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ANOTACIJA

Birzaks J. 2013. Latvijas upju zivju sabiedribas un to noteicosie faktori. Promocijas
darbs. Riga, Latvijas Universitate, 146 Ipp.

Zivju sabiedribas struktiiru upés nosaka dazada limena faktori, sakot ar biogeografis-
kiem faktoriem, upju morfologiju un stavokli kopé&ja upju tikla lidz lokaliem faktoriem
upes posma, biotopa un mikrobiotopa. Latvijas upés lidz $im pétijumi par dabisko un
antropogéno faktoru ietekmi uz zivju sabiedribu struktiru nav veikti. Laika no 20. gs.
90. gadiem nav apkopoti un analizéti jaunakie ihtiofaunas izpétes dati par zivju izplatibu
un sastopamibu Latvijas iekséjos tidenos.

Promocijas darba mérKkis ir izpétit Latvijas upju zivju sabiedribu strukttiru un noteikt
dabisko un antropogéno faktoru ietekmi uz $im sabiedribam.

Pétijums balstits uz materiala analizi, kas ievakts laika no 1992. gada lidz 2011. ga-
dam. Darba gaita izveidota datubaze par zivju sastopamibu, relativo skaitu un biomasu
199 upés - 1017 zivju uzskaites vietas. Veikta ari liela apjoma kartografiska materiala ap-
strade, pétiti zivju sabiedribu struktaru ietekméjosie vides faktori (upes sateces baseins,
kritums, temperatiiras un skabekla rezims), biotopi (upes platums, dzilums, aizénojums,
aizaugums, straumes atrums) un antropogéna ietekme ($kérslu registrs, zemes lietoSana
baseina, morfologiskie parveidojumi un biogénu N un P slodze), izmantojot mérijumus
lauka apstaklos un vacot datus no dazadiem projektiem un publiskiem avotiem.

Pétijumi veikti visu Latvijas upju tipologija noteikto upju tipos. Analizéta vides un
antropogéno faktoru ietekme uz zivju sabiedribas struktaru (sugu skaits, daudzveidiba,
zivju skaits un biomasa pa sugam un ekologiskajam grupam). Veikta kopéja dabigo un
antropogéno faktoru ietekmes analize, izmantojot principialo komponentu analizi (PCA).
Biotopu un upju klasifikacijai izmantota detrendéta korespondences analize (DCA) un
klasteranalize.

Datu analizes rezultati liecina, ka primarie faktori, kas nosaka zivju sabiedribu struk-
taru Latvijas upés, ir upes sateces baseina platiba, upes kritums un temperatiiras rezims.
Antropogénajai ietekmei ir pakartota nozime.

Latvijas upés péc zivju sabiedribam iesp&jams nodalit 9 biotopus, kas savukart iedala-
mi 5 pamattipos (mazo upju potamals, mazo aukstidens upju ritrals, vidéja lieluma upju
ritrals, vidéjo un lielo upju potamals, lielo upju ritrals) un 4 parejas tipa biotopos.

Nodaliti 7 upju tipi ar tiem raksturigam zivju sabiedribam: 2 ritrala aukstadens upju
tipi ar dominéjosam lasveidigajam zivim, 2 ritrala siltddens upju tipi ar karpu dzimtas -
lagveidigo zivju sabiedribu, mazas ritrala siltddens un auksttidens upes ar dominéjoso
sugu - bardaino akmengrauzi, lielas potamala upes ar karpu dzimtas zivju sabiedribam
potamala un karpu dzimtas zivju - lasu - sabiedribam ritrala.

Promocijas darba apjoms ir 146 lappuses, to papildina 57 tabulas, 16 attéli un 26 pie-
likumi.

Atslégvardi: upes, zivju sabiedribu struktiira, vides un antropogénie faktori, tipologija.



ANNOTATION

Birzaks J. 2013. The fish communities of Latvian rivers and their determining factors.
Doctoral thesis, Riga, University of Latvia, pp. 126

The structure of fish communities in rivers is determined by factors at a number of
levels, extending from bio-geographical factors, river morphology and the conditions in
the overall river network, up to local factors in the section of the river, in the biotope
and micro-biotope. Up till now research on the influence of natural and anthropogenic
factors on the structure of fish communities in Latvian rivers has not been done. The
latest ichthyofauna research data on the distribution and occurrence of fish in the internal
waters of Latvia in the period from the 1990’ has not been collated and analyzed.

The aim of the doctoral thesis is to undertake research on the structure of fish
communities in Latvian rivers and to determine the influence of natural and anthropogenic
factors on these communities.

The research is based on an analysis of material which was obtained in the period
from 1992-2011. During this work a data base was developed on the distribution
of fish, their relative numbers and biomass in 199 rivers and at 1,017 fish study sites.
The processing of large scale cartographic materials and environmental factors (river
catchment basins, gradients, temperature and oxygen regimes) which influence the
structure of fish communities was done, as was research on the biotopes (river width,
depth, shadowing, extent to which they are overgrown, flow speed) and anthropogenic
influences (register of barriers, land use in the basin, morphological modifications and
biogenic N and P loads), using measurements in field conditions and the collection of
data from various projects and public sources.

Research was done by defined river types in the complete Latvian river typology.
The influence of environmental and anthropogenic factors on the structure of fish
communities (number of species, diversity, number of fish and fish biomass for species
and ecological groups) was analyzed. An overall analysis of the influence of natural and
anthropogenic factors was undertaken, using PCA. DCA and cluster analysis was used
for the classification of biotopes and rivers.

The results of data analysis show that the primary factors which determine the
structure of fish communities in Latvian rivers are the width of the river catchment basin,
the gradient of the river and the temperature regime. Anthropogenic influence has a
minor importance.

It’s possible to classify fish communities in Latvian rivers into 9 biotopes, which in
turn can be classified into 5 basic types (small potamal rivers, small rithral cold water
rivers, middle size rithral rivers, middle and large potamal rivers, large rivers rhithral)
and 4 transitional type biotopes.

Seven river types were classified by their characteristic fish communities: 2 rhithral
cold water types with salmon-type fish dominant, 2 rithral warm water types with a
ciprinid family - salmon-type fish community, small rhithral warm water and cold water



rivers with the dominating species — groundling and large potamal rivers with carp family
fish communities in potamal and carp family fish — salmon community in rhithral rivers.
The size of the doctoral thesis is 146 pages, with 57 tables, 16 figures and 26 appendices.

Key words: rivers, structure of fish communities, environmental and anthropogenic
factors, typology



TERMINU VARDNICA

Tolerantas sugas (TOLERANT) - mazjutigas pret eitrofikaciju, pH pazeminasanos un
dzivotnu degradaciju

Jutigas sugas (INTOL) - jutigas pret eitrofikaciju, pH pazeminasanos un dzivotpu degra-
daciju

Bentiskas sugas (BENT) - uzturas pie tidenstilpes grunts; barojas galvenokart no grunts,
nepaceloties vidéjos un augséjos adens slanos

Udens slana sugas (WCOLUMN) - uzturas un barojas tdens slani

Eiritopas sugas (EURY) - dzivo gan stavosos (lentiskos), gan tekosos lotiskos denos

Reofilas sugas (RHEO) - $Im sugam visi saldiidens dzives posmi noris tekosos (lotiskos)
udenos

Limnofilas sugas (LIMNO) - §im sugam visi saldiidens dzives posmi noris stavosos (len-
tiskos) adenos

Uz cieta substrata narstojosas (litofilas) sugas (LITH) - to narsta substrats ir grants, oli,
akmeni, laukakmeni

Uz augiem narstojosas (fitofilas) sugas (PHYT) - to narsta substrats ir dziva vai atmirusi
vegetacija

Visédaji (omnivori) (OMNI) - izmanto plasa spektra baribas objektus gan no augu, gan
dzivnieku valsts

Plésigas zivis (PISC) - vairak neka 75% to baribas sastav no zivim

Kukainédajas sugas / sugas, kas barojas ar bezmugurkaulniekiem (INSV) - to bariba do-
miné bezmugurkaulnieki un kukaini; $o sugu apzimésanai lieto terminu insektivori
vai invertivori

Potadromas sugas (POTAD) - veic vietéja rakstura migracijas isa vai vidéja attaluma

Diadromas sugas (LONG) - migré starp saldideniem un jaras Gdeniem; salidzinosi gari
migraciju attalumi

Ilgi dzivojosas sugas (LLIV) - tipiskas $1s grupas zivis dzivo ilgak par 15 gadiem

Iss dzives ilgums (SLIV) - tipiskas $is grupas sugas dzivo mazak par 5 gadiem
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IEVADS

Darba aktualitate

Zivju sabiedribu un to struktaru ietekméjoso faktoru pétijumiem ir ilga vésture. Upes
ka ekosistémas ir apkartéjas vides elements, kas saistits ar taja notiekosajiem dabiskajiem
un antropogénajiem procesiem. Vésturiski upém ir bijusi liela loma civilizacijas attisti-
ba, cilvéka saimnieciska darbiba norisinajusies to tuvuma vai tiesi izmantojot Gidens un
tdens vides biologiskos resursus.

Pétijumu rezultati liecina, ka zivju sabiedribas struktiru upés nosaka dazada limena
faktori, sakot ar biogeografiskiem faktoriem, upju morfologiju un stavokli kopéja upju
tikla lidz lokaliem faktoriem upes posma, biotopa un mikrobiotopa.

