pH, such as a gully habitat. At the other end of this
gradient, species that have low SLA, low leaf and litter nitrogen, high leaf
thickness, small seeds and high wood densities were present in less fertile
environments, which have a high soil carbon: nitrogen ratio, low total soil

phosphorus and a low pH, such as a ridge top habitat.

Functional diversity indices indicate that the strength of environmental filtering
changes along the soil fertility gradient. These indices show that trait variability
does vary along the soil fertility gradient and that there are different community
assembly processes operating in different places. The strength of the soil fertility
as an environmental filter is strongest in low fertility soils, as environmental
filtering results in convergence towards traits that confer a resource-retaining

strategy.

Previous studies in kauri forests have shown changes in community composition
to be determined by topography. This study has shown that these well-known
patterns are driven by the filtering of leaf and wood traits along the

topographically-driven soil fertility gradient.

Keywords: Puketi Forest, community assembly, leaf traits, wood traits,
environmental filtering, functional diversity, topography, environmental gradient,

kauri, Agathis australis.
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Chapter One: Introduction

1.1 Overview

To successfully restore an ecosystem requires a fundamental understanding of the
ecological characteristics of the species, together with the knowledge of how they
assemble, interact and function as a community (Pywell et al. 2003). Therefore,
given the increasing impact of humans on the environment, the clarification of the
processes that influence the species composition, diversity and traits that make up
a community and accurate predictive models of species abundance has never been
greater and consequently has become one of the most important quests in ecology.
However, there appears to be a lack of consensus on the processes that influence
community assembly and which ecological principles should be used to develop
these models (Keddy 1992, HilleRisLambers et al. 2012, Laughlin et al. 2012).
Although community ecology is often perceived as a “mess”, due to the vast
number of processes that can underlie the observed patterns (Lawton 1999,
Vellend 2010), I sought to determine the importance of functional traits in
mediating the relationship between environmental factors and community
composition and the significance of environmental filtering in the context of a
species-rich, old-growth kauri forest. Environmental filtering is a process that
selects individuals with functional traits that yield the highest fitness and
performance within a given environment (Keddy 1992). This process increases
functional similarity of species within a community, resulting in trait convergence
(Gourlet-Fleury et al. 2011, Lasky et al. 2013).

1.2 Plant diversity and global distribution

There are more than 250,000 vascular plant species worldwide undertaking
similar processes of acquiring resources (water, light and nutrients) in order to
photosynthesise and reproduce (Wright et al. 2004). However, the distribution of
these plants throughout the world is not random. This is because evolutionary
processes determine the species pool within a particular area and then filters act to
determine the distribution and abundances of these species within the regional
species pool (Grime 1977). The individuals that are not filtered out by the spatial
variation in filters such as climatic conditions, due to having desirable traits for a
certain region, will then undergo further filtering through disturbance and biotic

interactions until a community has established. Climate acts on a broad scale and
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is one of the first limiting factors in plant distribution, whereas other ecosystem

filters such as soil fertility act on a much finer, regional scale (Diaz et al. 1999).

In terms of latitude, there is a broad change in biomes and species diversity,
ranging from tropical evergreen rainforest at the equator, to tropical deciduous
forest, to desert or savannah, to temperate deciduous forests, to grassland, to
evergreen coniferous forests and arctic tundra. There is also a broad change in
biomes along altitudinal gradients ranging from tropical forest, to deciduous forest,
to evergreen forest, to alpine tundra (Desonie 2008). Species found in one biome
will have different traits and therefore different ecological strategies to those
species found in other biomes, due to the difference in environmental conditions

and resource availability (Westoby et al. 2002).

The change in the composition of species and ecological strategies can occur on
much smaller scales, such as along soil fertility gradients within an ecosystem.
Mason et al. (2012) showed that there is a shift in plant strategies from resource-
retaining on the sites with low phosphorus, to resource-acquiring strategies such
as high growth rates, high nutrient investments in leaves and low leaf lifespan on

sites with high levels of soil phosphorus.
1.3 What are traits?

The concept of traits was first proposed by Darwin (1859). However, Darwin’s
use of the term trait was mainly to describe the performance of an individual. The
modern definition of a trait, proposed by Violle et al. (2007), is ‘“any
morphological, physiological or phenological feature measurable at the individual
level, from the cell to the whole-organism level, without reference to the

environment or any other level of organisation”.

The meaning and use of the word trait varies throughout the literature. Papers
such as Petchey et al. (2004) and Eviner (2004) show the misperception about the
term and definition of a trait. Petchey et al. (2004) manipulated plant species and
functional group richness and then measured 11 different traits to determine if
they could explain differences in biomass production. However, of the 11 traits
that were used, only eight comply with the definition proposed by Violle et al.
(2007). The remaining three traits: vegetation cover, canopy height and standing
biomass, do not refer to an individual trait, but rather to the study area. Eviner

(2004) investigated eight plant species and determined if their traits influenced
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bio-geochemical cycling. Within this experiment there were many traits (e.g. soil
temperature and soil moisture) that applied to an ecosystem level, not an
individual plant.

