
Robin Hayward: 
Hello, I'm Robin Hayward. And today I want to talk to you about rain forest 
ecology. Specifically, I want to talk to you about tree community ecology 
and the ways that trees are able to recover after logging. And they do 
recover. Because look at this image. This is a photo of a forest that was 
logged about 30 years ago. It doesn't look like it was logged. In fact, it 
looks like a pretty good forest. Other than perhaps the small row, that you 
can see snaking its way through the picture. This looks like something 
that's very worthy of conservation.  
 
So how in 30 years does forest go from logged back to looking like this? 
Well, the answer lies in something called selective logging. And it's a 
little bit different to what we normally imagine in the temperate world. So 
in temperate areas, we have forest that starts off with a full community, 
just like anywhere else. It's often plantation forest, things that are 
planted specifically to be logged. And then we cut it all down, clear fell 
logging, leaving just the stumps, like any other crop gets rotated. So 
things in different areas are cut in different years. And the idea is that 
maybe every 20 years or so your fast growing trees can be cut down for 
timber production. That seems to work.  
 
In the tropics, however, 95% of all logging is done by selective logging. 
Selective logging has proved to be hugely popular, it's how over half of 
all forested land in the tropics has now been logged. And it works pretty 
much as you'd expect from the name. Forest is logged selectively. Instead 
of cutting out absolutely everything like we do with clear fell logging, we 
just select the largest and most valuable stems to remove. The idea is that 
this basically works in a similar way to what we see in nature, with the 
largest trees naturally dying and being removed from the system. In those 
gaps, smaller trees are able to grow back in and replace them. So by doing 
this as a form of logging, the idea is that this can be relatively 
sustainable. If we mirror nature, then the system can keep ticking over as 
it was, and we can get timber pretty much for nothing.  
 
So does it work in practice? That's the question. Because we're not just 
letting things fall over, and things growing back in. We're taking huge 
bits of wood out of the system, nutrients are being removed. And we're not 
targeting all species equally. We're taking out mostly trees from a family 
dipterocarpaceae, they're large, slow growing trees, which typify the 
canopies of forest in Southeast Asia. So if we're taking those out, doesn't 
it make it less likely that those things are going to be what grows back 
in? It all boils down essentially to three different pathways of 
succession, the logged forest might take. And yes, there's infinite 
variations as to exactly how these things can proceed. There's so much 
complexity in nature, it's hard to fully quantify it. But for the purpose 
of this presentation, we'll look at three different pathways.  
 
Option one, is really exactly what we're wanting to see. In that case, 
everything grows back to precisely what it was before, all the same 
species, all the same quantities of each, all the same carbon being stored. 
If that can happen, then yeah, you have truly sustainable forest logging. 
But for the reasons I've just said, that's really unlikely to happen.  
 
Much more likely is scenario number two. In scenario number two, yes, trees 
grow back. But they're probably a slightly different subset of trees, the 
species are more likely to be early successional, things that can grow in 
quickly, maybe with slightly less carbon stored in them, per cubic meter. 
They're things which can monopolize on a disturbed environment, and move 
into capture the light.  
 



In scenario three trees can lose out altogether. Instead, we get these 
things called lianas, large woody vines, which kind of act a bit like 
bramble thickets in temperate areas. So they move in very, very quickly. 
They monopolize the light, it means that things trying to grow in the 
understory aren't able to get all the resources they need. And what's more, 
because they don't support their own weight, they often wrap around growing 
trees and strangle them, they stop them from being able to grow as large as 
we would like. 
 
So those are the three scenarios. And it's entirely possible for things to 
start with scenario three, and then through succession move up to scenario 
one, back to this kind of ideal state. But it just doesn't seem very likely 
to happen in the medium to short term. Certainly not after 30 years. What 
happens after 30 years is the canopy closes. And if you're not looking at 
exactly which species or where you wouldn't know the difference. That's how 
we get to that picture that I was showing you earlier. But really, we want 
to know more than that. We want to know how ecosystems function. We want to 
know whether the ecology is robust to logging. Is it going to survive? And 
to answer that, I've created a few little questions.  
 
Question one, are tree communities different in logged vs unlogged forest, 
if they're not then job done. If they're the same, no worries, this is 
perfectly sustainable. Great. 
 
Question two though, is assuming that these are different. Does tree 
community composition change with time since logging? So, in the future, is 
it likely to be the same again? Have we just not waited long enough to 
measure our response? Or potentially is it going in a completely different 
direction? Did it start off quite similar but through whatever base 
circumstances started off, is there an iterative move away from being a 
similar community to the unlogged? 
 