Latvijas upés lidz $im pétjjumi par dabisko un antropogéno faktoru ietekmi uz zivju
sabiedribu struktiiru nav veikti. No 20. gs. 90. gadiem nav apkopoti un analizéti jauna-
kie ihtiofaunas izpétes dati par zivju izplatibu un sastopamibu Latvijas iek$éjos adenos.
Vienlaikus tie ir Joti aktuali saistiba ar ES Udens struktirdirektivas (Water Framework
Directive, 2000/60/EC) ievie$anu, kas uzliek dalibvalstim pienakumu atjaunot, uzlabot un
uzturét virszemes idenu ekologisko kvalitati. Si mérka sasnieg$anai nepieciesama upju
ekologiskas kvalitates sistémas izveido$ana, ka butisku kvalitates raditaju izmantojot ari
zivis. Tacu lidz $adas sistémas izveido$anai javeic ievérojama apjoma datu ievaksana un
analize, kas ietver

o zivju sabiedribu klasifikaciju antropogéni iespéjami mazietekmétas upés, t. i., jakla-

sificé zivju sabiedribu dabiskie tipi Latvijas upés;

o izmainu analizé$anu $o sabiedribu struktiira, ko nosaka antropogéna ietekme.

ES konteksta zivju pétijumu nepiecieSamibu upés paredz ari direktiva par sugu un to
biotopu aizsardzibu (ES Biotopu direktiva 92/43EEC), kas nosaka ipasi aizsargajamo sugu
un tam pieméroto biotopu aizsardzibas politiku, ka ari regulas, kas paredz nacionala li-
mena sugu aizsardzibas un parvaldibas planu izstradi, pieméram, planot Eiropas zusa un
Baltijas laga krajumu parvaldiSanu.

Zivim ka indikatororganismiem tdenu ekologiskas kvalitates novértésana ir vairakas
prieksrocibas salidzinajuma ar citiem hidrobiontiem. Dazadu to sugu dzives cikls un eko-
logiskas prasibas ir saméra labi izpétitas. Tas ir ilgdzivotajas, tapéc reagé gan uz islaiciga
stresa situacijam, gan uz ilglaicigam ietekmém. Zivis ir tiesi izmantojams dabas resurss,
tam ir saimnieciska nozime, un to pétijumu nozimigums ir saprotams ne tikai eksper-
tiem, bet ari sabiedribai kopuma.

Pétijumi par dabisko un antropogéno faktoru ietekmi uz zivju sabiedribu struktiru
dod iespéju veértét to stavokli valsti kopuma. Zinatniskie pétijumi liecina, ka lidzigas cil-
véka darbibas mazietekmétas upés ari zivju sabiedribu struktira ir lidziga. Tapéc, no vie-
nas puses, jabut iespéjai noteikt Latvijas upju tipus ar lidzigu zivju sabiedribu struktaru,
bet, no otras puses, analizéjot antropogéno faktoru ietekmi, jabut iespé&jai noteikt upju
un tajas sastopamo zivju sabiedribu degradacijas pakapi. Tas ir nepiecieams, veidojot
Latvijas ka ES dalibvalsts pasakumu planu adenu ekologiskas kvalitates atjauno$anai, uz-
turésanai un uzlabosanai.
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Latvijas upes, kas atrodas Eiropas upju un ezeru 15. ekoregiona jeb Baltijas provincé
(Illies, 1967), pieder pie lidzenumu upém. Zivju sabiedribu stavoklis $aja regiona plasak
pétits Lietuva. Latvija lidzigi pétjjumi lidz $im nav veikti, tapéc tiem ir nozime gan kopéja
ES konteksta, gan misu ekoregiona.

Pétijums balstits uz materiala analizi, kas ievakts laika no 1992. lidz 2011. gadam. Ta
pamata ir dati par Latvijas upés sastopamo 40 zivju un négu sugu izplatibu, skaitu un
biomasu, ka ari analizéti sugas ietekméjosie dabiskie faktori (upes un to baseina morfo-
logija, novietojums upju tikla, temperatiras, skabekla un biotopa raksturs) un antropo-
génie faktori (upju morfologiska un hidrologiska rezima parveido$ana, zivju migracijas
skérgli, biogénu saturs ideni, zemes lietoSana upes sateces baseina, piesarnojums u. c.).
Pétijums aptver visus Latvijas upju tipologija nodalitos upju tipus (MK noteikumi Nr. 858
»Noteikumi par virszemes idensobjektu tipu raksturojumu, klasifikaciju, kvalitates krité-
rijiem un antropogéno slodzu noteiksanas kartibu”).

Darba gaita izveidota datubaze par zivju sastopamibu, relativo skaitu un biomasu
199 upés — 1017 zivju uzskaites vietas. Tas dati izmantojami gan Latvija, gan papildi-
na datus par 15. ekoregionu (Baltijas province). Sidas kvalitates un apjoma ihtiologiskie
dati par zivim Latvijas upés apkopoti pirmo reizi. Ari zivju sabiedribu struktaru (sugu
skaita, daudzveidibas, zivju skaita un biomasas) ietekméjoso ekologisko un antropogéno
faktoru analize Latvija lidz $im nav veikta. Darba rezultati izmantojami gan praktiskiem
meérkiem, pieméram, zveja un makskerésana izmantojamo zivju sugu populaciju dinami-
kas un krajumu novértésanai, gan sugu un to biotopu aizsardzibas jautajumu risinasana.
Pétijumu rezultata ir izstradata Latvijas upju biotopu un upju tipologija péc tajas dzivojo-
$o zivju sabiedribu struktaras.

Darba meérkis

Izpétit Latvijas upju zivju sabiedribu struktaru un noteikt dabisko un antropogéno
faktoru ietekmi uz $im sabiedribam.

Darba uzdevumi

1. Sagatavot datubazi, kura ietverti $adi parametri:

o zivju sabiedribu raksturojosie lielumi: zivju skaits un biomasa pa sugam to uzskai-
tes vietas, zivju skaita un biomasas aprékins uz upes laukuma vienibu pa bioto-
piem, uzskaites vietam un upém;

o upju morfologiskie dati: upes baseina kopéja platiba un platiba aug$pus parauglauku-
miem, kritums un temperatiras rezims, upes posma kritums un straumes atrums, pla-
tums, dzilums un attalums no iztekas, upes gultnes substrats, ar upém savienotie ezeri;

o antropogénas iedarbibas kvantitativs novértéjums: zemes lietojums upes baseina
auggpus zivju uzskaites parauglaukumiem, morfologiskie parveidojumi upes kras-
tos un gultné, upes hidrologiska rezima parveidojumi, punktveida piesarnojuma
avoti upé, biogénu slodze upes baseina, biogénu (N un P) saturs tdeni, antropogé-
nie $kérsli (HES un citi aizsprosti), maksligo adenskratuvju ietekme.

2. Veikt zivju sabiedribu salidzino$o analizi upés atkariba no upju hidromorfologiska-
jiem un ekologiskajiem ietekmes faktoriem.



12

3. Noveértét antropogéno ietekmi uz zivju sabiedribu struktiru.
4. Izstradat priekslikumus Latvijas upju tipologijai péc zivju sabiedribas struktiiras an-
tropogéni maz ietekmeétas upés.

Darba novitate

1. Darba gaita izveidota datubaze, kas izmantojama gan Latvija, gan papildina esoSos
ekoregiona datus.

2. Pirmo reizi Latvija apkopots nozimiga apjoma faktologiskais materials par zivju sasto-
pamibu un izplatibu Latvijas upés, tai skaita ES Direktivas 92/43EEC sugam.

3. Pirmo reizi Latvija veikta zivju sabiedribu un to struktiiru ietekméjoso faktoru analize.

4. Izstradata upju biotopu klasifikacija un upju tipologija péc zivju sabiedribas struktiras.

Darba hipotézes

Buatiskakais faktors, kas nosaka zivju sabiedribu struktru Latvijas upés, ir upes sa-
teces baseina platiba. Zivju sabiedribu struktiiru batiski ietekmé ari tadi faktori ka upes
kritums, temperatiras rezims un skabekla saturs Gideni.

Liela ietekme uz zivju sabiedribu strukttru ir vietéja rakstura faktoriem, kas veido bio-
topu struktiiru upés: straumes atrums, upes gultnes substrats, upes dzilums un platums.

Zivju sabiedribu struktiiru nosaka dabigo un antropogéno faktoru mijiedarbiba.

Izmantojot datus par zivju sabiedribu struktiiru, iespé&jams izveidot Latvijas upju ti-
pologiju.

Pétijuma rezultatu aprobacija

Pétijuma rezultati publicéti periodiskajos izdevumos:

1. Aleksejevs E., Birzaks J. 2011. Long-term changes in the ichthyofauna of Latvia’s in-
land waters. Sc. Journal of Riga Technical University. Environmental an Climate tech-
nologies, 13/7: 9-18.

2. Birzaks J. 2007. The river fish community’s structure — results of biodiversity monito-
ring. Acta Biol. Univ. Daugavpils, 7 (2): 73-85.

3. Birzaks J., Abersons K. 2011. Anthropogenic influence on the dynamics of the river
lamprey Lampetra fluviatilis landings in the river Daugava basin. Sc. Journal of Riga
Technical University. Environmental an Climate technologies, 13/7: 32-38.

4. Birzaks J., Aleksejevs E., Stragis M. 2011. Fish occurrence and distribution in the ri-
vers of Latvia. Proc. of the Latvian Academy of Sciences, Section B, vol. 65, No. 3/4
(674/675), pp. 20-30.

5. Birzaks J. 2012. Occurrence, abundance and biomass of fish in rivers of Latvia in ac-
cordance with river typology. Zoology and Ecology, 22: 1, 9-19.

Citas publikacijas:
1. Birzaks J. 2007a. Zivis. Pilats V. (red.) Biologiska daudzveidiba Gaujas nacionalaja
parka. Gauja nacionala parka administracija, Sigulda, 189.-193. lpp.
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. Birzaks J. 2007b. Latvijas iek$&jo tidenu zivju resursi un to izmantosana. Latvijas ziv-
saimniecibas gadagramata 2007. 11. gads, Riga, 66.-82. lpp.

