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Summary. 1. Six species of New Guinea megachiropteran bats have been 
studied electrophysiologically. Five are non-echolocating, one (Rousettus amplexi- 
caudatus) has evolved an echolocation capability independent of echolocating 
mierochiropteran bats. The purpose of the study was to compare auditory re- 
sponses of non-echolocating bats with those of the echolocating bats studied to 
date, and to determine what adaptations have occured in Rousettus to permit 
echolocation. 

2. Evoked potentials were recorded from the posterior colliculus and more 
peripheral levels in anesthetized preparations. 

3. Emit ted sounds of each species were recorded and are described (Fig. 1). All 
bats emit sounds at frequencies up to 60 ke/s or higher. 

4. All species were found to have similar audiograms, broadly tuned with 
greatest sensitivity around 45-50ke/s. Rousettus was unexceptional (Fig. 2). 
No "off"-responses were seen. 

5. All species showed capabilities of frequency resolution comparable to that  
seen in microchiropteran bats emitting F1V[ pulses (Fig. 3). Rouse#us was not 
conspicuously different in this respect. 

6. The non-echolocating bats showed very slow recovery of responsiveness 
following an initial sound (Fig. 4) and poor ability to follow trains of stimuli 
at a high repetition rate compared with echolocating bats. Rousettus differed 
dramatically from its non-echolocating relatives in recovering quickly and in 
following with little reduction in response amplitude at a frequency of 200/set. 
In all species, recovery rate was inversely related to stimulus intensity. In Rousettus 
even stimuli 20-30 db fainter than an initial sound elicited good responses at 
2 msec or greater intervals (Fig. 5). 

7. ]~ousettus and its non-echolocating relatives showed generally smaller changes 
in sensitivity with changes in stimulus angle than are seen in microchiropteran 
bats. Greatest sensitivity was uniformly at 60 80 ~ to one side, with relatively 
reduced sensitivity to sounds coming from directly in front, consistent with pinna 
position and with the lack of necessity for hearing sounds from directly ahead. 
~ousettus did not differ in any apparent way from the non-echolocating bats 
(Figs. 7, 8). 
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8. I t  is concluded that non-echolocating bats, like other small mammals, lack 
several of the auditory adaptations considered to be adaptations for echolocation: 
sharp restriction of sensitivity to the region of emitted sounds, sensitivity at 
extremely high frequencies, fast temporal resolution, facilitation of responsiveness 
to the second of a pair of sounds, and sharply direetionM hearing in front of the 
bats. 

9. The only conspicuous difference between _Rousettus and its non-echolocating 
relatives was in recovery rate. This suggests that fast temporal resolution is perhaps 
the most important of the necessary neural adaptations for echolocation. 

Introduction 

Previous studies have revealed many conspicuous neurophysio- 
logical adaptations for echolocation in bats of the sub-order Micro- 
ehiroptera (Grinnell, 1963a-d, 1967, 1970; Grinnell and Grinnell, 
1965; Grinnell and ttagiwara, 1971; Henson, 1965, 1967; Suga, 1964a, b, 
1965a, b, 1968, 1969, 1970). To date, however, comparisons have been 
made only with non-echolocating mammals of other orders than bats, 
principally cats, guinea pigs and man. To better appreciate which 
adaptations are unique to echolocation, it would obviously be pre- 
ferable to study auditory responses in non-echolocating bats (sub-order 
Megachiroptera). Moreover, within the Megachiroptera, one genus 
is apparently unique in having independently evolved the capacity 
to echolocate, albeit rather crudely by means of tongue clicks rather 
than the highly organized emitted pulses of microchiropteran bats 
(Kulzer, 1956, Griffin, Novick and Kornfield, 1958). i t  is of major interest 
to determine whether auditory responses are distinguishably different 
in Rousettus than in closely-related, non-echolocating genera. 

A recent Alpha Helix expedition provided the opportunity for us to 
study both echolocating and non-echolocating bats, including Rousettus, 
in New Guinea. This paper describes our findings on Rousettus and its 
non-echolocating relatives of the suborder iVfegachiroptcra. An earlier 
paper (Grinnell and ttagiwara, 1971) describes findings on New Guinea 
Microchiroptera. 

