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Abstract We evaluated trained listener—based acoustic sampling as a reliable and non-
invasive method for rapid assessment of ensiferan species diversity in tropical evergreen
forests. This was done by evaluating the reliability of identiWcation of species and numbers
of calling individuals using psychoacoustic experiments in the laboratory and by compar-
ing psychoacoustic sampling in the Weld with ambient noise recordings made at the same
time. The reliability of correct species identiWcation by the trained listener was 100 % for
16 out of 20 species tested in the laboratory. The reliability of identifying the numbers of
individuals correctly was 100% for 13 out of 20 species. The human listener performed
slightly better than the instrument in detecting low frequency and broadband calls in the
Weld, whereas the recorder detected high frequency calls with greater probability. To
address the problem of pseudoreplication during spot sampling in the Weld, we monitored
the movement of calling individuals using focal animal sampling. The average distance
moved by calling individuals for 17 out of 20 species was less than 1.5 m in half an hour.
We suggest that trained listener—based sampling is preferable for crickets and low fre-
quency katydids, whereas broadband recorders are preferable for katydid species with high
frequency calls for accurate estimation of ensiferan species richness and relative abundance
in an area.
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Introduction

Both terrestrial and aquatic animals use acoustic signals for long distance communication.
Birds, frogs, bats, cicadas, crickets, katydids, whales and elephants are some groups which
use sound in the context of mate attraction, territorial defence and aggression behaviour
(Alexander 1967). Among insects, mainly Orthoptera (crickets, katydids and grasshoppers)
and Homoptera (cicadas) have the ability for sound production and reception in the context
of long—distance communication. Crickets (Family: Grylloidea) have a simple song struc-
ture consisting of pulses with narrow—band frequencies in the audible range (Riede 1998).

Adult male crickets and katydids have specialised sound producing structures called the
stridulatory apparatus on the forewings. Sound is produced by rubbing a row of teeth on the
underside of one wing (the Wle) against a hardened edge called the plectrum on the other
wing. This periodic rubbing of Wle over plectrum excites other parts of the forewing such as
the harp in crickets and mirror in katydids that resonates at a particular frequency, deter-
mining the carrier frequency of the call (Bennet-Clark 1989). Songs are produced for con-
speciWc mate attraction.

The highly stereotyped species—speciWc calling songs of ensiferan insects provide a
very reliable clue for species identiWcation and are used by taxonomists to distinguish
morphologically similar species (Otte 1994; Riede et al. 2006; Walker 1964). Species-spe-
ciWc songs of Orthoptera can be used for acoustic monitoring of single species as well as
communities, especially in tropical forests (Riede 1993, 1998). Species—speciWc song
patterns can also be used to estimate and monitor population sizes (Forrest 1988; Fischer
et al. 1997). The use of acoustic sampling to estimate species richness and abundance is
widespread in studies on bird (Haselmayer and Quinn 2000), bat (O’Farrell and Gannon
1999 and references therein) and frog (Bridges and Dorcas 2000 and references therein)
communities.

In tropical forests, large numbers of insect species are still unknown to science (Stork
1988). This immense tropical biodiversity is under threat because of habitat loss and
destruction due to anthropogenic activities. As a result, a lot of these species may become
extinct even before being described (Wilson 1989). Therefore, inventorying of biodiversity
and identiWcation of species—rich areas (hotspots) are important baseline data for conser-
vation of tropical fauna. However, such Weld surveys are time consuming, costly and logis-
tically diYcult. Also, the sampling techniques employed to census insects such as pitfall
and bait trapping and insecticidal fogging are invasive methods. Lack of taxonomic exper-
tise for the identiWcation of collected samples also hampers species inventories (Gaston and
May 1992).

Acoustic sampling of ensiferan species could thus provide a rapid, reliable and non-
invasive method to estimate and monitor orthopteran species diversity in tropical forests.
The Ensifera (consisting of crickets, katydids and wetas) are ideal systems for long term
acoustic monitoring of tropical forests because (1) they occupy most of the acoustic space,
having both low frequency narrow—band (mainly gryllids or true crickets) and high fre-
quency broad - band calls (katydids or bushcrickets), (2) the number of species calling at
the same time is quite high (Riede 1993) and (3) some species of Orthoptera are sensitive
indicators of habitat quality and change (Fischer et al. 1997; Nischk and Riede 2001).

