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species densit ies of Repli les and Amphibians

on the lberian Feninsula

Jos. J. ScrrRr-L and Enrc R" PreNx'r

Acenturyagoinanowclassi 'cworkontrr 'o 'p i 'oalb ' i 'or logy'Wl l rAcr( lB?8)

discussedgeographicalpatternsinnunrbersofspec, ies(alsoterrned, 'species
richness" or "species Oensity"t' He noted the now much celebrated pheno-

rl'encn thar, species 
'ichness 

or mcst plan.t and anirnal grcl,,ps bends to iu-

creasetowardslowerlat iLudes'So-cal iedlat i tudinalgradientsindiversi ty

ha\'e sirlce be'e.n r.l'ell d.ocuments,d (FISHER, 1960; Srltarrsor.r, 1964; PrrlNre, 1967;

f joox,1969;I(rusrr i t , l9/1; l ic : ranandPranr ' r '19??) 'specula ' t i ronast 'opod-

sible causes of these widespread patterns abounds (Preure' 1966)'

TnHnvrnv (196:t) ar.d Srmpsoirt (1964) independenrt'Iy devollopeC a sirrnpile yet

powerful t.echnique for a-nal;rsis of geographical patterns in numtrers of spe-

rjes. TheI p,ar'Lltioncd nlap-r c'f large landforms iut"r equial'sized qua'drates

and u,ged r4nge maps of indiv:dua:l sp'ecies to st'irna'te the nui'llbors of spe"

cies occurring at different zrreas (this technique thus lumps the beLweeu-

habitat and_ the within-habitat components of species diversity). As re'liab'le

rangel i r - ' r .p 'sbecameavai la 'b lethes'eme'thoC'swereappl iadtovirr iousverLe-

brate taxa irn .I}Tnrl,h America, South Ame'rica arr'd Aust.rarld,a (S;rwpsoN, 1964;

CcoK, l9t i9; I ( rpsrun.19?I;RorcandCowrneRes'19?5;R'ocnns'19?t l :Prerqi l ' ra 'ncl

Scrrer,r-, l9?B; ScHar,r and' PraNxa, 19?B)' Here we exploit this technique to

anaLyzege'ographica' lpatlernsinthespeciresnichnessofrep't i le ' : ;andamphi-

bians on the Iberian peninsula using the range maps of Sar-vapon (1974)' Cor

relations between species densities of vari'ous taxa and long'term average

ciimatic conditions provide insights into why these patterns occur'

Melhods

Degree meridians of latiturle and longitudc were used to partition the lberian pe-

ninsula into 81 quat'lratcs,';il-i '; 'r^iitiat bv 1" ol longituJe-' A transparent ovedav

was supe.mposed on 
"u.i, 

-i".g" 
map anrl the 

-numbers 
oi- species of frogs and toads,

salamanders. rurtles and ;;rti;L:;, lizirds, and snakes tallied for each square' Our ana-



t--
I
I
l , *

Estimates of the follou,.ing five climatic measurcs were also made for each degree
souarc' using thc maps of F^s64qp9 o97(\): aver^ge annual precipitation (ppt,), uu.lug"
annual hours of sunshine (Sun), average July temperature lTemp), difference bemeJrr
th-e meqn temperature of thc warmesr and coldest month (Diff), urril th" mean durari<xr
of the frost-free periocl (FF), an estimate of thc lcngth of ihe growinll season.

- 
A correlation analysis was performed on the species densities of various nerpero-

logical taxa, the above five climatic variables, antl latitude and longitude. In a.ldiiion.
we qs.e{ stepu'ise. multiple regrcssion to order cnvironmenral variables by the {egrce
to which they reducer residual variance is species densities.

lysis is based on the
lizarcls and 4 turt les)
toads).

5

FiS" 1. htrumbers of species of repri les
\ /er  number/  occut ing in each one

Jos. J.  Scunlr  and Enrc R. Prexxe

geograp'hic cl istr ibutions of 3(, specie,s of repri les ( I } snakes, l  t i
anr l  21 spccics of  amphibians (s salamanders and 13 frogs an. l
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(uppe r number in each box) antl amphibians (tu
degrce square gr id on the Iber ian peninsula.

Results and Discussion

Figure I shows the numbers of species of reptiles and amphibians that
ocour iu e,ach q_uadra,tu. Hours of sun,shine and nrean July temp.:rature both
decrease markedly with increasing latitude, whereas average annual preci-
pirtation increases fairiy strongly towards the highest latitudes (upper panel
of Figrt're 2), Horvever latitudinal gradients in species numberi"s. are srLighi
or nonexistenl over rnost of the peninsula (lower panel of Figiir.e 2). At tire

I)oi iana, Acta Vertebrata, 4 ( l  y- 2), 1977.
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Fig. 2. Above: Mean July temperature (Temp) and mean annual precipitation (Ppt)

piotted against latitude. Below: Mean species densiry for several herpetological taxa plottecl

againsr latitude. Means for climatic variables and species .lensities computecl by averaging
over all quadrates rvithin a dcgree of latitude.

fa,r northern ecige oJ Spain, diversi,ty dro'ps off fairiy steepi.i' for ropiiles

(Figure 2). Ib,orian lizarrds do not increase in mtmbers of sp'ecles over [J de-

grec.s of latitude; over the sarrre latirtudinai rainge in the Uni,ted Sta,les, lrizarcl

species densi,ty increases 3.3 X (Figure 3) and over 18" Iatitude mean lizard

species number increases 14 fold in North America (Scrren and Pranre, 1978).