. Birzaks J. 2008. Mazo upju nozime zivju resursu un biologiskas daudzveidibas sagla-
basana. Latvijas zivsaimniecibas gadagramata 2008. 12. gads, Riga, 57.-70. lpp.

. Birzaks J. 2010. Latvijas zu$u krajumu parvaldibas plans. Latvijas zivsaimniecibas ga-
dagramata 2010. 14. gads. Riga, 50.-60. Ipp.

. Birzaks J. P. 1991. The development of adaptation to sea water as an index of smolti-
fication in hatchery Baltic salmon. In: Aquaculture at the Baltic. Riga: Avots, pp. 48-54
(in rus.).

. Birzaks J., Ozolins$ J., Ornicans A. 1998. Otter (Lutra lutra) diet related to abundance
of fish in some Latvia’s rivers. Proc. of the Latvian Academy of Sciences. B. 52. No. 1/2
(594/595): pp. 70-76.

. Springe G., Klavins M., Birzaks J., Briede A., Druvietis I., Eglite L., Grinberga L.,
Skuja A. 2007. Climate change and its impacts in inland surface waters. Climate chan-
ge in Latvia. Latvijas Universitate, pp. 123-143.

. Springe G., Birzaks J., Briede A., Druvietis I., Grinberga L., Kono$onoka I., Parele E.,
Rodinovs V., Skuja A. 2012. Climate change indicators for large temperate river:
case study of the Salaca River. In: Climate change in Latvia and adaptation to it. Ed.
M. Klavin$ and A. Briede. Riga: University of Latvia Press, 79-94.

Par pétijuma rezultatiem zinots starptautiskas konferencés:

. Aleksejevs E., Birzaks J. 2008. Commercial fishing and angling in inland waters of
Latvia. International Cooperation in Fisheries, Conference Vistytis Forum-3, Vilnius,
pp. 182-184.

. Birzaks J. 2007. The river fish communities structure — results of biodiversity monito-
ring. 4" International Conference ,Research and Conservation of Biological Diversity
in Baltic Region” Book of Abstracts, Daugavpils, pp. 119.

. Birzaks J., Abersons K., Baranova T. Long term dynamics of river lamprey fishery in
Latvia, ICES CM 2011/D.

. Birzaks J., Springe G., Briede A., Jakovleva I. 2012. Climate change and long-term
salmon smolt migration patterns in wild salmon natural spawning river Salaca. Book
of Abstracts of the 14™ European Congress of Icthyology, Liege, Belgium, 3.-8. July,
pp- 22.

. Springe G., Birzaks J. 2005. Fish abundance in high quality reaches of mediumm-
sized lowland Latvian streams: results of STAR project, 3™ International Conference
»Research and Conservation of Biological Diversity in Baltic Region” Book of
Abstracts, Daugavpils, pp. 119.

Zinojumi vietéjas konferencés:

. Aleksejevs E., Birzaks J. 2008. Spidilka Rhodeus amarus Bloch izplatiba Latvija.
Klimata mainiba un adeni. LU 66. zinatniska konference. Riga, 5.-6. Ipp.

. Aleksejevs E., Birzaks J. 2009. Izmainas zandarta Sander lucioperca (L.) izplatiba
Latvijas iek$éjos tidenos. Klimata mainiba un adeni. LU 67. zinatniska konference.
Riga, 10.-15. Ipp.
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10.

11.

12.

13.

Aleksejevs E., Birzaks J. 2010. Zivis — potencialie klimata izmainu indikatori. Klimata
mainiba un adeni. LU 68. zinatniska konference. Riga, 6.-14. Ipp.

Birzaks J. 2008. Izmainas Salacas dabisko lasa Salmo salar L. smoltu vecuma strukti-
ra un migracijas terminos. Klimata mainiba un tdeni. LU 66. zinatniska konference.
Rakstu krajums. LU Akadémiskais apgads, 22.-23. Ipp.

Birzaks J. 2009. Jauna zivju suga Sabanejewia aurata (De Filippi, 1865) Latvija. Klimata
mainiba un adeni. LU 67. zinatniska konference. Rakstu krajums. LU Akadémiskais
apgads, 39.-40. Ipp.

Birzaks J., Stragis M. 2010. Latvijas upju tipologija péc zivju sabiedribam. Klimata
mainiba un adeni. LU 68. zinatniska konference. Rakstu krajums. LU Akadémiskais
apgads, 26.-40. Ipp.

Birzaks J. 2012. Daudzgadigie zivju pétijumu rezultati Salacas baseina mazajas upés.
Latvijas Universitates 70. zinatniska konference. Geografija, Geologija, Vides zinatne.
Referatu tézes. Pieejams: http://www.geo.lu.lv/fileadmin/user_upload/lu_portal/projek-
ti/gzzf/Konferences/ Tezu_krajumi/70.pdf

Grinberga L., Birzaks J. 2010. Zivju sugu izplatiba un daudzveidiba saistiba ar Gdens-
augu vegetacijas raksturu Salaca. Klimata mainiba un Gdeni. LU 68. zinatniska konfe-
rence. Rakstu krajums. LU Akadémiskais apgads, 54.-56. lpp.

Jakovleva L, Birzaks J. 2011. Ilgtermina idens temperatiiru izmainu ietekme uz laga Salmo
salar L. smoltu migracijas periodu Salaca. LU 69. zinatniska konference. 431.-432. lpp.
Pieejams: http://www.lu.lv/fileadmin/user_upload/lu_portal/projekti/69konference/prezen-
tacijas/gzzf refreatu tezes.pdf

Rudzite M., Birzaks J.2003. Ziemelu upespérlenes sugas aizsardzibas plana ievieSana
Latvija. Geografija Geologija Vides zinatne. LU 61. zinatniskas konferences referatu
tézes. LU Akadémiskais apgads, 258 lpp.

Rudzite M., Onkele A., Birzaks J., Poppels A. 2008. Galvenie noteicosie faktori zie-
melu upespérlenes Margaritifera margaritifera L. populaciju izdzivosana Eiropa un
Latvija. Klimata mainiba un adeni. LU 66. zinatniska konference. Rakstu krajums.
LU Akadémiskais apgads, 114 lpp.

Springe G., Birzaks J., Briede A. 2006. Latvijas vidéja lieluma upju ihtiocenozu telpis-
kais sadalijums. Geografija, Geologija, Vides zinatne. LU 64. zinatniskas konferences
referatu tézes. LU Akadémiskais apgads, 291.-292. Ipp.

Springe G., Birzaks J., Briede A., Druvietis I., Eglite L., Grinberga L., Kokorite I.,
Konosonoka I., Ozolins D., Parele E., Rodinovs V., Skuja A. 2010. Klimata izmainu ie-
tekme uz virszemes saldideniem. Stasti par Salacu un Engures ezeru. Klimata maini-
ba un adeni. LU 68. zinatniska konference. Rakstu krajums. LU Akadémiskais apgads,
112.-113. lpp.
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1. LITERATURAS APSKATS

1.1. Latvijas upju iss fiziogeografisks raksturojums

Latvijas upes ir geologiski jaunas, tas veidojusas ledus laikmeta beigu posma pirms
10-11 takst. gadu adens erozijas ietekmé. Latvijas upju tikls ir sazarots, ta vidéjais bli-
vums ir 0,59 km/km?

Latvijas upém ir jaukta tidens pieplade, tas sanem tdeni gan no nokri$niem (lietus un
sniega), gan gruntsideniem. Upju tidens rezims ir nevienmérigs, tam raksturigi pavasara
pali un mazidens periodi, ka ari uzpladi ziemas atkusnu un vasaras — rudens lietavu laika
(Anonymous, 1984).

Péc kimiska sastava Latvijas upju Gdeni pieder pie hidrogénkarbonatiskiem tdeniem
ar zemu mineralizacijas pakapi, tie ir maz mineralizéti (200 mg/l) vai vidéji mineralizéti
(200-500 mg/I). Visvairak mineralizéts ir upju tidens Lielupes baseina, Miisa tas sasniedz
1000-1300 mg/I (Eipurs, Ziverts, 1998; Klavins et al., 2002).

Latvijas lielako upju iztekas atrodas 170-200 m virs jaras limena. Latvijas lielo upju
vidgjais kritums ir mazaks par 1 m/km. Savukart mazajas upés, kas tek pa augstienu
nogazém, un vidéjo upju ritrala posmos vidéjais kritums var sasniegt pat 10-15 m/km.
Saskana ar oficialo tipologiju Latvijas upes iedalitas 3 grupas péc sateces baseina platibas
(S < 100 km?, 100 km*> S < 100 km?, S > 1000 km?) un 2 grupas péc vidéja krituma
(< 1 m/km, > 1 m/km) (MK not. Nr. 858, 2004).

Upju termiskais rezims bezledus perioda atbilst gaisa temperatiiras gada gaitai.
Ziemas perioda tidens temperatiira pazeminas lidz 0 °C. Vasara Latvijas upés novérojami
lieli temperatiiras kontrasti. Mazajas upés un strautos, kam ir liela gruntstidenu pieplade,
tdens temperatira jalija un augusta var bat 12-15 °C (Raunis, Dzedrupe, Kumada u. c.).
Lielakajas upés tidens sasilst lidz 20-22 °C, bet atseviskas dienas sasniedz par 26-28 °C
(Eipurs, Ziverts, 1998).

Liela dala Latvijas upju tikuSas antropogéni parveidotas, cilvéka darbibas rezultata
mainijusies to tdens kvalitate. Daudzas upes ir parveidotas, tas iztaisnojot vai padzilinot,
vaj pardalot noteci uz blakus upes baseinu. Upés ir vairak neka 700 antropogénu skérslu
(Birzaks, Aleksejevs, 2011). Saskana ar Latvijas upju baseinu apgabalu parvaldibas pla-
niem 1/3 Latvijas upju Gdensobjektu neatbilst Direktivas 2000/60/EC kvalitates prasibam,
t. 1., loti labai un labai ekologiskajai kvalitatei (Anonymous, 2009).