Acoustic monitoring is typically carried out in two ways. The Wrst consists of manual
call surveys using line transects or point counts where trained listeners record calling indi-
viduals within deWned areas in limited time periods. This is mainly used for acoustic moni-
toring of birds (Bibby et al. 1992) and frogs (Heyer et al. 1994). The second method uses
automated systems that record ambient noise in the Weld. The data are then digitised and
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analysed (Bridges and Dorcas 2000; O’Farrell and Gannon 1999; Riede 1993, 1997). The
recordings can be used to monitor any sound producing groups such as birds, bats, frogs
and Orthoptera.

The conventional method of trained listener - based call surveys is limited by lack of
trained listeners and inter-listener variability in skill, age and hearing perception, that may
cause wrong identiWcation or failure to detect certain species, resulting in inaccurate spe-
cies richness estimates. Acoustic recordings have been suggested to have advantages over
the conventional call survey method in terms of (1) the possibility of extended sampling
eVorts which decreases the probability of missing species, (2) as a solution to the problem
of listener variability, (3) permanence of sampling records that can be analysed later by
other investigators and (4) less disturbance to calling animals. A number of studies have
compared the two methods and have suggested advantages of using acoustic recordings
over call surveys, point counts or capture / mist netting in birds, frogs and bats (Bridges and
Dorcas 2000; O’Farrell and Gannon 1999). To the best of our knowledge, no such compar-
ative work on the sampling methodology has been done so far on the Orthoptera.

Acoustic recordings no doubt have the above-mentioned advantages over the conven-
tional method. However, we suggest that manual call surveys may be more feasible for
monitoring and inventorying biodiversity of ensiferan species in tropical forests especially
in developing countries in terms of logistics and cost-eVectiveness. The cost of training
individuals in Weldwork will still be less in developing countries than expensive audio
equipment such as microphones, recorders and computers, which are needed for acoustic
recordings. Audio equipment is also sensitive to the highly humid conditions of tropical
rainforests. Also, in the species—rich environment of tropical forests a number of ensiferan
species call together, resulting in high levels of background noise. Under these conditions,
the calls of diVerent species and individuals are diYcult to resolve in spectrograms, partic-
ularly for the crickets (gryllids) that have overlapping call frequencies in the range from 3
to 9 kHz (Riede 1993).

Although acoustic sampling by trained listeners is a widely used method in biodiversity
surveys, quantitative validation of the reliability of species identiWcation by the listener is
very rarely presented. Such quantitative validation of listener skill in identiWcation is cru-
cial to evaluate the reliability of species diversity estimation. In this paper, we aim to eval-
uate trained listener—based acoustic sampling as a reliable, non-invasive method for rapid
assessment of orthopteran species diversity in tropical evergreen forests. This is done in
two ways (1) evaluating the reliability of identiWcation of species and numbers of calling
individuals using psychoacoustic experiments in the laboratory and (2) by comparing psy-
choacoustic sampling in the Weld with ambient noise recordings made at the same time.

