Echolocation Call Characteristics of Western North American Bats

How to use this table

This document summarizes the echolocation call characteristics commonly used to identify bats to species. Boldface numbers
in the tables display the mean and * standard deviation of selected parameter measures from a subset of calls with
discriminating characteristics, supporting confident automated classification (i.e., the subset of each species’ call repertoire
having the most species-discriminating characteristics). The lower, smaller text numbers display the total range of values
documented by approximately 200,000 calls in the western library of species-known, tracked bats used to prepare the SonoBat
western North American classifiers. NOTE: The quantitative parameters listed here present just a subset of the more than 100
time-frequency and time-amplitude values that SonoBat uses for both individual call pulse and sequence classification. The
chart below illustrates the total range of characteristic frequency values for each species liste, with the boxed sections highlight
the * standard deviation. Species are presented in order of characteristic frequency range, from highest to lowest, and color-
coded by “phonic group” at 10kHz increments.
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Because of intraspecific call variablity and interspecific call similarity, the quantitative parameters presented here do not
unequivocably foster confident species identification, any more than would overlapping physical measurements such as forearm
length or body weight. Use the parameter data to guide initial sorting of which species to consider when evaluating unknown
sequences. Begin by assessing the characteristic frequency to narrow the candidates. The special characteristics column
describes gualitative features that may allow discrimination between species, with the boldface text indicating the most
discriminating characteristics.
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General recommendations for species identification

Before making any species ID, analyze 1) well-formed calls (i.e., search-phase calls from bats in a steady mode of flight), as
bats just leaving a roost, accelerating, or performing other maneuvers, often emit rapid, short calls that subvert species
identification; and 2) calls without distortion or echo and with a strong signal clearly rising above background noise. Avoid
analyzing calls that saturate (overload), the microphone, though saturated calls do provide usable time-frequency characteristics
despite unreliable time-amplitude values.

Caveats: Please note that call characteristics overlap among many species. Despite the large sample size of selected calls that
contribute to the data in this resource, it still represents a finite, non-inclusive data set. Because bats adjust their calls for a
particular information-gathering task at hand, any individual bat may emit calls outside the typical ranges and characteristics
listed here (and thereby mimic call types perhaps more often used by another species). These realities, along with the
inevitability of recording weak, noisy, and distorted calls that yield incomplete information (especially with tpical passive
surveys), will render acoustic classification of bats as a probabilistic process and relatively inexact compared to a process with
more certainty like genotyping. For most species, only a subset of call types within a repertoire enables confident species
classification. As a result, many recordings will remain ambiguous. Expect this outcome and seek to focus on the subset of the
most species-discriminating call types to determine species presence.

Species classification also depends upon accurate extraction of call parameter data, and that depends upon high-quality
recordings having clear signals with a high signal-to-noise-ratio and free from distortion and confounding echoes. The
information presented here represents work in progress and is presented with the acknowledgement that it is unlikely to be the
definitive description of these species’ acoustic characteristics. Please use accordingly. See p6 and glossary on p9 for
definittions of metrics and call characteristics.
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Echolocation Call Characteristics of Western North American Bats

