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Introduction

Already in the middle of the XIX century the well-known Russian soil-scientist Vassiley
Dokuchaev attracted public opinion to a distinet tendency observed in Russian steppes:
many small rivers had completely disappeared during few decades (Dokuchaev, 1892).
Wide discussion on this matter started much later — in 980" -1990™ when interest to envi-
ronmental problems rose highly in Russia. Comparison of old (since the end of XVIUI cen-
tury) and contemporary maps for selected regions provided quantitative information about
decrease of the number of rivers or change of the total length of river systems. As most
steppe areas in the European part of the Russian Empire were involved info cultivation only
during XVUI-XIX centuries, most researches think land cultivation to be the prime reason
of river disappearance. Discussion is held only on the mechanism of this process. Two ex-
planations are most popular, both supported by indirect data and field observations:

1) Dokuchaev idea — transformation of water balance because of destruction of natural
vegetation which leads to quick run-off of snowmelt water in spring and only minor perco-
lation and thus to lowering of ground water table inn summer (Dedkov, Mozherin, 1996);

2) siltation of river sources and burial of strearns by sediments because of soil erosion
increase in the catchments {Golosov et al,, 1992).

Meanwhile, buried channel alluvium of early and middie Holocene age found in now
dry valleys (Panin et al.,, 1998, 1999) shows that reduction and restoration of river sysiems
took place in the geological past without any man impact and may be attributed to climatic
changes. To clarify the role of climate, in this paper new data are presented on the raies of
river reduction in climatically difterent regions and about the changes of these rates through
the time.

Methods
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of General ¥, Shubert in 1826-1839 {50 salied | Shubert Map™); (31 1:126 000 scale maos
made by the Military Topographic Corps in the muddle of the XIX century; (4) 1:126 000
scale maps of ihe ,Expedition For Investigation 0 The Sources Of Main Rivers Of Euro-
pean Russia” onder leading of A Tille (. Yillo maps™); (5) 1:300 000 (photographically di-
minished 1:160 000) scale maps made in 1940-50s by the USSR Armed Forces Staff; (6}
1:100 000 - 1:200 000 scale maps made by the Russian (UBSR) State Cartographic Service
in 1580-90s.

To make all maps comparable, permanent streams shown on old maps were trans-
ferred onto the modem maps. On a modern map all the valley talwegs were drawn up and
indexed according to the Horton-Strahler order system. All the talwegs were drawn through
the middle of valley bottoim with no respect to river meandering. The source point of per-
manent siream from a given old map was defined for each talweg and marked on a base
map. All data were digitised in a GiS-package (Mapinfow 4.0-5.0). Each valley stretch was
indexed with its order and codes showing the presence or absence of a stream in different
time period. Basin boundaries were also digitised and stored in separate tables as polygons
with a related database which contains area, landuse structure, relief features and oiher nec-
essary characteristics. Overlaying basin and talweg maps makes it possible to calculate total
length of streams in separate basins and to watch over its change between time layers.

The Savala River Basin: An example of river system reduction

To illustrate the phenomenon discussed above, fig.] demonstrates the fluvial system of the
Savala River (right tributary of the Hoper River, the Don River Basin) shown on maps of
1830" and 1940™ yrs. The Savala River Basin is focated in the north of the steppe zone, in
semi-arid climate with rather hot summer (mean Ty +22°C), cold winter (mean Tian =1 0°C)
and mean precipitation 450 mm annually. Line width indicates the order of valleys (by
Horton system) which were occupied by permauent streams. Dry valleys are not shown.

Tabie 1. River length in valleys of different order, the Savala River Basin
Taburua 1. Cymmapras ANHHA PeX B J0JHHAX Pa3roro nopauka, Gacceltn p.Carana

Valley Total valley River length in 1830th River length in 940"
order length L. km [ kin} {%ofL] {km] [%of L}
i 4688 146 34 3 0,1
2 1443 371 257 71 49
3 617 398 64.4 19 19,2
4 328 310 94,4 197 60§
5 142 142 100,0 142 100,0
6 149 149 100,0 149 190,06
7 33 33 100,0 33 150,0
Companson of these two maps reveals obvious disappearance of a large number of

in low-order valleys, Total length of valleys of -7 order is 2710 km
of rivers (more exactly, the length of valley stretches ocoupied by i
slied 1402 km, e more than a half (52%) of total walley length was ognu.
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Fig. 1. River net in the Savala River Basin in 1830™ and 1940
Puc. 1. Peqnas cers b Gacceline p. Casanst 8 1830-x 4 1940-x 1T

Geographical difference in river length change

Maps from the beginning of XIX and the middie of the XX centuries were compared for 45
river basins (total area 350 000 km?) each more than 1500 km” in area. The selected basins
are located in a transect from Moscow to Northern Caucasus. The transeci crosses different
landscape zones from mixed forests in the north to dry steppes in the south and thus pro-
moius comparisons of the rates of river disappearance in ditferent climates. For each basin
the total length of rivers in 1830™ is taken as 100%. River length in 1940-50" is expressed
in percent o that of in 1830™, The results are shown on fig.2.

