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Abstract, Advedisemenl calls of Diecoploseus galpancd feanneae from two locabtigs in seuthern Spain and
D plems seovazs) renl Ceutn were analyzed,  Call duntion as well a6 ratio ol pulse group intensliss anl
dorations clearly zroup 8, pieiws secvazzi with the other subspacies o 1Y precfay (e ol auenus) The calls
of the tason Jednmere show some difforences Wooculks of popolations of 21 g palpaniss from porthern Spatn,
hut are more similar wocalls of £ g galpansd than o those of I piocts soosassl. These data suppont the
status of fecnnece as subapecies of palgaod.

Introdnction

The taxonomy of the renus Dhscoplossas and the relanionships and dilferentiabion among
the species and subspecies ol this genus have been subjeet of several studies during the
last decades (Lanza et al., 1984; Capula et al., |985; Busack, 1986; Clarke and Lanza,
1990 Glaw and Vences, 1991 Capula and Corn, 19935 Frive er al, 199400 Presently
eirhl valid taxa are recognized (Lanza et al., 1986),

Specics-specific differences between the advertisement calls ol iscoglossus picies
and 0. sardus were lirst revealed by Weber and Schneider (1971} and Weber (1974),
In u previcus publication (Glaw and Vences, 1991) we confirmed these differences and
deseribed the advertisement calls of D montalentii and D, pafpanar, which also showed
several species-specitic charactenistics. We Tound no sigmbicant differences between Uie
advertisement calls of £, pictay aoritey from France and £, pictuy prictus from Sicily,

Except Lor the possibly extinet 1 pigriventer [rom lsrael, the culls of only two
Discoplossuy taxa remuned unknown: Dhscoglossus prenes scovazzi from Morocco and
Discaplossies galganot feannéae. The relationships of these taxa are of special interest
since Busack (1986) described 1) jeanneae as a full species, and regarded D jeanneae as
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more closely related 1o the Discoplossues from Maoroceo (D, pretus seovazzr) than w those
[rom the Iberian peninsulu north of the Guadalquivir river (0, galeanon. This Assunplion
wits the base for Busack's (1986) biogeographic seenario regarding the dessication of the
Guadalquivir river basin and the formation of the Stant of Gibraliar

However, Lunza et al. (1986) did not find high genctie, distunces between Jeannege

anid Diveoglossus 2alganoi rom northern Spain, and rtherefore regarded jeamiens s
subspecies ol 1 palpanni,
In this study we describe the advertisement calls of D geiganoi feannege and £, pictus

searvezzi, and discuss the relationships of these taxa with Lhescoglossus palpanod amd

D pictus using the hinacoustic data,

Material sind methods

FFor this study advertisemenr culls of the following Miseaslovnry males were analyzed:

| Disceglossus galganol galpanod Irom Foncuberta (Orense. Spding

I Discoglossus golganos feanneae from near Facinas (Cadie, 8 pairtl, the tvpe localin
of jeanneas

| Dhiscoglossuy galtganol jeanveae [rom a locality south-wiest of lKomda, hetween
Maluga and Cadiz (Spain)

3 Discoglossus pictus scovazzi from Ceuta (Spanish town in northern Adrica, border-
me Maracco),

Calls were recorded n eaptivity.  Most specimens called spontancously, only the
Jeempeae specimen from Facinas was stimulated by injection of gonadotropic hormenes,
Recording lemperatures are civen in table |,

Culls were digirized and analyzed by the first authar un an [BM-vompatible Computer
with the programs DSCOPE and SOUND ANALYZER (e veloped by Prof. W Walkao-
wiak, Kiln}., Sonasrams and osctlograms were made with & MEDAY Spektro 3.2 sound
analyzing system,

Discoglossus calls generally consist of an caprratory pulse group followed by an in-
spiratory pulse group (Weber, 1974). In the following text call duration is used for
the penod from the beginning of the first pulse group 1o the end of the second pulse
aroup. The rabio of intensities of expiratory and mspiratory pulse groups (intensity rutio
exp. tnsp.) is here defined as quotient of the heights (measured in mm) of the maximun
peaks ol the respective pulse groups on the oseillogram, For additional discussion of
recording conditions and sonagram inlerpretation see Glaw and Vences (1001 3

Kesults

The call durations found in the investizuted specimens e given in table |,
Discoglossns pictiuy scovazzic The calls of all three speeimens were very similar (o
the human gar. The impression was that of 4 typical pictny call as described in Glaw