Materials and methods

Psychoacoustic tests

We assessed the reliability of correct identiWcation of species and number of individuals of
species by the listener (Wrst author) who has four years of experience in localising and
recording calls of species belonging to an acoustically communicating ensiferan assem-
blage of a tropical forest in Southern India. We have already described the calls of the
twenty ensiferan species constituting the nocturnal acoustic community of Kudremukh
National Park in the Western Ghats of South India (Diwakar and Balakrishnan in press;
Nityananda and Balakrishnan 2006).
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Of the twenty species in the ensiferan assemblage, ten belonged to the superfamily Gryl-
loidea. Gryllids (true crickets) mainly have narrow band calls with dominant frequencies
ranging from 3 to 7 kHz. The superfamily Tettigonioidea was represented by nine species.
Four of the tettigoniid (katydid or bush cricket) species, belonging to the genus Onomar-
chus, Phyllomimus, Brochopeplus and one unidentiWed genus that we called ‘15 kHz’ have
narrow band calls centered at 3, 9, 11 and 15 kHz respectively. The other Wve species,
Mecopoda ‘Two part’, Mecopoda ‘Train’, Mecopoda ‘Helicopter’ (frequency bandwidth:
2–70 kHz), Pirmeda (frequency bandwidth: 12–28 kHz), and Elimaea (frequency band-
width: 8–25 kHz) were broadband callers. The superfamily Gryllacridoidea was repre-
sented by one species belonging to the genus Gryllacropsis with a dominant frequency of
1.7 kHz (Diwakar and Balakrishnan 2006).

Experimental design

A series of tests were conducted on the trained listener (Wrst author) by the second author in
an anechoic chamber (2.2 m £ 2.4 m). Six speakers were used for playback (two Avisoft
Ultrasonic Scanspeak loudspeakers, frequency range: 1–120 kHz and four Creative speak-
ers-SBS20, frequency range: 50 Hz–16 kHz). The listener was made to sit equidistant from
the six speakers. The speakers were placed on the ground. The distance between the listener
and each speaker was close to 1 m. The experiment was designed to produce maximum
masking conditions, with calls being played out such that the sound level of each call at the
position of the listener was 60 § 2 dB SPL, which is around 10 dB higher than the ambient
noise level in the forest during the peak calling period (49.6 § 9.31 dB SPL). The sound
levels at the listener’s position were veriWed using a sound level meter (CEL 414 Precision
Impulse with a Larson Davis 2540 microphone, frequency range: 32 Hz–40 kHz). Calls
were played out from the six speakers simultaneously and the listener’s task was to identify
the calls and the number of individuals of each call.

Synthesis of stimuli and playback

Calls of all twenty ensiferan species that were previously recorded from the forest were used
for playback (Diwakar and Balakrishnan in press; Nityananda and Balakrishnan 2006). Four
stimuli were synthesized for each species call wherein delays of 0, 1, 2 and 3 s respectively
were added in the beginning of the call. This was done to simulate Weld conditions where the
calls of individuals of species occur randomly in time without Wxed phase relationships. Each
species was randomly and non-repetitively assigned a code from 1 to 20. For each trial, each
of the six speakers was pseudo-randomly assigned a number from 1 to 20 (species code). The
call played out from each speaker corresponded to the species code assigned to it for that trial.
Delay Wles for each species were also assigned randomly for each trial.

Hence, during each trial all six speakers played out calls of species assigned to them
pseudo-randomly with random delays and at intensities such that the sound levels of the six
calls were equal at the position of the listener. The design of the experiment resulted in
some trials for each species where calls of four, three, two or one individual of the same
species were played out. This simulates the Weld situation where variable numbers of indi-
viduals of the same or diVerent species call together at a given point in space and time.

The playback was carried out using Matlab (1997, Version 5.1.0.421, The Mathworks
Inc., Natick, MA) through a laptop computer (IBM® ThinkPad® R40 type 2682) and D/A
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output card (National Instruments DAQ 6715) via six channels using the six speakers. Each
trial lasted for 50 s and was repeated once. Eighty trials were conducted on the listener to
assess the reliability of identifying species and number of individuals of species correctly.
Reliability of correctly identifying species was calculated as number of correct species
identiWcations/total number of times species appeared in separate trials and expressed as a
percentage.

