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RiDICI FAKTORY TEPLOTY VODY orehled

e teplota vzduchu

e komunikace s podzemnimi / intersticialnimi vodami

* hydromorfologie (pratok, morfologie koryta, typ udoli)

e antropogenni faktory (nadrze, odpadni vody, chladici voda, management
pobreZni vegetace)

Table 1. Definitions of the major energy fluxes into (I) and out of (O) a stream. A
These fluxes occur at the water/air interface and at the water/sediment interface.
Note that some fluxes can go either direction.

vA¢
A

Convection (Cv) 1,0 Heat brought to the stream surface or carried away
from the surface by wind

Conduction (Cd) 1,0 Diffusion of heat from air to water (or vice versa)
and from the streambed to water (or vice versa)

Evaporation (E) (0] Evaporation of water at the surface consumes
energy, so it is a loss of heat

Back Radiation (@] Warm water emits infra-red (IR) radiation into the
(IRb) atmosphere

Atmosphere I The atmosphere (especially clouds) emits IR
Radiation (IRa) radiation, some of which will hit the water surface
Friction (F) I Friction of moving water against the substrate

generates heat

Direct Solar I Sunlight is absorbed by the water and converted to
Radiation (SR) heat; this can be partially blocked by vegetation
Vegetation I Overhanging vegetation emits IR radiation, some

Radiation (IRv) of which will strike the water surface
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Freshwater Biology (2006) 51, 1389-1406

REVIEW ARTICLE

The thermal regime of rivers: a review

D. CAISSIE
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Fig. 3.1 Major factors determining a river's temperature regime. (Modified from Ward, 1985.
Reproduced with kind permission of Kluwer Academic Publishers.)
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Fig. 2 Mean daily and diel variability of water temperatures as a
function of stream order/downstream direction.
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Fresiwater Biology (2006) 51, 13891406

REVIEW ARTICLE
The thermal regime of rivers: a review
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Freshwater Biology (2006) 51, 1389-1406

REVIEW ARTICLE
The thermal regime of rivers: a review
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Fig. 5 Simple regression water temperature model (ground-
water and non-groundwater streams) and logistic regression
model.
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Figure 2. Classification of the thermal regimes of the selected
catchments. Streams impacted by groundwater infiltration are
shown i green. the proglacial stream in blue and the thermally
climate-driven streams in orange. (a) Normalized monthly mean
stream temperature curves over 3 consecutive vears (2010-2012);
all curves are z scored mdependently each year. (b) Slopes and
intercepts of the regression lines fitted to the stream-air tempera-
ture points of the respective catchments. All points with negative
awr temperature values have been discarded prior to fitting. The bars
indicate the standard error estimates.
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Hydrol. Earth Syst. Sci., 19, 3727-3753, 2015
‘www.hydrol-earth-syst-sc1.net/19/3727/2015/
doi:10.5194/hess-19-3727-2015

© Author(s) 2015. CC Anribution 3.0 License.
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Stream temperature prediction in ungauged basins: review of recent

Hydrology and ¢
Earth System >
Sciences #

approaches and description of a new physics-derived statistical

model

A. Gallice!, B. Schaefli!, M. Lehning!-2, M. B. Parlange!, and H. Huwald!

AE: analytical expression

ANN: artificial neural network

CA: cluster analysis

CRT: classification and regression trees
GWR: geographically weighted regression
LMM: linear mixed model

MLR: multi-linear regression

NKM: networked kriging model

NLR: non-linear regression

PA: path analysis

RF: random forest

ULR: univariate linear regression
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Table 1. List of reviewed publications about statistical stream temperature prediction in vngauged basins.