1.2. Thtiofaunas pétijumi Latvijas upés

Pirma publikacija par Austrumbaltijas regiona sastopamam zivim datéta ar 18. gad-
simtu (Fischer, 1791). Pétijuma par §I regiona faunu gan zivju sugu zinatniskie, gan vie-
téjie nosaukumi minéti ari latviski, pieminétas arl dazas upes. 19. gadsimta publikacijas
jau pieminéta lielaka dala Latvijas upés musdienas sastopamo zivju sugu (Kawall, 1858).
Senakais literatairas avots par dazadu sistematisko grupu zivim kada atseviska Latvijas upé
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ir popularzinatnisks Daugavas upes un tas tautsaimnieciskas nozimes apraksts 19. gad-
simta beigas (Canynos, 1893).

Pirmie Latvijas ihtiofaunas saraksti (kopa jiras un saldadens, bez konkrétam atrad-
ném) sagatavoti un publicéti 20. gs. 30. gados (Grosse, 1935; Mansfelds, 1936). Tajos mi-
nétas $adas Latvijas upés sastopamas négu un zivju sugas: upes négis Lampetra fluviatilis,
strauta négis Lampetra planeri, juras négis Petromyzon marinus, Atlantijas store Acipenser
sturio, zutis Anguilla anguilla, alosa Alosa alosa, palede Alosa fallax, spidilkis Rhodeus
amarus, grundulis Gobio gobio, kartisa Carassius carassius, karpa Cyprinus carpio, plau-
dis Abramis brama, pavike Alburnoides bipunctatus, vike Alburnus alburnus, salate Aspius
aspius, spare Ballerus ballerus, plicis Blicca bjoerkna, ausleja Leucaspius delineatus, alants
Leuciscus idus, baltais sapals Leuciscus leuciscus, kaze Pelecus cultratus, mailite Phoxinus
phoxinus, rauda Rutilus rutilus, rudulis Scardinius erythropthalmus, sapals Squalius cepha-
lus, vimba Vimba vimba, linis Tinca tinca, akmengrauzis Cobitis taenia, pikste Misgurnus
fossilis, bardainais akmengrauzis Barbatula barbatula, sams Silurus glanis, lidaka Esox lu-
cius, salaka Osmerus eperlanus, siga Coregonus lavaretus, lasis Salmo salar, forele Salmo
trutta ar divam formam (strauta forele un taimins), alata Thymallus thymallus, védzele
Lota lota, trisadatu stagars Gasterosteus aculeatus, devinadatu stagars Pungitius pungitius,
platgalve Cottus gobio, kisis Gymnocephalus cernua, asaris Perca fluviatilis un zandarts
Sander lucioperca.

Hronologiski jaunaki ir 40.-50. gados veidotie Latvijas saldiidens zivju faunas saraksti
(Prieditis, 1947; Huxomnaes, 1953; Sloka, 1956), tie visuma ir lidzigi.

Izdevuma ,Latvijas zivis® (Plikss, Aleksejevs, 1998) minétas visas zivju sugas, kuru
izplatibas areals ietver Latvijas iek§&jos un juras tidenus, sugas, kas ir reti iecelotaji, un
sugas, kuras méginatas introducét, ka ari sugas, kuras iespéjams sastapt, jo tas konstatétas
kaiminvalstis.

No 90. gadiem pétijumi par zivju izplatibu un relativo daudzumu veikti visa valsts
teritorija, regulari analizéjot ari tas zivju sugas, kas nav makskerésanas vai zvejas mérksu-
gas. Pédéjo 20 gadu laika Latvijas upés nokertas 43 zivju un 3 négu sugas. Dazas no tam,
pieméram, jiras négis, palede, siga, salaka un kaze, konstatétas tikai rapnieciskaja zveja
(Birzaks et al., 2011). Ihtiofaunas pétijjumos Gauja konstatétas 30 sugas, bet potenciali
sastopamas 43 zivju un négu sugas (Birzaks, 2007).

No 2008. gada Latvijas upés konstatéta jauna zivju suga, kas sakotnéji noteikta ka zel-
tainais akmengrauzis Sabanejewia aurata, bet vélak tai pieskirts nomenklatiiras nosau-
kums Sabanejewia baltica jeb Baltijas zeltainais akmengrauzis. Latvija §1 suga pirmoreiz
konstatéta Gauja, bet gadu vélak arl Daugavas upes baseina (Birzaks, 2009; Aleksejevs,
Birzaks, 2010).

Lidz $im publicétajos zivju sugu sarakstos var konstatét virkni nepilnibu. To cé-
lonis galvenokart bijis lauka pétijumu trikums, bet dazos gadijumos pietiekami ne-
parbauditu datu atziSana par faktiem. Seviski tas attiecas uz sugam, kas nav zvejas
un makskerésanas mérksugas. Dalai sugu izplatibas areals butiski samazinajies, savu-
kart citas sugas izplatitas maksligi, to izplatibas areals ir pieaudzis. Jaunakie pétijumu
dati liecina, ka zivju sastopamiba upés butiski atskiras no agrakajiem prieksstatiem.
Iepriek§minétas izmainas zivju sugu sastopamiba un izplatiba iespéjams konstatét tikai
tad, ja zinamas to konkrétas atradnes, atradnu skaits un zivju relativais skaits pa sugam
(Birzaks et al., 2011).
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1.3. Upju zivju sabiedribas ietekméjosie ekologiskie faktori

Saldtdens zivju sabiedribu struktaru ietekmé gan biotiski, gan abiotiski faktori. To
ietekme izpauzas gan lokala, gan regionala limeni. Lokala limeni (vieta upé, upes posms)
biotops, ko funkcionali raksturo upes dzilums, straumes atrums, iidens temperatira, gult-
nes substrats un upes lielums (kritums, platums, caurteces pakape un sateces baseins),
nosaka zivju sabiedribu struktiru gan sugu sastava (taksonomiska) zina, gan funkcionala
(ekologisko grupu) zina (Angermeier, Winston, 1998; Oberdorft et al., 1998).

Regionalo zivju sabiedribu struktGru un procesus, kas taja noris, savukart ietek-
mé regionala limena faktori — upes baseina platiba, regiona geomorfologija un klimats
(Changeux, Pont, 1995).

Sugas klatbtitni taja vai cita upé nosaka ekologiskie apstakli, kas sugai nepiecieSami,
lai tiktu nodrosinatas tas Ipatniem vitali nepiecieS$amas funkcijas. Zivju sugas atskiras péc
prasibam pret baroSanas un vairo$anas apstakliem, uzturéSanas vietam, optimalu Gdens
temperatiiru un skabekla saturu, hidrologisko rezZimu un tdens kvalitati. Upés sastopa-
mas daudzas zivju sugas, kuras atkariba no iepriek§minétajam prasibam iespé&jams klasifi-
cét ekologiskajas grupas. Zivju ekologisko grupu definé ka sugu kopumu, kas lidzigi reagé
uz izmainam vides apstaklos; raksturigi, ka, mainoties vides apstakliem, ekologiski jutigas
sugas izzlid pirmas (Austen et al., 1994).

1.3.1. Upes sateces baseina platiba

Zivju sabiedribas upés ir strukturétas, izmainas sabiedribu strukttra liela méra saisti-
tas ar upes garenkrituma izmainam. Zivju sabiedribas upju augstecé ir sugam nabadzigas,
to struktiiru nosaka galvenokart abiotiskie faktori. Savukart zivju sabiedribas lejtecé ir
sugam bagatakas, tas dzivo stabilaka vidé, un biotiskajiem faktoriem ir noteico$a loma to
struktiras veidosana (Matthews, 1998). Kopuma zivju sabiedribu daudzveidiba palieli-
nas, palielinoties upei (Angermeier, Winston, 1998).

Ir izvirzitas tris galvenas hipotézes, lai izskaidrotu So fenomenu (Oberdorft et al.,
2011). Pirma no tam noteic, ka sugu skaits apgabala ir proporcionals §i apgabala platibai.
Parasti tas atbilst sakaribai S = CA% kur S ir sugu skaits un A ir apgabala platiba, kas
upes ekosistémas gadijuma ir upes sateces baseina platiba, bet C un z - koeficienti. Saja
gadijuma sugu skaits pieaug geometriska progresija. So sakaribu saista ar biotopu daudz-
veidibas palielinasanos teritorija ar lielaku platibu.

Otra hipotéze noteic, ka pastav pozitiva korelacija starp sugu daudzveidibu un ener-
gijas pieejamibu. Energija var bat izteikta ka biologiskajai sabiedribai pieejamie resursi.

Tre$a hipotéze skaidro daudzveidibas atskiribas ka vésturiski veidojusos ekosistému
rekolonizaciju, t. i., ekosistému pasreizéja attistibas fazé péc iepriekséjam globalam kli-
mata izmainam.

Zivju skaits un biomasa upés ar dazadu baseina platibu mainas lidzigi ka sugu skaits
un daudzveidiba. Pieméram, Lietuvas upés atkariba no baseina platibas sastopamas
1-50 zivju sugas, kas pa baseinu grupam mainas $adi: strautos un vismazakajas upés pa-
rasti sastopamas 1-5 sugas, bet pavisam kopa konstatétas 8; mazajas upés ir 10-15 sugas,
bet kopa 24 sugas; vidéjas un lielas upés parasti zivju sabiedribu veido 9-16 sugas, bet ko-
péjais sugu skaits var bt lidz 50. Zivju skaits un biomasa proporcionali pieaug, pieaugot
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upes baseinam, un parasti ir robezas no 800 lidz 4600 eks./ha un 4-74 kg/ha (Kesminas,
Virbickas, 2000).

