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Abstract. A recently developed method for using arvicoline and murine rodents to
estimate climatic parameters is applied to Plio-Pleistocene faunas from Central Europe.
Mean annual temperature estimates using murines, which are highly diversified in the
tropical regions of the Old World, are never lower than 11°C. On the other hand, the use
of arvicolines, which occupied the temperate areas of the northern hemisphere, provides
estimates ranging from -16.1°C for the coldest faunas to 16.9°C for the warmest faunas
(similar to southern France today).
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I. INTRODUCTION

Many researchers are presently trying to establish a concordance between the evolution of
species diversity and climate (e. g., HORACEK 1985, 1990; JANIS 1989; LEGENDRE 1987; LEGEN-
DRE et al. 1991; MONTUIRE 1995). New approaches, using the species diversity of rodents, have
recently been developed (AGUILAR et al. in press; MONTUIRE et al. in press) in order to quantify
climatic parameters. These methods have here been applied to Pliocene and Pleistocene faunas
from Hungary. Among the different climatic parameters, only temperature has been estimated in
this study. In temperate areas such as Hungary, precipitation has not the same importance as in
tropical or desert regions, and thus has not been considered here.
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this new method of climatic parameter quantification to the Hungarian faunas. Bernard MARANDAT
kindly helped me to translate the text into English. This is contribution no. 96-043 from the Institut
des Sciences de I’Evolution, Montpellier (UMR 5554, CNRS).

II. METHODS

Among extant rodents, arvicolines and murines have a geographic distribution that is closely
linked to the climate. The arvicolines have a Holarctic distribution and they are diversified in most
northern areas, while being absent from the tropics. The murines, on the other hand, are confined
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to the Old World. They are widespread in equatorial regions and absent in the coldest areas.
Commensal species of murines, such as Rattus rattus and Mus musculus, are excluded from this
study.

New methods have recently been developed to analyze this distributional relationship and
estimate climatic parameters (MONTUIRE et al. in press). They are based on the relationship between
these climatic parameters and species diversity as analyzed by simple linear regression. The number
of species has been compiled for about 250 local faunas in the case of arvicolines and for 150
faunas in the case of murines. The associated climatic parameters have been taken from WER-
NSTEDT (1972). A local fauna covers an area of between 100 km? and 10 OOO km?.

It can be seen from Table I that the highest coefficient of determination (R ) corresponds to the
relationship between mean annual temperature and number of arvicoline species. This coefficient
is greater than 0.8, which means that more than 80% of the variation in diversity can be explained
by temperature variations. The coefficient of determmatlon is also relatively high for the estimate
of the mean temperature of the coldest month (R near 0.75), while it is a little lower for the mean
temperature of the warmest month (R slightly under 0.6). Thus, the maximum temperature seems
to place less constraint on diversity than the mean annual temperature and/or that of the coldest
month.

The different coefficients of determination are lower for the murines (Table I). The relationship
between arvicolines and temperature shows a negative slope (Table I), while that between murines
and temperature is positive. Thus, these two relationships are each other’s inverses.

Table I

Parameters of the least squares regression of temperature and number of species
of Murinae and Arvicolinae (after AGUILAR et al. in press; MONTUIRE et al. in press).
The climatic parameter estimated is the dependent variable: climatic parameter
estimated = Number of species * Slope + Intercept. Abbreviations: Mur., Murinae;
Arv., Arvicolinae; R2, coefficient of determination; Ann. temp., mean annual daily
temperature; Min. temp., mean daily temperature of the coldest month; Max. temp.,
mean daily temperature of the warmest month

R2 Slope Intercept Error
Mur. Arv. Mur. Arv. Mur. Arv. Mur. Arv.
Ann. temp. | 0.49 0.83 il -2.81 9.15 20.05 4.81 3.75
Max. temp. | 022 0.58 048 -1.56 19.34 27.22 3.80 3.88

III. MATERIAL

The method described above was applied to the 48 most complete fossil faunas in JANOSSY
(1986). Among rodents, murines and arvicolines are generally well represented in European
Plio-Pleistocene faunas. The definition of these subfamilies used here follows WILSON & REEDER
(1993). In each fauna, all the species assigned to either murines or arvicolines have been taken into
account.