ICi FAKTORY TEPLOTY VODY

Geographic

Model

of

Temporal

Number of Number b
Reference location type® sites §=earsh ccale Model precision
Arscott et al. (2001) Italy MLE 22 1 Season RI=1037-08
Bogan et al_ (2003) Eastern USA AE 596 30 Week RI=080,0,=3.1°C
Chang and Psans (2013) Western USA MLE, GWR 7 n'a  Week, year RY=0352-062, 0, = 2.0-23°C
Daigle et al. (2010) Western Canada Various 16 0.5 Month e =0.0-2.8°C
DeWeber and Wagner (2014) Eastern USA ANN 1080 31 Day e =1.8-1.9°C
Duchame (2008) France MLE 88 7  Month RI=1088096 0, =14-19
Gardner and Sullivan (2004) Eastern USA NEM 72 1 Day o =14°C
Gamer et al. (2014) [9):4 CA 88 12 Month n'a
Hawkins et al. (1997) Westen USA MLE 45 =1 TYear RI=045-064
Hill et al. (2013) Contermuinous USA  FF ~ 1000 lisite  Season year o= 1.1-2.0°C
Hrachowitz et al. (2010} UK MLE 25 1 Month year R® = 0.50-0.84
Imholt et al. (2013) UK MLE 23 2 Month R =10.63-0.87
Isaak etal. (2010) Western USA MLE, NEM 518 14  Month year  RZ=0.50-061, 0, =25-28°C
Isaak and Hubert (2001) Westemn USA FA 26 lisite  Season RE=0.82
Johnson (1971) New Zealand ULE 3] 1 Month n'a
Johnson et al. (2014) UK NLE 36 1.5 Day RI=0.67-0.90, o, = 1.0-2.4°C
Jones et al. (2006) Eastern USA MLE 28 3 TYear RE=057-0.73
Kelleher et al. (2012) Eastern USA MLE 7 2 Day, week na
Macedo et al. (2013) Brazil LMM 12 1.5 Day R =086
Mayer (2012) Western USA MLE 104 =2 Week month RI=0720,=18°C
Miyake and Takeucha (1951) Japan ULR 20 n'a  Month n'a
Moore et al. (2013) Westen Canada MLE 418 lisite  Year o =21°C
Nelitz et al. 2007) Western Canada CET 104 lisite  Year na
Nelson and Palmer (2007) Western [TSA MLE 16 3  Season RY=0.36-0.88
Ozaki et al. (2003) Japan LR 5 & Day n'a
Pratt and Chang (2012) Westemn USA MLE, GWE. 51 lisite  Season RI=10.48-078
Risley et al. (2003) Western USA ANN 148 0.25 Hour, season o, = 1.6~1.8°C
Fivers-Moore et al. (2012) South Africa MLE ag lisite Month, year RE=10.14-0.50
Ruesch et al. (2012) Western USA NEM 165 15 Year RI=084 0, =13°C
Segura et al. (2014) Conferminous USA  MLE 171 =15 Week month RI=0.79
Sponseller et al. (2001) Eastern USA MLE 9 1 TYear R* = 0.81-0.93
Scott et al. (2002) Eastern USA MLE 36 1/site  Seasom RI=0282
Stefan and Prend’homme (1993)  Eastem USA ULE 11 n'a Day, wesk e =2.1-2.7°C
Tague et al. (2007) Westemn USA MLE 43 4 Day R =10.40-065
Wehrly et al. (2009) Eastern USA Various 1131 l/site  Month e =2.0-3.0°C
Westenbroek et al. (2010} Eastern USA ANN 254 lisite  Day RI=0.70,0, =18°C
Young et al. (2005) New Zealand MLE 13 1 Season RY=0.75-0.93

2 AF: amalytical expression; ANI: artificial neural network; CA: chaster analysis; CRT: classification and regresszion mees; GWE.: geographically weighted regression; LMM: Hnesar mixed model; MLE:

multi-linsar regression; NEM: networked kriging model: WLE: non-linear regression; PA: path analysiz; BF- andom forest; ULR- univariate linear regreszion.

® n/a- oot availabls.