Globala méroga datu analize liecina, ka divi faktori — upes sateces baseina platiba un
vidgjais caurpladums — nosaka tadu zivju sabiedribu parametru ka sugu skaits un daudz-
veidiba variabilitati (Angermeier, Schlosser 1989). Plasakos geografiskos apgabalos §i li-
kumsakariba var nedarboties, vai ari to nosaka citi faktori (Rohde, 1997). Novérots, ka
nozimigs var bt izolétibas faktors. Izoléta maza upé biis sastopams mazak zivju sugu
neka lielas upes lidziga lieluma pieteka (Obberdorf et al., 2011). Savukart upés, kas savie-
no ezerus, biezi novérojams netipiski liels sugu skaits (Freiseler, Wolter, 2006).

1.3.2. Upes temperatiiras un skabekla rezims

Saldtdens zivis ir poikilotermi dzivnieki, kam jaizmanto vides energija un uzvedibas
pielagojumi, lai regulétu kermena temperatiiru, un to kermena temperatiira ir tada pati
vaj loti tuva ka apkartéja vidg, t. i, adeni. Katrai zivju sugai ir savs evolicijas procesa
izveidojies temperattiras diapazons, kuram ta spéj pielagoties. Saldtidens zivju dzive no-
ris temperatiru diapazona no 0 lidz 41 °C, kad sakas olbaltumvielu denaturacija. Tomér
ir zinamas sugas, kas dzivo karstajos avotos, kur tdens temperatira sasniedz 52 °C
(Huxombckmit, 1974). Mérenaja klimata josla, pie kuras pieder ari Latvija, izskir divas ziv-
ju sugu grupas atkariba no to spéjas adaptéties dazadas temperatiras:

o stenotermas sugas, kas adaptéjusas Sauram temperatiiru diapazonam. Tas ir aukst-
adens sugas: lasveidigas zivis taimin$ un strauta forele (Salmo trutta), repsis
(Coregonus albula), siga (Coregonus lavaretus), védzele (Lota lota)u. c.;

o eiritermas zivju sugas, kas pielagojusas izdzivot plasaka temperatiru diapazona.

Temperatiira ietekmé sugu izplatibu gan geografiska méroga (Shuter et al., 1980), gan
atseviska ezera vai upé (Grossman, Freeman, 1987). Katrai zivju sugai ir savas biologis-
kas un ekologiskas prasibas, arl savs optimalais temperatiru diapazons — temperatiras
apstakli, kas ir visatbilsto$akie sugas dzives norisém - vairo$anas, barosanas, augsanas,
fiziologiskajam u. c. funkcijam. Optimalais temperataras diapazons ir Sauraks par bio-
logisko diapazonu. Temperatiira var ietekmét zivju sabiedribas tiesi, ietekmeéjot metabo-
lisma, augSanas un barosSanas intensitati (Fry, 1971) vai ietekméjot starpsugu attiecibas
(Baltz et al., 1982).

Ta ka zivis nespéj regulét kermena temperatiiru ka siltasinu dzivnieki, tas izmanto
citu iespéju - parvietojas uz tdenstilpes vietam, kur tdens temperatira vislabak atbilst
to biologiskajam vajadzibam. Katra zivju suga izvélas tadas dzivotnes, kur to augsanai un
citam organisma norisém ir optimala temperatira, t. i., zivju metabolisms konkrétajos
apstaklos spé&j nodrosinat zivs aug$anu, aktivitati un reprodukciju (Buisson, 2007).

Temperatiras iedarbiba var biit arl netiesa. Augstaka iidens temperatiira zivim izraisa
fiziologiskas aktivitates palielinaganos, tacu vienlaikus samazina adeni izskidusa skabekla
daudzumu, kas zivim var bat letali. Pieméram, dzilakas vietas ar gruntstidenu piepliidu-
mu upés veidojas apstakli, kas ir labveéligi zivju dzivei karstas vasaras dienas (Matthews,
Berg, 1997). Liela nozime ir upes morfologijai. Upes dzilums negativi korelé ar varbatibu,
ka veidosies zivim bistami bieza ledus sega vai butiski samazinasies skabekla daudzums
tdeni ziema, vai pretéji — biis augsta iidens temperatiira un zems skabekla saturs vasara
(Schlosser, 1991).
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Seviski nozimiga zivim ir kombinéta temperatiiras un skabekla stresa ietekme. Ta
rezultata var izzust ekologiski jutigas sugas, pieméram, lasveidigas zivis. Sida paradiba
novérojama seklas, 1éni tekosas upés vasaras perioda (Jackson et al., 2001). Lasveidigo
zivju aug$anai un attistibai upés nepiecieSams, lai iideni iz§kidusa skabekla koncentracija
ir vismaz 6 mg/l, bet idealos apstaklos skabekla koncentracija ir augstaka. Skabekla saturs
4-5 mg/I tiek uzskatits par limitéjosu Atlantijas lasim (Blay, 1987).

Klasiskie pétijumi par zivju sabiedribam un to vertikalo zonalitati balstiti uz tempera-
taras atS$kiribam upés virziena no augsteces uz lejteci. Pieméram, forele var iepemt domi-
néjoso lomu zivju sabiedriba didenos, kuru temperatira neparsniedz 20 °C. Jauktas zivju
sabiedribas, kuras ir gan lasveidigas, gan karpveidigas zivis (alatu zona), ir upés (upju
posmos), kur idens temperatira neparsniedz 22 °C, bet karpveidigas zivis dominé tde-
nos, kur temperatira ir lielaka par 25 °C (Huet, 1959).

Udens temperatiiru upés nosaka gan dabiski, gan antropogeéni faktori. Udens tempe-
ratiirai upés raksturiga telpiska un sezonala variabilitate. Kopuma virziena no zemakas
pakapes upém uz augstakas pakapes upém sateces baseina tidens temperatiira pieaug.
Udens temperatiirai upés raksturigs diennakts cikls ar minimumu agri no rita un gada
cikls ar temperatiiras minimumu ziema. No antropogénajiem faktoriem upju termalo re-
zimu butiski ietekmé termalais piesarpojums, izmainas zemes lieto$ana upes sateces ba-
seina (mezZu izcir$ana), upes hidrologiska rezima regulésana un globalas klimata izmainas
(Caissie, 2006).

1.3.3. Klimats un ta izmainas

Misdienas, mainoties klimatam, atzina, ka notiek izmainas arl biotas limeni, ir vis-
parpienemta. Tomér tikai nedaudzi pétijumi veltiti klimata mainas ietekmes visparigajam
likumsakaribam attieciba uz dzivnieku, t. sk. zivju sabiedribu, struktiiru un daudzveidibu
(Daufresne, Boet, 2007).

Ir zinams, ka kopuma zemakas tidens temperatiiras nosaka atskiribas zivju sugu izpla-
tiba ziemelu-dienvidu virziena. Tas ietekmé zivju dzives norises, paléninot metabolismu
un aizkavéjot narsta laiku. Augstaku tidens temperatiiru apstaklos tas pasas sugas aug
atrak un narsto agrak. Regionala limeni temperattras un hidrologiska rezima izmainas
rada butiskas izmainas upju ekosistémas. Mazaka upju notece vasara samazina zivju un
tdens bezmugurkaulnieku biotopu platibas, seviski mazajas upés. Noteces samazinasanos
nosaka sniega veida uzkrato nokri$nu samazinaganas meérenaja josla (Frederick, Gleick,
1999). Latvijas upés samazinajusies notece pavasara ménesos, bet pieaugusi ziema (Apsite
et al., 2009).

Prognozes par iespéjamam upju produktivitates izmainam ir dazadas. No vienas
puses, augstakas iidens temperatiiras varétu palielinat bezmugurkaulnieku - zivju ba-
ribas objektu daudzumu upes, attiecigi palielinot upju produktivitati. No otras puses,
augstakas Gdens temperatiiras stimulé mikroorganismu darbibu organisko vielu sa-
dali$ana, samazinot idens bezmugurkaulniekiem pieejamo baribas daudzumu. Tapat
augstakas Gdens temperatiiras samazina tideni izskidusa skabekla daudzumu, negativi
ietekméjot hidrobiontus, kas skabekli patéré lielaka daudzuma, - bezmugurkaulniekus
un zivis (Meyer, Edvards, 1990). Konstatéts, ka globalas klimata izmainas jau paslaik
ietekmé zivsaimniecibu Kanada un ASV. Udens temperatiras, noteces, idens kvalitates
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un produktivitates izmainas ietekmé zivju populaciju stavokli. Butiski samazinajies
tadu aukstiidens zivju sugu ka lasis un forele izplatibas areals, jo daudzos tdensob-
jektos temperatiiras rezims vairs neatbilst So zivju ekologiskajam prasibam. Zivju su-
gam, kas ienem izolétas vai reta tipa dzivotnes, ir tendence izzust. Pretéji tam sugu, kas
dod prieksroku augstakam tdens temperatiram, piem., karpas, izplatiba pieaug (Allan,
Flecker, 1993).

Klimata izmainu potenciala ietekme uz zivju izplatibu ir plasa diskusiju téma, tas ie-
spé&jamie scenariji prognozé izmainas zivju sabiedribu struktara, siltidens zivju sugam
nomainot aukstummilosas sugas. Klimata izmainas Baltijas jiiras baseina izpaudusas ka
klimata periodi, kas nomainijusi cits citu, sakot no subarktiska boreala perioda pirms
9000 gadu lidz subatlantiskajam periodam musdienas. Zinami ari klimata ekstrémi, kas
registréti hronikas, sakot no 13. gadsimta, bet no 19. gadsimta veikti regulari novérojumi
(Kalgjs, 1998; Klavins, et al., 2009).