The ages of the different faunas are given in Table II. In a few cases and notably for the youngest
faunas, absolute ages are proposed by JANOSSY (1986). These have been obtained by radiocarbon
dating. In other cases, the ages have been estimated from general indications. On the basis of several
studies, JANOSSY (1986) also proposes a relative chronology of the different faunas. We have used
this chronology to propose absolute ages for the faunas.
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List of Hungarian faunas used in this study. Radiometric dates (*) were taken
directly from JANOSSY (1986) or deduced from biostratigraphic indications found

Table II

in that work. Number of species compiled from faunal lists after JANOSSY (1986)

Fauna Age (ky) Murinae Arvicolinae
Baradla 4 5.0 3 6
Kis-Kohat 8.0 1 3
Rigé 5 9.1 2 4
Rigé 4 9.2 3 5
Rigé 3 9.3 3 5
Rigé 2 9.4 3 4
Rigé 1 9.5 4 4
Rejtek 1 12.0 3 8
Rejtek 9 13.0 9) 7
Petényi Cave 15.0 3 8
Remetehegy 2 17.0 0 7
Remete Cave b 18.0 0 4
Remetehegy 1 19.0 0 5
Pilisszant6 3 20.0 0 8
Pilisszant6 2 23.0 0 5
Pilisszdnt6 1 25.0 0 8
Bivak Cave 28.7 0 3
Istallésko Cave (*) 36.0 0 5
Tokod Nagyberek (*) 36.2 0 6
Erd (¥) 40.0 1 5
Subalyuk 16-20 (*) 50.0 1 2
Kdélman V 70.0 1 4
Kalman IV 75.0 1 5
Porlyuk 80.0 1 3
Siitto 9 90.0 2 6
Stitto 1-2-4 95.0 1 2
Hoérvolgy 100.0 1 7
Castle Hill Hilton 200.0 1 4
Nagyharsanyhegy 6 250.0 1 7
Uppony 3 263.0 1 9
Uppony 2 264.0 0 g
Uppony 1 _ 265.0 1 10
25 Fortuna Street 290.0 2 4
Vértesszolos 2 300.0 1 6
Tark6 2 320.0 2 7
Tark6 3 350.0 1 10
Tarké 5-11 380.0 1 9
Kovesvarad 400.0 1 13
Somssich Hill 2 700.0 1 11
Osztramos 8 1100.0 1 6
Osztramos 2 1300.0 1 7
Nagyharsényhegy 4 1400.0 1 12
Villany 5 1800.0 3 11
Osztramos 3 2200.0 2 9
Villany 3 2300.0 2 8
Beremend 5 3100.0 1 3
Osztramos 7 3200.0 1 4
Csarnéta 2 4000.0 8 4

S37)5)
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IV. RESULTS AND DISCUSSION

The climatic parameters estimated here are the mean annual temperature, the mean temperature
of the coldest month and the mean temperature of the warmest month as a function of the number
of arvicoline species. The results are presented, together with the error of the estimate and the
prediction error, in Table III. In order to be read more easily, Figs. 1-3 have been separated into
three time periods (4 000 Ka to 400 Ka, 400 Ka to 40 Ka, and 40 Ka to the Recent).

Mean annual temperatures in Hungary
(between 4.0 and 0.4 My)
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Fig. 1. Estimates of mean annual temperatures in Hungary between 4 Ma and 0.4 Ma. The curve shows the
estimate together with its error.
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Fig. 2. Estimates of mean annual temperatures in Hungary between 0.4 Ma and 0.04 Ma. The curve shows
the estimate together with its error.
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Fig. 3. Estimates of mean annual temperatures in Hungary between 0.05 Ma and the Recent. The curve shows
the estimate together with its error.
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Estimates of mean annual temperature, mean temperature of the coldest month,
and mean temperature of the warmest month for the Hungarian faunas using
arvicolines. The different temperature estimates are shown with the estimate (PE),

the error of the estimate (EE) and the prediction error (EP)

Table III

Fauna Ann. Temp. Min. Temp. Max. Temp.

