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1. EQUIPMENT

You will need:

a) Wavesurfer sound analysis softwatavailable for free download fromww.speech.kth.se/wavesurfer)
b) A home computerlaptop witha CD drive

You will be sent:

a) aCD containing the sound files from a single survey
b) A BAT Analysis Sheet(Paper copy and Excel file)

2. BACKGROUND INFORMATION
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1 Thediagram abovdlustrates the method used during the car survey for recording bats.

1 During each car survey a timexpansion bat detectoecords 0.32sfi s n a p s hhigh feequenoyfsound
along the route every 3.5s (approximately). If the car is travelling at 15mph this means that the detectc
recording sund every 23.6m

9 After each of thes snapshots, the sound recorded during the snapshot is stretched eakfimeaed) by a
factor of ten to lower the high frequency sound tmfrencies that are audible to humanss Btretched or
0 expande duibseguentlyecdrdeid snto a minidisk


file:///C:/Users/pbriggs/AppData/Local/Microsoft/www.speech.kth.se/wavesurfer

9 Each route is about 28iles long which means th&ach minidisk contains abowt: hours ofexpanded
6snapshot sb.

1 In addition to recording high frequency soundsery 20ma GPS recorder records thhecation (grid
reference)altitude anddistance fram the startinto a data file.

1 By comparing theminidisk time to the nearest GPS time the location at which each bat call washedrd
determined

1 To facilitate analysis, the 1#our minidisk track had been split into manageable 5 minute tracks an
transferred to a CD.

3. SETTING UP WAVESURFER

Wavesurfer is quite a complex sound visualisation and manipulation tool that has a wide variety of uses. The tyf
sof t ware window and the program setti ngsalysedhe Bdise& a
Roadside Mammals CDs you need to set up the software with basic sonogram analysis funaiwhalitye the

¢ h a n g e®@nfiguratiorafilédYou only need to create a configuration omseit can then be selected every time
you start Waesurfer.

1. If i/ou have just downloadedavesurfer, unzip and therdoubleclick on theextracted file, Wavesurfer.exe

. A good place to put the extracted file is on the desk®there is [T LN A=A
nO SetUp/lnSta”atlon program. Sample Rate Sample Encading Channels Byte Order
H H H : H H H (@i} @ lints () Mona (¥ Little Endian {Inke
2. Click File-Open, selectthe CD and open the first filending in-01 in | %70 S5 o
the sequence. O O ©n
3. Occasionally arinterpret Raw File As box may popup. If this does | fame  cm™ et
happen select the following: Sample rate = 44100, Sample encoding L gx;gg e
Channels = Mono. The rest of the setting should be dhgesas in the| oswm  Ous o
diagram (right). If this box does not appear go to step 4. oo Ores = W hese valies
4. In the Configuration popupbox® | ect @A Spectrog c k
x N
n OKo
_ 5. Maximise the widow by clicking in the rectangli the
Properties: 0101055K1234-04.way (pane:0) [= |[B][X] top-right hand corner
Pane| Spectrogeam |sound | Playback 6. In the middle of the sonograthat opens right click and
FFT window length: 512 points‘————— S € I ect ﬁ m\erFFEE|ES bOX Bmlﬁd pufup
N . (see left).
Analsis window type: - Hamming 7.Click the fASpectrogramo Tal
Analysis bandwidth: 86,1328 Hz Window: (512 piints 8. Change th&FT Window |ength to 512
Pre-emphasis Factor: 0.97 9 Change tthndOW to 512
Cut spectrogram at: 12000} bie ‘_ 10. Change thé&€ut Spectrogram at:to 12000 o
. s 11. Change thesSpectrogram colorto oolor (this is personal
Froness : A S choice but color is more cheerful!)
Contrasti 0.0 J 12. Click OK.
Grid frequency spading: |0 He 13. You can resize the spectrogram by dragging the horizontal

double lines at the bottom of the pane. You may find

Grid time spacing: 0 5
that the bottom pane has disappeared. Simply

id color: d h .. P . .
S = maximise (or minimise then marise) the window
Spectragram color: color = ‘__ (See 5) unt”t appears_
Record scroll speed: 250 | pixels/second 14. Now click onfiFile-Preferences Click on thefiMisco tab
U A ] 0,0,2,... bt right,ll gnd_ mfake sure th®ave preferences in configuration
Zlorw stped select file is ticked.

raw SCippled selection . . ~ N
s > ) 15. Change thdime display formatt o fiseconds 0 .

e 16. Click OK.

