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Abstract LUnder physiological conditions, the larmgeal
synapse of male Xemopws oevir exhibils marked facli-
tation during repetitive perve stimvulation. The mabe 1a-
ryngezal synapse i oweak and requires facilitation 1o
produce musscle action potentials and altimaely sound.
The female laryngeal synapse is sirong: muscle con-
tructions are produced 10 single nerve simuoli. We
sought to determine if laryngeal synapses of males and
females also differ in their ability to Eacilitate. To mea-
gure Facilitation, laryapeal muscle action potentials were
suppressed either posisynaptcally by bathing the prep-
aration m saline containing curare or presynaptically by
bathing the preparation in redwced calcium/ elevated
mugesiam saling. Faalitlation ol postsynaple polential
amplitude or quanial content in responss b paired
pulses was measured in male and female larynges there
is no sex difference in paired pulse facilitation. Facili-
tation in response to trains of stimuli, in curare-hlocked
preparations, nersased and reached plateaw values more
rapidly in females than in males, although the facilitn-
tiaon between the last and first pulses in the train was the
eamee in the sexes. Thus, the sexually differentiated be-
hiavicr of this synapse 5 controlled more by a sex dif-
ference in synapisc strengih than by & sex difference in
the ahility to facilitnie.
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The sex-specific vocal behaviors of Yenopur laevis are
produced by contraction of the intrinsie muscles of the
larymx (Tobias and Eelley 1587). Sex differences in the
larymgeal synapss itsell modulate song and thus con-
tribule o the sexual differentation of ithis behawsor,
Symaptic streapgth, measured by guantal content, is lower
at male than at fermake lnryngeal synapses indicating less
transmmatler rebease (Tobias el al. 1995). In thes study, we
explore whether another form of synaptic plasticity, fa-
alitalion, alwo contribates 0 sex differences in laryngeal
(e

Linder physiological conditions, mule laryngeal fibers
typically penerate a subthreshold potential in response
to o singhe nerve stimudus. At thess synapses, irains of
stimull reveal faclitation of the postsynaplic response
until threshold to generate an a&ciion potential s
achieved (Tobias and Kelley 198%), Thus, males rely on
Facilivation to overcome the mitation of a weak synapse
and produce sound. In contrast, female laryngeal muscle
fibers typically gemerale an aciion poleniial in response
to each nerve stimulus, Facilitation i not ebserved in
lemale larynges since thewr predeminantly strong syn-
apses releass suprathreshold levels of meurolransmilter
{Tobias =t al. 1995).

The poal of the preseml stody was o determine
whether facilitation is a sexually differentiated feature of
the baryngeal synapse. To examie this question we
meeasared facilitation at male and female synapses using
paired pulzes or trains of stimuli that mimicked essential
features of the male song.

Materials and metheds

T examing facilitation, muscle action podentials mus be hiozked.

comparing faciliation befweem ihe sexes mecessmases
eompasing populations of fibers with inherently different progsr-
ligd, Two complementary apgroaches were laken: sclion podenbialy
were hipzked both pre- and posisymaprically. Action petential
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were suppressed .un-g curane 10 physiological
sline so Mook me mﬂuuﬂy by
reducing calcium ion coaceniration b0 rldum ulurcllrnllrr
release. The latler approach wes wed I gramine sex
dilferemess in synagtic scrength (Tobws ¢ al. 1995,

Twn plsiologeally rdevant siimulus wele used 1
siudy facltation: paired pokes and trains. pulses were da-
livered af 15 amd Ml-ms mderstimulus intervals (151s) ihese fre-
S0 PROOUCEA Iy SerRay msers EabA (PLeber |90 Wit 4t

WL Ml 1 i

m 193} Pasred pobies are o clisic method for assaying fs-
cilitmiion amd have ihe sdvantage of not prodwcng sction poben-
ligks (frains producs action polentisk in reduend-calcium salinesh
Stimulus traing mimicked the st mll pomion of the mals call;
15 ms D50, 250 ms deratbos. Sumulus trains have he advemage of
bezing o move phesiclogical stimulus but could coly be deliverad 1o
progarations bathed in =aline coniaining oarare.

