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Introduction

The following report was produced by two French students, Lucie Dieuzaide and Ninon Armani,
during Summer 2021.

When we arrived at our internship site, we were assigned a scientific mission: develop an
acoustical landscape of the CEl property.

The objective is to record the omi-directional sounds of the wildlife on the property over
relatively long period, 1-2 months, 24 hours per day, then analyse and identify the different
species through their call, and finally, interpret the data.

Rl

¢+ Definition of an Acoustical landscape

First of all, what does the term “acoustical landscape” refer to?

An acoustical landscape or a soundscape is a sound or a combination of audible sounds that
forms or arises in a spatially delimited environment. It represents the sound environment as
perceived by humans. There is a varied history of the use of acoustical landscape depending
on discipline, ranging from urban design to wildlife ecology to computer science.

The idea of acoustical landscape refers both to the natural acoustic environment, compose of
natural sounds, including animal vocalizations, whose collective expression in the habitat is
now called biophony, and, for example, the sounds of weather and other natural elements,
now called geophony; and finally, to environmental sounds created by humans,
anthropophony.

In this context, the creation of an acoustic landscape involves the recording and identification
of mammal, avian and amphibian species. It is important to note that insects are not taken
into account in this survey. The purpose of the study is to be able to know which animals are
present and in which habitat type.

It will be the basis for an acoustical identification system for existing species on the CEl
Property.

+» Organisational plan and strategy: proposal of the project

To succeed, a certain method must be followed.

As time is limited (just 3 months) for the research, it's not affordable to record sounds in many
different places. So, it’s better to focus on fewer spots but try to get concrete results.

The research is based on the area of 64 hectares which includes 5 types of habitats: aquatic,
aspen forest, mixed forest, spruce forest and wet land.



The strategy is to study each type of habitat by placing the recorder in one specific location by
type of habitat. Then, in total, the sound of animals of five natural environments can be
collected.

1. Data collection

To collect sounds, it is imperative to decide where the recorder should be placed and why.

First of all, it is necessary to record sounds in spots far enough away to have a globality and a
diversity of the species present in these 64 hectares. To know where to position the recorder,
spots on this map below must be selected. It's good to choose environments with a high
percentage of plants that characterize the habitat.
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The positioning of these locations was precisely located once on site. Indeed, it is easier to do
observation work in nature than through a screen.

So, it's important to look for clues and tried to find traces of animals such as excrement, eaten
leaves, lying grass or even footprints in order to determine an area of passage of the animals.
It is therefore at these transit points that the recorder is positioned.
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Materials and equipment used

To successfully collect wildlife sounds, three main tools should be used: a recorder, a camera
and a GPS.

First, we need to get familiar with the Song Meter SM4 Acoustic Recorder.

The Wildlife Acoustics Song Meter SM4 is the proven industry standard wildlife audio
recording equipment, specially engineered to
deliver quality sound recordings of birds, frogs
and other vocal animals in the wild.

It is interesting to let the recorder turn on for at
least 24 hours so that we can see what is
happening both at night and during the day.
What is good with this type of equipment, is the
capacity to set the parameters of the recorder,
to adjust the date, time, recording duration etc.

When setting up a recorder, there is one important aspect that should not be
overlooked; the weather must be anticipated, for example, promote the collect of the
data when the weather is quite nice in order to avoid noise from rain or wind, which
could make it difficult to analyse the sounds afterwards. Doing the recordings in
"normal" weather conditions also provides a "more representative" recording because
there it's a «standards» conditions.

To strengthen the data recovery, cameras are used. Here the available material is
Spypoint cellular hunting camera.

The Spypoint camera offers the best multi-camera
management experience of any cellular trail camera brand and
is always expanding its integrated scouting features.

With this equipment the identification of the animals is easier
because the camera is placed next to the recorder in order to
film the passage of the animals.

These cameras have the ability to record images and videos for
several days. Therefore, it is set up for 24 hours of operation, as
the recorder, to have audio and visual recordings over the same
exact period of time as the Song Meter SM4.

GPS is an indispensable element for the project. It was used to locate the exact places
where the recorder and the camera are placed with precise coordinates. In this case,
the GPS on an iPhone was used as it contains all the necessary parameters and more
precisely, the Plans application. It is an online mapping application developed by
Apple.