[ Ok l [ Cancel ] [ Apply




17.

18.

19.

20.

Now right click on the spetrogram windowand select [FE=EEEs EEX

iSpect r umi aSSpecttum daction Plotbox
should appeaisee below) Teons:
Change theWindow t o 7 R e cRFa pajnts €00
A5120 and eAvsrage ef selettianbox it
ticked. [NB: You will need to tick theAverage of
selection boxevery time you open a new file. At th
moment the software does not allow this setting is
saved in the configuration file. This will probably ks =rfiaureter:
addressed in future versions.] ey s
Now right click again on the spectrogram windad || t-sasvid

Popup-menu event:
Open new sound in

Maix zoom-in:

Scrall bype during playback:

Keys | Raw files | MisC |Sound [jO

M >5%10N N
MEMOHMFEM®

ControkButkon-1 Button-3
separake = window

10000.0 | pixels/second
Mone -

Show dialog -

e
] i
Bl x

|
F]

s © &

40 pixels

then Se|eCt ﬁ S p e C tr (0] g ram Gmag& [¥] 5ave copy of preferences in configuration File

Controls pop-up boxshould appear. e
You can resize these paop boxes by dragging the

xpnative T

[ OK 1 [Cancal] [ Defaults ]

[ Apply ]

corners. You can also move them out of the way

dragging the blue bar at the top.

. 21. Now right click on the time axis running near tetbottom of the

Spectrum Section Plot:... (2 ][B][X] screen and seledProperties.
4 22. Click on theTime Axis tab and change thEime display format
HEW to fisecondso.
§§ W 23. Click thePanetab, and change tlane height to fi200
38 24, IMPORTANT . The above settings can now be saved saving you
1o e — the hassle of ging through all of the above next time you open a

2 4% 8 8 10Kk new file. To do this right click once again on the spectrogram
analysis: FFT = | Order J window, select fASave Configur :
window: Rectangle - FFT points: 512 = and save. | 6d r e c o mmdRM c(for Bdisako s i
Reference:|-110.0 |dB | Range:[110.0 |dafs Roadside Mammalgys this means the name will be at the top of
the list when you come to select it next time.

Rirstade n | Snaphot 25.  Now close the program by clicking Giile-Exit. You dr e

Frequency: 4048 Hz, amplitude: -28.3 dB to begin analysing those spectrograms!

4.

The Waveform software (in this cliguration) consists of thenain Spectrogram windowand two popup windows:

the

Selection

(8)

FINDING YOUR WAY AROUND
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Opening a sound file Choose Confi... g@@|
Open a file. To open a file, click Fi®pen and locate the file you wish t '

open, and then click on ope A O6Choose cup bdxishpudy [ermM *_ "
appear (see right). You need to select the configuration file that you crq [Demonstration

earlier (called BRM). Once you have clicked OK the file will load. HTE. trarscription
P& ranzcription
e S pectrogram
NB._To open a new sound file it is simpler to close the progtawn and start Spesch analysis
again. TIMIT phones-waords
TIMIT tranzcription
Transcription

" aveform W

Image Co... E@E|

Changing the brightness and contrast

When you open a new file thHmage Controls box should appear. If does 6
right click on the spectrogram angd ctro
the popup box is a kdck square. If you move the mouse to this square you u
click and drag it around changing the brightness and contrast of the spectrd
When analysing car survey sonograms you need to adjust these paramefl contrast
that you can clearly see the separails [320m§ snapshotsNote: Do not
adjust the Analysis window length setting at the bottom The effect of
adjusting the brightness and contrast of the spectrogram is displayed i}
diagrams below. 51z

J

HrFume x|

Brightness
Analysis window length:

MrFume x|

PlesggusicggiEieigaaiii T

. i -

b) brightnesset to high, contrast slightly above‘ average

a) Average brightness and contrast

Zooming in and out
You can nom in and out of the spectrogram by using the button on the control bar. To Zoom out fully (i.e. the see

entire file) click on the "2 button. To zoom in click on th ®  buttonand to zoom out click on tr = button.
You can alse zoom into a selection.éft click on the spectrogram and then dragahesor left or right across the

spectrogram to highlight a sectiorhen click on tthi& button.