Bats with Characteristic Frequencies near 50 kHz

. . uppr Iwr | slope | domn’t . . ..
Species fe hif | lof | fmaxe | dur slope | slope | @ f. | slope special characteristics
Maca Gently curving S-shaped calls
transitioning from steep to less-steep
MACCAL| 97 |79.7|51.2162.5| 3.5 |13.1| 5.6 | 48 | 6.2 |  iokto steep; conspictous
presence of harmonics with the power
Macrotus ggz. gjg ;g; gg; 421: 19(;‘56 4'72 gg g; most often in the harmonic rather than
californicus ) ) ) ) . ) ) - the fundamental; measurements here
.| 4767 | 6197 | 41-64 | 4975 | 1-6.4 | 4-29.1 | 2-12.1 | 1-14.9 | 2-21 | refer to the dominant harmonic (which is
California most often the 2"%); fundamental can
Leaf-nosed bat have less power and not be recorded
Distinctive pulse shape: typically, CF to
Mome QCF for majority of duration, beginning
horizontal and then rolling off to a well-
MORMEG 51.3 | 54.0| 46.3| 51.6 | 6.4 1.2 0.8 0.9 - defined down-turn; in clutter CF reduced
50 52 42.6 49.8 3 0.7 0 0 0.1 and only FM sweep remains; harmonics
Mormoops often present, including sub-harmonic;
megalophylla 92.5 96 %0 53.4 9.8 3.1 1.6 1.9 11| power switch to 2" or 3™ harmonic;
48-56 | 50-64 | 34-53 | 43-57 | 1.3-22 [ 0-13.8 | 0-6.9 | 0-8.6 | 0-3.7 |measurements refer to dominant
Peter’s Ghost- harmonic, which is most often the 2™
faced bat harmonic; fundamental can have less
power and often not be recorded
M u Power strongly focused at fc;
o yy gradually builds up to peak and
= MYOYUM 51.4 | 86.1|45.3| 54 | 5.1 | 16.2| 4.3 3 4.4 | attenuates rapidly; typically exhibit only
a hint of a tail which rolls off in a gentle
o0 Myotls 48.9 73.9 43.1 48.7 3.9 10.7 2.1 1.1 0.5 curve; pronounced knee (inflection) at
E yumanensis 53.8 98.4 47.4 59.3 6.4 21.6 6.6 4.9 8.3 60-65kHz; when dur>6, upprSip<16,
x and IwrSlp<3 calls are diagnostic;
o Yuma 45-59 | 56-125| 38-52 | 46-94 | 1.5-8.6 | 2.6-37 [ 1-17.3 | 0-16.8 | 0.9-39 | gometimes insert longer duration
o mvotis calls within sequence of short
y duration calls, especially while feeding
Myca FM sweep a smooth curve (no
inflection), beginning steeply and then
MYOCAL 49.7 89.7 | 43.6 | 53.1| 3.7 | 23.6 7 3.9 9.8 increasing in curvature*; often a well-
Myotis 47.1 74.5 40.3 474 26 14.7 2.8 0.8 0.4 defined downward tail; sometimes a
. . - . g . . d - - - lower inflection, with the appearance
californicus | 52.2 | 104.9 | 46.8 | 58.8 | 4.8 | 325 | 10.2 7 19.1 | of a “ledge” or “shelf”’ before fo; peak
. . power of call typically persists for at
Ca|lf0m!a 44-59 |52-133 | 33-55 | 45-102 | 0.9-7.1 [ 2.5-61 | 0-24.1 | 0-24.8 | 1.1-57 | |oast 1 msec on non—saturated calls
myotis *some calls may have an inflection, but
the smoothly curved variant is diagnostic
Pahe Strongly inflected, nearly vertical FM
PARH ES onset, changes to low or no slope
46.1 | 62.1|45.0(48.2| 5 | 9.5 | 1.2 | 0.7 | 1.2 |below47kHz for the majority of the
Parastrellus dur; calls usually very consistent in fe¢
hesperus 44.3 50.6 | 43.2 | 45.8 3.9 0.8 0.1 -0.2 0.2 | across sequence; appear hockey stick—
b 47.9 73.5 | 46.9 | 50.5 6.1 18.1 2.3 1.7 2.2 | shaped in sonogram when FM sweep is
canyon bat present; absent FM portion, appear as
formerly; | 41-54 | 44-102 | 39-52 | 41-59 | 2-9.2 | 0.3-60 | 0-9.7 0-8.8 0-9.9 | Morse Code “dashes” some calls exhibit
.w.estern “squiggles” in body or just after fc
pipistrelle before ending flat or in a downturn
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Echolocation Call Characteristics of Western North American Bats