Here is where and when we decided to put the recorder in each habitat type:

Habitat type Latitude Longitude Dates
51,354737 -114,596575 24/07/2021-
25/07/2021
Aspen forest (point 2) 51,351915 -114,589186 14/08/2021-
15/08/2021
Mixed forest (point 3) 51,356469 -114,596817 26/07/2021-
27/07/2021
51,353880 -114,591976 28/07/2021-
29/07/2021
Wet land (point 5) 51,351992 -114,598131 30/07/2021-
31/07/2021

The recordings are collected (SD card recovery) as soon as the location of the recorder is
changed so that the sounds can be quickly analysed and see if any interesting noise have been
obtained. If the results are inconclusive, other sounds from the same habitat must be collected
in another location perhaps.

When good sounds are recorded, which means sounds representative of the local wildlife
activity, the next step can be approached.



2. Analysis and identification of recorded sounds

Now it is a matter of focusing on the stage of sound analysis. The first thing to do is to transfer
all the recordings and videos to the computer via the SD cards.

Then the analyse of the data is partly done thanks to a software, Kaleidoscope Pro.
Kaleidoscope Pro allows to quickly sort, label, and identify bird songs, frog calls, and bat
identifications from weeks, months, or even years of recordings.

Pro’s Cluster Analysis uses sophisticated pattern recognition algorithms to automatically scan
wildlife audio recordings for bird songs, frog calls, or other animal vocalizations. Once
detected, the sounds are sorted into groups of similar sounds called “clusters.”

The various records are therefore classified in a hundred or so clusters, which is a first
selection phase. Then, these different clusters must be used to identify the species recorded.
There are several sources for determining the species to which the record belongs:

e Ken and Clio have CDs of the calls of the various North American birds that can be
found on the 64 hectares. By listening to and comparing the different sounds to
concrete data, it is possible to identify certain bird species.

e BirdNet and Picture Bird are mobile bird song identification applications that work in
a similar simple way. These are research platforms that aim to identify birds by sound
at scale. This analysis software is used for very large collections of recordings. They
are intended to provide innovative tools for environmentalists, biologists and
ornithologists. It is also a way of recognising avian species. All we need to do is record
a soundtrack longer than 3 seconds and then the application will suggest birds with a
certain degree of certainty. It is very fast and relatively accurate.

e |tis also possible to use the internet and on applications such as YouTube to be sure
of the results.

The difficult part of the analysis is first of all dealing with a large number of records. In addition,
birds make many sounds; they can sing or call. Therefore, a bird can have a range of sounds
that are its own but totally different. It is also necessary to take into account external noises,
insects or domestic animals which can disturb the sounds of the fauna (cars, mosquitoes, dogs,
roosters, movement of the water of the lake, wind).

After reviewing all the clusters, it is possible to save only the interesting sounds that are clear
in order to group them together and make a database for the habitat type.

These steps were repeated for all 5 habitats, so it is possible to obtain a specific inventory of
animals.



3. Formatting of results

After producing these 5 databases, an excel table can be created listing the names of the
animals present in each habitat.

ANIMALS

american crow

american kestrel

american robin

ash-throated tyrant

TYPE OF HABITATS

Aspen forest

POINT 1 POINT 2 POINT 3

POINT 4

Wet land
POINT 5

bald eagle

bewick's troglodyte

bifascial crossbill

black-billed magpie

black-capped chickadee

blue jay

boreal chickadee

brown capped chickadee

brown-backed chickadee

brown-headed tit

buffalo

canada goose

common raven

coyote

crossbill

deer

eastern pioui

elk

evening grosbeak

familiar sparrow

flaming peak

fox

frog

gambel tit

golden crowned wren

goldfinch

gray jay

gray-blue gnatcatcher

great horned owl

great knight

grivelled knight

house sparrow

killdee plover

lincoln sparrow

little knight

little owl

loggerhead shrike

lone knight

mallard duck

minor woodpecker

moose

osprey

pine siskins

plains sparrow

red hummingbird

red-breasted nuthatch

red-headed woodpecker

red-tailed hawk

red-winged blackbird

ring-necked pheasant

singing sparrow

slate junco

spotted woodpecker

squirrel

tiny sandpiper

tree swallow

troglodyte

tufted timouse

tyrant tritri

western pioui

white-crowned sparrow

white-throated sparrow

wilson's snipe

wren

TOTAL: 68

Table 1 : classification of birds according to their habitat type

ANIMALS

black-billed magpie

boreal chickadee

eastern pioui

goldfinch

lincoln sparrow

plains sparrow

singing sparrow

white-crowned sparrow

loggerhead shrike

little owl

red hummingbird

brown-headed tit

gray-blue gnatcatcher

house sparrow

tree swallow

ash-throated tyrant

bald eagle

canada goose

evening grosbeak

Wet land

golden crowned wren

great knight

osprey

tiny sandpiper

wilson's snipe

Table 2: species specific to a single
habitat type



63 species of animals were recorded but thanks to the camera and the knowledge of the CEl
lands, 5 additional mammals (highlighted in red and bold) were counted: buffalo, deer, elk,
fox and moose.