Latvijas iek$&jo tdenu, tai skaita upju, ihtiofauna vésturiski ir mainijusies. Par to lieci-
na dazadas partika izmantotas zivis, kas atrastas arheologiskajos izrakumos seno apmet-
nu vietas. Pieméram, Salacas baseina 6.-8. g. tikst. p. m. é. bijusas sastopamas tadas zivju
sugas ka salate un sams, kas masdienas $ajos idenos nav nokertas. Zandarts arheologis-
kajos izrakumos konstatéts 75% no 16 apsekotajam vietam, kur cilvéki dzivojusi no 6. g.
takst. p. m. é. lidz 17. gs. (Sloka, 1988).

Siltummilo$o sugu - sama, zandarta un salates — izplatiba ir palielinajusies, bet auk-
stummilo$o sugu — rep$a un ezera salakas — samazinajusies. Tadas zivju sugas ka Amerikas
Atlantijas store (Acpienser oxyrinchus) un spare (Abramis ballerus) Latvija acimredzot ir
izzudusas (Aleksejevs, Birzaks, 2011). No 2007. gada registréta Latvijas faunai jauna zivju
suga — ziemelu zeltainais akmengrauzis (Sabanejewia baltica), ta atradne Gaujas basei-
na paslaik ir talaka zinama §is sugas atradne ziemelu virziena. Spidilka Rhodeus sericeus
amarus areala izplatibas robeza 20. gadsimta laika Latvijas teritorija ir pavirzijusies ap
100 km uz ziemeliem (Aleksejevs, Birzaks, 2008).

Pédeéja laika veiktie pétijumi Latvija liecina, ka Salaca un tas baseina mainijusies tadi
zivim butiski parametri ka upes notece, vidéja temperatiira, sezonalais nokri$nu sadali-
jums un skabekla saturs adeni (Springe et al., 2012).

Globalo klimata izmainu rezultata mainas zivju uzvediba. Latvijas lasupé Salaca kon-
statéts, ka laika no 1964. gada laga smoltu migracijas termini ir mainijusies. Perioda péc
1989. gada, kam raksturigas maigas ziemas, ta norisinas vidéji 5 dienas agrak neka lidz
tam. Novérojumi par tidens temperatiiras izmainam liecina, ka laga smoltu migracijas sa-
kuma (aprili) Gdens temperatara Salaca ir pieaugusi par 0,3 °C (Birzaks, 2008; Jakovleva,
Birzaks, 2011; Birzaks et al., 2012).

Klimata izmainu ietekme janovérté kompleksi ar citam antropogénam ietekmém.
Klimata izmainas tiek analizétas pédéjos 100-150 gados, tacu $is periods sakrit ar
kopéjas antropogénas darbibas pieaugumu tadas tas izpausmés ka sugu introdukci-
ja, biogénu noteces pieaugums, piesarpojums un upju parveido$ana (boryukas u gp.,
1974; Birzaks et al.,, 2011). Ta, pieméram, tiek uzskatits, ka klimata izmainu ietekmé
Atlantijas stores populaciju jau pirms 800 gadiem Baltijas jura nomainija Amerikas
Atlantijas store, kura savukart izzuda antropogénas darbibas ietekmé laika lidz
1965. gadam (Bartel, 1993). Paslaik tiek realizéta tas reintrodukcija, izmantojot stores
no Kanadas. Dala pétnieku uzskata, ka tas savukart varétu stimulét So storu izplatibu
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Eiropas upés ari arpus Baltijas jiras baseina, un tas, iespé&jams, novestu pie pédéjas
Atlantijas stores populacijas iznik$anas Zirondas upé (Gironde) Francija (Mancarz,
2000; Teidemann et al., 2007).

Sveices upés pédéjo 20 gadu laika tidens temperatiira ir bittiski pieaugusi, vienlaikus
palielinajusies strauta foreles saslimstiba ar nieru poliferazi, tas izplatibu nosaka tempe-
ratiiras pieaugums. Savukart hidroelektrostaciju celtniecibas rezultata forelém nav iespé-
jams noklit un uzturéties upju posmos augstak, kur idens temperatiira ir zemaka un
iepriek$minéta zivju slimiba nav sastopama. Sie apstakli acimredzot nosaka kopéjo strau-
ta foreles daudzuma samazinasanos Sveices upés (Renata et al., 2006). Minétie pieméri
liecina par klimata izmainu mérogu laika un telpa, un $as izpausmes var skart gan lielus
regionus, gan ietekmeét zivju sabiedribas lokalas iidenstecés.

1.3.4. Upes morfologiskie parametri

Katrai upei ir savs geomorfologisko ipasibu kopums, kas to atskir vai dara lidzigu ci-
tam upém. Upes ir tdens plismas dabiska gultné, ko baro virszemes notece un grunts-
tdeni. No upes sateces baseina satek upé plastosais adens (Ziverts, 1995). Upes veido sa-
zarotu sistému, kura saskana ar visparpienemto klasifikacijas sistému tas iedala no 1. pa-
kapes upém (vismazakas upes, kuram nav pieteku) lidz 12. pakapes pasaules lielakajam
upém (Strahler, 1952).

Parasti upju zivju ekologiskajos pétijumos tiek analizéta zivju sabiedribas struktira
un tas izmainas atkariba no sateces baseina platibas, upes krituma, pakapes un novie-
tojuma upju tikla. Seviski nozimigs faktors, kas strukturé zivju sabiedribas, ir upes kri-
tums. Izmantojot $o parametru, tika izveidota Eiropas upju posmu klasifikacija péc taja
domingjodas zivju sugas (Huet, 1959). Upes tika iedalitas foreles, alatas un barbes zonas.
Tacu Latvijas apstaklos §1 sakariba acimredzot nav spéka. Lidzenumu apstaklos upém
strauji teko$i posmi var atrasties gan augstecé (augstienu malas), gan lejtecés (lielo upju
pietekas). Latvijas apstaklos straujteces un kraces veidojas vietas, kur upes lauzas caur
citiem ieziem vai laukakmenu grédam (Pastors, 1995). Tradicionala Eiropas upju posmu
klasifikacija tika veidota Alpu regiona upém, kuras sakas augstkalnu ezeros vai ledajos.
Pieméram, foreles izplatibu Latvija liela méra nosaka upes temperatiiras rezims, bet ne
kritums. Foreles reti uzturas ritrala upés ar siltu adeni, savukart potamala aukstadens
upés tas sastopamas biezi (Birzaks, 2012).

Sugu daudzveidiba upés atkariga no upes baseina platibas, upes krituma un augstuma
virs juras limena (Santoul et al., 2004). Pétljumos par saldidens zivju izplatibas un dau-
dzuma atskiribam konstatéts, ka tadi faktori ka upes kritums, platums un baseina platiba
augspus zivju kerSanas vietas ietekmé zivju sabiedribu struktiru konkrétaja vieta, kamér
tadi faktori ka vidéja gaisa temperatiira un upes novietojums upju tikla nosaka zivju sa-
biedribu struktiiru regionala limeni. Sugas, kas biezak sastopamas upju augstecés vai ma-
zajas upés (mailite, forele, bardainais akmengrauzis, platgalve), ir jutigakas pret vietéjiem
vides faktoriem. Sugas, kas sastopamas upju lejtecés un lielakas upés, ietekmé baseina
platiba. Upes vidéjais kritums ir nozimigs faktors visam sugam (Pont et al., 2005). Cita
pétijuma Luaras (Loire) baseina iegutie rezultati lava secinat, ka upes kritums, tempera-
tira un dzilums ir galvenie faktori, kas nosaka (lidz ar to lauj paredzét) zivju sabiedribu
struktaru (Lasne et al., 2007).
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1.3.5. Biotopi un to daudzveidiba

Upju ekosistémam ir raksturiga telpiska heterogenitate. Zivju dzivotnes nodro$ina
tajas mitoSo sugu ekologiskas prasibas péc pietickamas Gdens kvalitates, migraciju ce-
liem, baro$anas un vairo$anas vietam, pasléptuvém un citam vajadzibam. Zivis izmanto
dazadus biotopus, dazadas sugas dod prieks$roku atskirigam uzturé$anas, narsta un ba-
rosanas vietam. Nemot véra, ka jebkura suga pastav ka populacija, dzivotnei jabut tel-
piski pietiekami lielai. Zivis ir atkarigas no iespé&jas veikt migracijas upes garuma (pa
krituma gradientu), noklat attekas un applastosas palienés (Cowx, Welcomme, 1998).
Iepriek$minétais raksturo zivim nepiecieSamo dzivotnu variabilitati laika un telpa. Zivju
migracijas var bt dazus simtus metru lidz tikstosiem kilometru garas (piem., Eiropas
zutis). Sugas eksistencei upé var bt tikstosiem ha piemérotu dzivotnu platibu, bet, ja tas
nav pieejamas (piem., HES aizsprosta celtniecibas rezultata), sugas populacijas eksistence
konkrétaja upé perspektiva var tikt apdraudéta.

Vispariga veida biotopus upés iedala straujtecés (riffles) un léntecés (pools). Sis biotopu
kategorijas biezi iedala mazakas apakskategorijas. Straujte¢u biotopos atkariba no strau-
mes turbulences izskir kaskades, kraces, upju posmus ar vienmérigu kritumu (chutes) u. c.
Ari léntecu biotopus iedala vairakas kategorijas (Hawkins et al., 1993).