Vata o7 ver length change show vather distinet difference in humid and semi-arid
regions. i bumia conditions (the forest zone, basins of the Moskva, Protva, Ugra, upper
Oka, Zhizdra R ve7: ore . both slight shrinkage and growth of river systeras is detected, but
the variations =% > within the limits of reitability of the cartographic method. In for-
2sted steppes and so1 0o semi-arid climate) each basin demonstrates decrease of total river
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Chernaya Kalitva, Chir, Kalaus Rivers, eic.). 8¢ in hunud conditions river systems have not
usxdezgom any ouistanding changes meanwhile in semi-arid tervitories they have suffered
from large-scale shortening,

Tig. 2. Length of viver net in a number
of river basins in the middle of the XX
century in % to that of the beginning of
the XX century:

1~ 90-110%; 2 - 75-90%; 3 — 60-75%;
4 — 45-60%; 5 — 25-45%. Landscape
zones: & - forest; 7 — forested steppes;
8 — steppes: 9 — deserts

Puc. 2. TIpoTsxeHHocTs PeHHON Cety B
pune Bacceiinor Bocrouno-Epponetickoi
pasunH! B cepean-rne XX B. B %) k nep-
BO# nosnosnre XIX a.:

1 —90-110%,; 2 — 75-90%; 3 - 60-75%;
4 - 45-60%; 5 ~ 25-45%. Vpupoytinie 20-
Hel 6 - Cmeuian-Hele Jeca; 7 - Jieco-
crenk; 8 -~ crens; 9 — nycThIng B nody-
TYCThIHR

Change of fluvial systems in time

Data on totai river length in five river basins in different time moments collected by the
authors and taken from literature are shown on fig.3. The basins are located in different cli-
matic conditions and thus give an opportunity to compare fluvial system dynamics in humid
and semi-arid environments.

During last 150-200 years river length in humid conditions (no.t, 2 on fig.3) varied
not more than +30% from that of in the middle of the XX century. XIX and the first haif of
the XX century were characterised by slight and uniform decrease of river fength. In Tatar-
stan it fasted (i1l 1970" and then changed to slight increase. In sieppes and forested steppes
(no. 3-5 on fig.3) river systems were shortened by 1,5-2 and more times. Decrease of river
length was sharp and lasted during the end of XVIHI - XIX century. By the beginning ot the
KA century river systems stabilised and remained stable during the whole coniury with
a shight tendency to increase during last decudes,
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Fig. 3. Change of total river length in a number of river basins in different landscape zones: forests
(1, 2), forested steppes (3, 4) and steppes (5), in % of 1940-30™:
1 - Western Ukraine (after Kovalchuk, Shisiko, 1592); 2 — Western Tatarstan {afier Kurbanova, Bu-~
takov, 1996); 3 ~ the Plava River Basin {after Golosov, Panin, 1995); 4 - upper Don River Basin
{after Panin et al., 1997); 5 — the Savala River Basin (this paper)

Puc. 3. Mameuenue NpoTHkeHHOCTH PEUNON cemy B paie paiionos ora accyod (1,2), necocrenson
{3, ) v crenvoi (5) 30n, B % o1 1940-50-x rv:

1 — Banaanas [Hoponus, Yxpauna (Kosansuyx, Hlrofiko, 1992} 2 - 3an. Tarapcraw (KypGanona,
Byraxor, 1996); 3 ~ Bepx. [lnasa, Bacc. nepxued Oxu (Nonocos, flanws, 1995); 4 — sepxonsa loua
u Kp.Meun (TTanun w ap., 1997); 5 — Gaccetin p. Cavana (312 craves)