335
Bioacoustivs ol Luscogfoaviy

s . han e P B § i - r
Table 1, Duranen of adyertdscment calls in Diecoptories Call dunition s given as millecconds: (s and
! ATE ok 3 ; F T T . } iq
fers to the perind botwesn bzzinning of expiriury mlse group ued el of inspiritory. pulse group. 1t 48
relers ' e L8 R, (o ; 1 il el is the number
viven s mean value £ standard deviation (maximum and mmuin viluss i hracketst. 1 ¢
: v , TeRni i r the
of analyzed calls, Differences ane signsheant (est, ' < 0.001) berween all popululions except for the
uHl EALyEERL CndlE. e

compartson L promes pieiesdD protis @it

T E *adl duraticn Kecording lempearatur:
cpulalig
= o] ] Bone
Iy op galganas, La Corafia {1 127 58T = lE; Iizh-_llr:';:.—ﬂ i? 2000
et , 54 506 £ 106 (324-THR) -
. ferirpear, hrense 3 . o :
i .I'.: i L IR . » i "y T
0w feannens, Ronda 499 430 67 (196-T36) S
- fat i ﬁ]_?";:l{'
. PR i1 N7+ 53 14-052) s =
D, picries seovtin, el i (A Ve and A0
D pictes auries, S-Trmec |1 r8 lq-ll ¥ 511 lll}.ﬁ;il:l;'-ll s |
i B 1 L il
L pfetas TNy, Sualy [ 1113 A = ad| '

g e i ] | e o Tep 4
[1] data from Glaw and Venzes (1991, shown thore i Tig

Frequency (kHz)

5 1000 2000ms

- e, ety ccovitzzt trom Ceire The senics
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coneists ol 10 culls: no intervals we spaced between calls, =o thl the exact limits between calls and p

groups aro difficultl 1o recogns:

and Vences (1991, und this was confirmed by the analysis: Calls were unharmonious,
! -t L] - :

call doration was low (even somewhat lower an an 1) pictuy pletis and I?. priciiy
auritus ses whle 11, Mostly several calls wore arranged in a series, no sient intervals

could be found hetween the calls of one call series. Tigure 1 shows a sonagram und
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an osvillogram of a typical call series with 10 calls. Inspiratory and expiratory pulse
groups had less often the same duration than in other pictus subspecics; howe -u.;r there
wils no recognizable trend which would have resulted in one pulse group being regularly
shorter than the ather (ratio of pulse group durations exp. @ insp. was hetween (0.7 and
L3 46% ol the cases, smaller than 0.7 in 26%, farger than 1.3 in 285 1 — o0, Roth
pilse croups lud mostly the same inlrqu s 18 lypical tor D) ficing (nlensity ratio
exp. - insp. was smaller than 0.9 m 16% of the caseés, between 0.9 und 1.1 in 665 lareer
than 1.1 in 189 of the calls: n — 700

Descoglossus galganoi galeanoi from Orense: The calls af this male were very similar
1o the previously studied population of La Corufia (the distance between bath populations
s about [25 km). but mean call duration was somewhat Jower (sce Luble 1), Only in
a fow cases {rn-= 3 was 1l p[]an]hle to dis sungutsh hatween CXPITALOrY and lJHIHr::mr'u
pulse proup on the oscillograms, but m these cases the second (mspiratory) pulse group
wits always much shorter (quotient about 3.5/1). The calls were unharmonious, Distinct
silent intervals of aboul 100 ms ocourred between the calls of a series.

Discoglossus galganod feanneae from near Ronda: The distribution area of Teannecre
was delined as Spain, snuth of the Guadalquivir river by Busack (1986), We -Llwrﬂmre
consider the specimen from Rondi us jeannewe, The collecting sitw 15 located abow
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Figure 2. Sonagram and oscillogeam ol pans of & call series of Thacoglog s gelgea) feannene from neo
Rounda (Mulagn). Distinet intervals are spaced hetween walls, which consist of only one espritery] prlse
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70 ki from the type locality of jeanneae. The calls of the recorded male were siilar W
those described from northern Spain, ‘They were unharmonious, and when arranged
weries o distinet silent mterval (30- 100 ms) was preseni between the calls (g, 2}, When
two pulse groups were recognizahle on the oscillogram (n = 91, the first {expratory)
nulse sroup was always much longer than the second {(inspiratary) pulse group (ratio 2:1
e 619 ag il is tvpical for £ galgano, However the calls were shorter than those from
northern Spain (see table 1}
Discoglossus galgan o jeamnene from near Facinas (type locality of jeanneue). The
calls from one male of thig population were alse similar for the Taman ear those from
northern Spain, However, a detailed analysis (sonagram and oscillogram shown n lig. 3)
coveuled several differences. Calls were shorter (even shiirter than those from the Ronda

