Echolocation Call Characteristics of Eastern North American Bats

How to use this table

This document summarizes 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 42,000 calls in the
eastern library of species-known, tracked bats used to prepare the SonoBat eastern North America classifiers. NOTE: The quantitative
parameters listed here present just a portion of the more than 90 time-frequency and time-amplitude values that SonoBat uses for both
individual call pulse and total sequence classification. The chart below illustrates the total range of characteristic frequency values for
each species listed, with the boxed sections highlighting 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 variability 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.

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 in 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 typical 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 p3 and glossary on p7 for definitions of metrics and call characteristics.
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Echolocation Call Characteristics of Eastern North American Bats

species |  fc hi f lof | fmaxe | dur usﬁgr Isvlv; éllfc dscl’g';et special characteristics
Myau FM sweep a smooth curve
MYOAUS| 46.6 | 80.3 | 39.9 | 49.6 | 3.6 | 17.3| 7 | 4.7 | 8.3 |(sualynoinfiection), begins
steeply and then increases in
Myotis 44 65.5 37.3 45.1 2.8 10.6 4.3 2.1 3.3 curvature; * may have a well-
austroriparius | 49.2 95 42.5 54 4.4 23.9 9.8 74 13.3 | defined downward tail; peak
) : 3 R R ) y } ) power of call typically
south- | 39-57 | 47-120 27-49 40-70 1-71 2-421 0.2-25 0-271 0.9-42 persists for at least 1ms on
eastern non-saturated calls
myotis
Longer calls (>5ms) typically
Mygr display a strong inflection
MYOGRI| 46:3 | 75.6 | 40.9 | 47.7 | 55 | 12.2| 3.3 | 2 | 3.8 |pointatknee, pronounced
ownward tail ending call,
44.5 62.7 39.2 45 39 7.4 1.1 0.3 -0.3 | and extended call body with
Myotis | 48.2 88.5 42.5 50.5 7 16.9 54 3.7 7.9 | broad amplitude distribution;
grisescens | 40.51 | 49-106 | 36-47 | 4163 | 14-11 | 1230 | 04-13 | 0-123 | 0.3-28 | Shorter calls (3-5ms) are
. typically at a higher frequency
gray myotis than other geographically
overlapping Myotis
FM sweep a smooth curve
Myle (i.e., no ian)Iection), begins steep
MYOLEI 45.2 84 3881476 | 3.2 | 249 | 84 5.5 | 11.5 |thenincreases in curvature*;
may have well-defined
Myotis leibii 43 69.4 36.1 44.2 24 15 4.9 2.1 2.1 downward tail; peak power of
® 47.4 98.6 41.5 51 4 34.8 11.8 8.9 20.8 | call typically persists for at
3 eastern | 55 53 | 4g.122 | 31-48 | 40-60 | 1-56 | 4655 | 0427 | 0-258 | 1.6-58 | east1ms on non-saturated
S small-footed calls; *some calls may be
b— myotis inflected, but smoothly curved
N variant diagnostic
I
X Myse
0| Calls may have up to 100 kHz
S MYOSEP | 43.3| 93.3 | 34.6 | 47.1 | 3.4 | 23.5| 11.5 | 8.5 | 16.3 | of bandwidth: FM sweep may
Myotis| 40 | 749 | 305 | 408 | 25 | 158 | 7.1 4 7.1 | be nearly linear making f.
S difficult to recognize; quiet but
septentrionalis | 46.6 | 111.8 | 38.8 53.4 4.4 31.3 15.9 13 25.5 consistent calls: flies near
northern | 36-55 | 49-133 24-45 37-92 1.1-6.7 | 5.5-50 1.2-32 0.7-30 2.1-52 | vegetation, ofte,n with a linear
long-eared flight path when searching
myotis
Myso Distinct long call type (>4.5ms)
may have secondary
MYOSOD 42.3 77. 1 36.5 44.6 4.0 1 7. 1 6.4 3.9 7.6 inflection |eading into “ledge”
| 403 | 631 | 34 | 409 3 105 | 37 | 1.2 | 29 |orflatsection<1.3ms priorto
Myotis 44.4 91.1 39 48.2 5.1 23.8 9.1 6.6 12.4 terminal sweep or “tail;” some
sodalis ) ’ ) ) ) ) ’ " | Mylu long calls have this
) 36-53 | 47-118 27-45 38-82 1.1-8.1 3.4-56 0.1-24 0-26.9 0.5-54 | feature; distinct short call type
|”dlaﬂa also has ending ledge, but
myotis shorter Myle & Mylu do too
Can make longest duration
Mylu and lowest slope of all
Myotis; dur>6 & lwrSlp<3
MYOLUC| 41.7 | 72.5| 36.7 | 43.8 | 51 | 13.3 | 4.4 | 2.7 | 4.9 | gisanostic: somelimes with
Myvotis | 39-7 | 595 | 34.1 40.3 3.8 6.9 2 0.6 1.1 | multiple power centers making
I 'fy 43.7 85.5 39.3 47.4 6.5 19.7 6.9 4.8 8.6 | calls look clumpy; longer
Heltighs 35-49 | 44-111 27-4 3 1.4-9 1.4-43 0.3-1 0-19 0.3-36 duration calls recorded in
bat myotis Lwr slp <3 dist’inctive
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Echolocation Call Characteristics of Eastern North American Bats