& o7 ToOt-mean-square emor; K- coefficient of determination (sometimes referred to as the Mash-Sutcliffe index).
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TEPLOTA VODY - DATA monitoring

Legenda
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Obr. 2.1. Prehled vodomérnych stanic s méfenim dennich hodnot teploty vody

v souéasné dobd neprobihd méfeni

Obr. 2.2. Prehled vodomérnych stanic s méfenim hodinovych hodnot teploty vody
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modely s teplotou vzduchu
t,=1755t,-5,1

t,, ... prumeérna rocni teplota vody (°C)
t,, ... primeérna rocni teplota vzduchu (°C)

Hydrologické poméry CSSR

modely s nadmorskou vyskou
t,=11,62-0,0102 H

t,, ... prumeérna rocni teplota vody (°C)
H ... nadmorska vyska profilu (m n.m.)

Hydrologické poméry CSSR

teplota vzduchu

moznost vyuziti prdmeérné nadmorské
vysky v povodi

zahrnuti pratoku nebo vymény tepla
jiné nez linearni vztahy
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Fig. 3.2 Diurnal temperature fluctuations in a wooded, temperate, shallow stream in March,
compared to air temperatures 5 cm and 125 cm above the stream. (Unpublished data,

P.Giller.)
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* nadrze

e odpadnivody

e chladici voda

e management pobrezni vegetace
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KLASIFIKACE PODLE TEPLOTNIHO REZIMU

e Tfidici faktory

 klasifikace podle teplotniho rezimu

e dynamika v ramci rGznych ¢asovych skal

e teplota a procesy (abiotické a biotické)

e vlivnadmorské vysky a zemépisné Sirky

e tekouci vs. stojaté vody

e povrchové vs. podzemni vody

e vlivy na vodni organismy

e antropogenni zasahy do teplotniho rezimu

témata




KLASIFIKACE PODLE TEPLOTNIHO REZIMU

klasifikace

e Horvathova, 1969 (klasifikace slovenskych toku)

TEPLOTNI KLASIFIKACE VODNICH TOK{

Rozpét i ve °c

Sku- | primérné rozkyvu pri- | maximdinfch
pina| roéni teplo-| mérnych m&- primérnych Prim, tepl. vody v obdob{

ty vody s{®nich tep- | mési&nich

lot v roce teplot nevegetatnim | vegetatnim

1 5,4- 7,0 10,4 - 15,0 | 11,3 - 15,1 1,9 - 2,8 8,8 - 11,9
2 7'1. el 8'5 ll,? = 16’6 13'4 - 17'1 2'4 - 4'2 10'8 . 14'0
3 8,6 - 10,0 | 16,0 - 19,9 | 16,9 - 20,6 2,6 - 4,2 | 13,4 - 16,3
4 10,1 - 11,9 _19,2 - 20,2 20,9 - 22,3 3:,5 = 5.5 16,7 - 18,5
5a | 6,6 - 10,3 10,6 - 19,5 11,7 - 20,2 2,6 - 6,0 9,1 - 16,4

/6,6 - 9,2/(/10,6 - 14,9/ /11,7 - 16,9/u /2,6 - 6,0/ t /9,1 - 14,4/
5b 8,8 - 13,3 14,7 - 20,1 17,6 - 24,5 3,3-17,7 14,0 - 19,5

Matousek, 1980: Teplotni a ledovy reZzim vodnich tok
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skl (1,: 5,4-7,0)

o)

e toky vyssSich i nizSich pohoti

e nizka teplota po cely rok

e dlouhodoba primérna rocni teplota neprekroci 7°C

e maximum z mési¢nich primeéru je obvykle dosahovano v VIl nebo Vil a
neprekroci 15, 1°C

Rozpéti{ ve C
Sku~- | primérné rozkyvu pri- | maximdlnfch
pina| roéni teplo-| mérnych mé~ primérnych Prim, tepl. vody v obdob{
ty vody s{®nich tep~ | mésitnich
lot v roce teplot nevegetaénim | vegetatnim
1 5,4- 7,0 10,4 - 15,0 | 11,3 - 15,1 1,9 - 2,8 8,8 - 11,9

 Labe po Vrchlabi, Upa po Horni Marsov, Odra po Spdlov, Ostravice po Sance,
Svratka po Dalecin




