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Species densities of Reptiles and Amphibians
on the Iberian Peninsula

Jos. J. Scuarn and Egric R. Pranka

A century ago in a now classic work on tropical biclogy, WaLrace (187¢;
discussed geographical patterns in numbers of species (also termed “species
richness” or “species density”). He noted the now much celebrated pheno-
mencn thal species richness of mest plan? and animai groups tends to in-
crease towards lower latitudes. So-calied latitudinal gradients in diversity
have silice been well documented (Fisuaer, 1960; Siweson, 1964; P1anga, 1567,
ook, 1965; Kiustei, 1971; Scmarn and Pranka, 1977). Speculation as to pos-
sible causes of these widespread patterns abounds (P1aNka, 1966).

TERENTEV (1962) and Simpson (1964) independently devoloped o simple yet
powerful technique for analysis of geographical patterns in numbers of spe-
vies. They partitioned maps c¢f large landforms iutu equal-sized quadrates
and used range maps of individual spacies to stimate the numbers of spe-
cies occurring at different areas (this technique thus lumps the between-
habitat and the within-habitat components of species diversity). As reliable
range 119ms became available these methcds were applied to various verte-
brate taxa in North America, Scuth America and Australia (Sivpson, 1964;
Cook, 1569; Kiesrur, 1971; Roie and ConTreERrASs, 1975; Rocrrs, 1376: Pianka and
ScraLL, 1978; ScrHaLL and Pianka, 1978). Here we exploit this technique to
analyze geographical patterns in the species richness of reptiles and amphi-
bians on the Iberian peninsula using the range maps of SaLvapor (1974). Cor
relations between species densities of various taxa and long-term average
climatic conditions provide insights into why these patterns occur.

Methods

Degree meridians of latitude and longitude were used to partition the Iberian pe-
ninsula into 81 quadrates, each 1¢ of lattude by 1°¢ of longitude. A transparent overlay
was superimposed on each range map and the numbers of species of frogs and toads,
salamanders, turtles and rtortises, lizards, and snakes tallied for each square, Our ana-
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lysis is based on the geographic distributions of 36 species of reptiles (13 snakes, 19
lizards and 4 turtles) and 21 species of amphibians (8 salamanders and 13 frogs and
toads).

Estimates of the following five dlimatic measures were also made for each degree
square using the maps of ESCARDO (1970): average annual precipitation (Ppt), average
annual hours of sunshine (Sunm), average July temperature (Temp). difference between
the mean temperature of the warmest and coldest month (Diff), and the mean duration
of the frost-free period (FF), an estimate of the length of the growing season.

A correlation analysis was performed on the species densities of various herpeto-
logical taxa, the above five climartic variables, and latitude and longitude, In addition,
we used stepwise muldple regression to order environmental variables by the degree
to which they reduce residual variance is species densities.
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Fig. 1. Numbers of species of reptiles (upper number in each box) and amphibians (i
wer pumber) occuting in each one degree square grid on the Iberian peninsula,

Results and Discussion

Figure 1 shows the numbers of spacies of reptiles and amphibians that
oceur in each gquadrate. Hours of sunshine and mean July temporature both
decrease markedly with increasing latitude, whereas average annual preci-
pitation increases fairly strongly towards the highest latitudes (upper panel
of Tigure 2). However latitudinal gradients in species numbers are slight
or ronexistent over most of the peninsula (lower panel of Figure 2). At the
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Fig. 2. Above: Mean July temperature (Temp) and mean annual precipitation (Ppt)

plotted against latitude, Below: Mcan species density for several herpetological taxa plotted

against latitude, Means for climatic variables and species densities computed by averaging
over all quadrates within a degree of latitude,