Latvijas upes tiek dalitas ritrala un potamala upés, attiecigi nodaliti divi biotopi.
Potamala upés straumes atrums reti parsniedz 0,2 m/s un udens temperatira vasaras
ménesos parsniedz 20 °C. Ritrala upés straumes atrums reti ir mazaks par 0,2 m/s un
udens temperatiira vasaras ménes$os ir zemaka par 20 °C (Cimdins, 2001). Ritrala apstakli
upés parasti tiek saistiti ar aukstidens apstakliem (Freiseler, Wolter, 2006). Tac¢u lauka
novérojumi Latvijas upés liecina, ka saméra daudz Latvijas vidéja lieluma upju ir ritrala
tipa, tau Gidens temperatiira vasaras méne$os tajas parsniedz 20 °C. Ari mazas potamala
upes var but aukstidens péc temperatiiras rezima. No lielajam upém neviena Latvijas
tdenstece neatbilst ieprieks ritrala visparpienemtajai definicijai (Birzaks, 2012). Saskana
ar Latvijas likumdo$anu (MK noteikumi Nr. 421) noteikti aizsargajami biotopi upés, iz-
mantojot geomorfologiskus vai biocenotiskus parametrus. Latvija lidz §im pétjjumi par
zivju sabiedribu sastavu dazados upju biotopos nav veikti. Pétiti tikai atsevisku sugu (la-
sis, upes négis un vimba) dzivotnu izvietojums, zivsaimnieciska nozime un produktivitate
(Prieditis, 1951; Muranc, 1971; Pamonosa, 1972).

Pienémumu, ka, pieaugot biotopu daudzveidibai, pieaug zivju sugu skaits ekosisté-
ma (upé), pierada daudzu pétijumu rezultati (Gorman, Karr, 1978; Allan, Flecker, 1993;
Willis et al., 2004). Zivju daudzveidiba pozitivi korelé ar dazadiem lokaliem raditajiem -
straumes atrumu, gultnes substrata tipu un dzilumu. Ipada nozime ir upju notecei, kas
nosaka mérenas joslas seklas upés vai to posmos seviski lielu zivju sabiedribu variabilitati
gan laika, gan telpa (Gorman, Karr, 1978; Schlosser, 1982). Bez iepriek§minétajiem fakto-
riem batiski zivju sabiedribu struktiiru ietekmé ari tadi faktori ka aizaugums un sanesu-
mi, kas zivim nodro$ina pasléptuves. Tas nozimé, ka upes caurtece, dzilums un pieejamas
pasléptuves raksturo upes biologisko ietilpibu un stabilitati, t. i., stabilakos ekologiskos
apstaklos sastopams vairak sugu (Newcombe, 1981; Schlosser, 1987).

Minéto pierada pétljumi par izmainam zivju sabiedribu struktiira péc biotopu atjau-
no$anas darbiem, pieméram, atjaunojot upju meandrus, gultnes sastavu, zivju pasléptuves
u. c., sugu skaits un daudzveidiba upé atkal pieaug (Angemeier, Karr, 1984).
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1.4. Antropogeéna ietekme

Jau no viduslaikiem, bet seviski intensivi kop$ 19. gadsimta Eiropas iek$éjo tdenu
ekosistémas sakusas izpausties antropogénas iedarbibas sekas. Lielakas upes un upju sis-
témas tika izmainitas, izbaivéjot aizsprostus un slazas, tika parveidotas upju palienes un
ar tam saistitas upju dalas — attekas, vecupes u. c. No 19. gs. beigam Eiropas upés tika no-
vérotas piesarnojuma izpausmes, pieméram, zivju masveida nobeig$anas Reina (Redeke
1927, citéts péc De Groot, 1989).

Upes ir vienas no visvairak antropogéni ietekmétajam ekosistémam. Tas tiek izmanto-
tas transportam, tidensapgadei, elektroenergijas razosanai, partikas ieguvei un notekide-
nu novadisanai. Tadé] gan industriali attistitas, gan ari jaunattistibas valstis upju ekosisté-
mas ir degradétas. Izplatitakie antropogénas iedarbibas veidi upés ir upju hidromorfolo-
giska parveidosana, fragmentésana, kimiskais piesarnojums un pieaugosa biogénu slodze.
Sis ietekmes kopuma izraisa upju ekosistému degradaciju, pazeminot Gidens kvalitati un
izraisot biotas izmainas (Poff et al., 1997).

Latvija norisinajusies lidzigi procesi. Celotajzivju sugam paslaik nav pieejami ap 60%
valsts teritorijas. Hidroelektrostaciju kaskades celtnieciba lielakaja Latvijas upé Daugava
ir batiskakais faktors, kas ietekméjis ne tikai $o sugu izplatibu (Birzaks, Aleksejevs, 2012),
bet ari zvejas resursus Rigas jiras licl (Ojaveer, Gaumiga, 1995).

1.4.1. Upju iztaisnosana

Upju parveidosanas intensitates palielinaganos nosaka cilvéka saimniecisko vajadzibu
pieaugums. Upju iztaisno$ana, pieaugo$s upju tdens patérin$ vai upju noteces parnesa-
na uz irigacijas sisttmam vai citu upju baseiniem maina sezonalo un gada Gdens noteci
upés (Malmqvist, Rundle, 2002). Upju iztaisno$ana maina to dzilumu, straumes atrumu
un noteci. Mainot $os parametrus, mainas nozimigi procesi upés — erozija un nosédumu
veido$anas un udens plasmas turbulence. Butiba, pat mainot vienu upes parametru, tas
maina vairakus hidromorfologiskus procesus. Ne vienmér §is ietekmes iespé&jams atdalit
vienu no otras un izanalizét, tac¢u skaidrs, ka upes dzilums liela méra veido stabilaku vidi
atskiriba no seklam vietam, veido dzives vidi sugam, kas uzturas Gdens slani, un dod
iespé&ju izvairities no sauszemes pléséjiem (Bain et al., 1988). Upju iztaisnosana degradé
normalo mozaikveida [énte¢u un straujtecu struktiiru upés, izmainot pieauguso zivju un
mazulu normalo izvieto$anos pa dazadiem biotopiem (Jones, 1975). Tikai dala zivju sugu
visu (vai lielako dalu) maza uzturas upes galvenaja straumé. Lielai dalai sugu dzives cikls
ir saistits ar upes palieném, kas applast palu laika, attekam un citam hidromorfologiskam
struktiram, kas atrodas neregulétas, dabiskas upés vai ir saistitas ar tam. Upju regulésa-
na un parveido$ana bieZi ir saistita ar tas krastu nostiprinasanu, tadéjadi iznicinot upes
litorala joslu, kas ir nozimiga daudzu zivju sugu mazuliem ka uzturé$anas un barosanas
vieta (Ward, 1998).

Antropogéni parveidotas upés upju iztaisno$ana butiski samazina sugu skaitu un ziv-
ju biomasu. Daudzveidibas samazinas pat par 60%, savukart zivju biomasa — pat vairakas
reizes (Cowx, Welcomme, 1998).

Upes gultnes un ielejas parveidosana izraisa strukturali funkcionalas izmainas zivju
sabiedribas:
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o samazinoties dzivotnu heterogenitatei, samazinas gan pieauguso, gan jauno zivju

daudzveidiba;

» samazinoties upes gultnes heterogenitatei, liela izméra zivis zaudé sléptuves, ka re-

zultata zivju sabiedribas sak dominét sugas, kuru Ipatni ir maza izmeéra;

o pieaugot relativi seklu un viendabisku upes posmu platibai, pieaug dazu sugu 0+

vecuma grupas mazulu skaits;

 upju parveidosana palielina dazu abiotisko faktoru ietekmi, tadé] novérojamas ziv-

ju skaita un biomasas krasas svarstibas pa sezonam (Schlosser, 1991).

Daudzi pétijumi veikti, atjaunojot savulaik parveidotas upes. Péc upes gultnes hete-
rogenitates atjauno$anas jau dazu gadu laika novérojama biutiska sugu skaita un biolo-
giskas daudzveidibas palielinasanas zivju un zoobentosa sabiedribas. Butiski pieaug ari
zivju skaits un biomasa. Nozimiga ir ari upes litorala joslas un tai raksturigas augu valsts
atjauno$ana (Jungwirth, 1993).

Péc LR VARAM datiem (Anonymous, 2009), 55 no 203 jeb 27,1% Latvijas upju tden-
sobjektu ir batiski morfologiski parveidoti. Atsevisku upju baseinos veikti nozimigi par-
veidojumi, pardalot noteci uz blakus eso$as upes baseinu, pieméram, Palsas augstecé u. c.
Liela dala mazo potamala upju Latvija kluvusas par melioracijas sistému sastavdalu. So
upju dabiskais tips Latvija faktiski vairs neeksisté (Birzaks, 2012).

Ari daba novérojami procesi, kas sava zina ir lidzigi antropogénai ietekmei. Mérenaja
josla karstas vasaras iespé&jama situacija, kad mazakas upes vai upju augsteces izZust.
Tomeér pétijjumu rezultati liecina, ka jau gada laika gan zivju, gan zoobentosa sabiedribas
atjaunojas (Griswold et al., 1982).

1.4.2. Antropogenie Skeérsli

Maksligie skérsli ietekmé upju ekosistémas dazados veidos, pieméram, mainot dabis-
ko Gdens plasmas ciklu, parveidojot upes biologiskos, fizikalos un kimiskos parametrus,
mainot vielu un energijas apriti upes ekosistéma. Nomainot upes ekosistému pret maks-
ligas tdenskratuves ekosistému, vienmér novérojamas izmainas upes biota, lotiskas sugas
nomaina lentisko organismu grupas (Bednarek, 2001).