There are many different types of traits used to describe plants, however not all of
them are mutually exclusive. The main types of traits that are referred to in the
literature, which are relevant to this study are: functional, response and effect.
Functional traits are those that strongly impact an individual’s fitness or
performance. They are the ecological attributes of a species that relate both to
strategies of resource capture and to the effect of that species on the overall pool
of resources in the ecosystem (McGill et al. 2006, Funk et al. 2008). Examples of
functional traits are plant height, specific leaf area and seed size (Westoby 1998).
Response traits are those that respond to changes in environmental factors and as
a result many functional traits are also considered response traits. These traits are
important in determining the resilience of an ecosystem. Effect traits are those that
are related to the effects of a plant on ecosystem functioning. Lavorel and Garnier
(2002) show that effect traits involved in changes in primary productivity along a
nutrient gradient strongly overlapped with those involved in the response of
species to the gradient (response traits). This shows that traits are not mutually
exclusive of each other.

1.4 Plant ecological strategies and functional traits

Functional traits influence their environment by affecting ecological processes
such as litter decomposition, competition, light availability, soil fertility,
temperature and precipitation. The traits that each plant possesses will therefore
determine their ability to establish, survive and reproduce in a particular
environment (Suding et al. 2008, Freschet et al. 2011). Functional traits are also
used as indicators to help determine the ways in which species obey assembly
rules. Assembly rules specify which subset of species would tolerate specified
environmental conditions and form a community. Assembly rules work through
eliminating sets of traits (and therefore species that possess them), which are
unsuitable to that environment. The species that comprise the community are
those that have suitable traits for the specified conditions. Another important
concept is the response rule, which determines how the species composition will
respond when environmental factors are changed. Examples of this are forest
clearing, fire or intensified grazing. It is important to re-examine the initial species
3



and sets of traits once variables and environmental factors have been changed,
because species with different sets of traits that are more suitable to the changed
environment can replace those already present (Keddy 1992).

Ecological differences among plant species arise due to the different ways that
plants acquire the same major resources such as light, water, carbon dioxide and
nutrients. As a result of this, leaves, stems, roots, and seeds vary between species
in the way that they are constructed, their lifespan and in the proportion of
resources that are allocated to them (Westoby et al. 2002). The variation in these
traits is explained using ecological strategies. Ecological strategies are identified
by referencing a number of characteristics including morphological features,
resource allocation, phenology, response to stress and nutrient acquisition (Grime
1977, Craine 2005). For example, continuous variables, such as specific leaf area
can be high, low or anywhere in between, which is the same for a variety of foliar,
wood and whole-plant traits. When studying ecological strategies it is useful to
compare more than one trait, because it allows one to locate the position of an

individual or a species within a multidimensional trait space.

Grime’s CSR (competitor, stress-tolerator and ruderal) triangle, developed in
1977, was one of the first ecological strategy models. This triangle was developed
in response to stress and disturbance, which are two external factors that limit
plant biomass in any habitat. Stress restricts production in a given environment
through shortages of light, water or nutrients. Disturbance is the partial or total
destruction of plant biomass through activities such as herbivory, wind, soil
erosion, and fire. The idea of this triangular model was to allow plants with
different dimensions of the CSR strategies to be modelled and compared in a
single figure. Plants with a competitive strategy are more suited to low stress with
low disturbance environments, stress tolerant plants to high stress with low
disturbance environments and ruderal plants to low stress with high disturbance
environments. It is important to note that these three strategies are the extremes as
there are a wide range of strategy variations within this triangular model (Grime
1977). However, this model is not able to easily compare experimental data
measured from different environments and then compare them worldwide. There
iIs no protocol for positioning species beyond these three defined reference
concepts (Westoby 1998).



Westoby et al. (2002) investigated the relationship between specific leaf area and
leaf lifespan (SLA-LL), seed mass and seed output (SM-SO) and leaf size and
twig size (LS-TS) and maximum canopy height. Each of these strategies have
trade-offs which vary climatically and within ecosystems. This study shows that
species with low SLA tend to have a longer average LL. This is because leaves
with low SLA, have lower leaf turnover rates because of the less favourable
environments and environmental conditions that these species are exposed to.
Low SLA helps to protect against wear and tear of the leaf, but low SLA costs
more initially in energy and resources to create the leaf. Species with low SLA
generally have a lower photosynthetic rate per unit area than those with high SLA.
This allows plants with high SLA to have fast leaf turnover, allowing them to take
advantage of changes in light and nutrient availability within an ecosystem.
Taking advantage of changes in environmental conditions within an ecosystem is
a trade-off between SLA and LL.