Non-Myotis Bats with Characteristic Frequencies near 40 kHz

. . uppr | Iwr | slope | domn’t . ‘s
Species fe hif | lof | fmaxe | dur slope | slope | @ fe | slope special characteristics
h Gently curving S-shaped calls
Chme 43.0 164.3139.2|51.2| 2.5 | 18.2| 6.7 5.5 8.0 transitioning from steep to less-steep
CHOMEX " - - - - - - - - and back to steep; conspicuous
, f harmonics with the power
Choeronvcteris 37.7 52.6 34.2 41 1.8 6.5 3.6 2.5 0.4 presence o
mexicana| 46.3 | 76 | 441 | 614 | 33 | 208 | 98 | 84 | 156 |oneinesnbelneenerio
Mexican long- 34-53 | 49-89 | 33-51 | 37-78 | 1-4.3 | 4-43.8 | 2.5-17 | 0.4-16 | 0.8-42 | to Maca but generally less bandwidth
t d bgt and shorter duration; measurements
ongued ba here refer to the fundamental
U-shaped or reverse-J shaped calls with
Lafr upturn at end of call; often exhibits
variable f. across sequence
LASFRA| 41.2 | 62.7|40.3|43.6| 7.0 | 83 | 1.9 | 1.0 | 2.3 |(randomly variable f. and call duration
3 diagnostic, as opposed to progressive
Lasiurus| 36.6 46.9 36 37.5 4.6 1.5 -0.2 -0.3 -1 change across a sequence); power
frantzii | 45.8 786 | 44.6 | 49.8 9.4 15.1 4 2.3 5.5 | smoothly centered in call, making
illii oscillograms appear “willow leaf
" (blOSSGVt'”") 2055 | 31-106 | 2054 | 2073 | 1516 | 0-41 | 0-15 | 0-12 | 0-34 | oo e e oetic among
pr= western 40kHz bats, Pesu and long Mylu or
g red bat Myyu mimics should have durations <
10ms in typical search-phase sequences
b— Y|
1
[
) Leni Gently curving S-shaped calls
= transitioning from steep, less-steep, and
LEPNIV* back to steep; calls will sometimes
E 37.8 64.4 35.4 44.2 5.8 1 1.5 2.9 2.0 2.9 turn up then down at the onset of the
é Leptony(fte’;l:s 34.2 55.6 32 39.3 4.3 2.5 1.3 0.9 1.1 ;aalrlm%%l:(szg iﬁﬁ?ﬁeﬁfﬁﬁoﬁ often in
nivalis
<t 41.3 73.2 38.7 | 49.1 7.3 17.5 44 3.1 4.7 the fundamental, less often in the
25-46 | 40-84 | 24-42 | 29-57 | 2.5-10 | 2-32.6 [ 1-9.2 | 0-6.3 | 1-14.5 | harmonic *measurements here refer to
Greater long- the fundamental, and are provisional,
nosed bat based on a small sample size (NOTE:
may not be distinquishable from Leye)
Leye Gently curving S-shaped calls
transitioning from steep, less-steep, and
LEPYER back to steep; calls will sometimes
i 7. 71. 1. 42. 7. X i i i turn up then down at the onset of the
Leptonycteris 37.6 3|31.6 9 81103| 3.0 | 27 2.9 call (with a “seahorse-shaped” neck);
yerbabuenae | 33.4 | 58.5 | 289 | 37.2 | 6.1 5.2 1.7 1.1 1.4 | conspicuous presence of harmonics
41.8 84.2 | 34.3 | 48.7 9.6 15.3 44 4.2 4.3 | with the power most often in the
fundamental, less often in the harmonic;
lesser long- [ 28-52 |43-108 | 23-40 | 30-61 | 2.7-14 | 2-42.3 | 0-11.6 | 0-10.5 | 0-11.9 usually ends in a well-developed tail and
nosed bat can mimic Mysp, especially Myar;
measurements here refer to the
fundamental

Contributing sources for the data in this document:

Characteristics based from recordings acquired by Joseph M. Szewczak (SonoBat), Humboldt State University Bat Lab
(J.M. Szewczak, Aaron Corcoran, and Jean-Paul Kennedy), Patricia C. Ormsbee, USFS Pacific Northwest Research
Station, and various contributors to the Pacific Northwest Bat Grid, Theodore J. Weller, USFS Redwood Sciences Lab,
Janet Tyburec, John Chenger, and numerous other generous contributors that have assisted with fieldwork.
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Echolocation Call Characteristics of Western North American Bats

Myotis Bats with Characteristic Frequencies near 40 kHz

. . uppr lwr sl domn’t . e
species |  fe hi f lof | fmaxe | dur splg slp @; slope special characteristics
c
MyCI FM sweep a smooth curve (no
inflection), beginning steeply and
MYOCIL nrec egin
then increasing in curvature* often a
Myotis 42.8 | 83.8 | 36.9 | 46.3 | 3.8 | 24.3| 6.6 | 3.1 | 8.6 | well-defined, nearly vertical,
. downward tail; peak power in call
ciliolabrum| 40.8 68.8 33.9 40.4 3.0 15 4.1 1.1 1.2 typically persists for at least 1ms
western 44.8 98.7 39.9 52.3 4.5 33.5 9.1 5 16 on non-saturated calls; most
_ _ ~ ~ _ _ _ _ B diagnostic when hi f exceeds
small- 38-49 | 51-118 | 28-46 39-91 15-57 | 5-51.2 | 0.6-19 | 0-16.1 1.3-49 90kHz: some calls may have an
footed inflection, but the smoothly curved
myotis variant is typical

429 | 79.8| 366|459 | 40 | 16.2| 7.2 | 4.9 | 9.6 |C2sremainsteeper through the

body of the call than other
MyVO 40.5 65.8 33.9 41.6 2.9 10.6 4.5 2.1 3.8 western 40 kHz myotids (except

MYOVOL | 453 93.9 39.4 50.2 5.1 21.7 9.8 7.6 15.4 | for Myar); may exhibit an upward
sweep into the call, which is very
36-52 | 47-121 28-45 38-96 1-7.6 3.345 | 0-23.3 | 0-23.7 1.5-38 | uncommon, but diagnostic when