Therefore, there are a total of 68 clearly identified species in the 64 hectares.
Each species is allocated to one or more habitats according to the results found.

Species present in only one habitat type are marked with the following symbol “x” in the table.
Species present in all type of habitat are marked in red.

Here under is a link leading to a page where you can fully enjoy the different calls of the birds
present on the CEl that have been recorded this summer. It is very interesting to note the
differences and similarities between each species.

- Home | Lucie DIEUZAIDE & Ninon ARMANI (wixsite.com)


https://ninonarmani.wixsite.com/website
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4. Interpretation of data

To interpret the results, the presence/absence analysis method is performed.

The initial classification table is used and transformed to obtain binary data (see annex):
1= species present in the habitat
0= no species absent.

Then a second software program, "Past", is used. It is a scientific data analysis program, with
functions for data manipulation, plotting, univariate and multivariate statistics, ecological
analysis, time series and spatial analysis, morphometry and stratigraphy. What is interesting
here is the multivariate statistical parameter.

This function can create a cluster from the present/absent table.

Data clustering is a sampling method which aims to divide a set of data into different
homogeneous "packages", in the sense that the data in each subset share common
characteristics, which most often correspond to proximity criteria.

The Similarity Index used here is the Jaccard one. It is a measure of the similarity between two
sets of data. Developed by Paul Jaccard, the index ranges from 0 to 1. The closer to 1, the more
similar the two sets of data. It is defined as the size of common elements (intersection) divided
by the size of the union of the sample sets.
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Below is the hierarchical cluster obtained, it’s called a dendrogram. It illustrates the similarity

and dissimilarity between the different habitats.
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On the graph, the y-axis represents the similarity and the x-axis highlights the different points.

The clades in a dendogram are organised according to their similarities. In fact, clades aligned
on the same height are similar, while clades of different heights are different. The greater the
difference in height, the more different the clades are.

Each join of two clusters is represented on the diagram by the division of a vertical line into
two vertical lines. The vertical position of the split, indicated by a short bar, gives the
dissimilarity between the two clusters.

First, this dendrogram shows that 5 points are divided into 2 groups, two distinct branches
appear on the tree:

- Points 2 & 4 on the right
- Points 1 & 3 & 5 on the left

By focusing on the right side of the dendogram, it is notifiable, thanks to the similarity bar that
the points 2 (aspen forest) and 4 (spruce forest) are similar at 41.5%.

These observations can be supported by looking at the classification table. Out of a total of 22
species present in each habitat, 15 are similar, which is quite significant. But (22x2)-(15x2)=
44-30= 14 species remain not common.

On the other hand, on the left side of the dendogram, it's remarkable that the main group
quickly splits into two sub-groups. Indeed, point 5, which represents the wet land, is rapidly
separate with the points 1 (aquatic) and 3 (mixed forest). They are only similar at 35%.

However, points 1 and 3 are comparable. They are 41.5% equivalent (as are the points 2 and
4). Out of a total of 32 species identified in point 3, 25 are found in point 1. Among 46+32=78
coloured boxes in columns 1 and 3 of the table, 50 (25x2) are common. Therefore, 78-50= 28
species remain not common.

Looking at Table 1, it is observed that all mammals are present in all 5 habitat types. This can
be justified by the fact that they need larger territories to feed and develop. They travel many
kilometres every day, so they need space to thrive. These mammals have a great capacity for
adaptation which is why they can be found in dense or open areas, in wet or dry zones.

The other species present in all type of habitat (for instance blue jay, gambel tit or red-
breasted nuthatch) occupy a variety of habitats within their large range. Although each bird
species has its own habitat preferences, there are many avian species that can live in a variety
of areas and become common in many zones.

Regarding wetland and aquatic habitats, there are certainly species that live on the ponds
(frogs) and others that only come to drink. It explains the large number of animals recorded
in these two areas.

11



Finally, many species are very faithful and sedentary to their habitat. Some of them find all
the resources necessary to remain attached to a particular place. Others must stay there to
survive in the long term, for example ospreys. These birds are always associated with water
bodies. They live and nest in close proximity to water because the vast majority of their diet
consists of aquatic insects, aquatic plants or fish.

