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Presenter Notes
Presentation Notes
If I asked you all to visualise a rainforest, I expect you might conjure up something like this – wet and humid, lots of leeches, tall majestic trees and a dark shady understory
But that’s only a small part of the picture – subtropical rainforests extend from these high rainfall areas way into far more arid regions, and we can observe substantial changes in the composition and structure of these rainforest communities



Regional moisture gradient
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How does climate filter subtropical rainforest 
tree strategies into these distinct assemblages?

Presenter Notes
Presentation Notes
In drier, seasonal locations we see these stunted assemblages – it sounds like an oxymoron but we call them dry rainforests and they’re similar to deciduous forests in the tropics
over regional moisture gradients they transition into these much taller, structured and largely evergreen forests
while we know that different species grow in different parts of this gradient, we dont fully understand why especially with regards to the ecophysiological strategies of species
What we are really asking is how does climate filter rainforest tree strategies into these distinct communities, and we’re describing these strategies using functional traits



Presenter Notes
Presentation Notes
So how did we answer this? This is where I’m from in Brisbane and across this large regional area we surveyed 45 rainforest communities
Each site is represented here by a red symbol and you can see generally as we move further inland mean annual rainfall decreases and we get this remarkable community turnover





Presenter Notes
Presentation Notes
In each of these sites I established 4 25x25m subplots and measured and identified all trees greater than 3cm diameter at breast height
In total we recorded 320 tree species across 180 subplots
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Describing the regional climate gradient

Presenter Notes
Presentation Notes
Across the study area we described the regional climate gradient using 7 different climate variables, which we subjected to principal component analysis
Unsurprisingly climate PC1 described water availability and timing so we have our sites with super dry rainforest down this end, through to our very wet rainforests at this end 
Today we’re really focused on PC1 because it’s all about the water regimes that these sites experience



Brachychiton discolor

Describing hydraulic strategies of 285 species
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Presenter Notes
Presentation Notes
Now what about species’ strategies? – We needed to feasibly describe strategies of 285 species, representing 90% of all recorded species, while also getting required physiological resolution regarding tree hydraulics
To capture hydraulic strategies specifically, we took measurements of their xylem, their hydraulic architecture, including vessel diameter and surrounding vessel wall thickness
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Presentation Notes
For each of the species we recorded in our surveys, I also collected wood density and leaf samples from sun exposed individuals which I brought back to the lab to measure a bunch of other traits



Plant organ Plant trait

Stem Wood density

Whole plant Maximum height

Leaves Specific leaf area

Leaf dry matter content

Lamina area

Xylem lumen breadth (b)

Vessel reinforcement (t / b)

Deciduousness

Wood density

Xylem measurements

Leaf traits

Max. height

Deciduousness

Presenter Notes
Presentation Notes
For each species we also measured these other traits – species’ maximum height, wood density, leaf dry matter content, specific leaf area and lamina area, and two xylem traits, the vessel diameter and a measure of vessel reinforcement which is wall thickness divided by diameter
Also have a binary measure of deciduousness which helps us describe drought avoidance strategies
We subjected these first 7 traits to principal component analysis in an attempt to describe species hydraulic strategies
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Describing hydraulic strategies of 285 species
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Presenter Notes
Presentation Notes
Here we have the beautiful mess of trait space for 285 species!
Trait PC1 captures the hydraulic strategies of these species very well and is most strongly positively loaded by leaf area, lumen breadth and negatively loaded by vessel reinforcement and wood density
So at this end exemplified by this species everistia, which is super common in drier assemblages, we have the toughest of the tough – species with highly reinforced vessels, high wood density, small leaves and narrow xylem vessels
At this end we have the opposite strategy, represented by species such as this Brachychiton, which have large leaves and vessel diameters, lower wood density and less reinforced vessels 
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Describing hydraulic strategies of 285 species

Presenter Notes
Presentation Notes
- essentially Trait PC1 represents a spectrum from safe through to more efficient strategies
- To illustrate drought avoidance strategies, this is where our deciduous species sit in trait space even though we did not include deciduousness in the PCA – and you can see that they are typified by quite high hydraulic efficiency