Experimental prepasation

Aidulr male aed Emale X Sl I'Il:lg:l wene oblmned from Naseo
Co. (Fi. Atkinson, Wia, USA) and ¥enopus Express | Beverly Halls,
Fla., USA). Frogs were more than 2 vears ofd (stage PME of Tobias
l1-|l |W'|'I.'l'1lh'|:ll:lll:|"l'ﬂ:h|-$-m.15 |1'l:|nn|-nndﬂl|:ﬁ:|r

Temales. Frags were housad in polycarbosale mnks coslaanmy de
chiormated, conditomed (Movagea) tap water under & 12 :II

{ligh :dark) qu:h- and fed frog bratils {Masco) thres mes per week.

Frugs were deeply anesibetized by immersion in & 1% MS-121
iyl m-gming heneoale methans selfonic seid; Aldrich), Larysges
WEPE mvcﬂ.;—uﬂddnmlﬂk up in 4 wax conted Petrei dish and
unudmg:a n-g-: salime containing (mmol- 17'): 116 NaCl, 2
KCL 35 MgCly, Z1.7 dewirose, 4 HEPES buffer. The
wviahility ur1h- mlg:ll.l'llm wan fested I:l:.I stimulsting the molor
nerve with 0.5ms pubess of increasing wollage wmtil the muscle
visibly contracted,

Ztimulstion

Muszle liber wore nh?ln.l. with glass microcazieodes (3530 MO}
filled wagh 0.1 mal-I' KCU3 med- 17! KA solulica. Recordings
were amplified (C=iting Model 3A), digitized using @ MecAdios 11
A /D comverter and analyzed with ihe softeane Superscope Lle (GW
Imstremgnls, Cambridpe, Masi, 1USA) on a Maginiesh [les, To
delermine slimulus =2 h the h-r:frll:ll nerve was simulated

wilh sapggle 0 5-ms pulees Jup 1o M) rals ot sszh
mﬁl uniil @ p-ad:-:gu.pn: Fi was eliciced in the
fiber; thes voltage was m:l i sukaequeni el iom.

For paired pulus. each sborbes trml was ssparaiod froem ihe
peat By 11} 5. Apgseaimutely every third traal, the rate ol stimulation
{15 or 30 ms 151) was aliersaped, The ahernsting paisern of slwn-
ulacion (three tnals ot 1% ms 150, three trinls op 39 ms 150, eic) has o
poriential problem: three inals at ome Mroguency might beave the cell
m i staky of depression or Tcilitation alfecling sebengeent inals. To
tesl for this posabaliny we comgured the guantal eontents of the firs
pralses a1 cach Freguency (1he response 5o the first palse of sy (e is
mhly a conirol and should Be uniform) in presymaptically

fibers. The quardal conbenis of responses o the firsi st
s [ the firsl 50 tnals of stimulation ag 15 ma IS, snd of the firs
50 mrials ol scimolation an ¥ & 150 in each cell, were (=i |
using a §* nest. There was oo sl difference (P > BU9) e
reeen 13 ms (083 & 076 and 30ms 151 (084 & 070) For
shimvales brains dolivered in safimes contameng curare, btrains of 16
wlimmal 81 |5 ma 15 wers debverad 1o the larynz with a 9k (Tour
caszah of J-min {aine ciees) merriel interval; there was 68 dilfer-
emoe in facslitation betwess the iwo mseranial mervals.