12



5. Observed limits

This data collection and analysis technique is very effective but has limitations. Indeed, when
analysing bird sounds, it's possible to determine which species they belong to, but it's not
possible to know whether the sounds come from a single bird or from several. As a
consequence, it is impossible to say how many individuals there are in each of these
populations.

Furthermore, a total of 68 species have been counted on the CEl property. However, there are
many other animals that cannot be identify through a recording or a camera, that exist and
are present, but that do not appear in the results table.

The data was collected over a two-month period (July and August). Therefore, the results are
only representative of the animal species frequenting these ecosystems in summer and the
results can't extend over a whole year.

As the limited time of 3 months for the research, it wasn't possible to record sounds in many
different places. Perhaps two recordings per habitat type should have been made in order to
compare the results and have a higher degree of certainty.

13



Conclusion

In conclusion, this study allows to understand the relationship between the different habitat
types, their similarity and diversity.

Thanks to the help of Ken, the protocol followed and all the material available at hand, results
could be obtained.

It has been observed that some species manage to live in all types of habitats, but this is only
a minority, 19% of the species.

On the other hand, 35% of the species live in a particular habitat. This is because animals have
vital needs, such as feeding or protection from predators, and they cannot find them in all
habitats, as each territory is unique and covers different food sources, vegetation,
temperatures and ecosystems.

Moreover, if a habitat were to disappear, some species would be absent. It is therefore
important to preserve this environmental diversity in order to maintain species diversity.

With the method used, it was possible to observe some of the diversity present on these 64
hectares, but this study could be extended to the animal populations present, it would be
interesting to count the number of individuals of the same species living on the CEl property.
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Annex

Table presenting the
binary data

TYPE OF HABITATS
Aquatic Aspen forest | Mixed forest Wet land
ANIMALS POINT 1 POINT 2 POINT 3 POINT 4 POINT 5
american crow 1 1 0 0 1

american kestrel

american robin

ash-throated tyrant

bald eagle

bewick's troglodyte

bifascial crossbill

black-billed magpie

black-capped chickadee

blue jay

boreal chickadee

brown capped chickadee

brown-backed chickadee

brown-headed tit

buffalo

canada goose

common raven

coyote

crossbill

deer

eastern pioui

elk

evening grosbeak

familiar sparrow

flaming peak

fox

frog

gambel tit

golden crowned wren

goldfinch

gray jay

gray-blue gnatcatcher

great horned owl

great knight

grivelled knight

house sparrow

killdee plover

lincoln sparrow

little knight

little owl

loggerhead shrike

lone knight

mallard duck

minor woodpecker

moose

osprey

pine siskins

plains sparrow

red hummingbird

red-breasted nuthatch

red-headed woodpecker

red-tailed hawk

red-winged blackbird

ring-necked pheasant

singing sparrow

slate junco

spotted woodpecker

squirrel

tiny sandpiper

tree swallow

troglodyte

tufted timouse

tyrant tritri

western pioui

white-crowned sparrow

white-throated sparrow

wilson's snipe

wren
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Classification of animals
according to their habitat
type showing the number
of fully identified calls for
each species

ANIMALS

american crow

american kestrel

american robin

ash-throated tyrant

POINT 1

TYPE OF HABITATS

Aspen forest

POINT 2

POINT 3

POINT 4

Wet land
POINT 5

1

1

1

9

19
1

bald eagle

bewick's troglodyte

bifascial crossbill

black-billed magpie

black-capped chickadee

blue jay

boreal chickadee

brown capped chickadee

brown-backed chickadee

brown-headed tit

1

12

canada goose

common raven

coyote

crossbill

eastern pioui

evening grosbeak

familiar sparrow

flaming peak

frog

gambel tit

golden crowned wren

goldfinch

gray jay

gray-blue gnatcatcher

great horned owl

great knight

N

CHENE- N

grivelled knight

house sparrow

killdee plover

lincoln sparrow

little knight

little owl

loggerhead shrike
lone knight

mallard duck

minor woodpecker

osprey

pine siskins

plains sparrow

red hummingbird

red-breasted nuthatch

red-headed woodpecker

red-tailed hawk

red-winged blackbird

ring-necked pheasant

singing sparrow

slate junco

spotted woodpecker

squirrel

tiny sandpiper

19

11

tree swallow

troglodyte

tufted timouse

tyrant tritri

western pioui

white-crowned sparrow

white-throated sparrow

wilson's snipe

wren
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