Listener – instrument comparison

Hearing threshold of the trained listener

Sine waves of 1–20 kHz were synthesised using Matlab at a sampling rate of 100 kHz. Sine
waves were played out one at a time using the software Matlab via a laptop computer
(IBM® ThinkPad® R40 type 2682) and D/A output card (NI DAQ 6715) using an Avisoft
ampliWer and Avisoft Ultrasonic Scanspeak loudspeaker (Frequency range: 1–120 kHz). A
sound level meter (Brüel and Kjaer 2260 Observer with ½’’ condenser microphone 4189,
frequency range: 6 Hz–20 kHz) was kept at a distance of 60 cm from the speaker in an
anechoic chamber of 75 cm x 75 cm dimension. Measurements were made using a 1/3rd
octave Wlter with the centre frequency being changed for each frequency measured. The
volume knob of the ampliWer was kept at minimum in the beginning and slowly increased
till the listener just heard each sine wave. The sound pressure level was noted at that instant
and was considered as the hearing threshold in dB SPL (Pref: 2 £ 10¡5 Nm¡2) of the lis-
tener’s ear for that frequency. The process was repeated two or three times till we got a
constant reading. The distance of the loudspeaker to the listener’s ear and the sound level
meter was 60 cm.

Sensitivity of the ultrasound detector

The same frequency range of 1–20 kHz of sine waves and set up for output of sine waves
described above were used. The ultra sound detector (D 980, Pettersson Elektronik AB,
Sweden, custom—built microphone with frequency range: 2–200 kHz) was placed next to
the sound level meter and both were at a distance of 60 cm from the loudspeaker. The
output from the ultrasound detector was digitised using a data acquisition card (NI-DAQ
AT-MIO-16E-2) and NI MAX version 2.0 software at a sampling rate of 100 kHz. The vol-
ume knob of the loudspeaker ampliWer was slowly increased till the sine waves just started
registering in the test panel. The value of SPL registered by the sound level meter was
taken as the sensitivity threshold of the ultrasound detector.

Comparison between psychoacoustic spot sampling and ambient noise recordings

Psychoacoustic spot sampling: Based on high diversity and abundance of calling ensifer-
ans, two transects of similar evergreen vegetation and elevation of 500 m were selected in
the Kudremukh National Park in the Western Ghats in Southern India. In each 500 m tran-
sect, ten spots were marked that were 50 m apart from each other. Psychoacoustic spot
sampling was carried out by the Wrst author by standing on each of the marked ten spots in
each transect for Wve minutes and listening to the calls. The number of diVerent call types
heard, number of individuals of each type of call, direction, approximate distance and
height from which the call type was heard, were recorded. Sampling was carried out after
sunset between 1800 h in the evening till midnight when the calling activity of insects is at
1 C
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peak (Diwakar and Balakrishnan in press). Six replicates of the psychoacoustic spot sam-
pling were carried out in each transect between December 2004 and March 2005.

Ambient noise recordings were made simultaneously with the psychoacoustic spot
sampling. Ambient noise recordings were made in the forest by using an ultrasound detec-
tor (D 980, Pettersson Elektronik AB, Sweden, custom built microphone with frequency
range: 2–200 kHz) at the highest microphone sensitivity. The single channel input was dig-
itised on to a laptop computer (IBM® ThinkPad® R32) using a data acquisition card (DAS
16/380 Measurement Computing) into binary format at a sampling rate of 200 kHz using
software Lab view version 6.0. The binary Wles were then converted to wave Wles using
Matlab (1997, Version 5.1.0.421, The Mathworks Inc., Natick, MA). Five ambient noise
recordings were made during each three - hour sampling period in each transect. Each
recording was for a duration of Wve minutes which was carried out simultaneously with the
psychoacoustic spot sampling.

Spectrograms were computed using the Demo version of Raven software (1.2.1 ver-
sion). Spectrograms were computed with FFT size of 1024, Hanning window, 90% win-
dow overlap and average block size of 20 to get suYcient resolution in both time and
frequency. A posteriori, we selected psychoacoustic sampling spots in which Onomarchus
sp., ‘Whiner’, Phyllomimus sp. and Mecopoda ‘Two part’ were heard. The spectrograms of
the corresponding ambient noise recordings were visually inspected to check whether these
species could be identiWed. Another set of ambient noise recordings was also selected
where the above-mentioned species were not heard during psychoacoustic spot sampling.
The spectrograms of the corresponding ambient noise recordings were visually inspected to
check whether the signals from these species were recorded.