Question three, is does active regeneration of logged forest make a 
difference? So while most of the time forests are left to naturally 
regenerate after being selectively logged, sometimes efforts are made to 
try and get them to regenerate faster. This can be by planting trees where 
the other trees were taken out. Because if you're applying bias to take out 
certain species, then surely you want to correct for that with which 
species might grow back into it. So you plant things of the same species. 
The other thing that's often done is Liana cutting. So as I was saying 
about Liana's coming in, potentially strangling tree communities, stopping 
them from being able to grow back, the art of cutting basically just cuts 
lianas out of the way, allowing the trees to grow back in a less 
competitive environment. Does it work though? That's the question.  
 
And then after these three questions, there's a big overarching question. 
Why? Why does any of this actually happen or work? Because ecology is 
complicated. It can be really hard to figure this out. And to be honest, 
it's much bigger than a single PhD to answer this question. But a good 
start seems to be looking at what happens to young trees, look at seedlings 
in the first few months of their lives, and see if they react differently 
to a logged environment and unlogged environment and an actively restored 
logged environment. 
 
What are the differences there? 
 
If seedlings are failing to recruit back into the mature tree community, 
then that allows us to understand parts of why we're seeing different 
communities in the first place. So let's talk about how I've gone about 
answering these questions. I went out to this forest, the same forest I 
showed you at the start of the talk. This forest was logged 25 to 37 years 



ago, and it's in the northeast of Borneo. It's where I spent six months 
back in 2018, getting incredibly wet, and walking until my shoes fell apart 
and had to be lashed back together with shoelaces, just to hold them in 
place. All of this was in service of setting up a plot network. Well, the 
plot network technically already existed, but it was only for large trees, 
it was set up in the late 90s. And then again reset in 2016, where a lot of 
the data for this talk is coming from. In 2018, I added seedling plots to 
these. So each of these plots at the moment is 500 meters squared. Within 
each of those a sub sample of 12 individual one meter by one meter 
quadrats. This means that of the 46 circular plots, 12 of them are in 
unlogged forest, 17 of them are in naturally regenerating logged forest, 
and 17 of them in actively restored forest. And by comparing and 
contrasting these, we can see how different forest in the same landscape, 
have different tree communities, and try and link those back to the 
treatments that were done to them.  
 
Overall, we censused 5466 trees, and 5156 seedlings. All of these were 
tagged. And the vast vast majority of them were identified. The ones which 
weren't able to be identified to a species level were then identified to a 
morphospecies level, and although morphospecies don't give us quite the 
same ecological context of exactly why a species might be where, it does 
tell us this thing is discrete. It is unique and different from all these 
other things, and also tells us it's similar to these things within the 
same morphospecies. So for modeling, we're still able to use it to talk 
about richness and diversity, and that kind of equation.  
 
So first, let's talk about my results for the mature trees. I've actually 
subdivided mature trees down into three different size classes, because 
otherwise we're just looking at everything that's bigger than two 
centimeters in diameter, which is a huge range of different trees all doing 
different things at different times. So we'll talk about saplings, saplings 
are 2 centimeters to 5 centimeters in diameter. Small trees are 5 
centimeters to 10 centimeters in diameter, and large trees are anything 
greater than 10 centimeters in diameter. That's still quite a wide range of 
sizes. But it does mean by the time it's 10 centimeters in diameter is 
likely starting to get up into the canopy, as you can see, and probably as 
you'd expect, considering that when we take trees out of the forest, there 
are fewer trees in the forest, stem counts are much higher in unlogged 
forest than in logged forest across all size classes. That's a significant 
difference.  
 
Interestingly though, when we start looking at active restoration, actually 
restored forest actually has an even lower stem count than natural 
regeneration. So if you start with unlogged forest, natural regeneration is 
here, active regeneration is here. At least within saplings and small 
trees. In large trees, there doesn't seem to be any real difference between 
that natural regeneration and active restoration. The good news is though, 
even though all logged forest is lower in stem count than unlogged forest, 
there is a significant effect of time since logging. So these numbers are 
going back up.  
 
So we can make some conclusions about stem counts. But stem counts aren't 
really a community issue. They're more about biomass and carbon, which are 
interesting, but not what I'm most focused on. So we also ran some 
generalized linear models, looking at species richness, diversity and 
evenness. And asking how logging, active restoration and time since logging 
might be affecting those things. And we found nothing. There's no effect of 
logging. There's no effect of active restoration. There's not even an 
effect of time since logging in the chrono sequence we were able to 
examine. So I guess my first question of whether there is a difference in 



community? The answer's no. They're the same. And we can just go home and 
conservation has a win.  
 