Scrolling through the sound file

Thewavebar at the bottom fbthe screen (E) can be used scrotbtigh the sound file. Iag thevisible section of the
spectrogram bar (F) to the start of the wavebar. You can then click shghhead (to the right of) theisible
selection of the spectrogam bar to scroll your way through the spectrogram.
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IMPORTANT NOTE : Time expanded baound is in effect, bat ultraoundslowed down by a factor (usually 10).
This means that the frequency of the fbyel@ Far exanple,rad
common pipistrelle echolocates with peak frequency at about 46kHz and a call duration of about 6ms. After b
iti me expandedo by a factor of 10, the peak frequi
60ms(or 006s) Some sound analysis programs, such as BatSound, allow you to set the Time Expansion factor
10) in the settings so that the frequency and time scales are adjusted to represent the frequency and duration
original call (rather than the timexpanded one). Unfortunately, Wavesurfer does not have a time expansion setti
(yet). Therefore, all measuremenstsown here wilconsist of two values. The first will be the values dispiaire
Wavesurfer and the seconid gquare brackefsill be the actual value for the bat cdfior your information) For
example, 4630Hz [46.3kHz)r 1.3secs [130m4g] the first value is that shown by the Wavesuftane expanded
sound)and the seconfih brackets]is theactualvalue of thebatecholocation.

Time measurements

All time measurements are given at the bottom left of the screen (D) and relptsiton of the vertical
measurement bar tinelength of thehighlightedsectionon the spectigram

UL — ) P

\
B500

a) Time from start of sound file: Click once on the sp&mgram, the time shown will ==-#

5500 -

be from the start of the sound file to the point at which you clicked on s

4500 -
spectrogram. preey
3500 -
3000 -
2500 - 1
2000 - | N
1500 -
1000 -

Spectrogram - 74.303s 4382Hz -73.02d8

b) Duration of a highlighted section Highlight a sectiorof the spectrogram - s

7000 -]

by left clicking once on the spectrogram, keep mhouse button held down -

and then move the cursor across the spectrogram. The time disjgldlyed .
difference between the first vertical measurement bar and the second vi |
measurement batt is shown at the bottom of the window and also next *=-

thevertical measurement bar.

Frequency measurements

a) Minimum and maximum frequency: Move the cursor to the point on the b.
call at which you want to take the frequency measurement. It is then display
the bottom left hand corner of the window.

saconr_‘l. ’ | '?‘,. 5 ’ ’ ’ '?5‘,!]

< ! z
Spectrogram - 74.418: 4739Hz -74.65d8




b) Peak frequency Highlight the call from which you wish to obtain the pe{
frequency. The Spectrum section plot should already be open. If it is not
click on t he spectrogr amIMBORTANT |
Ensure that the Average of Selection box isitked - you will need to do this
every time you open a new wave filélo find the peak frequency, move th

cursor over the graphntil it jumps to the highest peak on the graphoten|

any peaks less than 1.4klHztkHz] if there isnot any obvious bat call on th

®
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i
]
F
i
9
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spectrogranas they are probably noiselated

5.

Analysis: FFT = Order: J

Wwindow: Rectangle - FFT paoints: 512 -

Reference: |-110.0 |dB Range: |110.0 |dEfs

Snapshok -

UeilEs

Frequency: 4049 Hz, amplitude: -23.3 d&

SONOGRAM ANALYSIS

Note: Sonogran= Spectrogram

a)
b)

c)
d)

f)

9)

h)

See tAiShegt up Wavesurferdo (Section 3)

Insert the CBsent to you by BCTnto the CDdrive
StartWavesurfer

Click File-Open and howse to the CD and open the first file (01) in the sequérte sound files have been
labelledsequentially ¢.9.040505SP35701, 040505SP357%02, 040505SP35703) andeachfileorét r a c |
contains 5 minutesf sound recorded during easbirvey(-01 = 0-5 minutes-02 = 510 minutes etc.)The

first part of the file name refers to the survey date and the block code.