specimen; tahle 1), they were oflen arranged 1in series withoul distnet silent intervals
hetween (hem (but these intervals occurred in some series), and the second (inspirutory )
pulse group was often of smmilar duration or even longer than the lirst (expiratory ) pulse
sroup (ralio of pulse group durations exp.:insp was smaller than (0.7 in 32%., between (1.7
and 1.3 in 315, and larger than 1.3 in 37% of the calls; n = 40), However, the intensity

of the inspiratory pulse group was mostly lower than that of the expiratory pulse proup.
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Figure 3 Sonngram and oscillogram of pars of a ol senes of Discogloiries galganol feanneae fram ne
Facings, Only shor intervals are spaced hetween calls, Calls consiap of two pulse proups. in tha two lrmes
culls it com be recopnized that thee st exparacory ) pulse group his o longel duritivn and ligher intensiy than

Lthe secend (inspivatory) pulse group
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as 15 typical for galeanad: ratio ol pulse group intensities exp. :insp. was srnaller than 0.9
i only 10% of the cases, between 0.9 and 1,1 in 33%. larger than 1.1 in 57% (n = 249,
Calls were unharmonious,

Drisenssion

Busack (1986) related his new species jeamseae with B petas from Morocco, whereas
Lanza et ul. (1986) considerad it as subspecics of 1) galpanod. Data of compalative
cellular DNA content also grouped jeanricae clear] y with I gafeanod (Prilz et al,, 1994y

however the latter study had no matenal of 1, pictay seovazzr avallable for comparison,

The call unalysis shows clear differences hetwoen Jeaineae and pictus seovazzi. Mean
call duration in jranneae from the lype locality near Fucinas 1 nearly twice us long as in
pectus seavazz. Unfortunately calls recorded ar different femperatures had to be meluded
i the caleulation of the meun value of jeanneas lrom the tvpe locality due to a restricted
nwmber of recorded calls, But even considerin g the maximum possible error (ll fednneae
calls recorded at 18"C, ull pietns seovazsi calls recorded at 22°C) the lemperature efiect
on the call ducation would resull mn a 25.6% w 26.6% decrense (calculated after the
regressions of Weber, 1974, for £, pictuy calls), assurmng the null hypothesis that both
call durations would he sdentical under similar tempaerature condiions. The mcan eall
durution of D. g jeanneae was 394 ms, the mean call duration of 1) [ veeva
207 ms, thus 47.5% lower (versus aboul 26% expected by the null hypothesis, sce ahave).
We therelore conclude that in Fact the calls of Jeanneéne are more similior to setlpanon
calls than to premiy seovazzi calls re garding call duration. This is [urther supported:

Zo7 was

a) by the calls of Lhe jeanneae specimen [rom near Ronda which are of similar
1o those of the Facinas specimen. and which were all recorded af 2 B 8

b) by the fact that about 40 ealls ol the Jeanneae specimen rom Facinas which were
tecorded at 22°C! are distinetly longer than Pty seovazzi calls o the humean ear,
although duration of several of these calls could not he exactly measured due 1o
the noisy recordine.

duration

There are also some similanties between picts seovazzi and feanneae that could no
be [Gund in any galganoi population: the lack of distinet intervals betwien the calls of a
call senes; the lack of a clear durmion difference belween first (i second pulse group,
ind possibly a somewhat lower mean call duration. However it miust be stressed tha
respective data for jeanncae reler 10 only two specimens, one of which
by hormones. Call recordings of more spectmens from the Iype locality
allow o clarify il the call characteristics of the single recorded malg
populanion. or if they are due to the artificial recording conditions,

Also the call of the specimen from Ronda had a somewhat lowe mean call duration
than galganed specimens from northern Spain, although muost call characteristics ol this
specimen were very similar 1o those ol northern galpanni