Facilitation indices of synapess in osmng
Tir block muscle action polestish, corare [dubocusarine chlorids;
Sigma) wes added vo physiclogical saline and pawed palse fac-

inbos wes clamsised Mmupplu-?:-ﬂthruﬂ'

$ pmol- 17" fa=1}, 625 pmol 1" (A=2L 675 pmol I (r= 1L
7.5 pmol-1"" {n=1} and 10 mmad-I"" {n=2) curare. Female ls-
rynges (n= A} were kothed in 10 pmal 1"|:.l-4-]un-di1:l|.|.u:|n4 !
=24 curare. Reconlings were obtained from only oso muscle
liber laryna. Facilitikn m repossc B Irming was sludiad in
an addiconal six male and seven lemale msscle @bei The
preparaisos was tathed m a conceniration of curage [10-
15 pmenl] 'I";ﬁ:rril—1-h i by a lkower concemiration {5
T-5 pmal-1) for tBe Memn pror 1o moordmg this prmuml
prevenied musclke cosIraclions i fepeese 16 lruss while main-
taining  sufficeem mw"m sensitivity 10 cbserve PSP
Recordings werr obtained two fbers cach in male {n=3)
and female laryny {n=2k in snolher female, three fibers were

For padred pulss facilimiion, a faciliation indes (Fo) for sach
EVTIO S WS s o rateo of the mean PSP amplitude of the
seennd [Az] pulse do that of the first (A} Tor ench (requescy:
Foo= dyid). The F's from male amd female symapses, with an
avermge of T trals per ¢ell (ramge 12-532) were compared. For
irains, a similar measure was denved encepl that the ealio oblainal
wis the response b the last [I6th) divided by the respanse o 1he
firsi simwrahes in a train; 415 iraks per fiber

Facaltation isdices of symapses in reduced jOa"* ],

Pelmle in-l'l'_ll.ld&'rnlh {n= 4] larmynges were bathed in salines
with rodeced [Ca'*], and clevated Mg L (5 mmal 17! in all
eiferimenlsl, osmalenicly wid mainlained by changng NaCl
mnﬁul.m.unn L"Lm were harked in low *C.'*L walbme uniil

o evoke muscle contractions (appeos-
ITIII!H]' I h). Recordings

aymapses (1in 1.5 mml:H'I'

were obimined from & ooisl of 21 =sale
T s UB i 1.0 moamend 1" [Ca? " |,
-u!lili-llimm!,ll'l' Lk amd 15 femake mmﬂ-[}lu
05 memed -1 [CaJ, § in G375 mmeed -1 [Ca’ L. and 5 in
025 mmol- 7' et b Recondegs were claaised From ans or
two muscle fibers per lanms with one exception; in one maks lar-
vk, resordings wem obéamed from four muscle fibers. The number
al irak per fiber ranged from 6F o 5836,

Facilicazion in thess fibers was measursd by 4 change in gmanial
conien berween the firs and seoomd stimull. Faclization indes was
delemmined by calculaiing quamial conbenis (m = Injtrial no. of
trisks/na, of Milures]; Dl Castilio and Katz [954) for the first and
wecnnd pulse; Tesilitation mnden (F ) wak ciloulaied a= the mbo of
quasisl contenis to the Sest end second pulse: F,, = mlm,,

Cuanial smwe was desermined lor e froms whach a
large mumber of recosdings (115, 222, and Yal 15 ms |51 were
ohlained, Creantal size () was cakulmied as g= ¥Fim, where ¥
represenls 1B average PSP amplitude and m the caleulaied geanial
conien {Hanter @ al 1585) In calculaioss of the meis ampliludes,
[milures were included as zeros

Tha larpe number of trials for these thres mapsss also enahled
us B delerming whether exbaushon was oocurring dunng ihe ex-
permmEnl ﬁtnﬂﬂrnhml Froes the St 90 tnials was compared io
thai leom lasn M) wreals 2.7 verses 205, 0L versass 002, and 1.4
versus 1.3, respectively ) thene was mo significan diffensnce berwesn
these values (7= 0.06; Fisher sesi).