In the upper Don River Basin in 1780 permanent flows occupied haif of the total
valiey length (Panin et al., 1997). Period of river disappearance had been finished here by
the middie of the XIX century {(fig.3}. If this tendency was extrapolated back in time, then st
the end of the XVII century the total length of rivers would have exceeded the total lenpth
of valleys. Obviously, this is impossible, so disappearance of rivers stavted not earlier thar,
at the beginning (in the middle?) of the XV century. Meanwhile, the north of foresic:
steppes, especially the Tula Region where the upper Don Basin locates, has g rather lon
history of agricuiture. Already at the end of the XV centory amble lands occupled 64%
the area of the Tula Reglon (Tsvetkow, 1957), Later the area of anable Jands did not incr
and oven decreased during the XX century. So, rap % of rivers i the upy
Don Basin took place nanch aiar afler the enset of land cu
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Driscussion

The abeve informaiion leads to thinking over the role of natural reasons of the observed
shrinking of river systems, i.¢. the role of climaie changes. Unfortunaiely, metecrological
and hydrological observation data for the southern half of the East-European Plain cover
rather short time peried. Information on humidity changes during last centuries may be ob-
tained from some indirect sources. One of such sources is the level of the Caspian Sea
which is the indicator of water balance in the centre and south of the East-European Plain,
The highest for the fast millennium Caspian Sea level was indicated in the interval 1780-
1810yrs, and later lowered down until the end of 197¢" (Rychagov, 1993). Tendencies of
the Caspian Sea level behaviour correlate well with the changes of total river length in the
upper Don River Basin (Panin et al., 1997). Higher than today precipitation in steppe re-
gions of European Russia at the XVIII — XTX century transition is reconstructed by pali-
nological data (Klimanov, 1996). At the same period the Volga River was characterised by
higher flood levels than nowadays (Reshetnikov, 1994). River runoff calculated from statis-
tics on climatic anomalies in historical sources shows noticeable decrease since the end of
XVIiL till the end of XIX century (Klige et al., 1993),

These indirect data prove that at the XVIilI-XIX-century border (the end of the Little
Ice Age) climatic conditions in the southern part of the East-European Plain were more hu-
mid than later. The same absolute values of decrease of humidity should have different
relative role in humid and semi-arid regions. In humid regions the decrease of humidity
seems to have been too small to have any effect on fluvial systems, but in semi-arid regions
it was high enough to result in considerable lowering of ground water levels and consequent
retreat of river sources down the valleys. That fits well to the regional scheme of river net
shortening (fig. 2) which shows that the climatically established southern border of the for-
est zone serves also as a division between regions with stable river systems and regions with
high values of river disappearance during the last two centuries.

Most probably (and geologically proved) that such transformations of fluvial systems
took place also before the onset of cultivation as a result of changing climatic conditions.
From the other hand, such a wide-scale river disappearance in recent times could have been
stimuiated by anthropogenic factors discussed in the introduction to this paper. The strong-
est influence of cultivation was probably characteristic for steppes and forested steppes
where the amount of underground water sources is small, and the effect of lowering of
ground water levels was increased by siltation of river sources because of accelerated soil
erosion in the fields. So excessive sediment accumulation had been superimposed over natu-
ral aridization and probably accelerated river shortening. If contemporary climatic tenden-
cies {increase of huridity) preserve in the nearest future, river restoration may be impeded
because of rather thick sediment layers stored in valley bottoms during last centuries. In any
case increase in humidity may cause these sediments to move downstream resulting in a new
set of environmental problems.
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spvmeTes Ha pyiow XVIB-XIK sega u sarsussnscio
KX cTonerTas JLANHE TRAPOCES
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MEHERRE THADOROIHCCROYD DOXNME B0R0CO0pOE DY CHENCHAN SCISCTHENNON PRCTUTeARNOCTH
M mw'pﬂ:ﬁe}me BOIOTOROR fi04 HABOCIME, BOCTYNAKIREME B PUIYVIIBTETS ymmpé’:}moﬁ IPOIAY. C"}E"
HOKG, OTMOMEHG, 970 B PAKG PAHOHOR MK 2eTPRIENNH DEK CYIICCTREHHO SRR AR BACT OTHOCHTENRNG
TR DACOAMINIE TEPPHIOPIH. 1 70 e BPOMS, XPUHOTOIHS TPOLECCH HCHCTHORCHMS PeK XOPOINO Kop-
PeASPYET IO BPEMEHE ¢ WIMCHOHUAMMA YRIGKBCHHOCTH B wimoll vacty Pycoxol pasnuns. Cnenss
BBHIBOJL, Y10 MCYCHHOBLHHE ROMOTOKOB B BERXUMX IBCHRIX THAPOCETH %2 nocicnume 200-250 ner
ABRKCTCH PESYRBTATOM HBNMKCHHS NOCICACTEME CENLCKOXO3RHCTBENHON JEHTEILHOCTH HA GCTECTROH-
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