uppr lwr slp domn’t

species [ fc hi f lof | fmaxe | dur slp slp @Fc | slope

special characteristics

Strongly inflected, almost
Pesu vertical FM changing to
PERSUB | 43.3 | 54.2| 42.1 | 44.1| 7.5 | 47 | 0.6 | 0.6 | 0.7 |low slope below 47 kHz for
the majority of the call.
Perimyotis 41.6 45.6 40.4 42.1 5.8 -0.3 -0.2 -0.1 -0.1 | Calls generally consistent

subflavus 45 62.8 43.9 46.1 9.2 9.8 1.3 1.2 1.5 across a sequence. Appear
37-50 | 40-101 | 35-47 | 37-56 | 2-13.9 | 0441 | 085 | 087 | 0-13.3 | hockey stick-shaped in
Tri-colored sonogram when FM sweep
bat is present. Some calls
exhibit “squiggles.”
Labo U-shaped or re_verse-J
LASBOR shaped calls with upturn at
end of call; may exhibit
, variable fc across
» L:Sr':;ﬁ sequence (randomly .
1-3 variable fc and call duration
> EastenRed | 471.2 | 62.7 | 40.3 | 43.6 | 70 | 83 | 1.9 | 1.0 | 2.3 |diagnostic, as opposed to
= bat| 366 | 469 | 36 | 375 | 46 | 15 | -02 | -03 | -1 |Progressive change across a
S AND| 458 | 78.6 | 446 | 4938 9.4 15.1 4 2.3 5.5 |sequence); power smoothly
c | 2955 | 31106 | 2954 | 2073 | 1516 | 0-41 0-15 0-12 0-34 centered in call, making
N Lase ' oscillograms appear “willow
E LASSEM leaf shaped”; dur>10ms is
= diagnostic among 40kHz
¥ Lasiurus bats, Pesu and Nyhu
seminolus generally have durations <
10ms in typical search-
Seminole bat phase sequences

Fc usually solidly below
40kHz; sweeping curved

Nyhu| 35 | 5041367 398! 74 | 86 | 14 | 07 | 1.3 calls that may lack any
NYCHUM . ) . . . . . . inflection; calls have more

363 | 472 | 351 | 368 | 54 | 19 | 01 | -02 | o1 |Slopeinbody (lowerslope)
Nycticeius| 39.7 | 715 | 382 | 428 | 94 | 152 | 27 | 16 | 25 |thandosimilar-shaped

humeralis shorter and longer duration
32-45 | 34-107 | 3043 | 32-69 | 15-16 | 0.1-39 | 0-145 | 0-122 | 0-14.4 | pagy calls; Sequences may
Evening bat display f. alternating up

and down regularly from
pulse-to-pulse

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;
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
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Echolocation Call Characteristics of Eastern North American Bats