Stwtisbical analyss

Becaese faciiaation index is & ralin and cam be rambed on an or-
diral scale, Al rie slalsrics were wed Tor sll comparisons,
To devermars whether facilitntion indices are &ferent in the sexes
the median tesi was used (Seegel 19961 To examine sex diffzrences
n facibtstion af the lwo stimulos freguencies, 3 Wilconoa maiched-
ﬁlqﬂﬂ-l‘iﬂlﬂ‘:ﬂ which compurcs 1he same symapse ol ench
anid thn;_l 1htm1p_n||.udﬁe off he elerence, wad ussd,
Responses io trains of stimubl were foed & thall 1
sofftware om a Masinbosh Power PC T T



Results
Facilitation in response Lo paired pulses

We first determined whether facalitation in response o
paired pulses was different in the sexes. Responses to
paired pulses from male and female synapses bathed in
aaling containing curare are illusirated (Fig. 1A, C); no
failures were ohserved. The amplitude of the response
folkyaing the second pulse was facilitated im nearly every

Pig. 1A~} Paired pulse facih-
iation in cemrieed synapses, A
Three inlracelalar recoadings
from onz make and cas lemale
laryngeal synapse sheslaied s
:Ijﬁ:.!l" inlelimaslus -'I-rr'«'inmL
| posls

(PSR, but 1ot e, are.
prnoraied in respones Lo Gl
meree dimokihss. B Ficihili-
tlon indices: (Fe ) from &l sye-
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recording m both sexes a1 both frequencies of stimla-
tion (first and second treces for each sex), In o few cases
the response Lo the second pulse was simdlar in ampli-
tisde 8o the first (ihird trece; Fig. 1C). The mean F='s for
each synapse at 15 ms 151 (Fig 1B) and 30 ma 151
(Fig. 1D} are ghown; means for males amd females
overlap extensvely. Thete 5 no sex diference i faali-
tatiom at 15 ms (males: 1.9 + 0.3, femalss: 23 £+ 0.4;
P o= 00Ty or M) oms IS] dmales: 15 & 03, lemales:
16 & Ql1; F > 04

B 15 ms IS|

apses ai 15 ma 181; there is
enkgnuive avislap between the
seqes. O Thies incracellular re-
ordmgs from one mak and ong
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ulared w1 30 ms 151 D Facilis- Ems F
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synapses af 3 ms [S] agsn, i r
there i no dilfresce bermeen - 1
1he sERES %
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Facilitation in reaponse o paimed pulses was also
measured in redoced calcium/elevated magnesium sa-
ling, the paradigm initally sed o determine the sex
differemce in symaptic strength (Tobias et al. 19%95).
Sample recordings From male amd female synapses
stimulated at 15 ms (Fig. 2A) and 30 ms 181 (Fig 20)
are ilustrated. The typical response, for both sexes st
bath stimulus frequencies. was a fatlure 1o the firs pulse
apd o PSP 1o the secomnd pulse (top trace, Fig. 24, C).
Thus, quantal content increased in Lo the sece
ond pulse; the synapse Fcilitnted, Less frequently, PSPs
{maddle trace) or failures (bettom trace) occurred in
responss to both palses, Facilitation indicss (Fo) were
determined For all synapses at 15 ms 181 (Fig. 2B) and at
M oms ISI (Fig 2D) The mean £, at 15 ms IS0 is
1.5 & 063 for males and 2232 £+ |50 for femiales, The
mean Fin at W0 ms 151 s 1.56 = 042 for males and
05 & DR for femnles. There is no sex difference in
facilitation at 15 ms (P> 0.T) or ol 30 ms 18] (P> 02

A 15 ms E51 B 15 ma 151
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Fig. 2o Pared pulse [ocibeation in eeduced jCo* | -slevated
Mg * L A Theor mermcelledar recordings from one male and one
fsmale synapse &l 15 ms IS0 Hoth PSPs and Failures were soem

fiellowing the first of seeond stmulus. B Facfitation indios { Fg) from
all synapses stimulited ar 1% ms 150, dewe & exlessive overlap
hetwinm the seves. C Three imcracellalar reco [pomn one male gsd

The aclitation indices measared under these condisons
are neafly el 1o those achieved in postsynapdically
blocked fihers,

To determine whether Facilitation differsd  besween
the two frequencies of siamalation, faalitation indices
lor each synapse at the two frequencies were compared
im males and females. Facihitation in postsymapdically
blocked fibers was significanily greater at 15 ms than at
Mrms 151 in both sexes (males: P = 0,03, females:
F o= 0L.04), In presynapiscally blocked fibers, there is a
E|g;|'|.lﬂ¢-'.!:l'll. difference in faclilation indices heiween the
i stimulus frequencies in males (F = 0.04) but not in
females (P = 0.67).