Myotis present; other myotis do make a
volans downward curvature entrance into
hairy-winged | Comparative steepness of calls most evident if comparing calls longer than 4 or 5ms. View the initial sweep, but not as _
mvotis | @nd compare in standard view. Fully rendered calls have more bandwidth than fully dramatic as that observed for Myvo;
y rendered calls of Mylu at comparable call durations. =note at end of Myotis section sometimes alternate more linear

pulses with more curved FM pulses

42.2 76.5 382 45.2 5. 1 138 4.1 19 5. 1 Calls similar in shape description to

:g Myci, i.e., FM sweep a smooth

o) Myve 40.1 64.2 35.9 40.9 3.8 9.1 2.3 0.3 0.7 | curve (no inflection), beginning

> 44.3 88.9 40.4 49.5 6.3 steeply and then increasing in

= MYOVEL 18.4 6 3.4 9.4 curvature, but with a comparatively

N Myotis | 37-50 | 46-109 | 30-45 | 37-73 | 1.7-95 2-33.7 | 06-14 | 0-10.5 | 0.3-31 | |ess-defined downward tail; peak

E velifer power typically persists for at least

1ms on non-saturated calls; cryptic

g cave myotis Upper slope less steep than Myci and Fhi greater than Mylu on long duration with Mylu, yet often has steepe{p
(>5ms) pulses; best judged using longer duration fully formed calls reaching 80 initial slope and more bandwidth
kHz or above, (see note below for Myiu) than Mylu at the similar durations

41.7 | 72.5 | 36.7 | 43.8 5.1 13.3 4.4 2.7 4.9 | can make longest duration and

*Mylu| 397 | 595 | 341 | 403 | 38 | 6.9 2 0.6 | 1.1 |lowestslope ofall Myofis; dur>6

& IwrSlp<3 diagnostic; calls will
MYOLUC | 43.7 85.5 39.3 47.4 6.5 19.7 6.9 4.8 8.6 sometimes turn up at the end of the

35-49 | 44-111 | 27-45 | 37-75 | 1.4-97 | 1.4-43 | 0317 | 0-19 | 0.3-36 | body before turning down to toe,

Myotis and may not present an obvious
P toe; such calls with upturn can
lucifugus Diagnostic call type: Long calls (>6 or 7ms) with short bandwidth (Fhi < 70kHz) mﬁnicuLabI callglsoumpeijir;es makes

little b shallow (laid back) upper slope that transitions with a stongly curved knee into

Ittle rOV\(n an extended rather linear low slope body (*NOTE: in southwestern habitats (e.g.,
myotis southern CA, AZ, and NM, Myoc / MYOOCC, Arizona or occult little brown myotis, occur

which are acoustically ambiguous with Mylu, though ranges presumably do not overlap)

calls with multiple power centers
making call sonograms look clumpy
—=see note at left and at end

Myar Calls remain steeper through the
body of th Il th ther 40 kH
MYOAUR| 405 | 78.8 | 33 | 43.9| 3.9 | 188 | 7.9 | 5.5 | 9.7 |myotids, particiualry evidentfor

Myotis| 365 | 635 | 28.3 | 39.2 | 29 | 121 | 44 2.3 2.5 'S‘:;?I‘;rrfg','\jxg or 5 msec); most £

auriculus | 44.5 | 942 | 377 | 487 | 48 | 255 | 114 | 87 17 | and a bit steeper in upper and lower

Southwestern | 30-52 | 46-123 | 21-45 | 3464 | 162 | 5434 | 2243 | 0125 | 2-455 | slopes, and well-formed calls have
myotis toes that extend longer and lower

than Myvo; can be cryptic with Leye

NOTE: All 40 kHz Myotis spp produce nearly indistinguishable short, high bandwidth, steep calls when durations are less than 3.5ms
Confident species classification of Myotis spp increases with longer duration call variants (especially long duration pulses containing
harmonics); this is particularly true for Mylu vs Myve vs Myvo; to increase likelihood of obtaining the most species-diagnostic calls, record in open,
uncluttered airspace; in such situations Mylu will tend to emit longer calls relative to Myvo, whereas Myvo will tend to still emit shorter, steeper calls
with greater bandwidth than Mylu; be sure to evaluate pulses in a 10ms standard view to compare quantitative metrics and call pulse descriptions
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Echolocation Call Characteristics of Western North American Bats

Bats with Characteristic Frequencies near 30 kHz

species| fc hif | lof | fmaxe | dur usﬁzr Isvlv; @SI? i?g';et special characteristics
[