In the Choose Configuration box that pops up select BRM s&etting up Wavesurfer if you have not
already created a cagfiration file).

Maximise the program window and change the brightness/contrast levels so that {82324 snapshots
are just visible

Ensure that the visible section of spectrogram baogtionedat the bottom left of the waveba¥ou are
now gong to scroll forward through the sound fidg clickingin front of the visible section of spectrogram
bar at the bottom of the screemtil you come across a potential bat calbu can choose thamount of
visible 6 t r a c Ki.e. whatmyeudcan see ome screen)Note, however, that althoughcreasing visible
6track timed means that y ou , the likélihoay eft missirty ra dat gvili
increase. We recommend selectagingle expanded shapshot (app8ds [350ms) to start vith and then
increasing this to a maximum of 5 expanded snapshots (apprex[175s) as your ability to identify a
potential bat call improve¥.ou canchange the amount of visible time bgyoming outand zooming ir(see
4. Finding Your Way Around

When you have identified a potential bat call(s), zoom irateingle expanded s n a p(aboub3.26
[320ms). This will make it easier to compare the call with those presented in the key. Then follow the key
Appendix A.

Once you have identified thieat echolocation (or socialgall, make a note of the speciea the BATS
analysis sheef(preferably in the Excel worksheet) Include thetrack number (e.g.01, 02, 03) and the
time in seconds or millisecondsf t he cal | ( or i ftheffirht eall ia thessecquenca®ity u e
appears in \@vesurferNote: If the settings are correct thiene should be betweed and300s[30s]. Make a
note of thepeak frequencyas it appears in AWesurfer




NOTES

1 A new worksheet row should be useddifferentspecies within the same snapshot

1 Bats observed in separate extended snapshots are being treated as separate individuals, even thoud
instances the echolocation calls 6fl owingd fr

T Itdés only necessary to take the peak frequeng
each snapshot.

T 1tés not necessary to make a note of every eg
produced by the same indilial.

1)  When you have done this, carry on scrolling through the track.

Kk When you reach the end of the track, close it
looking at 040505SP307®3 then open 040505SP3003).

I) Keep going untiyou finish all the tracks on the CD (there should be approximately 20).

Note: Some ofthe ar er species ( Nat hu3wilscheckedbyBCT.er 6 s, ho

6. FINISHING THE ANALYSIS

Once you have finished the analysemail the Sound Analyss recording sheet (Excel version) to
roadsurvey@bats.org.uk

OR

Post theSound Analysis record sheefpaper versionjo:

Bats & Roadside Mammals Survey
The Bat Conservation Trust

15 Cloisters House

8 Batterga Park Road

London

SW8 4BG

Please keep the CD in a safe placedmckup copyor your bat group.

hin:

h o

.
[

rs


mailto:roadsurvey@bats.org.uk

Appendix A: Steps to identification and echolocation key

Note:The example sonograms presented in these sthaps har
The sound files of these sonograms, as well as other examples, are included on the training CD.

Follow the following 5 steps to assess and identify your potential bat call or skip to Step 4 if you are an
experienced bat sonogram analyser:

(1) (2) (3) (4) (5)

/ Social Call?

FM Bat?
Bat? /
/ Echolocation
Sound call \ Peak Which

? 3
\ Other call? 3y, Frequency? Species?

Noise?

(1) Bat or Noise?

As we are using bat detectors attached to moving cars there will often be a lot of background noise (e.g. wind,
mechanical from car etc.). Use the following guidelines and sonograms to help you identify noise.

1 The best way to distinguish noise from bat calls is to play the sound. A bat call will be relatively tonal
and when played back will sound like a whistle. Noise is highly variable: harsh; very short duration; very
long duration; repetitive; hiss; crackle; whining; etc.