Facilitatsen in response to stimulus irains

Since there was no sex difference in facilitation in re-
sponse to paired pulses, we mext conslensd the possi-
hility that there might be o sex difference in respomse toa
krnger and more physiobogical sumualus. Make laryngeal
synapses facilitate, in physinlogical saline, in response 10
slimilses irains which minzic the fast portion of the mate
call; n trill lasting ~ 250 ms with an inwerclick interval of
=135 ms (Tobias and Kelley 1588). Facilitation indices at
male and femalbe svnapses i salines conlaming curure in
response (o slimulus trains are shown in Fig 3. Facili-
tation betwesn the frst and cach succeeding pulse in the
train is shown for male (Fig. 3A) and female (Fig. 30)
synapses. Each pomil represents the mean Facilitation
index (mumber of trials=4-15 for esch lber) There is
mo significant sex difference in the Facilitation index
comparing the first and last PSPs in the train
(males=59 £ 2.2 femaks=45 £ L.V, P = 0L1B: see
Fip 3E). However, male synapses continue to facilitabe
somewhat throsghout the simulus train while female
synapses tend 1o plateaw. The datn in Fig. 34 ond C can
ke fitted te 3 single exporential fuscuon (Fig. 38, 1D,
respecirvelyl In females, five of the seven reconds reveal
an early imcresse in facilitation which reaches o plateau
rapidly. In males, the initial increase in facilitation is e
&8 steep as in females and only one record reveals a
[plabea,

Cluantal size -

Facilitateon typically affects quantal contenl without
affecting quantal slze. Recording from fibers in redwced
cabcium permitted measurement of quantal sie. Quantal
size was caleulated for three synapses from which a large
mmiber of trinks af 15 ms 151 were obtained (male: 113
and 586 trinls; femuole: 222 frinls). The ratios of quanial
sze for the first and secomnd pulses for each synapse
respectively were [06, 057 and 104, Thus, quantal size
is very slmilar for the first and second pulse, Caantal size
can alse be estimated by examining the peaks in o PSP
amplitude histogram; the peaks should ooour at integer
multiples of the quantal size. For this purpose, we an-
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abyzed data from the synapse with the most recordings
[ 386; quantal comtent b 0.24). The PSP amphitudes of the
response to the first pulse are distributed arcund a single
valee {2 mV: Fig 4A) which in theory corresponds to
cne guantum, This valee is in close agrecment with the
guanial seme calculated for this cefl (1.8 mV). For the
second pulse, PSP amplitudss again have a modal value
of 2 m¥ (Fig. 48). There are fewer fzilures to the second
pubse than the first; the distribotion of amplitude values
15 suggestive of another peak ot 3.5 mY which could
correspond 1o twice the guanital value (36 mV). The
quantal values reported here agree with miniature end-
plate potential ampliiudes measured in a previous study
(males=1.]1 + 0.6, females=1.0 £ 1.X Tobiss et al
115},

The Bolated laryns of X, faevis provides the behavioral
neurpphysiologist with an opportanity 1o relate synapiic
properties 1o the prodisction of vocal hehaviors. We
have previcusly shown that this preparation cun, when
bioth larvigeal nerves are stimulated at appropriate
rates, produce click trains which closely resemble actual
X, laeviv vocalizattons (Tobias and Kelley 1987, To
what extent do properiies of male and female vocal
synapses contribute to the sxually dimonphic physiol-
ogy of the voeal ongan? Unsder physiologicn] conditions
the majority of male laryngeal symapscs produce sub-
threahodd polentials in response to nerve stimulation
while the majority of female larvngeal synapses produce
action poteniials (Tobizs and Kelley 1988) The resulis
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of a quantal snalysis in adult larynx strongly suggest
that the weakness of the male synapse is presysaplic in
origin, quantal content is significantly higher at female
than nt male symapses, whale there is moe sex dalference 1n
minialure endplate poteatial amplitudes (Tobias et al
L 5]

