
Cindy Cosset:   
Hi, I'm Cindy Cosset and I'm a PhD student at the University of Sheffield. 
Today I will be presenting some of my work for my PhD about the impacts of 
tropical selective logging on demographic processes.  
 
Selective logging is the removal of specific timber producing tree species. 
It is a land use that dominates the tropical landscape and it is 
economically import important to many countries in the global south. It is 
also responsible for one eight of global timber production, and currently 
more than 390 million hectares of tropical forests worldwide are subjected 
to static logging operations. Static logging changes the forest structure. 
The removal of large trees fragments the canopy, it damages the soil and 
the remaining vegetation and as it regenerates slowly you're left with the 
denser understory filled with early successional plants, climbing vines and 
bamboos. And with a more open canopy. It can also have adverse impacts on 
biodiversity with changes in community composition and species richness, 
especially when we use conventional logging techniques or when we log at 
higher intensities. But despite this, however, it is the least detrimental 
land use in the tropics to biodiversity. So logged forests still retain 
many species and functional diversity, especially when we use reduced 
impact logging techniques are when we log at low intensities. So here, we 
have a meta analysis by Gibson et al in 2011. And what they found was that 
across the tropics for all land uses, here we have selective logging in the 
red box, were more detrimental to biodiversity and less detrimental to 
biodiversity. And here we can see that selective logging is the least 
detrimental to biodiversity compared to other land uses. 
 
So therefore, logged forests are increasingly valued for conservation, as 
well as old growth pristine forests. However logged forests are being 
threatened by deforestation for agriculture which is even more detrimental 
to biodiversity. As you can see here in these blue boxes with different 
agricultural lands.  
 
So with degraded forests increasingly dominating the tropical forest 
landscape, a global restoration agenda to restore and protect degraded 
tropical forests for biodiversity, and ecosystem recovery has developed. 
Selectively logged tropical forests have been proposed as a good candidate 
for forest protection and restoration efforts. And this is because logged 
forests have the potential to sustain but a substantial biodiversity in the 
short term. And of course, this depends on the logging regime and 
intensity. It is a little cheaper to protect selectively logged forests 
compared to old growth forests, due to its reduced opportunity cost from 
the absent timber revenues. And if protecting logged forests can be used to 
expand and connect existing protected areas, and they can encourage the 
dispersal of species between areas of intact forest. And lastly, protecting 
selectively logged forests can prevent the deforestation for agriculture, 
which, as we've seen before is even more detrimental to biodiversity. So 
key question is whether the selectively logged forests can sustain 
biodiversity over time. 
 
Now to have a better understanding of the long term effects of selective 
logging on biodiversity, it is important that we examine the impacts of 
logging on demographic responses. So these are such as movement, survival 
and reproductive success. So we're going to be focusing on two aspects of 
this movement and survival. So firstly, movement. This is one of the most 
important aspects of an organism's survival. It is essential for food 
acquisition, predator avoidance, finding mates and suitable habitats. And 
now we look specifically at local movement within an animal's home range. 
So an animals home range, is an area which an animal chooses to keep track 
of resources to meet its survival requirement. Now the movement that occurs 
within an animal's home range is driven by the abundance and distribution 



of resources, the structure of the landscape in which these resources are 
distributed, and by predator encounters.  
 
Now looking at survival. So selective logging can affect individual 
survival by altering food and breeding resources, predator communities, 
competition, and also parasitic load. Now both of these demographic rates 
can inform us about population stability and viability, which will help us 
determine if logged forests can sustain biodiversity over time, and thus 
whether protecting these logged forests is an effective measure for 
biodiversity conservation. However, to date, there is very limited research 
tackling the demographic responses of species within selectively logged 
forests. The limited number of studies on the impacts of selective logging 
on local movements have found various movement patterns to logging 
depending on the study species. And these tend to focus on single species 
of mammal or bird, for example. So here we actually we have a study by Dale 
and Slembe in 2005. And they found that movement of great tailed razorbills 
in Uganda were highest in unlogged forests. And this was probably due to 
the patchy occurrence of their preferred habitat type, which is the dense 
understory. And these dense understories were actually used more in 
logged... unlogged forests. And they found that there was no such habitat 
preference in logged forests because these dense understories occurred 
throughout these logged forests. So structural changes in logged forest not 
only affect the abundance or distribution of resources, but also likely 
affects the ability of animals to effectively detect and move towards their 
essential resources or to evade predators. And we can expect that if an 
individual moves more in a specific habitat, more energy is expended to 
acquire resources and thus this could lead to a negative impact on their 
survival. So understanding the community wide impacts of logging on species 
movement, including those on habitats as diverse species remains a major 
knowledge gap.  
 