KLASIFIKACE PODLE TEPLOTNIHO REZIMU

sk2 (1,:7,1-8,5)

&)

Rozpéti{i{ ve C
Sku~- | primérné rozkyvu pri- | maximdlnfch
pina | ro&n{ teplo-| mérnych mé~ | primérnych | Prim, tepl. vody v obdob{
ty vody si®nich tep- | mési&nich
lot v roce teplot nevegetatnim | vegetalnim
2 7'1. - 8'5 ll,? - 16,6 13'4 — 17'1 2'4 - 4'2 10'8 . 14'0

e toky nizsich pohoti, podhorské useky vétsich tokd
* teplota ve vegetacnim i nevegetacnim obdobi vyrazneé vyssi nez u sk.1

e Tepld po Usti, Ohfe po Kadari, Upa od Mosnova, Metuje, Orlice, Opava po
Déhylov, Morava po Moravicany, Jihlava po Jihlavu



KLASIFIKACE PODLE TEPLOTNIHO REZIMU sk3 (7,: 8,6-10,0)

Rozpét L ve g
Sku- | primérné rozkyvu pri- | maximdlnfch
pina| roén{ teplo-| mérnych me&- primérnych Prim, tepl. vody v obdob{
ty vody si®nich tep- | mési&nich
lot v roce teplot nevegetatnim | vegetalnim
3 8,6 - 10,0 | 16,0 - 19,9 16,9 - 20,6 2,6 - 4,2 13,4 - 16,3

e dolni useky stredné velkych toku

e stfedni a dolni Useky velkych tokd (kromé jizni Moravy)

e charakteristicka vysokym ro¢nim primeérem a vyssi teplotou ve vegetacnim
obdobi (o0 2,5 °C vyssi nez sk. 2)

 Labe od Hradce Krdlového, Jizera od Mladé Boleslavi, Vitava od Ceskych
Budéjovic, Berounka, Sazava od Porici, Luznice od Tabora, Ohre od Loun,
Odra od Svinova po Ostravu, Morava od Moravican, Jihlava od Jihlavy po
Pohorelice



KLASIFIKACE PODLE TEPLOTNIHO REZIMU

sk4 (1,: 10,1-11,9)

o]

* nizinné toky jizni Moravy
e ve vegetacnim obdobi teploty vyssi 0 2,7 °C nez sk3
e v nevegetacnim obdobi teploty vyssi o 1,1 °C nez sk3

Rozpéti{i{ ve C
Sku~- | primérné rozkyvu pri- | maximdlnfch
pina | ro&n{ teplo-| mérnych mé~ | primérnych | Prim, tepl. vody v obdob{
ty vody s{®nich tep- | mési&nich
lot v roce teplot nevegetatnim | vegetalnim
4 10,1 - 11,9 | 19,2 = 20,2 20,9 - 22,3 3:5 = 5,5 16,7 - 18,5

e Dyje od Znojma, Jihlava od Pohorelic, Morava na uzemi Slovenska




KLASIFIKACE PODLE TEPLOTNIHO REZIMU sk5a

Rozpé&tif ve?®c
Sku- | primérné rozkyvu pri- | maximdlnfch
pina| roéni teplo-| mérnych mé&- primérnych Prim, tepl. vody v obdob{
ty vody si®nich tep- | mési&nich
lot v roce teplot nevegetatnim | vegetalnim
5a | , 6,6 - 10,3 |} 10,6 - 19,5 11,7 - 20,2 2,6 - 6,0 9,1 - 16,4 |
/6,6 - 9,2/1/10,6 - 14,9/ (/11,7 - 16,9 /2,6 -6,0/ | /9,1 - 14,4/

e Useky tokd ovlivnéné nadrzemi

 neméni ro€ni primér, ale rozdéleni teploty béhem roku

e otepleni toku v zimé a ochlazeni v |été

e v zavorce jsou Udaje bez nadrzi s kratkou dobou zdrzeni — Brnénska

pfehrada, pfipadné Stéchovice a Vrané nad Vltavou pFed vystavbou vltavské
kaskady