Generally a bat call will be longer than 25ms [2.5ms] and shorter than 700ms [70ms].

Generally bat calls are produced in a sequence (Note, however, that low frequency bat calls (<2.5 kHz
[25kHz]) may only show up singly).

= =4

Browse through the sonogram of various noise types and bat calls within this step (1) and also within step (5)
to familiarise yourself with the various forms.

Note: Thevi si bl e ¢of theasonkgrams imthi® guide are the same as a single expanded snapshot
(3.2s [320ms]).

Examples of Bat Calls

HPr>ume X

HPTHEe X

-
-

Soprano pipistrelle echolocation calls (one individual) Soprano and common pipistrelle echolocation calls (and social
call). One individual of each species



H>PTHEe X

Dt i)
YAFRIFHA

A

Common pipistrelle echolocation call (one individual)

WrFume x|

Myotis echolocation call (one individual)

(see the training CD for further examples)

Examples of Noise

6Clickbo Unknown interference



(2) Social Call or Echolocation Call?

Bats produce high frequency social calls as well as echolocation calls. Although social calls are highly variable
we are using the following simple guide to identify social calls:

1 Social calls usually consist of a series of downward sweeping frequency modulated components i for
example every 60ms [6ms].

The peak frequency of social calls tends to be under 3.2 kHz [32kHZ]

Echolocation calls consist of a discrete component (although they are produced in a sequence). The
most commonly encountered social call will be the pipistrelle social calls (shown here)

T
T

WaveSurfer #3

File Edit Transform View Help
DS | & &R | q H 4 |oom

RVAlathusius pipistrelle social call + echolocation. WaY [Configuration: BRM] HMPrSIIHE® X ‘

2500 -
2000 -
1500 -
1000 -

500 -

time | . 0.2 ) 0.4 . 0.6 ) 0.8 ) 1.0 ) 1.2 ) 1.4 ) 1.6 ) 1.8 ) z.0 . 252 . 2.4 ) Z 6 ) z.8 ) 3.0

Nat husiusd pipistrelle social calls and echolocation calls

soprano and common social calls.\WaY  [Configuration: BRM] HMPrSIIE® X ’
J

time | O 2 R ) T () S A 1)) 3 R 2 352 1 4 A S 12, A Y 7 3 ) IR 2 2 S 1 R 2 6 RO 2 3 S A3 | O 2 3 3 s

Soprano (right) and common (left) pipistrelle social calls (and two soprano pipistrelle echolocation calls).
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Note: These guidelines will only eliminate some of the social calls produced by bats. However, if you
misidentify a social call as an echolocation call we will be able to detect this (as it will usually end up being
categorised as unknown in the key).

If you do come across a social call, please make a note of it on the BATS analysis sheet

(3) FM call or other call?

FM is the abbreviation of O0Fr equenc ypretbmitanty prodiabd by a n «

somespecies of British Myatsd sTpheecsiee si n(cO auudbee ntthoen 666t eradr,
bat, Brandt bés bat, Plecothsé t e pr 6 § e b a-dajed batmadd gte\blang-eared bat).
An FM call is one that doesndét include any CFYdqucann st

see that for some calls this may be difficult to see. However, if you look at the peak frequency of the cally o u 6 |
see that most of the energy (dB) is located at the end (lowest frequency) of the call. Note: Zoom into the call to
see whether an obvious CF tail is present.

WaveSurfer 1.8.5
File Edit Transform View Help

D@Q}@}X;%nlaa QI‘T:;I‘LHIUD.DOD

CFandFM.wav [Configuration: BRM]

11000 -
10500 -
10000 -
9500 -
9000 -
8500 -
8000 -
7500 -
7000 -
6500 -
6000 _
5500 -
5000 -
4500 -
4000 -
3500 -
3000 -
2500 -
2000 -
1500 -
1000 -
500 -

time | A R R R R e R

_6
e |
T, B 1

" P W r
| T bl

Spectrogram - 0.921s 551Hz -71.86dB

Examples of echolocation calls of British bats. Note that these are single calls spliced together into a single file!