In the present experiments, we examined four major response 
parameters : (a) frequency range used, and region of greatest sensitivity; 
(b) acuity of frequency resolution as judged by evoked potential changes; 
(c) temporal resolution of the auditory system, that is, ability to respond 
to the second of two sounds presented close together in time; and (d) the 
sharpness and pattern of directional sensitivity. It has been found that 
the non-echolocating bats hear well at ultrasonic frequencies and 
generally conform to what has been found in other small non-echolo- 
cating mammals. Rousettus differ conspicuously only in their temporal 
resolving capability. These results confirm the conclusion that auditory 
response patterns of echolocating bats do in fact represent major nearo- 
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physiological  a d a p t a t i o n s  for echolocation.  They  also provide  an  ins ight  
in to  the  a d a p t a b i l i t y  of cer ta in  response pa t t e rn s  of the  a u d i t o r y  nervous  
sys tem,  and  the  a p p a r e n t  p reeminen t  impor tance  of fas t  t empora l  
resolut ion for echolocation.  

This research was suppo r t ed  pr inc ipa l ly  th rough  N S F  gran ts  to the  
Alpha Helix program.  Other  suppor t  was p rov ided  b y  g r a n t s U S P g S  
NS06232 to A. D. G. and  U S P H S  NS09012 to S. H. 

Methods 

Six genera of Megachiroptera were studied: Dobsonia minor (average weight, 
87 g), t~ousettus amplexicaudatus stresemanii (weight, 88 g), Nyctimene albivcnter 
(29 g), Paranyctimene raptor (20 g), Macroglossus lagochiIus (17 g) and Syconyc- 
teris crassa (19 g). All were caught in mist nets strung between trees in the bush 
near the laboratory located about 20 miles north west of Madang, New Guinea. 
All survived quite well in captivity eating locally-obtained fruit. 

Methods of stimulation and recording were the same as those used to study 
echolocating bats, described in the previous paper (Ginnell and Hagiwara, 1971). 
Except for their generally larger size, the Megachiroptera introduced only one difficulty 
not encountered in the Microchiroptera: the posterior co]]iculi were not visible at the 
brain surface. After practice dissections, therefore, electrodes were pushed through 
the cerebellum in a direction determined to be toward the colliculi until good 
evoked potential responses were obtained. As in the microchiropteran bats studied, 
the response recorded by a gross electrode in the posterior colliculus consisted of 
~our positive peaks, including activity as far away as the auditory nerve (N1), 
summed responses of second (N2) and third order (Ns) elements in the cochlear 
nuclear and superior olivary nuclei, and a fourth peak representing input to the 
posterior colliciculi (Nd). This latter peak was usually very much the most promi- 
nent. When the electrode was pushed deeper and laterally, more peripheral responses 
could be recorded at greater amplitude and studied by themselves. No attempt 
was made to analyze single unit responses at any level. Except where otherwise 
stated, sound intensities are expressed in db re 0.0002 dyne/cm :. 

Results 

A. Vocalizations 

Although  none of these ba t s  except  Rousettus are t hough t  to be 
able  to echolocate,  or showed any  evidence of such abi l i ty ,  all p roduce  
sounds for communica t ion  purposes.  The range of sounds in communi-  
ca t ion has  been s tud ied  ex tens ive ly  in re la ted  genera (Nelson, 1965), 
where the  number  and  va r i e ty  of communica t ion  signals is r emarkab le .  
Since the  hear ing of each b a t  is p r o b a b l y  a d a p t e d  to the  sounds i t  
uses, i t  is obvious ly  re levent  to  de te rmine  the  character is t ics  of these 
sounds. No a t t e m p t  was made  to  record  all  of the  different  t ypes  of 
sounds a given b a t  could produce.  I t  was ve ry  easy,  on the  other  hand,  
to ob ta in  loud cries of anger  or fear as a b a t  was being held  or was 
squabbl ing  wi th  other  ba t s  over  food. These provide  evidence a b o u t  
the  range of frequencies emi t t ed  and the  p a t t e r n s  of emission of a least  
cer ta in  sounds useful in behavior .  F r o m  Rousettus, echolocat ion clicks 
were easily obta ined ,  s imply  b y  le t t ing  the  an imal  f ly in t o t a l  darkness .  