KLASIFIKACE PODLE TEPLOTNIHO REZIMU sk5b
RozpétdL ve Y
Sku- | primérné rozkyvu pri- [ maximdlnfch
pina| roén{ teplo-| mérnych mé~ | primérnych | Prim. tepl. vody v obdob{
ty vody s{®nich tep- | mési&nich
lot v roce teplot nevegetatnim | vegetalnim
sb | 8,8 -13,3| 14,7~-20,1 | 17,6 -2¢4,5| 3,3-7;7 | 14,0 - 19,5

e Useky tokl ovlivnéné oteplenymi odpadnimi vodami




KLASIFIKACE PODLE TEPLOTNIHO REZIMU TR

e teplotni rezim ovlivnény vydatnymi podzemnimi prameny
e vyrovnanéjsi teploty v pribéhu roku
e mozné prirovnat k tokm skupiny 5a (ovlivnéné nadrzemi)

* Punkva, Svitava



DYNYMIKA V RAMCI RUZNYCH CASOVYCH SKAL

e Tfidici faktory

 klasifikace podle teplotniho rezimu
 dynamika v ramci rliznych ¢asovych skal

e teplota a procesy (abiotické a biotické)

e vlivnadmorské vysky a zemépisné Sirky

e tekouci vs. stojaté vody

e povrchové vs. podzemni vody

e vlivy na vodni organismy

e antropogenni zasahy do teplotniho rezimu

témata




DYNYMIKA V RAMCI RUZNYCH CASOVYCH SKAL sezonni cyklus

e amplituda, prumeér, degree days
e casovani minim a maxim, prekroceni prahovych hodnot

20 2 LIS b IR T AR S

18 \—+—Teplota vody
4~ Teplota vzduchu ‘

16 L= ‘i

S E
14 +—— il } AT

10 +——&
8 1 = e

Teplota (°C)

)]

& N c N A
|
o |
R
1 \

Mesic

Obr. 4.13. Ukdzka typického rocniho chodu teploty vzduchu a teploty vody (povodi feky Becvy po vo-
domérnou stanici Dluhonice, obdobi 1980-2006)
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DYNYMIKA V RAMCI RUZNYCH CASOVYCH SKAL dlouhodobé trendy
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TEPLOTA A PROCESY (ABIOTICKE A BIOTICKE) témata

e Tfidici faktory

 klasifikace podle teplotniho rezimu

e dynamika v ramci rGznych ¢asovych skal

e teplota a procesy (abiotické a biotické)

e vlivnadmorské vysky a zemépisné Sirky

e tekouci vs. stojaté vody

e povrchové vs. podzemni vody

e vlivy na vodni organismy

e antropogenni zasahy do teplotniho rezimu



TEPLOTA A PROCESY (ABIOTICKE A BIOTICKE)

e samocistici procesy (rozklad organické hmoty, denitrifikace)
e kyslikovy rezim Viscosity of water

at saturation pressure

e viskozita vody

—— Dynamic viscosity

1.8 1.8
—— Kinematic viscosity
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VLIV NADMORSKE VYSKY A ZEMEPISNE SIRKY

e Tfidici faktory

 klasifikace podle teplotniho rezimu

e dynamika v ramci rGznych ¢asovych skal

e teplota a procesy (abiotické a biotické)

e vlivnadmorské vysky a zemeépisné Sirky

e tekouci vs. stojaté vody

e povrchové vs. podzemni vody

e vlivy na vodni organismy

e antropogenni zasahy do teplotniho rezimu

témata




VLIV NADMORSKE VYSKY A ZEMEPISNE SIRKY vodni toky

e v tropickych tocich dochazi diky celoro¢nim vysokym teplotam k rozvoji
produktivity ve vodach i prilehlych pobreznich systémech

e vysSi teploty také podporuji rozklad listového opadu na brezich (vyssi
mikrobidlni aktivita)

e pokud mikrobi a bezobratli soutézi o limitované zdroje organické hmoty, zda
se, ze v podminkach tropickych tokt (vyssi teplota) maji mikrobi kompeticni
vyhodu

Ward (1985) showed, by studying many rivers in the Southern Hemisphere
that the thermal regime of rivers was dependent on too many factors to have
a clear classification, although a pattern emerged when rivers were classified
into ‘equatorial’, ‘tropical’ and ‘temperate’, based on their maximum annual
temperature and temperature range.



