
1.  Acoustics & Echolocation 101

Using echoes from the 
sound you produce to 

locate objects in your path



Birds (advertise) Bats : Navigate (avoid 
  collision);
  Feed (collision is 
  required!)

(navigate)

Why do animals (incl. humans) make sounds?



1.  Acoustics & Echolocation 101

Using echoes from the 
sound you produce to 

locate objects in your path

Animals which use 
echolocation include 
dolphins, porpoises, 
and toothed whales.  

And some, but not all 
bats!

Old World Fruit Bats 
(Pteripodidae) don’t 
use echolocation.



1.  Acoustics & Echolocation 101

Using echoes from the 
sound you produce to 

locate objects in your path

Sound:
The propagation of 
pressure waves 
through a medium 
(e.g. air, water, soil)



1.  Acoustics 101 - what is a “sound” wave

Frequency = # of cycles of pressure change

Hertz (Hz) = 1 cycle per second
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1.  Acoustics 101 - what is a “sound” wave

Frequency = # of cycles of pressure change

Hertz (Hz) = 1 cycle per second

Amplitude = height of wave / intensity / decibels (dB)



1.  Acoustics 101
  Constant Frequency (CF)

  Frequency Modulated (FM)
(Narrowband)

(Broadband)



1.  Acoustics 101

dB Level     Signal
140     Human pain threshold

125     Aircraft jet &
             Vespertilionidae bat

  75     Human speech

  20     Quiet whisper

    0      Threshold human 
                hearing

       (ref:  20.0 µPA) 

  Constant Frequency (CF)

  Frequency Modulated (FM)
(Narrowband)

(Broadband)



1.  Acoustics 101 dB Level     Signal

125     Aircraft jet &
             Vespertilionidae bat

        (ref:  20.0 µPA) 

•    Audible vs Ultrasonic

Thumb-size
Eptesicus fuscus

(35,000 Hz) 
[35 kHz]

(150 Hz) 

20 kHz

Humans can hear 
frequencies between 
30 Hz and 15,000 Hz 
(15 kHz):  the plane will 
blow-out our eardrums, 
the bat won’t!



1.  Acoustics 101
•    General Rules of Wave Propagation

1. Lower frequency waves (sound) carry farther

2. Higher frequencies attenuate more quickly (i.e. 
the Sound Pressure Level (intensity / energy) 
decreases with distance)



1.  Acoustics 101
•    General Rules of Wave Propagation

1. Lower frequency waves (sound) carry farther

2. Higher frequencies attenuate more quickly (i.e. 
the Sound Pressure Level (intensity / energy) 
decreases with distance)

Intensity halves with 
doubling of distance
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•    General Rules of Wave Propagation

1. Lower frequency waves (sound) carry farther

2. Higher frequencies attenuate more quickly (i.e. 
the Sound Pressure Level (intensity / energy) 
decreases with distance)

3.  Higher frequencies give 
    better “resolution” 



1.  Acoustics 101
•    General Rules of Wave Propagation

1. Lower frequency waves (sound) carry farther

2. Higher frequencies attenuate more quickly (i.e. 
the Sound Pressure Level (intensity / energy) 
decreases with distance)

3.  Higher frequencies give 
    better “resolution” 

(e.g., like more pixels in 
an image)
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•    General Rules of Wave Propagation

1. Lower frequency waves (sound) carry farther

2. Higher frequencies attenuate more quickly (i.e. 
the Sound Pressure Level (intensity / energy) 
decreases with distance)

3.  Higher frequencies give 
    better “resolution” 
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BLACK-BILLED PARROT PVA

tat used by parrots in the study area. Disparity
exists among avian taxa as to whether repro-
ductive performance improves with experi-
ence (Pietiainen 1988, Gaston et al. 1994,
Komdeur 1996). Observations of the conge-
neric Puerto Rican Parrot (A. vittata) suggest
that, although sexual maturity occurs around
three years of age, first breeding in the wild
usually occurs from four to five years (Snyder
et al. 1987). In my models, I reduced the
fecundity of experienced adults by 50% and
applied this value to novice breeders to
account for the possibility of early recruit-
ment into the breeding population. I esti-
mated the lifespan of Black-billed Parrots to
be 20 years in the wild, comparable to the
similarly-sized Puerto Rican Parrot (Snyder et
al. 1987).