far northern edge of Spain, diversity drops off fairly steeply for reptiles
(Figure 2). Iberian lizards do not increase in numbers of species over § de-
grees of latitude; over the same latitudinal range in the United States, lizard
species density increases 3.3 X (Figure 3) and over 18° latitude mean lizard
species number increases 14 fold in North America (ScHALL and PianNka, 1978).
Amphibians, particularly salamanders, increase towards the west (Table 1)
Amphibians and reptiles differ in the signs of their correlations with latitude
and most climatic variables (Table 1). As might be expected, amphibians spe-
cies densities (especially salamanders) vary positively with annual precipits-
tion, but negatively with mean July temperature and hours of sunshine. In
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Table 1
Simple product-moment correlation coefficients between various taxa and physical
variables.
Taxonomic Group Latitude Longitude Ppt Sun Temp Dif FE
Turtles —50% —.29 GG T6* 637 42* 07
Lizard .24 03 e, 29 47* W06 29 —.1 9!
Snakes —37* —.26 —-32* 49* 40* 38* —07]
All Reptiles —.39% ~—.13 —AL* .60* .29 A40* —- 14
Frogs & Toads .18 367 23 —04 —.33% 05 —.19
Salamanders 357 SO G1F 397 25F 26 —.05
All Amphibians 30* S1* A7F —24 47 12 —13

* =Correlation significant at the P< .01 level,

contrast, all reptile groups correlate negatively with precipitation and po-
sitively with temperature and sunshine. North American and Anstralian rep-
tles and amphibians show similar trends (RoGERs, 1976; ScHaLn and Pranka,
1978; Pianka and ScraLL, 1978).

In Table 2 stepwise regressions order climatic variables by the degree
to which they reduce residual variance in species densities of rentiles, lizards,.
and amphibians Approximately a third to a half of the variance in species

Table 2

Stepwise regression using reptile, lizard, or amphibian species density as the de-

pendent variable and five climatic 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 Variable Cumulative r? Significance

Reptiles 1 Sun 355 <001

2 FF 472 <001

3 Temp 506 .05
Lizards 1 Sun 215 <.001

2 Temp 418 <Z.001

3 FF 493 <001
Amphibians 1 Temp 227 <.001

3 Ppr 268 <Z.05

3 Sun 343 <05

numbers is accounted for by the significant variables. Comparing Tables 1
and 2, lizards and reptiles have diversified in sunny, warm places whereas
amphbizns have done so in co0l, wet zones,
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In accountirg for a similar pattern for North American and Australian
lizards, we proposed that sunfall is critical for ectothermic lizards to main
tain predictably high body temperatures (ScHarL and Pianxa, 1978). In pre
dictably sunny environments it is inexpensive for lizards to maintain high
vody temperatures, allowing resource specialization and increased numbers
of species in the community.

In North America, climatic factors reduce residual variance in lizard
species density by a full 84% (ScuarL and Pianka, 1978), The figure for Aus-
tralian lizards is only 22% (ScuaLL and Pianka, 1978), whereas Iberian lizards
are istermediate (49 %, Table 2). These results could indicate the relative
extent of ecological divergence among the lizard species of each of the three
continental regions. Australian lizards are exceedingly diverse 1a both num-
bers ol species (over three times the number in the United Stutes) and in
the range of ecologicu] niches they exploit. In addition to a rich fauna of
fairly typicai lizards, these include small nearly legless subterranean skinks
(Lerista), snoke«ike pygopodids -and very intelligent large mammaldike va
ranid lizards. The iberian peninsula is about 9 % the area of the continental
Unifed States (81 1 by 1* ouadrates versus 895 in the United States) and yet
supports 19% of the number of lizard species: hence twice the overall spe-
cies richness. We selected 81 North American squares at latitudes identical
to these of Iberia, im areas with similar sunfall (western USA) or similar
precipitation levels (central USA). In both sets of North American guadrates,
the mean number of species of lizards was about 5.4 compared with an aver-
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fig. 3. Average species density of lizards in one degree squares versus latitude on the
Iberian peninsula (upper line) and on the North American continent {lower line),
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age species density of 9.5 in all quadrates of the Iberian peninsula. Thus the
lizard fauna of the Iberian peninsula is roughly twice as rich in species as
aress at comparable latitudes in North America. At low latitudes, however,
lizard faunas of the two areas are roughly similar (Figure 3).