Fig. 1. Sample sonagrams of emitted sounds of five of the species studied. The 
Rousettus record consists of two pairs of orientation clicks, without the normal 
interval between pairs. The clicks in each pair were consistently separated by 
about 30 msec. Sounds of the other bats were typical screams of anger or frus- 
tration. Note that  the sounds of Macroglos.sus and Syconycteris consist of series 
of broad band clicks similar to those of Rousettus, but  at variable repetition rates, 
up to 1000/see or even higher. Nyctimene and Dobsonia cries consist instead of 

sustained tone pips with large numbers of harmonics 
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Fig. 1 shows sample sonagram records of sounds emitted by these 
species. I t  is apparent that  all sounds extend far into the ultrasonic 
range, with a large fraction of the sound energy between 20 and 60 kc/s. 
The echolocation sounds of Rousettus were unusual in their regular 
spacing into pairs, approximately 30 msec apart, separated by much 
longer intervals; but  as clicks they did not differ greatly from the click 
components of the vocalizations of Syconycteris and Macroglossus, 
whose screams consisted of a long series of similar, abrupt, click-like bursts 
of noise, increasing to very high repetition rates and changing slightly in 
dominant frequency. In Nyctimene albiventer and Dobsonia minor, on 
the other hand, emitted sounds were a series of sustained, harmonically- 
related tones, warbled somewhat in frequency. 

B. Sensitivity as a Function o/ Frequency 

Fig. 2 shows average audiograms for all species, indicating the 
threshold intensity at each frequency necessary to evoke a just de- 
tectable positive evoked potential (N~) from the posterior colliculus. 
Evoked potentials were seen only to the onset of stimuli, never to the 
"of f" .  This is in contrast to observations on many echolocating micro- 
chiropteran bats (Grinnell andHagiwara, 1971). In all species, maximum 
sensitivity was at 45-50 kc/s, with a drop-off of 20-30 db/octave at 
lower frequencies, of 125-150 db/oetave at higher frequencies. Indeed, 
the similarity is surprising in view of the large range of sizes of the bats 
involved. The differences in absolute sensitivity are probably due to 
chance factors, such as electrode location, rather than to real differences 
between the species. 

I t  is clear from these curves that  Rou.settus is entirely unexceptional 
in its audiogram. Apparently its adaptations for echolocation do not 
involve any changes that  would be reflected in an evoked potential 
audiogram. This is not the case in many echolocating microchiroptcran 
bats, where audiograms show extreme specialization (Grinnell, 1963a, 
1969, 1970; Grinnell and Itagiwara, 1971). This specialization, when 
it occurs, can be clearly correlated with the frequency characteristics of 
the emitted pulses. Since Rousettus echolocation sounds are broadband 
"clicks ", covering the same range used for communication by all of the 
megachiropteran bats studied, lack of such specialization should perhaps 
not he surprising. I t  is noteworthy, on the other hand, that  in all species 
the bats' sensitivity in the range of frequencies audible to man is more 
than 30 db reduced from the peak at 45-50 kc/s. The same is likely 
to apply to other megachiropterans. Clearly any study of communication 
in these species should include analysis of emissions at frequencies 
above the range of human hearing. 
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Fig. 2. Average N~ evoked potential audiograms for the six species studied. Thresh- 
old is defined as the intensity necessary to elicit a just detectable evoked potential. 
D, Dobsonia; M, Macroglossus; iV, Nyctimee; P, Paranyctimene; S, Syconycteris; 
R, Rousettus. Dotted line at top of each graph indicates the maximum intensity 

available from the stimulating loudspeaker 

C. Frequency Resolution 

Since single uni t  behavior  was no t  s tudied  in these species, satis-  
f ac to ry  evidence of the  l imits  of f requency  resolut ion are no t  avai lable .  
However ,  a useful  measure  t h a t  was ob ta ined  was the  effectiveness of 
different  frequencies in masking  response to a signal of a given fre- 
quency.  Sample  curves for Rousettus are shown in Fig. 3. I n  these  ex- 
per iments  a tone of cons tan t  in tens i ty  was p resen ted  a t  different  fre- 
quencies, and  the  in tens i ty  of the  signal necessary to reach threshold  
was measured.  All  curves are s imilar  in showing a fast  drop in masking  
effectiveness on ei ther  side of the  signal f requency.  This drop  is sharpes t  
for masking  tones  higher  t han  the  signal, and  l i t t le  different  from one 
species to another .  All  show drops  of 15-25 db  in the  f irst  5 kc/s, and  
masking  effectiveness is essent ia l ly  gone ( - -25  to  - -  40 db) a t  10 kc/s  
separat ion.  On the  low f requency side, there  was more var iab i l i ty .  I n  
Rousettus the  drop in effectiveness was essent ia l ly  as sharp a t  lower 
frequencies as a t  higher. 