Duaring the rapid (rills of male song the laryngeal
synapss i repetitively excited producing feclitation and
conssquenl muscle action potentials amd sounds. Female
vocal synapsss do ot require faciliation to produce
soundds because the synapse i strong enough that each
merve impulse produces 8 muoscle action potential. Be-
cause facilitntion is observed ander physiclogical con-
ditions only in males — where il 15 fequired for song
production — we wished to know if the ahility to facili-
tate differs in the sexes. Faaliaben was measuned by
blocking muscle action potentials amd repeatedly stim-
ulnting the laryngeal nerve. Whether the blockade was
aceomplished postsynapically — with curare — oF pre-
synaptically — by lowening calcium and rasing magne-
sium external concentralions - B0 e difference in

facilitation index was apparent. We conclude that sex
differences in vocal performance are primarily related 1o
the sex differemcss in synaptic stremgth we have previ-
ously described {Tobias and Eelley 198K, Tobias et al
194a3),

While the Bxryng=al synapse i a powerful hehavioral
preparation, i sas a sumber of lmitations for noure-
physiological studies. First, the profound sex difference
in symaptic strength means thal measurements reguanng
equivalent reductions in synapiic efficacy cannot be
carmed oul ander the same conditsons in males and fe-
mabes, For example, in & previous siudy (Tobias eq al
1995) we determined that consderably more stringent
ion condiisns ane mquuﬁd tir block muscle contractions
in femake (0.5 mmol-17! I:‘nf'llz. 50 mmal 1™ Hjﬂgil
than in male (1.5 mmol-17" CaCly, 40 mmoal 1™
MgClzp larynges. In the preseni sody, we wished o
measure [acilitation o the sexes from comparable
startimg points of evoked release. Extermal ion concen-
tratsens were allered until quantal conbents were simalar
in males and females: no sex diffesence In (acilitation was
observed under these conditions, One interpretation of
these results is that the lower concentrations ol caleium
required to block action podentinls in femnlkes increased
facilitaten Lo the pomd where il malched male hevels.
While the failure to observe sex differences in Facilication
with postsynaptic blockade argues against this interpr-
etation, il remains a formal possibality.

Another disndvantage of the laryna is the thick
hipennate muscle which slows diffusion inte the miscle
and prevents viswealization of the synapse during re-
cordings. Is il possible thal a systemabc bias loward one
s Im tbe distance of the electrode from the synapse
accounds for o failure to ohserve a sex difference in fa-
cilitation® For saline containlang curare, this preseats bess
af & problem since no failures are chserved and mea-
suwremsenls of faclitation are relative. However, In re-
duced-cabcium salines (using the method of failures 1o
measure quantal content), il the electrode were always
located further away from the symapse in one sex, the
Trequency with which synapiic failures occur in response
to the sdtial stimalus might be over estimated. To ex-
amine this possibility we have measured the amplitudes
and rise times of miniature endplate potentials (MEPPs)
in baoth sexes (Tohias et al, 1995), MEPPF frequency in
the larynx @ extremely low andd can only be measured
when cxternal calcium concentration (1% mmol-17") i
high; MEFF Frequency under these conditions is 0.3 Hz.
Meither MEPF amplstude nor ise dme, nor the inpul
resistance of muscle fibers, differ for males and females,
arguing agxins o gystemalc bias mofavor ol one sex m
our ability to detect synaptic events, Whils MEFPs were
rarely ohserved usng the lower calcium salines required
L study facilitadion, the condidons of recording used
here were identical to those of the previous study and i
is thus unlikely that distance from the symapse was gys-
tematically hinsed by sex in this study,

Under physiologscal comditions three types of syn-
apses can be distingwished in male and female larmpes