Now assessments of selective logging impacts on species survivals are 
severely lacking in lowland tropical forests. But only two studies 
conducted in tropical montane forests. One of these was by Srinivasan 2019. 
And this is shown here. So he found that the survival rate of understory 
birds in the eastern Himalayas were trait dependent in selectively logged 
forests, as we can see here, so here, on the left side, we have body mass, 
we have apparent survival on the Y axes. And he found that there was no 
difference in survival of flocking and non flocking or resident and 
migratory species in intact forests. So these green bars are intact forests 
and these yellow bars are logged forests. However, in logged forests, he 
did find that non-flocking species and residents had lower survival rates 
in logged forests. So there is an urgent need to assess the community wide 
impacts of tropical selective logging on species survival in lowland 
forests. 
 
Now this brings me to my research questions. So how does tropical selective 
logging impact local movements of understory avian species? And number two, 
how does tropical selective logging affect survival rates of understory 
avian species in lowland forests? So I use birds as my study taxa because 
they are well studied, well known taxonomically and phylogenetically. 
They're also good indicators of overall ecosystem health and they are 
important for many ecosystem functions. So to answer both of these 
questions, I will be using field data of understory birds from Borneo. So 
Borneo has undergone one of the most extensive logging in the tropics, it 
has very high selective logging intensities, which can go up to 175 meters 
cubic per hectare. My study site is located in the 1 million hectares and 
Saba logging concession in Sabah, Malaysian Borneo uh it's this bit right 
here. We sampled in two habitat types in unlogged forests and twice logged 
forests.  
 



So to sample the understorey bird community, we used mist netting 
techniques in a capture-mark-recapture methodology. So we sampled in three 
plots for each forest type. So we have three plots 1 2 3 in unlogged and 
three plots in logged. The distance between each of these plots were at 
least 1.8 kilometres. And these each of these plots were sampled three 
times annually from June to August over a period of five years from 2014 to 
2018. And here we have the mistnetting set up in each sampling plot. So 
each sampling plot we have three parallel mistnet transects, measuring 250 
metres, they were separated by 250 metres. Each of these transects 
contained 15 mist nets and each transect was split into five zones to 
determine the capture location for each individual bird. So when a bird was 
caught in a mist net like this, the birds were tagged with uniquely 
numbered leg rings and we recorded their species, sex, age and capture 
location or the zone that they were captured in. In total, we captured 4922 
birds and we recaptured 1210 individuals comprising 71 species.  
 
So firstly, we determined the effects of selective logging on the local 
movements of avian species. So to do that, we only focused on movement 
within plots, and we calculated the maximum distance moved between any two 
capture locations. So to compare the probability that a species moves a 
certain distance in unlogged and twice logged forests, we use Bayesian 
hierarchical models to fit movement kernels for each species in each 
habitat type. And these, what these models do is that species level 
movement kernels are then informed by their community level means. So here 
we have an example of a movement kernel, they're more commonly known as 
dispersal kernels. So these are the probability density of the distribution 
of distances travelled. We'll call them movement kernels, for the sake of 
this study, since we're not actually modelling dispersal, but rather more 
local home range movement. And this is what we found. 
 
So, here on the left, we have fitted, this is an example of a movement 
kernel from our model, we have fitted movement kernel using here the 
probabilty distribution and across the community of 71 species, we found 
higher mean probability of moving shorter distances, so up to 200 metres in 
logged forests while movement probability was higher at longer distances, 
so above 200 metres, in unlogged forests. And here, so here we have 
probability density and here distances, here we have logged and here we 
have unlogged. And over here we... and we also repeated this model using 
other distributions such as the log normal, and gamma and the Riley 
distribution, and they all found similar results. So here we have 
probability densities from zero to 200 metres and probability density for 
200 to 700 metres. So and here, we can see that there's a higher 
probability of moving shorter distances and a lower probability of moving a 
lot larger distances in logged forests. 
 
Now, at the species level, we find that differences in movement 
probabilities between habitat types were only significant for seven insects 
and forest species as we can see here, so. So, this... these results are 
also quite similar to when we only when we removed our rare species and we 
only included our most common species and that came up to about 25 species.  
 
So moving shorter distances could be indicative of higher fitness or higher 
survival due to less energy expended to obtain resources. Although this is 
not always the case. Shifts in movement patterns after logging may be due 
to increased understory density, so favouring most understory species. 
Could be also due to altered resource distribution, predation risks or 
smaller home range sizes. So understory birds tend to prefer dense forest 
understories, which is abundant throughout logged forests. We have seen 
this pattern in Dale and Slembe's studies with great tailed razorbills in 
Uganda, and these understory dense understories may also provide additional 
cover from predators. So moving larger distances might also increase the 



predation risks of understory species and thus denser understories in 
logged forests could mean that active evasion of predators through movement 
is reduced. Species occur in higher densities in logged forests, and thus, 
they may have smaller home range sizes due to insufficient food and other 
resources present in their home ranges. But we do know that logged forests 
tend to have more understory arthropod prey and smaller sized fruit 
especially from pioneer trees. And this could potentially reduce the need 
for East understory species to travel far to acquire food in logged 
forests. So we find that understory avian movements are altered after 
selective logging, but is their survival effected too? 
 