I n  other  species, the  change in effectiveness was a p p r o x i m a t e l y  the  
same near  the  signal f requency,  b u t  subharmonics  were somet imes  more  
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Fig. 3. Frequency resolution in Rousettus. For signals of three different frequencies, 
35, 40, and 45 kc/s (indicated by arrows), the threshold signal intensity is plotted as 
a function of the frequency of a background masking tone of constant 90 db inten- 
sity. Threshold for each signal in the quiet was 42 db at 35 ke/s, 39 db at 40 kc/s, 

and 43 db 45 kc/s. Signal duration 2 msec, 0.2 msec rise and fall times 

effective (Dobsonia and  Macroglossus), and the  drop  in masking  effecti- 
veness was in some cases less steep on the  low f requency  side of the  
signal t h a n  in Rousettus (Nyctimene). The curves for different  species 
are never theless  suff icient ly s imilar  tha t ,  while Rouse#us m a y  show 
some super ior i ty  in f requency resolution,  fur ther  expe r imen ta t ion  
would necessary to sa t i s fac tor i ly  es tabl ish the  fact .  Comparable  mea- 
surements  on echolocat ing microch i rop te ran  ba t s  show drop-offs  closely 
s imilar  to those of Rousettus, with changes of 25-50 db/10 ke/s on ei ther  
side of the  signal f requency.  

D. Recovery o/Responsiveness Following Stimulation 
E x t r a o r d i n a r i l y  fas t  recovery  of responsiveness is perhaps  the  most  

d r a m a t i c  a u d i t o r y  a d a p t a t i o n  for echolocat ion in mic roch i rop te ran  
bats .  I t  was of g rea t  interest ,  therefore,  to  f ind t h a t  recovery  was 
qui te  slow in most  of the  megach i rop te rans  s tudied,  resembl ing recovery  
in o ther  mammals ,  while recovery  of responsiveness  in Rousettus was 
essent ia l ly  as fas t  as in mos t  microch i rop te ran  ba t s  s tudied.  I n  the  non- 
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Table 1. Average recovery times ]or evoked potential responses at level o] N2 to Na, 
at 40-50 kc/s, and between 20 and 50 db o] threshold. Recovery is expressed as 
amplitude to the second o/two identical 0.2 msee pulses, compared with the amplitude 
o/the response to the ]irst of the pair. Intervals were measured between onsets o] the 

stimuli 

First 50 % 100 % 
detectable 
recovery 
(msec) (msec) (reset) 

Rousettus 0.6 0.9 2.3 
Macroglossus 0.8 1.5 5 
Syconycteris 0.8 2.3 7.5 
Paranyctimene 1.2 1.9 5.7 
Nyctimene 2.2 4.4 12 
Dobsonia 1 2.2 7.7 

echolocating species, using pairs of identical brief (0.5 msec) tone pips 
within 50 db of threshold, initial recovery of response to the second was 
seen at about 1-1.5 msec, 50% response to the second was reached at 
separations of about 2-3 msec, and full recovery required 7-10 mscc. In  
Rousettus, initial recovery was evident at signal separations of 0.5 to 
0.6 msec, 50% recovery was reached in about 1 mscc, and full recov- 
ery took only about 2 msec. These differences were consistently ob- 
served. Table 1 summarizes average values for several tests in each 
species, and Fig. 4 shows typical recovery curves for Dobsonia, Sy -  
conycteris, and Rousettus. 

In the case of Rousettus, recovery curves are shown for both the 
collicular positive evoked potential (N4) and the cochlear nucleus re- 
sponse (N2) recorded at a single electrode position. Note that recovery 
is considerably faster at N~ than at N 2. This is characteristic of many 
microchiropteran bats, but not of other mammals that have been 
studied. In  the other bats examined in this study, recovery was slower 
at higher neural levels, except in Macroglossus where again recovery 
was significantly accelerated between the first two nem'al levels and 
the Na. Macroglossus also showed faster recovery rates than any of the 
other non-echolocating bats. In  none of the bats, including Rousettus, 
was greater responsiveness to the second than to the first of two iden- 
tical sounds seen. This is in contrast to observed behavior in many 
echolocating bats, tested with stimuli within 50 db of threshold. 