[Tobias and Kelley 1988} type | symapses that prodoce
gither a subthreshold PSP or an actbon potential de-
pending on stimulus strengih; type [l synapsess that
produce aply & sublhreshold PSP e a single nerve
stimulus regardless of strength; and twvpe 11 sysapses
that abways produce an action potential provided stim-
wlas strempih is above threshold. The destmbution of
synapse Lypes differs markedly in the sexes: type 11 is the
predominant type 6 males (75%) and ype 11 is the
predominant type in females (B53%); type | is rare in
females and mote common o males (18%), Coukd fa-
cilitation differ betwesn the sexes in a particular fiber
iype! Because type [I synapses predominate in males
amd type 111 symapsss in females, these ate also likely 10
domanate our recondings. If so, Facilitation is compara-
ble for these sex-typlcal fiber types. However, the low
frequency of other fiber types in each sex coubd mask a
fiber-specific difference m Facilitation in the population
of fibers examinesd in this study. To determine fiber
lype and measure facilitation in the same muscle fiber
requires maintaining an intrscellalar pecording whale
changing rom physiological saline to a sofine which
blocks aciion potentials. The very small deameter of la-
ryngeil muscle fibers {Sassoon et al, 1987} and the time
required for equilibration of a new saline seluwlion { =1 h)
hamper the success of this experiment. In sddition,
musche Gber type identilication elicits contractions, fur-
ther increasing the probability of dslodgimg 1he
electrode.

Characieristic features of facilitaton al the male
synapss may contribute 1o male-specific song. We show
here that male symapses demonstrate increasing PSP
facilitation throughowt stimulus f{rains. The male
couriship song is composed of a fast w6l (15 ms 1C0 in
which successive clicks become progressively lowder
Tallowed by a shower Lrill (30 ms ICT) im which the am-
plitude s either constant or Muctuates non-uniformly
(Welzel and Kelley 1983} When the male synapss is
provided with stmulation mimkcking the fast il ports
ion of the song. facilitntion increases throughout the tnll
a4 does sound amplitode. The prolonged increase in
facilitation gearaniecs that even the weakest fibers wall
be recruited 1o prodece action potentials, and contrac,
during the male trill. In addition, facilitation is stronger
ai 15 than at 3 ms 151 indicating that larvngeal svn-
apecs can distinguish these relatively small, but behav-
iorally relevans, differences in frequency; only the 15-ms
1CT 1xill 15 amplitude modulated. Amplitude modualniion
is a distinguishing featare of mak songs in X, feevis and
1% ned preseni i related species (Yigny 1979, Differences
in amplitade modulation, baving a3 a proxmmate cause
the fucilitntion of weak laryngesl synapses in males,
could contribule o the isolation of sympatric populns
tions and thus o speciation.

Dur resalls demonsirate that despite a large sex dif-
ference in synapiic strength there is no sea dolference in
[acilslation suggesting that the mechanisms modulating
release and facilitated release may be distinel. For ex-
ample, lowering the temperature to 0 °C elicits a delay in

l

maximal facilitation without a delay in release (Y amada
and Fucker 199% Kamiyn and Zwecker 1994 ¥an der
Koot 1994} If release aml facilaiated release nre distinct,
facilitation could be similar at strong and weak syn-
apses. In Rang pipiens the fast component of facilitation
wis examined in proximal (strong) and distal (weak)
portions of the same cutnnecus pecioris neunomuscalar
junction with Bo significant dilference in Focilitngion
(Rohitaille and Trembday 1990 In mouwse diaphragm,
facilitation was cxamined over a range of quantal con-
tents similar to that wsed in this stedy (0.1-3.0); agam,
iwir cormelation belween stremgth and Facilitntion was
Found (HBain and Croasted 1993). A vanation in Facilila-
tion withoul a variation in strength has been demos-
strated in anodber androgen-seasilive muscle of X, fnevis
in the flexor carpi radinlis, testosterons enbamoes Facil-
tation without affecting release to a single stimubus
(Magayn and Herrera [993), Mallart and Martin's
(1968) study of [rog sartorius showed that thers was
somie dependence of Facilicatbon on quantal content but
only lor the weakest synapses. In general, whether re-
lease varies endogenously — by sex, hormonal treagment
or within a single synapse - or is induced 10 vary ex-
aopenously — by depressing synaplic efficacy - the relenss
process and the phenomenon of facilitated rebease ap-
pear 1o be independent.
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