Arnphrbians, particularly salamanderrs, increase towards the west (Table 1)

Amphi,bians a,nd reptiles rliffer in the signs of their co'rrerlations rvit,h lart'iturde

and most cl,irnatic vari'abies (Table 1). ds might be expected, amphibians spe-

cies dcnsities (eslpecially salama,nders) vary positively with annttal prec'ipitttt-

t.ron, btrL negativaly w'irth mean July ternp'erature arld hours of sunshi,ne. Ilr

Dofrlrna, Act:r Vertebr"erta, 4 ( I -1,' 2'1, 1977 .
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30 Jos. J. Scl-rnl-r and Enlc R. Prerqxe

I'able I

Slmple product-moment corrrelation coefflcients between various taxa and physical

variables.

Taxonomic Group Latitude Longitude Ppt Sun Temp Dif FF

Turtles --.t9 * -.29

Lilard --a.24 .03

Snakes -.37 * -.26

All Repti les -.39* *.13

Frogs & Toac' ls .18 .36, '*

Salamanders .35* . t5o

Al l  Amphibians .30ie .51 *

* =Correlat ion signif icant at the P(.01 level"

contrast, all repti'Ie groups correlate negari,vely with precipitation and po-

si,tively rviifth temperauurre and sunshin'e. No,rth Amerricau artrd r\trstra'lia,n rep-

tiles a,r:d amph,iblans show si,rnilar tre'rr s (Rocsns, 1976; Scurrr.i- and Prenx.r,

1978; Prewxe and Scrrerr,, 19,?B).

In Table 2 stepwilse regrrossions o,rrder c'limatic variables i:y the degree

to whictr they reduce residuail varianrrce,in species deinrsitties o,f re1t1.iles, trizarrls,

:r,nd arnphihians Approxi,ma,t'ely a thiird t'o a half of the val'ianr.:e t'n species

Table 2

Stepwise regression using reptile, lizanril, or amphibian species density as the de'
pendent variable and five cllrratic measures as independent variables. Variables are
listed in order of their contribution to reduction in residual variance in species
numbers. Variables are listed only if they reduced residual variance significantly

when'added to the equation.

Taxon Rank \rariahlc Cunrulat ive rr  Signi f icance

R.efirile"r

Lizards

Anrphibiarar

nurnbers is acroori,nrted fo,r by the signiflcant variabiles. Clonrparititg Tab1es I

and 2, lizards and reptiles have diversified in sunny, warm p,laces whereas

amphrbians have done so in cool, wot zo,nes.

Doffana, Acta Vertebrata.  4 (1 y 2),1977.
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I,n accg1uui;ing for a sirnirlar parttern f,or Nonth A,merioa.rr a'nd Aus,trarlinn

liza.nds, we prlicpo,serl ihat s,unfall is criJli'ca,I forr eptotherrnriic lizards to maiu"

tain predictably high body temperatures (scrrar.r- and PIANra, 19?B). In p,re'

<iiotably sur:ny envirO,trinemts it ,ils ,ifrexp'ensive fo'r ,Iiza,rdS tO nlarintain high

bOdy tenrp,era,tures, ailorving resource specfa]izatiorn a,nd irxsreased n'urnberS

of specie.s ir: the coimnuriity.

In Nonth Ame.rr1g6,, climatirc facitorrrs red,uce rrs'idual var'iance iil lizarcl

species density by a full B47o (sctt1lr,r- and PreNxa, 19?B). The fi'gure for Aus-

trali,an lizards is,only 22% (Scrrer,r, and PIANKA, 19?8), whereas Iberian lizards

ltre in;te.rmeciiale (4Q 90, Tab,le 2). These resu],bs conr,ld indicate ihe relative

exient cf eco,iogioail ciivergence anxornrg the lizarod spercies of eacir of the three

ccntiruentatr regior6. A'-rstralian lizarrds are exceedi,ngrly d,iVe,rse ril both nUrm-

bers ,oI spe(res (over three tit-nes the ntlrnber in the United St:JbeS) a.nd fur

the ra,nrge of, ecolcgr,eul nrictrers rthey exprloit. In addi:t'ion bo a rieh ta'urna o[

f,airly typj,oai [zard,s, ihese inrotrude srnall rlearly ,l,egfless subrterrallean skinks