* Short calls (<7ms) recorded with full detail, i.e., full band-width, as
indicated by the presence of harmonics, do not exceed 50-55 kHz.

species | fc hi f lof | fmaxe | dur usplgr Isvlv; é‘;’c dscl’g';et special characteristics
Lain U-shaped calls; up-turn at
end of call; may exhibit
LASINT | 37.4| 53.2|29.9 | 34.4| 59 | 10.9| 2.7 | 1.8 | 2.9 |variable f. across sequence;
power smoothly centered;
Lasiurus 29.1 42 27.9 30.4 3.1 3.1 0 -0.8 -0.4 || oF can go as low as 25 kHz;
intermedius 33.7 64.3 32 38.4 8.7 18.8 5.5 4.3 6.3 calls similar in shape and
23-39 | 26-86 | 22-36 | 24-50 | 1.2-24 | 0-41.3 | 0-22.8 | 0-21.5 | 0-30.6 | Variability to other Lasiurus, but
northern intermediate in frequency range
yellow bat between Labo/Lase and Laci
QCF to CF in standard view,
Momo appearing as upside-down U-
MOLMOL | 30.8 | 33.6 | 30.5 | 33.2| 11.3| 0.2 | 0.4 | 0.3 | 0.2 |shapedcallsincompressed
view; upturn leading into and
Vol 27.7 30.9 27.3 30.2 9.6 0.1 0.3 0 0.1 downturn leading out of call;
mglgzzzz 34 | 363 | 337 | 361 | 129 | 0.3 0.6 0.6 0.3 | sequences often a series of LoF
25.39 | 20-42 | 25.39 | 27-42 | 7-147 | 006 |02-08| 022 | 005 [CalswithFc~30kHz mixed with
Velvety free- one or more HiF calls with Fc
tailed bat ~40kHz; or alternate regularly
between 30kHz and 40kHz
Cora Acoustically ambiguous
CORRAF where both species co-
Corynorhinus occur; quiet, difficult to
rafinesquii detect; yet harmonics often
present; call-shape simple
o AND| 28.2 | 42.5|24.3|32.8| 33 | 6.4 | 55| 52 | 57 | Frsween
g Coto 24.5 39.8 21.9 29.7 1.8 4.6 3.7 2.8 4 (Sometimes with upsweep or
— CORTOW 31.9 45.3 26.8 36 4.7 8.3 7.3 7.6 74 | flat at onset, before sweeps
- ] 19-37 | 3452 | 17-32 | 2247 | 1-9.8 | 0145 | 0.7-13 | 0.2-15 | 1.5-13 | down); fmaxe May alternate
o | Corynorhinus between fundamental and
< townsendii second harmonic;
= | Rafinesque’s sometimes with more
g & Townsend’s amplitude in the 2"
& | big-eared bats harmonic than fundamental
Epfu 284 | 528 26.8|31.2| 7.8 | 74 | 2.1 1.3 | 2.5 |Variable; calls with high f below
EPTFUS| 261 | 41.7 | 249 | 275 | 49 | 32 | 05 0 0.1 | B80kHz can be confused with hi
30.7 | 638 | 287 | 35 | 107 | 11.6 | 3.8 | 25 | 48 |LanoandlorTabr callswith hi
f above 65 kHz distinguish
Eptesicus 21-36 25-86 19-33 22-54 2-21.7 0-27.6 0-12.3 0-10.2 0-22.3 from Lano; |ong calls have
fuscus some FM component, i.e.,
- — - never flat; end of calls may
big brown bat * Short calls (<7ms) recorded with full detail, i.e., full bandwidth, as hook up
indicated by the presence of harmonics, hi f exceeds 65-70 kHz.
Short calls hockey-stick or
Lano| 26.7 | 38.1| 25.8 | 28.4 | 10.5| 3.7 | 0.8 | 0.8 | 1.0 |L-shaped; with distinct
LASNOC| 257 | 294 | 246 | 261 | 63 | 0.1 0 0.1 o |inflection; flat calls 226kHz
277 | 467 | 27 | 308 | 147 | 7.3 2 1.7 | 27 |diagnostic; flat Laci calls
, , are lower in fe; low slope
ngg;"lllaCt:;lz 2431 | 2661 | 2129 | 2449 | 2244 | 0-217 | 0-95 | 076 | 0153 | g in 2526 kHz range
9 may be distinguished from
silver—haired Laci by the presence of an
bat inflection; Epfu typically with