Myev Calls may have up to 100 kHz of
MYOI)E,VO 36 | 74.3| 28 |39.3| 3.7 | 19 | 84 | 5.5 | 10.4 |pandwidth; vertical like Myth but

34 59.6 | 25.2 | 349 | 28 121 | 4.8 2.2 3.9 |[distinguished by f., especially fc of
Myotis evotis| 38 89 30.8 | 43.8 4.7 26 12 8.8 17 |harmonic at ~60kHz (compared to

~40kHz for Myth); FM shape nearly
long-eared| 31- - - - - - g - - . . ’ .
(o) gr:yoteis 31-44 | 42-126 | 22-38 | 32-64 | 1.4-6.5( 4.5-44 | 1.8-29 | 0.1-25 | 1.8-42 linear making f. hard to recognize

Reverse J-shaped to U-shaped calls;
Laxa with upturn at end of call; may exhibit

LASXAN| 33.6|52.7(329| 36 | 70 | 7.5 | 1.3 | 0.7 | 1.6 |variable f. and call duration

. across sequence (random variable
Lasiras| 314|410 | 508 | 21| 0 ) 22 | 0z | or | o2 b e

xanthinus pronounced as in other Lasiurus
27-40 | 29-84 | 26-38 | 27-53 |2.8-16.6| 0-27.2 0-6 0-4.4 | 0-13.4 |spp); power smoothly centered in
western call; dur>10 diagnostic among 30kHz
yellow bat bats
Coto Low intensity, difficult to detect; yet
CORTOW harmonics often present; call shape a
| 28.2|42.5|24.3|32.8| 3.3 | 6.4 | 5.5 | 5.2 | 5.7 |simple linear FM sweep,
Corynorhinus 245 | 398 | 21.9 29.7 1.8 4.6 3.7 2.8 4 (sometimes with upsweep at

townsendii 319 | 453 | 268 36 47 8.3 7.3 7.6 7.4 onset); fmaxe may alternqte between
fundamental and harmonic; Tabr

Townsend’s| 19-37 | 34-52 [ 17-32 | 22-47 1-9.8 | 0-145 | 0.7-13 | 0.2-15 | 1.5-13 |approach & terminal phase or Myth

big- fragment calls can mimic Coto; use
" eared bat CPS and harmonics to confirm Coto
b
8 E f 28.4| 52.8|26.8|31.2| 7.8 7.4 2.1 1.3 2.5 Variable; calls with hi f less than
N PIU\ 261 | 417 | 240 | 275 | 49 | 32 | 05 0 0.1 |60kHz can be confused with Lano
L| EPTFUS| 307 | 638 | 287 | 35 | 107 | 11.6 | 38 | 25 | 4.8 |[andlor Tabr calls with hi f above
r=y 65 kHz distinguish from Lano,
™ Eptesicus 21-36 | 25-86 | 19-33 | 22-54 | 2-21.7 | 0-27.6 | 0-12.3 [ 0-10.2 | 0-22.3 long, narrow bandwidth calls still
fuscus!|® Much overlap with Lano, especially at average f. and durations; short have FM component, i.e., are never
. calls (<7ms) recorded with full detail, i.e., ones that closely approach a flat; end of calls may hook up; even
big brown bat|microphone, as indicated by the presence of harmonics, exceed 65-70 in search phase sequences with
kHz; longer calls have a dowward slope to body consistent calls
26.7 | 38.1|25.8|28.4|10.5| 3.7 | 0.8 | 0.8 | 1.0 |Shorter calls reverse J—shaped:; often
Lano 257 | 204 | 246 | 26.1 6.3 0.1 0 0.1 o0 |with adistinct inflection; some call

277 | 467 27 30.8 14.7 73 2 1.7 2.7 |variants can be confused with Epfu
LASNOC and/or Tabr; flat calls 226kHz

Lasionycteris 24-31 | 26-61 | 21-29 | 24-49 | 2-24.4 |0-21.7 0-9.5 0-7.6 0-15.3 |diagnostic; flat Laci calls are lower

noctivagans in fc low slope calls in the 25-26 kHz
* Short calls (<7ms) with full detail, i.e., ones that closely approach a range may be distinguished from Laci
silver-haired|Microphone, as indicated by the presence of harmonics, still do not by the presence of an inflection; Epfu
bat exceed 50-55 kHz; longer calls have flat body; “Morse Code” dash has more FM, smooth curvature (no
inflection)