Survival rates are poorly known for Neo-
tropical parrots and the Black-billed Parrot is
no exception. One species, however, has been
the subject of intensive research and man-
agement. The Puerto Rican Parrot (IUCN
critically endangered), whose population
plummeted to 13 individuals in the 1970s and
whose population continues to fluctuate
between 20 and 50 individuals (U. S. Fish and
Wildlife Service 1999), has been monitored
for over 40 years (Snyder et al. 1987, Wiley et
al. 2004). The identification of individual
Puerto Rican Parrots and long-term monitor-
ing of cohorts has provided the most reliable
survival data of any of the 29 species in the
genus Amazona and has long served as a
benchmark for comparison (Gnam 1991,
Enkerlin 1995). Caution, however, is war-
ranted in applying survival rates from a popu-
lation that has been intensively managed for
decades and which is small and, consequently,
vulnerable to stochastic (e.g., predation, envi-
ronmental variance) and catastrophic (. hurri-
canes) events (Gilpin & Soulé 1986). When
“best guess” survival estimates of Puerto
Rican Parrots (Snyder et al. 1987, Meyers et al.
1996; Appendix 1) are modelled with Black-

billed Parrot reproductive performance in
minimally-disturbed forest and edge habitat,
within-habitat growth rates (O are 1.09 and
0.98, respectively; these results suggest poten-
tial “source/sink” dynamics (Koenig 1999).
Similarly, when “optimistic” survival rates are
modelled, Black-billed Parrot population
growth is positive for forest (O�= 1.12) and
slightly negative for edge (O�= 0.99). Because
the Black-billed Parrot population in Cockpit
Country is large and not currently subjected
to the high levels of Red-tailed Hawk (Buteo
jamaicensis) predation experienced by Puerto
Rican Parrots (White et al. 2005), I used “opti-
mistic” survival estimates to parameterize the
model. 

The resulting Lefkovitch stage-classified
model took the general form of:

Fi is stage-specific annual fecundity, the num-
ber of nestlings fledged successfully. Gi,j is the
probability of surviving and maturing to the
next stage, and Pi is the probability of surviv-
ing and remaining within a stage. The esti-
mates of the probabilities Gi,j and Pi depend
upon the growth probability� Ji for surviving
individuals, and their survival probability Vi
such that:

  Gi,j = VL�JL�����������������������������������
Pi = VL������JL���������������������������������������������������

By assuming the age distribution within a
stage has stabilized and the probability of
maturing out of stage i is constant, maturation
probability required for the above equations
can be calculated:

                             (Vi / O)T  –  (Vi / O)T – 1

                        Ji =  –———————––                       (4)
                                    (Vi / O)T  – 1

�����
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340 Hz = 100 cm 
3,400 Hz (3.4 kHz) = 10 cm 
34,000 Hz (34 kHz) = 1cm 

Or more detail because a 
higher-frequency wave has  a 
shorter wavelength and 
covers a shorter distance in 
one cycle



1.  Acoustics 101

SOLUTION:  Ultrasonic Bat detector!

PROBLEMS:   

Q:  How close do I need to be 
to detect a bat ?

Q:  What is the detection 
capability of a bat detector ?

2015

SCENARIO:  “I need a survey of 
                    bat foraging habitat”

Rules of Wave Propagation
Advertise vs. Navigate

END ACOUSTICS 101

Sensitivity�:
6

Trigger�Sensitivity:Very�High

Input�Gain:�4,�20,�40,�45,�60,�70,�80,�90,�100

Trigger�Level:�0,�3,�7,�10,�15,�20,�24,�30,�80,�160,�900

Preamp�Gain:�12,�24,�36,�48,�60
Trigger�Level:�Ͳ88,�Ͳ81,�Ͳ75,�Ͳ68,�Ͳ61,�Ͳ55,�Ͳ41,�Ͳ34,�Ͳ28,�Ͳ21,�Ͳ15,�Ͳ6,�Ͳ1,�1,�6,�15,�21,�28,�34,�41,�48,�55,�61,�68,�75,�81,�88�

Threshold:�6,�9,�12,�15,�18,�21,�24,�27,�30

Titley
Anabat SD1

Pettersson�
D500x Wildlife�

Acoustics�SM2
B.A.T.

AR125/FR125