But that's not totally the full story. Because the problem with richness 
and diversity and evenness is they're just metrics of the community, they 
don't really tell us much about what it is, they tell us how many species 
there are, and they tell us the approximate balance between those species. 
But those numbers can stay the same and still be made up of entirely 
different combinations of species. So the ecosystem might not be as fine as 
we think. To figure about out, we start looking through permutation 
analysis of variance. And essentially, this creates a matrix of all the 
different plots, and all the different individuals that were located within 
them. It looks at all the individual species names, and all the numbers of 
species. And it says, What's the dissimilarity between these? And what can 
explain this dissimilarity? Can we tell based on whether something was 
logged or not, what the community is going to look like.  
 
And that leads us to this table. And again, you will see there is no effect 
of restoration type, active restoration doesn't seem to do anything, 
there's no effect of time since logging, what we do see is across all size 
classes, there is a significant effect of logging on what the community 
looks like. Which is big. That's important, to know that different species 
are existing in these places, tells us that something has changed. And that 
means we need to know why. 
 
The first thing I wanted to look at was which species are changing, what is 
the difference. And so we looked at indicator species. Now an indicator 
species basically tells you, if you find that species, you have a 95% 
chance of knowing where you are. If I find species A for example, and I'm 
able to identify it, I know from a 95% probability, that I am in unlogged 
forest, or species B tells me that I'm 95% likely to be in logged forest. 
So how many of them are there? Well in unlogged forest there are 23 
indicator species. 23 species that tell you you are in unlogged forest, if 
you find it. But in logged forest, there's nothing. And this is a really 
interesting finding. This tells us that there are 23 species in unlogged 
forest, which are found substantially less in logged forest, or perhaps not 
at all. It is not enough for a species to appear, say once or twice in 
unlogged forest, and then just not be found, through lack of sampling 
effort in logged forest to cause this. It has to be a significant 
statistical difference between where you are most likely when you find it. 
It could be present in both, but this is a statistic that can't be derived 
from just low numbers, and fluke. 23 species aren't being kept in logged 
forest. And that's not good.  
 
But a slight glimmer of hope is potentially found in the fact that zero 
logged forest species are entirely predictive of where you are in logged 
forest. If there were loads of indicator species for logged forest, that 
might suggest that new alien species are moving in, or invading. And that 
would be bad, because maybe the ecosystem would be changing in 
unrecoverable ways to different stable states. Whereas actually, if there's 
nothing moving in, there might still be hope that things can recover back 
the other way, with a bit of a nudge, or just with sufficient time. Sure, 
we're not really seeing any directional movement in community composition 
between 25 and 37 years post logging, which we're actually able to analyse. 
But that doesn't mean that say over 50 to 100 years, we might not somehow 
move back towards an unlogged forest, especially if there's nothing else 
coming in to kind of claim those spaces.  
 
So let's talk about our conclusions for mature trees then. Well, there are 
higher stem counts in unlogged for and logged stem counts are able to 
recover over time. So that is somewhat of a positive, even though there's a 



negative, that there was the effect in the first place. Actively restored 
forests, however, don't seem to be helping much versus what's been allowed 
to just naturally regenerate. There might be no effects on richness and 
diversity, which seemed like a really nice conclusion to start with. But 
unfortunately, there are differences between logged and unlogged forest 
when we consider the whole community. And there's no difference with time 
since logging, or active restoration. So it doesn't necessarily seem to be 
getting better right now.  
 
But this all leads us back to the big question I mentioned earlier. Why? 
And as I mentioned earlier, we're going to interrogate this by looking at 
seedlings. Looking at the first few months of the tree communities life 
cycle can give us huge insights about how exactly, we're ending up with 
these different communities in rainforests. And luckily, that's exactly 
what we're able to do. After I initially set up my seeding plots in 2018, 
there was a mast fruiting event in 2019. And mast fruiting occurs because 
basically, all the different trees, fruit at exactly the same time, in this 
big coordinated event. It's not like fruiting in temperate areas, which 
happens maybe once a year, every spring. This happens all at the same time. 
And every four years or so, it is a much rarer event. And because it's 
rarer, it has to be bigger as well, you can easily get 50 to 100 seedlings 
germinating in just a single meter squared of ground. And we were able to 
capture that really quickly. Because luckily, we had collaborators on the 
ground, ready to go out and start censuses almost immediately after 
germination. So within the first six months post germination, we were able 
to complete three censuses of my seedling plots. And this is the first view 
of what we've been finding.  
 
So let's start with the freshly germinated seedlings in unlogged forest. As 
you can see, there's a list of families down the side. And the largest 
family, the one that's best represented is dipterocarpaceae. These are the 
trees I mentioned earlier, the ones that typify Southeast Asian 
rainforests. And these dipterocarp seedlings are exactly what we'd hope to 
see recruiting through to the unlogged tree community. So all good so far, 
one to two months after germination.  
 