PE* S BESREP PE VEE" .EP PE EE EP
Baradla 4 31021 0:29 03197 -11.6 047 6.50 17297026 3.53
Kis-Kohat 11.4 08273507 0.7 0.44 6.50 2270402453153
Rigd 5 8.6. 0.25 3.96 34 041 649 2 1550925353
Rigé 4 59 026 3.97 -7.5 0.42 649 19:5: 60233153
Rigd 3 59 026 3.97 -71.5 0.42 649 1955 10,235 3:53
Rigé 2 86 025 396 34 041 6.49 e 1023853
Rigé 1 8161 10251396 -34 041 6.49 2ne 02283553
Rejtek 1 2.4 040 3.98 -199 0.66 6.51 14701365 3:54
Rejtek 9 04 034 3.97 -15.8 0.56 6.50 16.3 0.30 3.53
Petényi Cave 2.4 040 3.98 -19.9 0.66 6.51 147 0.36 3.54
Remetehegy 2 0.4 0.34 397 -15.8 0.56 6.50 16.3 8 0:3083.53
Remete Cave b 8.6 0.25 3.96 34 041 6.49 DA S OMON 3158
Remetehegy | 59 0.26 3.97 1.5 042 6.49 LOKSHN0:23 3153
Pilisszant6 3 2.4 040 3.98 -19.9 0.66 6.51 47 008683154
Pilisszantd 2 5.9 0.26 3.97 -7.5 042 6.49 [9ASHH 02803158
Pilisszanto 1 24 040 3.98 -19.9 0.66 6.51 14.7 0.36 3.54
Bivak Cave 11:4 027", 3.97 0.7 044 6.50 2279 0.24 3:53
Istallésko Cave 5.9 026 397 -7.5 042 649 191571023 3.53
Tokod Nagyb. 3i11:10:29::3.97 -11.6 047 6.50 179 0.26 3.53
Erd 59 026 3.97 <15 042 649 19:5710.23:5:3:53
Subalyuk 16-20 14.1 0.31 3.97 49 0.51 6.50 243 0.28 3.53
Kalman V 8.6 0.25 3.96 -34 041 6.49 210 10:22 3:53
Kéalman IV 5.9 0.26. 397 -7.5 042 649 19550235353
Porlyuk 5.9 0.26 3.97 <75 042 649 1955 R0t 2363558
Siittd 9 3.1 029 3,97 -11.6 047 6.50 17.9:110:26713:53
Siitto 1-2-4 141 20:3113.97 49 0.51 6.50 24310283153
Hoérvolgy 04 0.34 397 -15.8 0.56 6.50 16.3 0.30 3.53
Castle Hill 8.6 025 3.96 3.4 041 649 U022 3053
Nagy. 6 04 034 397 -15.8 0.56 6.50 16.3 0.30- 3.53
Uppony 3 -5.1 047 3.99 2450F 07716553 13.1 042 3.54
Uppony 2 04 0.34 397 -15.8 0.56 6.50 16.3 0.30 3.53
Uppony 1 169 037 3.97 9.0 0.61 6.51 25.0:40:33113158
25 Fortuna Str. 8.6 025 3.96 -34 041 6.49 50192 3153
Vértesszolos 2 31 029 397 -11.6 047 6.50 19.9554006 £8+53
Tarko 2 04 0.34 397 -15.8 0.56 6.50 16:3 0301 3:53
Tarko 3 169 0.37 3.97 9.0 0.61 6.51 25.9: 10831353
Tarko 5-11 -5.1 047 3.99 -24.0 0.77 6.53 13.1 042 3.54
Kovesvirad -16.1 0.78 4.03 -40.5 1.28 6.61 6.6 0.69 3.59
Somssich Hill 2 -10.6 0.62 4.01 -32.3 1.02 6.56 9.8 0.55 3.56
Osztramos 8 3010.29.03.97 -11.6 047 6.50 171950264353
Osztramos 2 0.4 0.34 3.97 -15.8 0.56 6.50 16.3 0.30 3.53
Nagy. 4 . 070 402 364 115 653 82 062 357
Villany 5 -10.6  0.62 4.01 323 102 656 9.8 0.55 3.56
Osztramos 3 -5.1 0.47 3.99 24007116553 I3 0493 54
Villany 3 -24 040 3.98 -19.9 0.66 6.51 147 0.36 3.54
Beremend 5 114 027 3.97 0.7 0.44 6.50 224 =04 53,53
Osztramos 7 8.6 0.25 3.96 -3.4 041 6.49 2101 5022 23,53
Csarnéta 2 8.6 025 3.96 34 0.41 649 21102022 353
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