Taxonomic complementarity, defined as an inverse correlation beiween
the species densities of two taxa, does not occur among the Iberian herpeto-
fauna except between turtles and salamanders (r——50) and between tur-
tles and all amphibians (r=-32). Such patterns are probably not due to
competition between higher taxa but rather simply refleci diversification of
various taxa in envirouments that favor their particular body plan and eco-
logical sirategy. Salamanders compete with frog larvae, for example, and
vet their species densities are positively correlated in Iberia (r = .58).

__Conclusions

Intcrcontinental comparisons of species density paiterns reveal both
similarities and intriguing differences. The herpetofauna of the Iberian pe-
ninsula shows similarities to North America and Australia in that (1) reptiles
are negatively correlated with precipitation and positively with teniperature
amd sunshine; (2) sunfall appears the critical faclor involved in lizard species
diversification; (3) amphibians are most diverse in cool, wet zones,

In contrast to North America, there are no Iberian latitudinal trends in
species numbers despile such trends in climatic factors. The peninsula has
an intermediate lizard species richness compared with North America and
Australia and the proportion of variation in lizard species numbers accounted
for by climatic factors is also intermediate. An apparent negative relation-
ship between species richness and proportion of variance reduced could
be a statistical artifact or reflect real differences in ecological diversity
among the three continents. This kind of analysis can be extended as rdliable
range maps for other taxa and geographic areas become availaple.
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|[Resumen

Se estudié la distribucién del ndmero de especies (densidad de especies) de la-
gartos, tortugas, serpientes, anuros y salamandras en la peninsula Ibérica utilizando
81 cuadrantes de 19 de latitud por 1° de longitud, La densidad de especies pertenecientes
a la herperofauna permancce constante aunque la temperatura y la precipitacién cam-
bian con la latitud. La riqueza de especies de anfibios es mayor en zonas frias y ha-
medas, mientras que la mayor densidad de especies de reptiles aparece en regiones ari-
das, soleadas v calidas. La fauna ibérica de lagartos parece ocupar un lugar intermedio
en cuanto a la riqueza de especies v quizds en cuanto a la diversificacidn ecoldgica,
cuando se la compara con la poca riqueza de Norteamérica y la gran riqueza de Aus-
rralia.

Summary

Numbers of species (species density) of lizards, turtles, snakes, anurans, and sala
manders—were -tallied for-81 10 of Jlatitude by 1% of longitude quadrates on the Iberasn
peninsula, Although important climatic 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, whercas reptiles reach highest species densities
in arid hot sunny regions, The Iberian lizard fauna appears roughly intermediate in
celative species richness and perhaps ecological diversification compared to North
América (low richness) and Australia (high richness).
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Resumen

Se estudié la distribucién del ntmero  de especies (densidad de especies) de la-
gartos, tortugas, serpicates, anuros vy salamandras cn la peninsula Ibérica utilizando
81 cuadrantes de 1° de latitud por 1° de longitud. La densidad de especies pertenecientes
a la herpetofauna permanece constante aunguc la temperatura y la precipitacién cam-
bian con la latitud. La riqueza de especies de anfibios es mayor en zonas frias v ha-
medas, mientras que la mayor densidad de especies de reptiles aparece en regiones ari-
das, soleadas y cilidas. La fauna ibérica de lagartos parece ocupar un lugar intermedio
en cuanto a la riqueza de especies y quizas en cuanto a la diversificacion ecoldgica,
cuando se la compara con la poca riqueza de Norteamérica y la gran riqueza de Aus-
tralia.

Summary
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peninsula, Although important climatic variables such as temperature and precipitation
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