
  

Acknowledgements
We thank the Leverhulme 
Trust for providing funding for 
this project.

Katie E. Davis1*, Ed Baker2, Jon Hill3, Peter Mayhew1 & Dave Chesmore2

1Department of Biology, 2Department of Electronics, 3Environment Department, University of York, Heslington, York, YO10 5DD

*Email: katie.davis@york.ac.uk

Automatic Acoustic Observatories:
Utilising phylogeny to create a low-cost non-invasive method

for long term biological monitoring

3. Methods

Currently available acoustic monitoring technology has a fundamental 
problem in that it can only recognise species that the system has been 
“taught” to recognise. The automated devices that we will develop will 
solve this problem. This will involve developing software that uses a 
novel set of rules and “instructions” (an algorithm) that can be used to 
classify sounds. These rules will require information from evolutionary 
history (family tree) of the organisms of interest, along with information 
about other characteristics of the organisms, such as habitat and 
preferred temperature range (Fig. 2).

These evolutionary trees are vital as they will enable the software to 
make predictions about the likely identity of unknown songs. Likewise, 
the additional information from habitat and other characteristics will feed 
into the knowledge base that will result from combining all the available 
data. The evolutionary trees will contain a vast number of species 
(27,000) but this will be made tractable by using supertree methods 
which work by combining existing, smaller, evolutionary trees.

Utilising this method will enable us to build the complete, large trees 
that are required for this project. With the new decision making 
algorithm and evolutionary history in place, we can then field test the 
devices; initially in locations that have only a few species of interest and 
to enable thorough testing then further field tests in an area with many 
species to rigorously assess performance of the devices.

1. Summary

Measuring species population size and range is crucial to understanding 
the effects of human activity on biodiversity. Establishing species 
presence/absence currently requires extensive and costly fieldwork, which 
can only happen infrequently. Automated Acoustic Observatories solve 
this problem by identifying species that communicate using acoustic 
methods, e.g., singing insects, both continuously and automatically. 
However, current technology must be trained to recognise individual 
species prior to deployment. We propose a step-change in technology 
that will use evolutionary knowledge to allow sound recognition without 
prior training. This will greatly reduce costs whilst significantly expanding 
our capabilities in monitoring the planet's ecosystems.

2. Context

The ongoing impacts of climate change on terrestrial 
ecosystems are in need of monitoring. Traditional field 
sampling techniques (flushing, netting, night captures or 
timed counts) suffer from observer bias, imperfect 
detection/identification and low survey frequency, reducing 
the effectiveness of surveys, but many organisms of 
interest, such as bats, birds, primates, amphibians and 
insects communicate acoustically.

If instead of invasive field techniques, what if we could 
simply listen to and collect the sound data? Automatic 
acoustic observatories (AAO) are devices that passively 
collect and classify sounds to enable species identification 
in the field. However, they must be trained prior to placing 
in the field. Training devices involves obtaining high-
quality recordings of known species and using pattern 
recognition algorithms to differentiate between them. The 
device can then be placed in the field and will 
automatically recognise species, as well as other sounds, 
such as noise background noise of human origin. They 
can readily identify species for which they've been trained 
with near perfect accuracy. The instinctive songs of 
insects are not subject to the large intra-species variation 
seen in birds making them more suitable for developing 
AAOs. Orthoptera (grasshoppers, crickets and katydids) 
contain >20,000 species, produce a wide variety of well-
studied songs (e.g., Fig. 1).

However, what if the species are not already known? This 
is a fundamental flaw in the context of species movement 
and invasion due to a changing climate. Ideally, the device 
would flag an unidentified sound and give a number of 
possibilities with confidence assessments. With such a 
device, long-term monitoring projects would be feasible 
even when new species move into an area, which will be 
the case as climate change continues.

Fig. 2. Architecture of proposed system combining traditional classifier 
with expert system.

Fig. 1. Sound classifications from a field test of an existing 
recognition system trained to identify the Common Green 
Grasshopper (Omocestus viridulus, OV), birdsong (B11) and a 
light aircraft (PL). Numbers represent confidence levels.
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