smooth curve (no inflection)
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Echolocation Call Characteristics of Eastern North American Bats

species | fc hif | lof | fmaxe | dur usplsr Isvlv; é‘;’c i?g‘;et special characteristics
249 | 324 | 23.2 | 26.7 | 123 | 1.9 0.7 | 0.7 | 0.8 |Highly var_iable pulse s_he_lpes
Tabr| 214 | 223 | 201 | 219 | 85 | 07 | -06 | -04 | -07 |2 d“rat'_oglf/’l f"%r;:f"”th'”ba
TADBRA | 284 | 426 | 262 | 315 | 16.1 4.4 2.1 1.9 2,3 | sequence, PV to LF, can be
confused with Epfu, Lano, or
radarid 15-88 | 1775 | 12:35 | 1754 | 1.1-26 | 0-21.1 | 0-153 | 0-13.9 | 0-202 || acj. Diagnostic FM calls
bra:iliaegsiz have upswing into call and
. Long, flat calls have power that often peaks at the call onset then gradually downswmg OUt_ of call; FM
free—tailed |  geclines yielding a carrot-like shape to the oscillogram trace. Fragments | calls are higher in fc while
bat from out-of-range flat Laci calls can mimic Tabr. QCF to CF calls are lower in
fe
Pronounced reverse-J
” 21.9| 29.7 | 21.3 | 23.1 | 9.9 2.5 0.6 | 0.7 | 0.9 |shape orsubtle U-shape;
S 188 | 201 | 184 | 191 | 54 | -07 | -05 | -03 | -06 |VeV flatcalls mayhave
o | 251 | 393 | 242 | 272 | 143 | 57 | 16 | 16 | 24 |Slightdowntuminto call or
E Laci upturn at end; may exhibit
7 LASCIN | 1535 | 1668 | 15-32 | 1645 | 2:30 | 0228 | 0-9.9 | 0-10.1 | 0-162 | yarjable f. and call
o duration across sequence
c Lasiurus (randomly variable f. and
5:1 cinereus call duration diagnostic, as
— hoary bat Power typically builds toward center then gradually declines yielding a opposed to progressive )
Q willow-leaf shaped oscillogram. Fragments from out-of-range low band-width | change across a sequence);
o calls can lack beginning and ending details and mimic Tabr. short calls can be confused
— with Lano, Epfu, or Tabr but
are generally lower in fec
Often simple sweeps with
Eufl slight curvature; long, low;
EUMFLO often similar call shape as
14.6 | 21.3 | 13.1| 17.6 | 10.1| 1.4 | 0.8 | 0.8 | 1 |Tabnie. upswing into cal
Eumops and downswing out of call;
floridanis 12.7 17 11.3 14.6 6.3 0.3 0 0.1 0.1 variable, even within a
16.6 25.5 14.9 20.6 14 2.5 1.7 1.6 1.8 sequence; FM to flat; higher
Florida| 10-20 | 1231 | 918 | 11-27 | 2207 | 0-87 | 035 | 047 | 0-49 |frequency calls can be
bonneted confused with Tabr and Tabr
bat U-shaped directives often
mis-ID’d as Eufl
Sources:

Characteristics based from recordings acquired by Joseph M. Szewczak (SonoBat), Cal Poly Humboldt 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 sequence displayed in real time showing regularly spaced, phase
longer duration search phase calls, and transition to shorter duration, higher
bandwidth approach phase calls, then terminal phase calls (buzz).
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Echolocation Call Characteristics of Eastern 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 f. 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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