VLIV NADMORSKE VYSKY A ZEMEPISNE SIRKY teplota vs diverzita

Freshwater Biology (1997) 38, 247-261

Structure and diversity of stream invertebrate
assemblages: the influence of temperature with
altitude and latitude

DEAN JACOBSEN,* RIKKE SCHULTZ* AND ANDREA ENCALADATY
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r’=0.74
P<0.001
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Fig. 2 Significant regressions of insect family richness of
stream insects and mean stream width, percentage of gravel
and pebble in the substratum and maximum stream
temperature for three regions in Ecuador and one in Denmark.
O = streams from the Ecuadorian lowland, [0 = streams from
the Ecuadorian Central valley, A = streams from the
Ecuadorian paramo, and @ = the Danish lowland streams.
Regression coefficients are provided.



VLIV NADMORSKE VYSKY
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STOJATE VODY témata

e Tfidici faktory

 klasifikace podle teplotniho rezimu

e dynamika v ramci rGznych ¢asovych skal

e teplota a procesy (abiotické a biotické)

e vlivnadmorské vysky a zemépisné Sirky
 tekouci vs. stojaté vody

e povrchové vs. podzemni vody

e vlivy na vodni organismy

e antropogenni zasahy do teplotniho rezimu



STOJATE VODY faktory
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Fig. 5. Annual maximum and annual minimum irradiance as a function of latitude. Redrawn from Lewis 1987.



STOJATE VODY
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FIGURE 6-7  Schematic arrangement of thermal lake types with latitude and altitude.
Black dots: cold monomictic; black-and-white horizontal bars: transitional regions; bor-
izontal lines: dimictic; crossed lines: transitional regions; vertical lines: warm monomic-
tic. The two equatorial types occupy the unshaded areas labeled oligomictic and
polymictic, separated by a region of mixed types, mainly variants of the warm monom-
ictic type (broken vertical lines). (Modified from Hutchinson and Loffler, 1956.)




STOJATE VODY stratifikace

Lake Windermere 54°20'N

Lake Victoria 0'5'S
\ N9/
|| ] |
135/ L I
10+
E 24.2 |
g £
§' 23.8 Sl
240| | 3¢ g
23.6
50
Sep Nov Jan Mar May Jul S

Fig. 6.11 Depth-time diagram of thermal stratification in a tropical lake, Lake Victoria, [ o] T T _FREEAE g T
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Uganda. Isotherms are in °C. (Based on Talling [941].)

Fig. 6.12 Depth-time diagram of thermal stratification in a temperate lake experiencing
a maritime climate, Lake Windermere, English Lake District. Isotherms are in °C.
(Based on Jenkin [480].)
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Fig. 6,14 Depth-time diagram of thermal stratification in a polar lake, Char Lake, Dot Tae . e . o - -

Canadian Arctic. Isotherms are in °C. (Based on Schindler et al. [867])
Fig. 6.13 Depth-time diagram of thermal stratification in a temperate lake experiencing

a continental climate, Gull Lake, Michigan. Isotherms are in °C. (Based on Moss [672].)



STOJATE VODY stratifikace
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Fig. 7. Temperatures at the top (excluding transient diurnal increases) and bottom of lakes during stratification, shown as a function of
latitude. Redrawn from Lewis 1987.