Focal animal sampling

It is important to know the extent of movement of individuals of diVerent ensiferan species
during calling to correctly estimate abundance and population sizes in an area. In order to
do this, a calling individual of a species was located either visually or acoustically in the
Weld. The initial calling site and position were noted. The individual was then observed for
30 min for its movement. After 30 min, the Wnal position of the observed individual was
noted and the distance between initial and Wnal position was determined using a measuring
tape. Focal animal sampling was carried out on Wve individuals for most species.

Results

Psychoacoustic tests

In 80 six-speaker trials, the reliability of correct species identiWcation was 100% for 16 out
of 20 species (Table 1). IdentiWcation errors occurred only for four species: Landreva sp.,
Phyllomimus sp., Xabea sp. and Mecopoda ‘Helicopter’ sp. The reliability of correct identi-
Wcation was 85% for Landreva sp. and Phyllomimus sp. and 93% for Xabea sp. and
Mecopoda ‘Helicopter’ sp. The reliability of identifying the number of individuals
correctly was 100% for 13 out of 20 species. The number of individuals was underesti-
mated by 5% for Mecopoda ‘Helicopter’ and Xabea sp. and by 12% for Landreva sp. The
number of individuals was overestimated by 4–8% for Scleropterus sp.,’15 kHz’,
Mecopoda ‘Train’ and Ornebius sp. (Table 1). The identiWcation of both species and
numbers of individuals was thus correct 85–100% of the time.
1 C
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Listener—instrument comparison

Threshold curves

The hearing threshold of the trained listener and the sensitivity of the ultrasound detector
are shown in Fig. 1. The hearing threshold for low frequency signals was lower by up to
20 dB for the human listener as compared to the instrument up to 6 kHz. Hearing threshold
of the human listener and the sensitivity of the ultrasound detector were similar between
7 kHz and 10 kHz. However, for the frequencies above 10 kHz, the instrument showed
lower detection thresholds and as expected, the listener’s hearing sensitivity declined.
Sounds above 19 kHz could not be heard by the human listener.

Comparison between psychoacoustic spot sampling and ambient noise recordings

Among the acoustically communicating ensiferan species of Kudremukh National Park,
there is a high overlap of temporal pattern and frequencies from 3 kHz to 7 kHz mainly due
to gryllid calls (Diwakar and Balakrishnan in press). There are also tettigoniid species in
the tropical forest that have broadband calls ranging from 2 kHz to 70 kHz (Nityananda and
Balakrishnan 2006). Because of the overlapping gryllid and tettigoniid calls, it was not pos-
sible to separate all twenty species in the spectrogram (example shown in Fig. 2). We
decided to pick four species with unique temporal patterns and frequencies, which had
motifs that could be identiWed clearly and unambiguously in the spectrogram (Fig. 2) by
eye to compare the eYciency of instrument recordings with psychoacoustic spot sampling.

In comparison with the human listener in the Weld for the selected species, the instru-
ment was slightly less eVective at detecting the species (Fig. 3 grey bars). The instrument
was 100% eVective in recording Phyllomimus sp., which has a dominant frequency of
9 kHz but could detect Onomarchus sp. (dominant frequency: 3.2 kHz) only 79% of times
in which it was heard by the human listener. For ‘Whiner’ and Mecopoda ‘Two part’, the
instrument recorded the call 93.33% and 90.91% of the times respectively. The trained

Fig. 1 Human and instrument detection thresholds for audio signals. Hearing threshold curve of the trained
listener (solid squares) and detection threshold curve of the ultrasound detector (Wlled diamonds). Empty
squares and diamonds represent the ambient noise level at the centre frequency in the anechoic chamber dur-
ing human listener and instrument hearing curve generation
1 C
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listener’s tendency to miss out on species that were picked up by the recorder was nil for
three out of four species (Fig. 3 black bars). For Phyllomimus sp., the instrument’s ability
to detect the signal was 16.67% higher. Overall, there was at least 80% agreement between
human and instrument sampling for the four selected species.