Another example of an ecological strategy is the trade-off between growth rate
and nutrient conservation. Plants growing in nutrient rich environments produce
large quantities of nutrient rich litter, which in turn releases large amounts of
nutrients back into the soil, which helps to maintain high soil fertility. On the
other hand, plants growing in nutrient poor environments produce small quantities
of litter and, because the leaves are long-lived, plants conserve nutrients therefore
accentuating the infertile environment. This trade-off is the result of the leaf traits
(SLA, leaf nitrogen, leaf phosphorus and LL), which are connected to this strategy
(Chapin 1980, Ordonez et al. 2009).

Mason et al. (2012) investigated foliar traits such as leaf nitrogen, leaf phosphorus,
leaf thickness and tissue density, along a soil chronosequence where strong
gradients in soil nutrient availability occur. The decline in leaf nitrogen and leaf
phosphorus, and increase in leaf thickness and density, with decreasing soil
phosphorus availability indicates a shift from a resource-acquiring strategy to a
resource-retaining strategy. The shift in the resource strategy towards nutrient
conservation with declining soil resource availability indicates that it is not a
single trait that is involved in this change of strategy, but rather a group of traits
working together. Ordonez et al. (2009) showed that there was a shift from
species with low SLA, low leaf nitrogen and low leaf phosphorus on less fertile

sites to species with high SLA, high leaf nitrogen and high leaf phosphorus on
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more fertile sites. The availability of soil nutrients is an important factor in
determining the traits present and therefore the species that are found within a

plant community.

There are vast numbers of vascular plant species competing for the same
resources to undertake processes, such as photosynthesis, in order to ensure the
continuity of future generations. Foliar traits, which are essential in these
processes, are therefore fundamental in the functioning of terrestrial ecosystems
(Wright et al. 2004, Craine and Dybzinski 2013). Within growth forms or
functional groups there is a wide spectrum of variation in foliar traits. This
spectrum, according to Wright et al. (2004) runs from species that have the traits
which allow for the potential of quick returns on investments, such as nutrients, to
species that have traits which result in a much slower rate of return. Species that
have the potential for a quick rate of return have traits such as high leaf nutrient
concentrations, high photosynthetic rates, short leaf lifespans and low dry mass
per unit area. These traits allow species to capitalise on available resources. At the
opposite end of the spectrum, species that have slower growth rates possess traits
such as low leaf nutrient concentrations, low specific leaf area (SLA) and long
leaf lifespans. These traits allow species to survive in environments where

resources are not readily available (Chapin 1980).

Wood has several different, essential functions in plants. In a living tree, wood
performs as a support function, enabling plants to grow large by supporting
aboveground tissue. It also plays a role in the transfer of water and nutrients to the
leaves and other growing tissues along the soil-plant-atmosphere continuum. As
well as support and transport properties, wood acts as storage for nutrients,
carbohydrates, defensive secondary compounds, lipids and water (Chave et al.
2009). Because wood performs multiple tasks within a single plant, there will be
trade-offs in resource allocation within a plant, which can influence wood
structure. These trade-offs will be the result of the environmental conditions that
are present (Chave et al. 2009, Lasky et al. 2013). Wood density is considered an
important functional trait by ecologists as it is related to life history strategies of
tree species. Lasky et al. (2013) found that slope and wood density were strongly
correlated. Low wood density was favoured on steeper slopes, whereas high wood
density was favoured on low slopes and flat surfaces. This relationship is thought

to occur because steep slopes are often associated with more frequent disturbances,
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shorter canopy heights and greater light availability. These variables favour rapid
regeneration and therefore favour the traits associated with this, such as low wood
density.

Gourlet-Fleury et al. (2011) observed how soil type affects species traits such as
wood density. The results showed that resource poor soils favoured slower growth
rates and dense wooded species, whereas resource rich soils favoured faster
growth rates and light wooded species. These findings are consistent with that of
Muller-Landau (2004) which also shows high disturbance areas with a high
species turnover rate favoured species that have relatively low wood density and
areas with low soil fertility favoured slower growing species that have high wood
density.

There are many more examples of ecological strategies such as Shipley and Dion
(1992), Golluscio and Sala (1993), Westoby (1998), Reich et al. (2003) and Liu et
al. (2010). These strategies show that there are trade-offs between each trait and
that although one strategy might be favourable in one environment, the same
strategy might be disadvantageous in another environment. As a result of this,
traits change along climatic and resource gradients, within and between

ecosystems.
1.5 Environmental filtering and limiting similarity

Community assembly along environmental gradients is driven by two antagonistic
processes that select functional traits in opposing directions (Laughlin et al. 2012).
These are environmental filtering and limiting similarity. Environmental filtering
selects individuals with functional traits that yield the highest fitness and
performance for the given environmental conditions. This process increases
functional similarity of species within a community, resulting in trait convergence.
The effect of environmental filtering is that