STOJATE VODY
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Fig. 8. Timing of the annual surface temperature minimum for
a selection of tropical lakes in both hemispheres. Data repre-
sented by solid dots are from Talling 1969. Other sources are as
follows: Valencia, Venezuela, Lewis 1983b, 1984; Lanao,
Philippines, Lewis 1973; Parakrama Samudra, Sri Lanka,
Dobesch 1983; Titicaca, Peru/Bolivia, Vincent et al. 1985;
Carioca, Brazil, Henry and Barbosa 1989.
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Fig. 9. Illustration of regularity in the timing of the seasonal
mixing over a 5-year interval for Lake Valencia, Venezuela.
Data are from Lewis 1984,

In this way, the mixed layer episodically becomes
thicker and thinner, even though the water column
remains stratified.

Another factor that may affect the thickness of
the mixed layer is the Coriolis effect (Lewis 1987).
For unconstrained water movements, the geo-
strophic deflection of water currents moving direct-
ly north or south, or with a significant component
of movement either north or south, is quite sub-
stantial. The effect of this deflection is to reduce the
water current velocity that can be generated by a



STOJATE VODY stratifikace

A comparison of mixed layers in a tropical and a temperate

hloubka SkOEné vrstvy lake of similar size (data from Lewis 1973, Hollan et al. 1990).
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STOJATE VODY

,thermal bars”
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FIGURE 7-24 Formation and progress of a thermal bar in Lake Ontario from winter to full summer
stratification. (From Rodgers, G. K.: Publications Gt. Lakes Res. Div. Univ. Mich. 15:372, 1966.)



POVRCHOVE VS. PODZEMNI VODY témata

e Tfidici faktory

 klasifikace podle teplotniho rezimu

e dynamika v ramci rGznych ¢asovych skal

e teplota a procesy (abiotické a biotické)

e vlivnadmorské vysky a zemépisné Sirky

e tekouci vs. stojaté vody

e povrchové vs. podzemni vody

e vlivy na vodni organismy

e antropogenni zasahy do teplotniho rezimu



POVRCHOVE VS. PODZEMNI VODY orehled

e podzemni vody maji vétSinou ucinek stabilizujici teplotu v
tocich

* v nékterych pripadech vsak zpUsobuji velkou prostorovou
heterogenitu (geotermalni vody v Yellowstone) — zvyseni
teploty v toku 0 12°C (zmény ve spolecenstvech bakterii, ras,
bezobratlych a ryb; produkce)

e vzhledem k nahodilé lokalizaci pritokt podzemni vody do
koryta dochazi ke zvyseni prostorové heterogenity fluvialniho
prostredi

vliv teploty na hydrologické pomeéry

e pokles hladiny uprostred odpoledne souvisi s evapotranspiraci

e denni kolisani teploty vody zpusobuje zmény hydraulické
konektivity v koryté — vysledkem je kolisani prutoku béhem
dne (rozsah a smér vymeény vody mezi podpovrchovymi a
povrchovymi vodami)



POVRCHOVE VS. PODZEMNIi VODY
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VLIVY NA VODNi ORGANISMY témata

e Tfidici faktory

 klasifikace podle teplotniho rezimu

e dynamika v ramci rGznych ¢asovych skal

e teplota a procesy (abiotické a biotické)

e vlivnadmorské vysky a zemépisné Sirky

e tekouci vs. stojaté vody

e povrchové vs. podzemni vody

e vlivy na vodni organismy

e antropogenni zasahy do teplotniho rezimu



VLIVY NA VODNi ORGANISMY piehled

e studenokrevni (poikilotermni) / teplokrevni

e eurytermni/ stenotermni

* limity pro bunécné procesy, metabolismus, vyvojové cykly,
aktivita/klidova stadia, distribuce



VLIVY NA VODNi ORGANISMY limity

e denaturace bilkovin (enzym() nad 40°C
e termalni prameny a chladné oblasti

average survival
time (d)

400

Polycelis
felina

Dugesia
gonocephala

Crenobia alpina

10 |~

Temp. (°C)

10 15 20 29 30

Fig. 31. Average survival time of three species of Turbellaria as a function of
temperature (E. Pattee, 1958)