Binomial GLLVM with Trait*Climate interactions

Presenter Notes
Presentation Notes
So how do we go about analyzing this data? We modelled species’ occurrence trends across the moisture gradient using a binomial GLMM that included over ten trait times climate interactions – just going to focus on one of these
If we look at a quick conceptual figure - we can describe each species’ occurrence trend along our moisture gradient using a slope - you can see this species is increasing along the gradient whereas this one is becoming less likely to occur
we can go one step further and ask – are species’ climate occurrence trends related to their strategies which we have described using traits? Can conceptually visualise that trait by climate interaction here



Binomial GLLVM with Trait*Climate interactions

Presenter Notes
Presentation Notes
So on the y axis we have species’ slopes from this previous figure – our species with a positive slope sits here whereas the one with a negative relationship with climate sits here below zero
The x-axis describes these species’ strategies – what we’re on the hunt for is a strong and significant interaction slope, it tells us that species’ traits do indeed explain their climatic responses



WETCLIMATE PC1
MOISTURE AVAILABILITY GRADIENT

DRY

Presenter Notes
Presentation Notes
So what do we actually see in our results? Here are the fitted curves for 285 species along our climate gradient
Species at this end in the red had highest occurrence probabilities at the dry end of the gradient and these blue curves indicate species that were more prevalent in wet sites
And you will notice that these relationships are not linear like in the conceptual figure – that's because these relationships have been back-transformed on the probability scale and also species here have a quadratic relationship with climate to allow for these hump-shaped relationship, capturing species that occur in middle of this gradient
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Presenter Notes
Presentation Notes
Our trait times climate interaction from the model revealed that these occurrence slopes are explained by species hydraulic strategies extremely convincingly
Here on the y-axis we’re looking at linear terms on the modelled scale (not quadratic terms) along the climate gradient and here on the x axis we have Trait PC1, describing safe to efficient strategies
This is the very steep and confident interaction slope – and what it describes is, below zero, we have species that decline along the moisture gradient and they tend to have safe strategies
Up here we have species with efficient hydraulic strategies and they increase along the moisture gradient so they’re more likely to occur in wetter rainforests – this is by far the strongest result from our model
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Presenter Notes
Presentation Notes
Not only that, we also found that our deciduous trait term influenced species’ occurrences across the moisture gradient such that, even though they have efficient hydraulics, deciduous species more likely to occur in drier locations – happy to answer questions about this to provide more detail





We reveal an ecophysiological basis for how climate 
structures entire rainforest tree communities across the 

Australian subtropics.

High moistureLow moisture

Presenter Notes
Presentation Notes
Hopefully I’ve convinced you that subtropical rainforests are more than these highly mesic, tall, structured systems – they’re composed of a continuum of strategies that are continuously filtered by climate
Essentially what we’ve demonstrated here is an ecophysiological basis for how climate structures rainforest tree assemblages across the subtropics, which potentially provides a platform for predicting future climatic impacts on these systems
I would like to thank all of these amazing people and the hermon slade foundation who helped make this project happen. Thank you 
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Climate PC1 – Moisture availability
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Dispersal mode vs. Distance to nearest refugium
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Table S3: PhyloGLMM results showing weak contribution of phylogeny to species’ quadratic 
occurrence trends along Climate PC1. In the model, separate quadratic relationships with Climate 
PC1 were fitted for the 285 species as random effects. The phyloGLMM partitioned among-species 
variation in each coefficient (intercept, Climate PC1 and Climate PC12) into variance explained by 
phylogeny and remaining among-species variance not explained by phylogeny. The non-phylogenetic 
components were clearly dominant (>90%). 

 

Variance 
explained by 

phylogeny (%) 

Variance explained 
by species’ 
differences 

Species’ intercepts 0.116 (8%) 1.350 (92%) 
Species’ slopes with Climate PC1 0.043 (7.5%) 0.527 (92.5%) 
Species’ slopes with Climate PC12 0.0004 (4.2%) 0.009 (95.8%) 

 

 



Trait variance components 
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Leaf economics
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