Often a simple linear FM; sometimes
An pa with kink at knee, or a “dog paw”
ledge near f., but also makes
ANTPAL| 27.2|51.8 | 24.6 | 30.1| 7.5 | 6.6 | 2.1 | 1.2 | 2.6 |g o eve ™ o oe with multiple
Antrozous| 24-8 | 43.6 22 26.8 5.6 3.1 09 0.3 1.3 |kinks or changes in curvature
29.6 | 59.9 | 27.2 | 334 94 10.1 3.3 2.2 4 |through the sweep; distinguish from

pallidus 19-35 | 27-86 | 18-33 | 21-52 | 2.2-13 | 1-26.9 | 0-8.3 | 0-7.1 | 0-10.1 |Epfu when <6 calls/sec. No
pallid bat conspicuous tail; distinct social
calls diagnostic; harmonics usually
present
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Echolocation Call Characteristics of Western North American Bats

Bats with Characteristic Frequencies near 20 kHz

feccharacteristic frequency — the frequency (measured in kilohertz, kHz) in the call pulse with the lowest slope, often where power peaks in the body (lower slope) of the call;

uppr lwr slp domn’t

species |  fe hi f lof | fmaxe | dur slp slp @ fo | slope

special characteristics

Calls may have up to 100 kHz
Myth of bandwidth; shaped like

MYTHY Myev but distinguished by f.

258 | 64.5| 204 | 29.3| 3.8 | 16.6 | 85 | 6.1 | 11.5 | but FMsweep may be nearly

linear making f difficult to
Mvotis | 233 | 46.8 | 183 | 242 | 28 9.3 3.8 2.1 46 nax
y 283 | 822 | 225 | 343 | 48 | 239 | 132 | 102 | 185 |eco9nize; fragments of Myth

thysanodes calls may mimic Coto, look for
19-33 30-118 15-28 22-63 1-6.5 3.5-46 1.7-32 0.4-30 1.8-46 | detail in harmonics to
fringed distinguish (Myth harmonic
myotis metrics overlap fundamental;

Coto do not)

24.9 | 324 | 23.2| 26.7 | 123 | 1.9 | 0.7 | 0.7 | 0.8 |Highly variable pulse shapes

and durations, even within a

Tabr| 214 | 223 | 201 | 219 | 85 | -07 | -06 | -04 | -07 |gequence: FM to CF: can be
284 | 426 | 262 | 315 | 161 | 44 | 21 1.9 | 23 | confused with Epfu, Lano, or

TADBRA . .
15-38 | 17-75 | 12-35 | 17-54 | 1.1-26 | 0-21.1 | 0-15.3 | 0-13.9 | 0-20.2 | Laci. Diagnostic FM calls have

i2) , upswing into call and
@ Tadarida downswing out of call, or a
Q| brasiliensis Long, flat calls have power that often peaks at the call onset then “chaise lounge” shape; FM calls
:E gradually decline yielding a “carrot-like” shape to the oscillogram. are higher in fc while QCF to
x| free-tailed| Fragments from out-of-range flat Laci calls can mimic Tabr, but Tabr tend to CF calls are lower in f¢; long
8 bat| have either power-forward or more “clumpy” oscillogram shapes; often QCF to | sequences with flat CF calls

CF pulses resemble railroad spikes, laid on their sides with a “nail head” shape often contain one or more
at the onset of the pulse “grace notes” or FM pulses
intersperced randomly

21.9 | 29.7 | 21.3 | 23.1| 99 | 25 | 0.6 | 0.7 | 0.9 |Pronounced reverse-J shape

Laci| 188 | 201 | 184 | 191 | 54 | 07 | -05 | -03 | -0.6 |O°FsubtleU-shape;veryflat

calls may have slight downturn
LASCIN 25.1 39.3 24.2 27.2 14.3 5.7 1.6 1.6 24 into call or upturn at end: may

15-35 16-68 15-32 16-45 2-30 0-22.8 0-9.9 0-10.1 0-16.2 | exhibit variable f. and call
Lasiurus duration across sequence
(randomly variable f. and call
duration diagnostic, as opposed
to progressive change across a
sqnc); short calls can be
confused with Lano, Epfu, or
Tabr

cinereus | Power typically builds toward center then gradually declines, making
oscillograms look “willow leaf shaped.” Fragments from out-of-range low
hoary bat | bndwdth calls can lack beginning and ending details and mimic Tabr; evaluate
fully formed calls with upturn at end that are “ladle-shaped” and suggest they
can hold a bead of water without letting it spill; in compressed view, call pulses
terminate in a bulbous “club shape”

this is determined by finding the point in the final 40% of the call having the lowest slope or exhibiting the end of the main trend of the body of the call

hi f high frequency — the highest measured frequency (measured in kilohertz, kHz) of the fundamental call pulse, best measured when harmonics are present, indicating full
bandwidth of the fundamental is recorded