Focal animal sampling

Individuals of Wve species of gryllids belonging to Callogryllus sp., Scapsipedus sp., Scler-
opterus sp., Landreva sp. and Xabea sp. and four species of tettigoniids namely, Mecopoda
‘Two part’, Phyllomimus sp., Pirmeda sp. and Onomarchus sp. essentially did not move for
thirty minutes from their calling positions (Fig. 4). The average distance moved by individ-
uals of Micrornebius sp., Gryllitara sp., Phaloria sp., Brochopeplus sp., ‘15 kHz’ and

Fig. 2 Spectrogram showing the distinct temporal patterns and frequency bands for four selected species: (1)
Onomarchus sp. (3 kHz), (2) ‘Whiner’ (5.5 kHz), (3) Mecopoda ‘Two part’ (broadband call with dominant
energy band between 6 kHz and 7 kHz) and (4) Phyllomimus sp. (9 kHz)

Fig. 3 Comparison of psychoacoustic and instrument sampling in the Weld. Detection by the instrument (in
%) when the selected species were heard in the psychoacoustic spot sampling (grey bars) and when the spe-
cies were not heard in the psychoacoustic spot sampling (black bars). Numbers in brackets indicate the num-
bers of psychoacoustic sampling spots and ambient noise recordings analysed
1 C
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Gryllacropsis sp. was limited to less than 0.5 meters. Ornebius sp. and ‘Whiner’ moved
most among gryllids with the average movement being 0.95 § 0.43 m and 1.2 § 0.79 m
respectively. Their movement, however, was restricted to diVerent branches of the same
shrub on which the individuals were Wrst located. Three species Mecopoda ‘Train’, Meco-
poda ‘Helicopter’ and Elimaea sp. moved to greater distances but since the animals were
not marked it was not possible to measure the distances reached after 30 min of sampling.
For the species that moved more than 1.5 m and could not easily be relocated, we measured
the average amount of time the animal stayed at the same place. The average amount of
time that calling individuals of Mecopoda ‘Train’, Mecopoda ‘Helicopter’ and Elimaea sp.
stayed at one spot was found to be 14.2 § 3.35, 12 § 1.4 and 11 § 5.6 min respectively.

Discussion

Performance of the trained listener

We have quantitatively validated the reliability of human listener—based psychoacoustic
sampling as a technique to monitor species richness and relative abundance of acoustically
communicating ensiferan species that are within the human hearing range. We have shown
using controlled psychoacoustic tests in the laboratory that a trained listener is capable of
identifying the species as well as the number of individuals of Ensifera with very high
accuracy. The psychoacoustic tests presented a diYcult task as compared to the Weld condi-
tions as the calls were played at equal sound intensities, presenting high masking condi-
tions and all the calls were played out at the same height. We argue that if the listener is
able to correctly identify species and individuals in such high masking conditions then
accuracy should be equally high or better in the Weld where individuals of diVerent ensif-
eran species are calling at diVerent heights, distances and at diVerent intensities.

Comparisons between trained listener—based call surveys and automated recordings

Comparative studies on the two acoustic monitoring techniques of conventional call sur-
veys by trained listeners and acoustic recording systems in bats (O’Farrell and Gannon

Fig. 4 Focal animal sampling to measure movement of calling individuals. Numbers in brackets indicate the
number of individuals sampled
1 C
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1999), anurans (Bridges and Dorcas 2000) and birds (Haselmayer and Quinn 2000) have
found that more species were detected using acoustic sampling by instruments than by cap-
ture methods, point counts or call surveys. Acoustic recordings were capable of detecting
bat and frog species that were missed in mist net captures and psychoacoustic sampling. In
a study of acoustic monitoring of anuran calling (Bridges and Dorcas 2000), it was found
that due to inter-speciWc diVerences in calling activity and breeding seasons, traditional call
surveys missed detection of some species. The study suggested the use of automated
recording systems to monitor anuran populations for extended time periods, with fewer
disturbances to calling anurans.