In  all bats studied, both echolocating and non-echolocating, recovery 
has been found to take progressively longer as the stimulus intensity 
is increased beyond about 40-50 db above threshold (Grinnell, 1963b, 
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Fig. 4. Recovery  curves in t?ousettus, Syeonycte~'is and  Dobsonia. Responses  to 
t he  second of a pai r  of identical  tone  pips as a percent  of t he  response to  t he  f i rs t  
of the  pair,  a t  different  intervals  be tween  stimuli, a, Syconyeteris; b, Dobsonia, 
c and  c' Rouse#us. a, b and  c' were recorded in the  colliculus of each species. Curve 
shows the  recovery curve of the  cochlear nucleus evoked potent ia l  (N~) recorded 
at  the  same t ime as the  N 4 (c'). Note  the  faster  overall  recovery ra te  of Bousettua, 

and  the  exaggerat ion of recovery in Nr compared  wi th  N~, 

1970). For this reason, only experiments employing stimuli within 50 db 
of threshold are used in comparing recovery in different species. 

Another criterion of temporal resolution capability is the ability 
of a response to follow a long train of stimuli without decreasing in 
amplitude. When such tests were run in the species examined in this 
study, all at essentiMly the same anesthesia level, Rousettus again 
was seen to be adapted for much faster following. At 100/see, the Rou- 
8ettus N4 was still undiminished in amplitude, while responses in all 
other species showed depression with a repetition of 50/see or fewer; 
at 200/see, the Rousettu8 responses were only 15% depressed, while the 
next fastest following was in Macroglossus and Syconycteris, where 
responses were nearly 50% reduced. 

Rousettus must be able to respond to echoes much fainter than the 
outgoing sound, and arriving after only brief intervals. Fig. 5 shows 
the results of measurements of N~ responsiveness when the second of a 
pair of sounds was made fainter than the first. The depression of re- 
sponsiveness was slight, even when the second was 25 db fainter than 
the first. At --35 db, responsiveness was 60% recovered after 5 msec. 
Such behavior is quite similar to that seen in echolocating micro- 
chiropteran bats (Grinnell, 1963b, 1970). 

In one of the three Syconyeteris studied, a curious repetitive syn- 
chronous firing was seen to a tone pip of any frequency in their audible 
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Fig. 5. Rousettus. Recovery of Na responsiveness at different intervals after a 
louder first stimulus. The first stimulus was held constant at 50 db above threshold, 
while the second was made 5, 15, 25, and 35 db fainter. Both were 40 kc/s, 0.3 msec 

in duration, with 0.1 msec rise and fall times 

range when the electrode was advanced into the region of the cochlear 
nuclei. A compound evoked potential  was seen, with a positive com- 
ponent  at  1 msec la tency (auditory nerve response), and a negative 
potential  at  2 msec latency. The earlier potential  was a typical  evoked 
potential,  present only at  the onset of a stimulus. The later potential,  
however, which probably  represents the act ivi ty  of a large populat ion 
of cochlear nuclei cells, was followed by  a series of similar negative 
peaks, at  intervals of 2.5 msec. Fig. 6 shows sample records from this 
experiment.  I f  the stimulus was a 1 msec tone pip, there were three or 
four following negative peaks. I f  the pulse was prolonged for 20-50 msec, 
the synchronized negative peaks recurred at the same frequency 
(400 peaks/see) as long as the stimulus was present and for 5-10 msec 
a.fterward. The synchrony of response was eventually lost, bu t  for 
relatively long periods of constant  stimulation, the response resembled 
tha t  to a stimulus of 400 tone pips/see. The responses to 400/sec and 
200/sec  tone pips were essentially indistinguishable. If  brief stimuli 
were presented at 300/see, on the other hand, the responses were rapidly 
desynchronized, leaving no obvious repetitive firing. A 400 cycle pure 
tone elicited no response. Apparent ly  the units near this electrode tip 
responded with highly synchronous firing at a rate of 400/see. The 
funct ion or adapt ive value of such responsiveness is not  apparent.  

E. Angular Sensitivity and Auditory Localization el Signals 

Echolocating bats typical ly have elaborate external ears, directed 
forward in such a way  tha t  maximal  sensitivity is seen near or just  
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Fig. 6. Syconyeteris. Evoked potentials recorded near the cochlear nuclei, showing 
sustained repetitive negative response peaks. Top: response to a 20 msee tone 
pip oi 50 kc/s, +80 db. Lower traces: responses to 1 msec, 50 ke/s tone pips of 