Three to four months after germination in census two, we still see 
dipterocarps are a huge portion of this community. And overall mortality 
has not been that high. We expect to see a lot of mortality shortly after 
germination, that's just how things go in nature. But less than a quarter 
of the community having died is pretty good. That's a pretty good rate of 
survival. By census three, sort of five to six months after germination, 
we're down to maybe just over a third of the community remaining, but still 
heavily dependent on dipterocarps. Dipterocarps make up the vast majority.  
 
So how does this compare with naturally regenerating logged forest? Well, 
in logged forest, we get far far fewer individuals recruiting in the first 
place. So versus almost 3000, having recruited into our sample for unlogged 
forest, we're seeing just over 300 in the logged naturally regenerating 
forest. So that's a whole order of magnitude lower. And we see that 
actually dipterocarps are then less than half of this community which has 
germinated. They also don't survive as well into the second census. So this 
time, instead of just under a quarter of stems dying, over a third have 
died off, and dipterocarps have still remained under half of what's 
remaining. By the third census, we are down to under a quarter of what we 
started with, and dipterocarps are still losing out, there's still less 
than half of what's totally available in the seedling community. This 
versus unlogged forest where there's still over a third of stems remaining 
and dipterocarps from the vast, vast majority. It looks very different. And 
that obviously tells us a little bit about why mature communities might be 
moving through into a different overall setup.  



 
So we know from a mature community that there shouldn't be really any 
difference of active restoration. But why is there no difference in active 
restoration? Well, let's see if the seedlings can tell us anything about 
that.  
 
Actually, in census one, actively restored forests looks much much more 
like unlogged forest, we've got a much higher number of seedlings again, 
not quite as high as unlogged, but high nonetheless. And dipterocarps are 
the majority. So all good so far. But by the time we get to census two, 
there's been huge mortality. The things that were planted in to recruit are 
not 30 years later, creating seedlings, which are able to survive in the 
environment which has been logged. In fact, we're down to less than a 
quarter. As a proportion, that's less than what was remaining of the 
naturally regenerating forest, after twice as long. That's really important 
to understand why we're seeing this sudden decline in things. The silver 
lining though is that dipterocarps still seem to be the majority. So maybe 
that might be a good thing after all. 
 
By the time we get to census three, we're down to maybe an eighth of what 
we started with. Survivorship in actively restored forest just isn't that 
good. And I suppose the question now is, we've got still a lot of 
dipterocarps left in that, if they can survive and recruit through, then 
maybe this is still a pathway through to a better community amongst mature 
trees. However, if in census 4, actively restored forest sees similar 
levels of losses, once again, then really, we're getting down to such small 
numbers, then really, it's no wonder we're still seeing such a different 
community between logged and unlogged forests, regardless of restoration 
treatment in the mature trees.  
 
Unfortunately, this is about where COVID struck. This is getting into March 
this year. And censuses stopped, so I don't have the next panel of data. 
Excitingly, it seems like we're going to get the next panel of data soon, 
censuses have just started up again. And because we've been able to track 
individual plots, and individual seedlings, we should be able to see how 
these have survived, or if any are left. That is where my PhD is going from 
this point forward. And I'm really excited to see what the next 
explanations are for why we're still seeing these different communities in 
logged, and unlogged forest. But that is another talk. 
 
So with that I will open to questions via the internet. You're welcome to 
find me @CanopyRobin on Twitter or Instagram, or email me directly. My 
website is robinmhayward.com. And there's a contact form, please send me 
your questions, anytime, not just during the conference. I'm always happy 
to talk.  
 
But there are also lots and lots of people that I've got to thank before I 
finish this video. So firstly, I want to thank all of my supervisors and co 
authors. That's Daisy Dent, Lindsay Banin, Dan Chapman, David Burslem, 
Reuben Nilus, Chris Philipson, and Mark Cutler. Chris Philipson and Mark 
Cutler have been a huge help, especially because they set up these forest 
plots initially, and they've been helping me massively with the amount of 
data that I've got. Chris actually collected the data in 2016. So extra 
thanks to him. I also need to thank everyone in Sabah, so the government of 
Sabah and the SABC for granting me the permits to do the work that I wanted 
to do, and to everyone working at Danum Valley, both for putting up with me 
and for helping me during my initial field season in 2018. And now for 
going out and doing these seedling surveys while I'm still stuck in the UK. 
Without them, none of this research would be possible. So really, the 
thanks goes to them. And finally, of course, thank you to you for watching. 
 



I'll really look forward to reading your questions and hopefully giving you 
satisfying answers. Thank you. 
 
 