New techniques have been developed for automated recognition and identiWcation of
signals from ambient recordings in bats (Parsons and Jones 2000; Vaughan et al. 1997),
birds (Anderson et al. 1996) and crickets (Brandes et al. 2006; Riede et al. 2006). Brandes
et al. (2006) have developed an automated call recognition (ACR) method that can detect
and classify narrow band cricket and frog calls from the spectrogram images of the ambient
noise recordings from tropical forests using image-processing techniques. This method has
high accuracy of detecting unique calls even at a high background noise level and can be
eVectively used for monitoring cricket populations. However, the eYciency of this tech-
nique is dependent on the availability of cricket call characteristics from an area of interest
and also the extent of overlap of call features of diVerent species. The technique is eVective
to monitor presence or absence of narrow band calls that have non-overlapping spectral and
temporal patterns.

In the acoustically communicating ensiferan assemblage in our study area however,
there is a considerable overlap of frequencies and temporal patterns of gryllid species
especially between 3 kHz and 7 kHz and broad band tettigoniid calls that smear the spec-
trogram ranging from 2 kHz to 70 kHz (Diwakar and Balakrishnan 2006, in press; Nitya-
nanda and Balakrishnan 2006). The species—speciWc temporal patterns were not
resolvable visually in the spectrograms when many species were calling at the same time.
The human listener however, is able to distinguish between diVerent species based on
frequency as well as species-speciWc temporal pattern such as call duration, period and
duty cycle.

Acoustic recordings are limited in estimating relative abundance of each species using
spectrograms when many individuals of the same or diVerent species call together. On the
other hand, resolving the numbers of individuals is relatively easy for a trained human lis-
tener, since the mammalian brain has excellent auditory processing capabilities. A trained
listener can simultaneously obtain information about the stratum (ground, understorey or
canopy) occupied by the calling species that is not possible with single microphone record-
ings. We suggest that trained listener—based psychoacoustic sampling may be preferable
to carry out rapid assessments and species inventories of gryllids and low frequency katy-
did species in tropical forests.

Comparisons between the hearing threshold of the trained human listener versus the sen-
sitivity of the ultrasound detector and the ambient noise recordings with the psychoacoustic
spot sampling showed that while the trained human is better at detecting species for the low
frequency gryllid calls, ambient noise recordings can pick up high frequency tettigoniid
signals that are missed by human ears. Ultrasonic calls can only be picked up by an ultra
sound detector as human hearing is limited to 20 kHz. We therefore suggest that acoustic
monitoring of Orthoptera should be done using both the trained listener—based spot sam-
pling and ambient noise recordings using ultrasound detectors for accurately estimating
species richness and relative abundance in an area.
1 C
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Pseudoreplication and density estimation in acoustic monitoring

An important aspect in monitoring and estimating ensiferan populations is to know how
mobile calling animals are. Pseudoreplication by counting the same animals twice if ani-
mals are changing positions can overestimate the population sizes and cause errors in abun-
dance estimates. Using focal animal sampling, we have shown that this is not a problem for
calling crickets and katydids. Most species in the tropical forest ensiferan assemblage of
Kudremukh National Park did not move more than a metre in a span of half an hour. Three
species that moved either due to disturbance by the listener or perhaps a ‘call and Xy’ mat-
ing strategy stayed at one spot for more than ten minutes. So the acoustic sampling should
be designed in such a way as to cause minimal disturbance to the calling animals and could
be limited to ten minutes to avoid re-counting individuals.

Acoustic recordings with single microphones and psychoacoustic sampling are limited
by the inability to estimate distances over which the calling animals are recorded. The
detection distance for each species may diVer. If the range within which each call can be
detected is known, it will be possible to obtain absolute density estimates from acoustic
sampling. Hence, it is important to get hearing distances for each species to accurately esti-
mate ensiferan populations in an area.

By evaluating the reliability of a trained human listener in correctly identifying species
and numbers of individuals using laboratory psychoacoustic tests and the comparisons
between ambient noise recordings and psychoacoustic spot sampling in the Weld, we have
validated the use of psychoacoustic spot sampling as a reliable and non-invasive method to
monitor ensiferan species in tropical rainforests.
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