Using the same data and set of species. We used a multi species 
hierarchical Cormack-Jolly-Seber model in a Bayesian framework to estimate 
habitat specific apparent survival at the community and species levels. So 
we did... to determine the effects of habitat type on adult avian survival 
we removed juveniles from the data set. And this is because there are age 
specific differences in survival probabilities between adults and 
juveniles. And also our sample sizes of juveniles was too small to model in 
most species. So individuals that were only caught once were not included 
in this study as they were considered to be transient and this left us with 
1112 individuals comprising 71 species.  
 
And this is what we found. So at the community level, we found that there 
was no effect of habitat type on the apparent survival estimates. So here 
we have the posterior distribution for the community level habitat effect 
on adult apparent survival. Here we have the 95% credible intervals and 
because they overlap zero, there is no habitat effect on apparent survival 
across the community. We also saw... across the community, we find that 
mean species survival rates estimates range from 0.61 to 0.95. And in 
selected in unlogged forests, these estimates are 0.64 to 0.98. 
 
At the species level, apparent survival probability was similar in both 
selectively logged forests and unlogged forests for all species. So here, 
we have all 71 species. And we have the posterior means for the difference 
between adult apparent survival in logged and unlogged forests. So these 
points here are the means. And we have the the bars are the 95% credible 
intervals. And because they all overlap zero, there are no significant 
differences in apparent survival between the habitat types. So when we we 
also model the most common species, so species with more than 20 
individuals. And we also found that these results were very similar.  
 
So similar survival rates in both logged and unlogged forests, may be due 
to species ecological, ecological traits and physiological coping 
mechanisms that enable survival in degraded habitats. Being an understory 
species, or some communities are likely more resilient to changes in 
selectively logged forests. These logged forests also have widely available 
dense understory which is preferred by many of these species as we've seen 
before in our movement study. So a preference for denser understories could 
be resource driven, although many bird species exhibit flexibility in their 
foraging behaviour, or they are also able to supplement their diet using 
different food resources based on their availability. So for example, a 
study by Edward et al 2013 they found that understory avian species in 
Bornean selectively logged forests had higher trophic levels, than in 
unlogged forests and what this means is that it will actually feed having 
these species actually had a more protein rich diet in selectively logged 
forests. And also, as we've seen before, another benefit of denser 
understory is that it could, it could provide additional protection from 
predators for many of our understory species. Now, the availability of 
understory avian species, the ability of understory avian species to 
survive in the altered environment of selectively logged forests may also 
largely depend on their traits. So Burivalova et al. 2015 they found that 



smaller frugivores, carnivores, insectivores, and larger omnivores they 
tend to persist in logged forests. And these are several of the traits that 
are possessed by some of our species in our study. For the more 
nectarivorous initially increase in abundance after selective logging, 
which could explain the uneffected survival levels in our study, as 
sampling occurred only seven years after selective logging activity ceased 
in 2007.  
 
Another trait is mixed species flocking participation and this trait aids 
species survival in selectively logged forests and it has... it is 
exhibited by 17 of our species. Avian species in selectively logged forests 
also have different regulation of oxidative status, and this is a 
physiological mechanism that enables these species to survive in altered 
environments. So, we there are many reasons for... for the lack of effect 
of selective logging on species survival. However, we do acknowledge that 
there are some uncertainties in the survival estimates as a result of low 
recapture rates, or modern limitations in differentiating deaths from 
permanent emigration. Future studies are definitely required to integrate 
emigration parameters into the model to generate more accurate survival 
estimates. However, uncertainties aside, the continued presence of multiple 
species of conservation concern, as well as forest specialist species in 
our sample community provides further support for the potential of 
selectively logged forests to maintain high conservation value.  
 
So to conclude, Bornean understory avian species are able to maintain their 
survival rates in selectively logged forests, despite having shifts in 
their local movement patterns. Taken together, these results highlight the 
potential for logged forests to retain ecological value in the long term 
due to the flexibility in species traits and their physiological coping 
mechanisms, which allows them to persist in these forests. However, there 
remain some losses in ecological value and these can be recovered through 
post logging restoration interventions, such as liberation cutting of 
competing vegetations, such as vines and early successional plans. And also 
by enrichment planting of lost symmetries and a variety of species that are 
important for wildlife. Integrating post logging interventions with various 
restoration funds, long-term commercial investments and effective 
governments, will hopefully drive transformative change for the long term, 
environmentally sustainable management of logging concessions. 
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