(Leristil, snake.iike pygopodrtrds Larnrd very irrtell,lgorit large nrnmmal-like va

ra:rird h,za,rds. The lbenian p,enirnsiuila ris arbor.lt I % the area o'f t,|e conrtinental

Uni{ed States (81 1" b.v L' clua.dr,ates versus 895 in the Unirted S+"ates) arxi yet

supports 199,0 of the nurnber of lizard species: hence 'twice tihe overall spe-

cies rilch,ness, We selejc,iled 81 North .American squar,es at la,titrrdes i'dremlical

to tho,se of lberia, in areals witth srirniflar srurnJ,all (western USA) or sirnitlar

precitpi,t"r,trion ievels (conrtrail USA). In borth sets of NortJr .dmerica:r quad,rart€s,

tJre mea,n nurnber of specires of lrizandls wa,s ab'out 5.4 oorntr)ared with art aver-
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32 Jos. J. Scr-rerr and Enrc R. Praxrn

age species d.cnflity of 9.5 in all quad,f,ates of the Ibe'ri,a'n peninsrrla. Tllus the

lizsrd fau,rya of ths' Iberian peninsula is romghly tWd,ce as r'ich irr species as

arears at comparable lati'tudes in No'rth Ameri,ca. At low latifurtdes, howeverr,

lizar'd. faunas of the two areas are roughly si'mi ar (Figure 3).

Ta.r,onoanic compleinentarify, defined as an inverise oo,r,reiai;iom be'cweert

ihe species densities of two taxa, does not occur a,mong the Iberian herpeto-

fauna except between turtles and salamanders (r:-.50) and belween tur'

LIes and all arnphilo'ians (r--.32). Such patterns are probably not due to

conrp,etttion between higher taxa but rather sirnp'iy refleci diversitrcati,en o!

var,iotrs taxa irr: envtt:ivi,mettts that favo,r therir particurlar body p,lan and eco-

logi,cal s'i;rategy. Srrrlarnauderrs cornpete with fro'g larvae., for ','xa'mple, arnd

yet their specr,es d.etrsities a're positiverly co,rrelated,in Iber;ia tr:.58).

Conclusions

Inrtc'rcorntine.,ntal co'mparisons of, ,qpieoies densirty partlerns revea;l both

similarities and ,i,ntriguing differences. The herpetofauna of the Iberian pe'

ninsula shows similarities to North America and Australia in tha't (1) reptiles

arc negatively col'related with precipita,tion anr,d posritive,ly with tenrperr,ature

a;gd sunshine; (2) sunfaii appears the critical faclor hrvolve'd irr lizarC species

diversification; (3) amphibians are most diverse in cool, wet zones.

In contrast to North America, there are no Iberian latitudinal trends in

species nr-rmber-s despile sr.rclr trends im olimatic faotors. The penrinstlla has

an irntermediate lizarci species richnerss cornpared with No'rth Arnerica and

Australia and the proportion of vlriation in lizard species numbers accounted

for by climatic factors is also inter,mediate. An apparent negative relation'

ship between species richness and pro,portion of variance reduced could

he a s,tl,tisbioai nrtifact or reflect real differences in ecoiogic'al diver'sity

among lhe three co,ntirienLs. This kind of anaiysls oa,n be extended as rtiiable

renge maps for other taxa and geo,graphic areas become ava^ila,o'1e.
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lResumen

Se estudi6 la distribuci6n del nrimero cle especies (densidad de especies; de la-
gartos, tortugas, serpientes, anuros y saiamandras en la peninsula Ib6rica utiliZando

81 .uid.unt.. de 1" de latitud por 1" de longrtud. La densidad de especies pertenecientes

a Ia. herpetofauna permanece constante aunque la temperatura y la precipitaci6n cam-

bian con la latitud. La riqueza de especies de anfibios es mayor en zonas frias y hri'

rnedas, mientras que la miyor densidad de especies de reptiles aparece en regiones 6.ri-

das, soleadas y c6iidas. La Iatna ib6rica de lagartos parece ocupar un lugar intermedio

en cuanto a ia riqaeza de especies y quizis en cuanto a la diversificaci6n ecol6gica,

cuando se la compira con la poca riqueza de Norteamdrica y la gran riqueza de Aus-

ualia.

Summary

Numbers of species (species density) of lizards, turtles, snakes, qnurans' and sala-
manders were tallied for 81 1,' of latitude by 1" of longitude quadrates on the lberiar.
peninsula. Although important clirnatic variables such as temperature and precipitation
change with latitude, species densities of the herperofauna do not. Amphibian species
richness is highest in wet cool zones, whereas reptiles reach highest species densities
in arid lict sunny regions, The Iberian lizard fauna appears roughly intermediate in
relative species r.ichness and perhaps ecological diversification compared to North
America (low richness) and Australia (high richness,t.
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