lo f low frequency — the lowest measured frequency (measured in kilohertz, kHz) of the fundamental call pulse after the characteristic frequency, important as it describes
lowest amplitude, lowest frequency portions of a call

fmaxe frequency with maximum energy — bats vary the volume, or amplitude, of the frequencies they use in a single call pulse, the frequency (measured in kilohertz, kHz) with
the most amplitude can help to identify species and the core frequencies used to navigate and obtain usable echoes off items of interest

dur duration— the length of a bat call (measured in milliseconds, ms), most bat calls are between 5-20ms in length, calls become shorter when bats need information faster
and longer when bats are flying slower or communicating

uppr slp upper slope — the slope (measured in kHz/ms) of a call pulse from its highest measured frequency to the break-in-slope, often referred to as the “knee” or the point at
which the body of the call occurs and where the characteristic frequency is reached; often referred to as the “onset” of the call or “neck” of the call

Iwr slp lower slope — the slope (measured in kHz/ms) of a call pulse from the break-in-slope, or knee to the point where the characteristic frequency is reached; this is the
portion of the call pulse known as the “body” or the most “horizontal” portion of the call; it is exclusive of any change in slope after the characteristic frequency or end of
the “body” such as a downward trending “tail” or an upward trending “toe”

slp@Fc slope at characteristic frequency — instantaneous slope (measured in kHz/ms) at the point of the characteristic frequency; higher values suggest more frequency
modulated, steeper, shorter duration calls; lower values suggest more quasi-constant frequency, shallower, longer duration calls

domn’t slope dominant slope — the slope (measured in kHz/ms) of the longest sustained trend in slope of the call; determined by finding the segment of the call having the
minimum residue for a linear regression of a segment of the call of 20% of the duration of the call; helpful in determining how “laid back” a call pulse tends to be

Joe Szewczak, Cal Poly Humboldt Bat Lab, 2006, 2011, 2018, 2022, 2024, 2026 6



Echolocation Call Characteristics of Western North American Bats

Bats with Characteristic Frequencies less than 20 kHz

species | fc hi f lof | fmaxe | dur usﬁgr Isvlv; @;ij,c dscl’g';et special characteristics
Similar call shapes as Tabr and
Eupe, but of f; on similar call
Nyfe shapes as Tabr are ~5kHz
NYCFEM lower; upswing into call and
20 | 29.9 | 186 | 224 | 9.5 | 24 | 0.6 | 0.6 | 0.7 | gownswing out of call; variable
Nyctinomops | 17.9 23.6 16.9 19.3 7.9 0.9 0.3 0.2 0.2 | pulses, even within a sequence;
femorosaccus | 222 | 36.2 20.2 25.4 11 3.9 1 1 1.3 | FMto flat; CF calls less than
20kHz when compared to Tabr
Pocketed 15-27 | 16-47 14-24 16-38 | 3.9-15 0-11 0-2.7 0-3 0-4.8 at or above 20kHz long calls
free-tailed that "turn on" power rapidly
bat with high energy at beginning
(oscillogram carrot-shaped)
|dph Simple linear FM sweep, from
mid to upper 20 kHz range
IDIPHY | 13.5| 26.7 | 12 | 174 | 46 | 56 | 2.6 | 1.7 | 3.0 |down toabout11-13 kHz;
Idionycteris | 11.8 | 24 | 104 | 14 32 | 38 | 18 | o7 | 18 f:::gn‘;gsre; Osé‘;poef zta“'lf_’per
phylotis | 15.2 | 29.3 13.6 20.8 6 74 34 2.8 4.1 harmonics often present: a bit
Lappet-eared 10-19 | 17-37 8-17 11-27 | 1.5-9.3 | 1.9-15 | 0.7-6.1 0-5.8 1.2-8.5 | higher in frequency and longer
bat in duration than similar Euma
calls
Similar call shapes as Tabr and
n Eupe, but of intermediate f-.
"5 Nyma Similar call shape as Tabr and
m| NYCMAC Eupe, i.e., up_swing into call
N 12.8| 15.2 | 12.3 | 13.7 | 16.5| 0.3 | 0.1 0.4 | 0.2 |and downswing out of call.
T\ Nyctinomops | 11.8 | 13.1 | 11.4 | 126 | 121 | 01 0 0.1 | 0.1 |Variable even W'tfh'“_ a
S| * macrotis| 13.8 | 17.3 | 132 | 147 | 208 | 05 | 02 | o7 | o3 |Sequence; FMtoflat higher
- freq calls confusable with Tabr;
! Big free- 11-16 12-20 10-15 12-17 7-26.6 0-1.1 0-0.5 0-1.4 0-0.6 | lower freq calls confusable with
tailgd bat Eupe; long calls that "turn
on" power rapidly with hi
"p pidly with high
energy at beginning
(oscillogram carrot-shaped)
Often simple sweeps with slight
Eupe
curvature; long, low; often
EUMPER | 10.8| 16.4 | 9.7 | 126 | 154 | 0.6 | 0.4 | 0.5 | 0.5 |similar call shape as Tabr and
88 | 124 | 82 | 99 | 94 | 03 | 01 | 01 | o1 |Nysp ie., upswinginto call
Eumops| 12.9 | 204 | 111 | 153 | 214 | 1 | 08 | 09 | 0.9 |3nddownswingoutofcal.
erotis Variable, even within a
P 7-16.7 | 7.5-22 6-14.9 7.4-20 4-36 0-1.8 0-1.7 0-3.1 0-1.8 | sequence; FM to flat; higher
. freq calls confusable with Nysp.
mastiff bat Longer duration than Euma.
Euma Simple li FM
imple linear sweep,
EUDMAC| 93 | 140 | 86 | 11.2| 39 | 1.8 | 1.0 | 0.9 | 1.5 | _  tires witha mild
Euderma| 82 11.9 7.5 9.7 2.6 1.1 04 0 0.8 | inflection; short calls at low
maculatum 10.4 | 16.1 9.7 12.7 5.2 2.6 1.6 1.8 2.2 | frequency; harmonics often
7212 | 10524 | 6112 | 8317 | 1476 | 016 | 035 | 07.1 | 047 |Present with2nd harmonic
spotted bat persisting beyond 1st (artifact)
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Echolocation Call Characteristics of Western North American Bats
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Echolocation Call Characteristics of Western North American Bats