the
was stunulated
Facimas would
are comumon in s
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It 1s apparent that the Discoglossus Irom southern Spain qt-ex;r;;;'faﬁ-} qhmlw somie hic-
acouatic differences compared with those [rom northern Spain (especially in call {l;.m-
aent. It should be investigated whether these differences are due w o L'-IJ.TIIIII'II.lL'Hi;.'Ii- : mf:_
throueh Theria, or due to a diflferentiated northem :Imd :-'tmlhn:,rln group of popu .am:m.l.
Hﬁ'-’:;ﬂ'm]uﬁﬁ. the hioacoustic data group the @axon jedanmeae u,'ltij galganoi r_nlluq r I:J;
with pictus from northern Africa, what 1s supported by rh; datit 1] L'.L*.ll.ullul [J: AT{].“ f“n
(Frits ¢t al., 1994) and genetic distances (Lanzaetal., 1936). In our prI.l-llDI'l-I 15 .H}thl..lil:Jﬁ-
;5 hest reflected by a subspecihic status of the populations soath ol the Cuadalyuivir rive
: enrlossies galganel jeanniede |
B ‘;E:rarl?.t:?:&:L::ii;;::.:.ﬁl: hiopeegrapiue hypothesis o which an ancestral .L'J. prm::-.
seanneae stock populated i landmass continning the present southern Iht:nu ju:l-.l nmt]i‘lx.,!j
Muoraceo during the lower Miocene, whereas the ancestral 1. ,gltfgfjae:-:r stock !:rnpu ‘ml:
northern Iheria. During this period Atlantic walers were Rowing to 111u.'- .Fric::i:;rﬂn%.m
through what is now the basin of Guadalguivirniver, dividing .Lth bl_ll]T.hEI |_1 lh'f'n' 1 hn‘:mf?'::
lundmass from northern Iberia. In the Pliocene the (]_u?ul_adqumr basin Wiy filled by .-«.L1 1|
mentation. and the Strait of Gibraliar was [ormed. dividing s.nutlhern [tfurm and ‘I‘-"'lerﬂ{:L[“J
(¢ee Busack. 1986 for references). The formation of the Hln.m ul. Gibwaltar, l-:alh.?ufm;.::
Busack (19861, divided ancestal £). pretus-jeanncae populations info twir populations
whith evolved to become 0. jeanneae and LN presus. ” | )
Busack's scenario, with a secondary contact between the differentiated ':]|_'I-I.‘.E'!I..:*-'. IJ ] E-f_l.!Fi'-
neae and D, salpaeoi, s contradicted by -alr:ulmplrsur-'.ttiu: data (Lanza C.I .'al..1 I Jﬁh;.'dtulﬂ;
an DNA content (Frte et al., 1994), and the hioacoustic data Frf.:w.nrerl in this study. A
these data group jeanneae nearer © 0. palganoi than o D. picius. |
On the nther hand, some electrophoretic differences bf:c':m'een jeannese and 3. gfﬂ‘m_ﬂ_'?;
dio exist. Nei's genetic distance between hoth taxa is 0.39 lH”llWlllg.BUSﬂEk {Igﬂf};lfhﬁfh-l.
on comparison of 8 jeanneae specimens with only 1 D gul"gﬂulm}, anil ﬁ.'“? i;li.l 4:::".j.rmg1t
Lanen ¢t al. (1986). Morphological diflcrentiation of jedannaae L 5 rather ]]Lgh an{;g::
to 13, paleanat but lower compared (o [ profus (Busack, L‘}ﬁﬁ; L.:_xpula 1.1“[_1 Lu:LL 19930,
and some call differences w D. patpana [rom northern Spain ¢x18t |{|.|'I.IH- stud y ), -
[[ discussing things in terms ol Busack's scenario, alsu nrj Jharngtwc cxplanation Inllr
thase churacteristics ol Discoglossuy from southern Spain is possible. Msulmmi Lhr.;{
(). pietus and £ galgonei already diverged 9-10 _mﬂimn 3.-'!:.111':_- A, A8 ﬁugge.a-lr:id. ,F aj 1
bumin dira (Maxson aid Seymura, 1984, two dilferenbiated ﬂi.h‘n:‘rlghl?.'.'_ul_‘f b‘pt‘-LIIL.':- a;mur [
have populated the landmasses today r::.pmsuut'mg.Ihcna and northern _ﬁfim::n during 1—:: El‘
Miocene: The ancestral stock of 2 piches inhahited the northern Africa/southern Ihera
Lindmiss, and the ancestral D, galganod stock was distributed ;n_n::lr_th?rn Iherti, B
On this basis it is possible that after the [ormation of the Strair u!_l”nhmltar a part of
the ancestrul [, pictas population remained iseluted in :I;nuthn?m Ibertd. The ?EEHW}I}.I‘.H:-TI
ol the Guadalquivir Basin would have allowed the intrusion ol ';:Inn.‘-!:'.-:Tr:LI LJT. g.:x-gr.lm:ur I]][-i.'!
southern Theria, which subsequently displaced the ancestral 1), IHHI'."H.T. During this Lnnlu-.,i.
hetween the small remnant D piciys populations and the invading large populabions of
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. palvaned, hybridizations between both forms possibly occurred. Such a hypothetic
past introgression of ancestral picfus alleles into the ancestral galganaor gene pool could
he an explananon of the differentiation of the southern galganor populations, today to
he named 12 palganal jeannede.
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