If you decide that the call is an FM call you should enter it into the Myotis box (Myo) on the BATS analysis
sheet. You may decide from your own experience that you can identify the bat as a Plecotus species. In which
casewrite Pleci n Ohkbendé box (and include the number of indi

11



(4)

Peak Frequency?

In order to identify which species the bat call could belong to it is necessary to determine the peak frequency
of the call. To do this:

9 Highlight the call in guestion and Spectrum Section Plot: 0101055K1234-03.wav

(5)

look at the Spectrum Section Plot.
Ensure that the Average of |10
selection box is ticked. 20

-30

Move the cursor so that the vertical |

line is over the highest peak on the |-=¢
graph (as shown in the diagram on |su
the right) (i.e. the one closet to 0db
on the left hand scale). Then read off
the Peak Frequency in the bottom
left-hand corner (in the diagram on |40

-7l
-B0

the right it is 5877 Hz). 100
Note: Make sure you look at the call 4 2 3 4 5 |8 7 &8 8 10 11 ki
only by referring to the range of |anaiyss: fer - | order: A

frequencies covered by the call on
the spectrogram. For example, a
common pipistrelle echolocation call | reference:|-110.0 |dB Range:|110.0 |dBfs Pre-emphasis: 0.0

sweeps down from about 6.5kHz | Ggioaccsricciony | snapshot + | [JAdd fle header

[65kHZ] tO 45 kHZ [45kHZ] ................................................ .
Frequency: 5877 Hz, amplitude: -26.3 dB

Window: Rectangle - FFT points: 512 -

Which Species?

Identify which categories (A-J) the peak frequency falls into from the diagram and/or Table on the next
page. Then see which of the call shapes it most resembles from the sonogram.

For example, if you obtain a peak frequency of 4.0kHz [40kHz], this corresponds to the categories F
and G. If you then look at the sonograms in F and G and decide that the shape resemble that of F then

you have Nathu®maths 6 pipistrelle (

You can, of course, have more than one bat present in a single snapshot. This could be two individuals
of the same species or two of different species.
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Peak Frequency {(kHz)

12.0 [120] 7.0 [70]
11.0 [110] i|:A 6.0 [60]
10.0 [100] 5.0 [50]
9.0 [90] 4.0 [40]
8.0 [80] IB 3.0 [30]
7.0 [70] 2.0 [20]
1.0 [10]

0.0 [0]

A
B
* C
% D
* E
=

G
H
I

J

10.5-11.4 kHz [105 - 114 kHz]

7.8 - 86 kHz [78 - 86 kHz]

5.5 -6.1 kHz [51 - 61 kHZ]
4.9 -5.1 kHz [49 - 51 kHZ]
4.2 - 49 kHz [42 - 49 kHz]
3.6 - 4.1 kHz [36 - 41 kHZz]
2.9 -4.5 kHz [29 - 45 kHZ]
2.5-3.0 kHz [25 - 30 kHZ]
2.2 -2.9kHz [22 - 29 kHz]
1.8-2.5kHz [18 - 25 kHz]

most commonly
encountered
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Note that the following calls represent SINGLE calls emitted by these species isolated from a
sequence and NOT a sequence of calls!

AVl britishbats3.wav  [Configuration: BRM] HMPSIIE® X‘

A - lesser horseshoe B- greater horseshoe

A LT I ) ‘wl.‘»‘- I;‘
'q ' : AV iy )

time | i 0.2 i 0.4 i 0.6 i 0.8 iz 1.0 & T s 1.4 3 1.6 s 1.8 i 2.0 i 22 i 2.4 i Z.6 i 2.8 2 3.0 v 3.}

Examples of lesser horseshoe (A) and greater horseshoe (B) echolocation calls. Note that these are single calls spliced
together into a single file!

Examples of soprano pipistrelle (C), unidentified pipistrelle 4.9-5.1 kHz [49-51 kHz] (D) and common npipistrelle (E)
echolocation calls. Note that these are single calls spliced together into a single file!
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