VLIVY NA VODNi ORGANISMY

Figure 4.1

Activity Rate ——

aktivita

%\\\\\\\&\ N F AN

Inflection

Temperature ——»

Hypothetical example showing the sigmoid relationship between activity rate
and temperature that is often observed for insects. The relative increase or de-
crease in activity rate associated with two fluctuating thermal regimes having
different mean temperatures (i.e. X'and Y), but the same magnitude of fluctua-

tion (i.e.  b), is demonstrated. Note that when temperature fluctuations are

approximately symmetrical around the mean, then fluctuating regime X + b
has a net stimulatory cffect on activity relative to a constant regime of X,
whereas fluctuating regime Y = b has a net retardative effect relative to a con-
stant regime Y (modified from Pradhan 1945).



VLIVY NA VODNi ORGANISMY

A: strmy linearni vztah mezi
metabolismem a teplotou

B: kfivka exponencialniho typu
(regulation zone, inflextion
point, adjustment zone)

C: kfivka s regulacni zénou
(plateau) uprostfed mezi
dvéma zénami strmého
vztahu (adjustment)

D: krivka s nizkou variabilitou
metabolismu mezi meznimi
teplotami; plateau ve vyssich
teplotach
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Fig. 30. Oxygen consumption as a function of temperature in certain Amphipoda and

Trichoptera (C. Roux, 1989)



VLIVY NA VODNi ORGANISMY metabolismus

* A, B, C—druhy strednich a dolnich ¢3sti tokd, tolerujici Siroké rozmezi teplot
(eurytermni) nebo vyvijejici se pouze pfri vyssich teplotach (stenotermni
teplomilné); vice generaci béhem roku (polyvoltinni)

* D —stenotermni chladnomilné druhy s jednou generaci v roce, pripadné s
zivotnim cyklem delSim nez jeden rok (semivoltinni)

e urceni teplotniho rozsahu tzv. plateau muize poslouzit k vysvétleni
postupného nahrazovani navzajem pribuznymi druhy béhem roku

» plateau Hydropsyche fulvipes > Diplectrona felix

e kdyz letni teploty presahnou 15°C H. fulvipes nahradi D. felix

» krivky ukazuji omezeni vyuZiti tzv. Q;, (multiplikativni
ucinek zvyseni teploty o 10°C)
* Q,onepostihuje regulacni zénu a plateau

- - K .
www.ispotnature.org = v
[ o s




ANTROPOGENNI ZASAHY DO TEPLOTNIHO REZIMU témata

e nadrZe — manipulace s kétou odbéru/vypousténi; Spickovani
e vypousténi odpadnich vod

e vypousténi chladicich vod

e odbéry vody — mensi pritok — vétsi vliv teploty vzduchu

e management pobrezni vegetace



ANTROPOGENNI ZASAHY DO TEPLOTNIHO REZIMU regulace toki

zmeny teplotniho rezimu toku regulovaného dvéma prehradami

25 - —]
:G 20 L3
@ 7 L6
s
© — | 7/
o 15 -

o
€
g
o 10 -
)
(]
3
c
g 5 -
€
0 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12
MONTH




ANTROPOGENNI ZASAHY DO TEPLOTNIHO REZIMU regulace toki

zmeny teplotniho rezimu toku regulovaného dvéma prehradami
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regulace toki
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ANTROPOGENNI ZASAHY DO TEPLOTNIHO

zmény klimatu

REZIMU

- Freshwater Biology

Freshwater Rinkypy (2013) 58, RR0-804 o1 1111 s, 12084

Descriptors of natural thermal regimes in streams and their
responsiveness to change in the Pacific Northwest of North
America

IVAN ARISMENDI®, SHERRI L. JOHNSON', JASON B. DUNHAM! AND ROY HAGGERTY®

(a) natural thermal regime (b) hypothetized thermal regime
due to a warming climate
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Fig. 1 Conceptual model and hypotheses. (a) Diagram of a typical thermograph showing examples of descriptors used here and (b} hypoth-
esised changes in the thermograph due to the recent warming dimate.
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