+80db intensity, at repetition rates of 80, 200, and 400/see. 
Time calibration, 5 msee 

above  the  hor izonta l  axis ~nd ~bout  30-45 ~ to the  side. I n  addi t ion ,  
there  is conspicuous b inaura l  in terac t ion ,  sharpening sens i t iv i ty  to  
changes in signal angle a t  neura l  levels centra l  to  the  ~ a d i t o r y  nerve  
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Fig. 7. Mac~'oglossus. Angular sensitivity maps showing N~ thresholds (db re 
0.0002 dyne/era 2) to tone pips of 30, 45, and 55 ke/s at  points from 80 ~ ipsilaterM 
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to 45 ke/s. Maximum sensitivity a t  all frequencies was on the  horizontal  axis and  

at  60-80 ~ to the side 



94 A. D. Grinnell ~nd S. Hagiw~ra: 

3 0 ~  

i o 

9 0  ~ 6 0  ~ 3 0  ~ 0 ~ 3 0  ~ , ~~ 

i p s i  c o n t r a  

Fig. 8. Rousettus. Characteristic record showing directionality of sensitivity at. 
45 ke/s, plotted as in Fig. 7 

(N1) (Grinnell, 1963c, d; Grinnell and Grinnell, 1965). The non-echolo- 
cating bats studied in New Guinea all had relatively simple pinnae 
pointing approximately 60 ~ laterally. Maximum sensitivity at  the 
level of either auditory nerve was uniformly seen at  60-75 ~ to the side, 
with a drop-off of 15-20 db directly ahead. Second order neural re- 
sponses (N2) recorded in the medul]a reflected the mixing at  the superior 
olive of inputs from cochlear nuclei on both sides of the brain. Sensitivity 
was often bimodal, high at  60-75 ~ on either side, low directly in front 
of the animal. At the level of input to the eollieuli (N4), the directional 
sensitivity curve was approximately a mirror image of the N 1 pattern.  
At both levels, changes were generally less sharp than in equivalent 
measurements on mierochiropteran bats. Maximum rates of change 
in sensitivity with signal angle were 0.5 db/degree over short ares, and 
maximum differences between angles of greatest and least sensitivity 
from one side of the bat  to the other seldom exceeded 40 db. As in 
echolocating bats, directionality of sensitivity increased with fre- 
quency. Fig. 7 shows maps of N 1 sensitivity at  different angles at 30, 
45, and 55 ke/s in Macroglossus. This preparation was unusual both 
in its relatively great sensitivity to change in signal angle and in the 
fact tha t  sensitivity fell off more sharply above and below the horizon 
than across the midline. More characteristic of all of the species is the 
record of Fig. 8 showing N~ sensitivity at 45 kc/s in Rousettus. Gen- 
erally, there were no obvious differences between Rousettu8 and the non- 
echolocating bats studied. None showed any conspicuous adaptations for 
analyzing sounds coming perferentially from in front of the bat, or for 
sharpening sensitivity to signal angle by increasing binaural interaction. 
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Discussion 

The evoked potential response patterns of non-echolocating mega- 
chiropteran bats are essentially like those of other small mammals  not 
specialized for echolocation. The frequency of greatest sensitivity 
is higher than in other mammals  of equivalent or smaller size, such as 
mice (Ralls, 1967), but  in most other respects, the differences are slight. 
This strengthens the conclusion tha t  the auditory adaptations of echolo- 
cating bats tha t  appear useful for echolocation (sharpened audiogram 
in the range of echolocation frequencies, general high frequency sensi- 
tivity, extremely fast temporal resolution, facilitation of response to 
"echoes",  and sharply directional hearing) are in fact adaptations for 
echolocation, rather than a characteristic of bats in general. 

The independently evolved auditory specializations of Rousettus, 
the only megachiropteran known to echolocate, reinforce this conclusion. 
Rousettus shows no obvious external morphological adaptations for 
echolocation (enlarged or front-directed pinnae, modified mouth or nasal 
structures); and in most neurophysiologieal response parameters  Rou- 
settus is not different from nonecholocating relatives. In  one important  
respect, however, Rousettus is dramatically different: recovery of 
responsiveness following an initial sound (such as an echolocation click) 
is essentially as rapid as in echolocating microchiropterans, with full 
recovery in just over 2 msec, compared with 5-12 msec in other mega- 
chiropteran bats studied. Clearly the ability to respond sensitively to 
frequencies as high as 50-60 kc/s does not automatically permit  fast 
temporal resolution. This seems to require adaptat ion in central pro- 
cessing mechanisms. Rousettus appeared also to have slightly sharper 
frequency resolution than other megachiropterans, but this difference 
was slight and could have been the result of inadequate sampling. 

The echolocation clicks of Rousettus are not greatly different from 
the clicks produced at a high repetition rate in the "screams" of Macro- 
glossus or Syconycteris. I t  would be of interest to determine whether 
these species might be able to obtain some information from echoes, 
especially if forced to live in total  darkness for some time. 
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