Glossary

approach phase: shorter, more closely spaced calls that bats transition into to pursue and evaluate a target after
detecting it from echoes gleaned from search phase calls

bandwidth: the total change in frequency through the call (kHz)
body: the section of the call from the knee to the characteristic frequency (fc)

domnt (dominant) slope: Slope of the longest sustained trend of the call. Determined from the segment of the call having
the minimum residue for a linear regression of a segment of the call of 20% the duration of the call (kHz/msec).

dur: call duration (milliseconds, ms), from the beginning to the end of the call

fc: characteristic frequency, i.e., the frequency of the call at its lowest slope toward the end of the call, or the lowest
frequency for consistent FM sweeps (kHz)

flat: a call or portion of a call with a very low slope or no slope (horizontal); low bandwidth
FM: frequency modulation/modulated, i.e., a change in frequency with time
fmaxe: the frequency (kHz) with the greatest amplitude (power, energy)

lo f: lowest apparent frequency (kHz); an unreliable call descriptor as the distance to the bat strongly influences the
observed value

harmonic: higher frequency components of the same signal, appearing at integral multiples of the fundamental
component (first harmonic)

hi f: highest apparent frequency (kHz); an unreliable call descriptor as the distance to the bat strongly influences the
observed value

inflection: a pronounced change in the slope of a call, sometimes called a “knee”

knee: a break in the downward FM sweep of a call with a discernable change in slope between the initial part and lower
section of the call (body) leading to the characteristic frequency (fc)

Iwr slp: lower slope, knee to fc slope (kHz/msec); the slope of the lower portion or body of the call from the knee to the f«
(listed as KnToFcSlope on SonoBat output)

power: the amplitude or sound energy of a call or portions of a call

saturated: portion of a signal in which the amplitude of the signal exceeded the maximum recordable amplitude of the
recording hardware, resulting in a flat-topped waveform; such a signal will not faithfully render the time-amplitude
trend of a call, a useful feature for disambiguating some species

search phase: the (mostly) regularly spaced calls of (mostly) regular duration that bats use in routine flight to detect and
avoid obstacles and search for prey

slp@ f.: slope at characteristic frequency, fc, (kHz)

sqgnc, (sequence): “bat pass;” a temporal series of calls from a passing bat; begins with the bat entering the detection
volume of the microphone and ends with the bat leaving the detection volume

squiggle: an S-shaped variation in frequency (per time) over a portion of the call
tail: a downward turn in the call trend at the end of the call
toe: an upward turn in the call trend at the end of the call

total slp: total slope (kHz/msec); overall change in frequency per change in msec (time) from the start of the call to the
end of the call; i.e., the total bandwidth of the call divided by the duration of the call.

uppr slp: upper slope, hi fc to knee slope (kHz/msec); the slope of the upper portion or onset of the call from the highest
frequency at the start of the downward sweep to the knee (listed as HiFtoKnSlope on SonoBat output)
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