No vienas puses, antropogéno $kérslu veidoSana saistita ar ieguvumiem sabiedribai
kopuma, t. i., tie ir nepieciesami elektribas razosanai, pladu kontrolei un adens limena
regulésanai. No otras puses, tie butiski ietekmé zivju sabiedribas gan augspus, gan lejpus
aizsprostiem. Saskana ar Eiropas iek$éjo tidenu zivsaimniecibas padomdevéju komisijas
(EIFAC) atzinumu hidroelektrostacijas kopuma rada $adus zaudéjumus zivju resursiem:

o zivju augSupmigracijas cela partrauksana;

« lejupejoso zivju ievaino$ana un mirstiba turbinas;

o lejupejoso zivju pastiprinata bojaeja no plésigam zivim, kas savairojas adenskratu-

V&, ka arl no putniem lejas bjefa;

o zivju narsta un mazulu baroanas vietu zaudéjums appludinataja upes posma —

udenskratuveé;

o zivju narsta efektivitates pazeminasanas tdenslimena svarstibu dé] adenskratuvé

un lejas bjefa;

« zivju dabisko ekologiski fiziologisko un migracijas ritmu izmainas, mainoties Gdens

temperatiras un noteces dinamikai, kas pazemina vairo$anas efektivitati (FAO, 2001).
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Antropogénie $kérsli Latvijas upés visbutiskak ietekméjusi celotajzivis (diadromas zi-
vis). To izplatiba un lidz ar to ari sastopamiba un daudzums atkarigi no iespé&jas mig-
rét pa upém, lai sasniegtu narsta (anadromas sugas) vai uzturé$anas un barosanas (ka-
tadromas sugas) vietas. Latvijas tidenstecés miisdienas uzskaititi vairak neka 700 maksligi
skeérsli (Birzaks et al., 2011). Lielaka dala no tiem ir Gdensdzirnavu aizsprosti, daudzos péc
20. gs. 90. gadiem ierikotas mazas HES. Aizsprostu ietekme uz zivju izplatibu minéta jau
30. gados (Cukurs, 1930). Daugava laika no 1939. gada lidz 1974. gadam izveidota triju
hidroelektrostaciju kaskade. Ta rezultata butiski samazinajies upju skaits, kas pieejamas
tadam celotajzivju sugam ka lasis, taimins, vimba, upes négis un zutis (Esrroxosa, 1971;
ITecnaxc, MutaHc, 1991). Lielaka dala Daugavas baseina (24 700 km?* Latvijas teritorija) un
ap 40 tas pietekas kluvusas nepieejamas celotajzivju sugam. Saskana ar literatiras datiem
(OKyxos, 1965,1988) lidz Daugavas aizsprosto$anai §is zivju sugas sasniedza Baltkrievijas
un Krievijas teritorijas, kas pa upi atrodas vairak neka 500 km attaluma no Rigas jiras
lica. Jaatzimé, ka vimba daléji adaptéjusies jaunajai situacijai, izveidojot populaciju Plavinu
tdenskratuvé upes vidustecé (Aleksejevs, Birzaks, 2011).

Antropogéno skérslu bavniecibas rezultata mainijies arl vietéjo zivju sugu Ipatnu dau-
dzums un biomasa upés. Ta adenstecés, kas atrodas augSpus maksligiem uzpludinaju-
miem, butiski pieaug plésigo zivju sugu - lidakas un védzeles — daudzums (Birzaks, 2007).

Nojaucot maksligos $kérslus, upés novérojama sakotnéjas ihtiofaunas atjaunosanas,
tdens kvalitates un temperatiiras rezima izmainas, atjaunojas sedimentu aprite. Tacu 1s-
termina biezi novérojami negativi efekti, tadi ka sekundarais piesarnojums ar adenskratu-
vé uzkratajiem sedimentiem un tajos akumulétajam kaitigajam vielam (Bednarek, 2001).

1.4.3. Zemes lietosanas veids upju sateces baseina

Globali vérojama tendence, ka cilvéka darbibas neietekmétas vai mazietekmétas ai-
navas nomainas ar ainavam, kur dominé cilvéka darbiba, ir visparatzits fakts (Meyer,
Turner, 1994). Lauksaimnieciba izmantojamas zemes un urbanizétas teritorijas aiznem
antropogéni ietekméto upju sateces baseinu lielako dalu. Veél ievérojamas teritorijas tiek
izmantotas mezsaimnieciba, rekreacija un derigo izraktenu ieguvé (Bryce et al., 1999).

Daudzos pétijumos, kas attiecas uz upes sateces baseina vai ta dalas izmanto$anu
lauksaimnieciba, iegati rezultati, kas liecina par tidens kvalitates pazeminasanos, biotopu
degradaciju un zivju sabiedribu struktiiras izmainam (seviski daudzveidibas samazina-
$anos). Zemes izmantosana lauksaimnieciba palielina izkliedéto piesarpojumu un eitro-
fikaciju, ietekmé upes piekrastes joslas un upes biotopus un izmaina noteci. To pavada
palielinata sedimentu, biogéno elementu un pesticidu notece. Pieméram, lauksaimnieci-
ba izmantojamo zemju attieciba pret mezu teritorijam baseina nosaka lidz 80% slapekla,
fosfora un sedimentu daudzuma variacijas upés (Jones et al., 2001). Upés, kas tek pa in-
tensivas lauksaimniecibas zemém, novérojama tdens kvalitates pazeminasanas tendence,
pieaugosa krastu erozija un to pavadosa sedimentu nogulsnésanas upju gultné (Waters,
1995). Nemot véra, ka zemes lietosanas antropogénas izmainas parasti saistitas ar mezu
platibas samazinasanos upes baseina, novérojams tdens temperatiiras un primaras pro-
dukcijas pieaugums upés (Quinn et al., 2001).

Antropogéna darbiba, mainot zemes lietoSanas veidu upes sateces baseina, daudzos
gadijumos apdraud upju ekosistému integritati, ietekméjot biotopus, biotu un tudens
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kvalitati. Si iedarbiba var biit ari netiesa, ta mijiedarbojas ar citiem antropogénas darbi-
bas faktoriem, tadiem ka globalas klimata izmainas, svesu sugu izplati§ana un aizsprostu
celtnieciba upés. Mezu izcir$anas rezultata palielinas adeni suspendéto dalinu daudzums,
mainas sugu sastavs ihtiocenozés, ekologiski tolerantam sugam nomainot jutigas sugas
(Allan, 2004).

Ari urbanizéto teritoriju platibas pieaugums upes sateces baseina biutiski ietekmé ziv-
ju sabiedribu struktiru. Galvenas izmainas, kas novérojamas upés saistiba ar urbanizéto
platibu ipatsvara pieaugumu, ir piesarnojuma palielinasanas, Gdens temperatiras pieau-
gums, dzivotpu struktiras parveido$ana un sedimentu uzkrasanas upés (Paul, Meyer,
2001). Ne vienmér parveidojumi upes sateces baseina zivju sabiedribas ietekmé tikai ne-
gativi. Izcértot mezu upes sateces baseina, samazinas forelu relativais daudzums un bio-
masa mazas upés (Hauer et al., 1999). Tacu novérojama ari pretéja ietekme, kad noéno-
juma samazinasana meza izcir§anas rezultata palielina primaro produkciju upé, attiecigi
palielinot ari forelu produkciju (Nislow, Lowe, 2003).

1.4.4. Piesarnojums un eitrofikacija

No 20. gs. 50. gadiem strauji pieaugusi eitrofikacijas procesi un piesarnojuma ietek-
me. Eitrofikacijas ietekme izpauzas vairakas fazés. Sakotnéja fazé, pieaugot biogéno ele-
mentu daudzumam tdeni, pieaug zivju un augstako Gdensaugu biomasa. Nakamaja fazé
novérojamas izmainas zivju sabiedribu struktiira - maza izmeéra, Islaicigi dzivojosas zivju
sugas aizstaj sugas ilgdzivotajas, kas sasniedz lielus izmérus. Kopéja zivju biomasa turpina
pieaugt, tacu samazinas zivju daudzveidiba. Tresaja fazé sak samazinaties arl masveida
zivju sugu Ipatnu skaits. Ta iemesls ir augstako tidensaugu biomasas samazinasanas, ko
izraisa zilalgu ziedé$ana un udens caurredzamibas samazinasanas (De Nie, 1987; Holcik
et al., 1989).

Lielaka dala Eiropas, tai skaita Latvijas, iek§éjo iidenu zivju pieder pie karpu dzim-
tas. Rauda, plaudis un plicis denu eitrofikacijas apstaklos klast par dominéjosam sugam
Austrumeiropas upés un uz tam izveidotajas tdenskratuvés (Vostradovsky, 1990).

Lietuvas upés Nemuna un tas pietekd Néré 0+ vecuma grupas zivju sabiedribas pie-
sarpojuma un eitrofikacijas rezultata samazinas reofilo, bet pieaug reolimnofilo zivju dau-
dzums (Stakenas, 1999). Lietuva lielaka zivju biomasa konstatéta upés, kur kopéja fosfora
un slapekla koncentracija ir lielaka. No zivju trofiskajam grupam pozitiva korelacija ar
biogénu slodzi ir omnivoriem (rauda, plicis, plaudis) (Virbickas, 1998).

ASV veikta analize liecina, ka 12 no 14 ekologiskajiem regioniem vairak neka 90%
gadijumu kopéjais P un N daudzums parsniedz $o elementu daudzumu references upés.
Aprékinats, ka potencialie zaudéjumi, ko rada eitrofikacija, samazinot nekustamo ipasu-
mu vértibu pie virszemes Gdeniem, ieklaujot zaudéjumus Gdens resursu izmantosanai
rekreacija un lidzeklus, kas nepiecieSami apdraudéto un ekonomiski nozimigako zivju
sugu atrazo$anai, vértéjami ap 7-8 miljardiem dolaru (Dodds et al., 2009).

Cita pétijuma konstatéts, ka mazajas upés lidz ar biogéno elementu koncentracijas pa-
lielinasanos samazinas biotiskas integritates indeksa IBI vértibas, samazinoties ekologiski
jutigo zivju skaitam. Kopéja zivju un zoobentosa organismu biomasa pieaug, ja ir vidéja
un liela biogéno elementu koncentracija. Saja pétijuma ari konstatéts, ka liela nozime bio-
génu aprité ir upju krastmalas joslas kvalitatei (Miltner, Rankin, 1998).
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Pétijuma, kas aptvéra 9 ES valstu upes, novértéta dazadu hidrobiocenozu, tai skai-
ta zivju, reakcija uz antropogénas darbibas ietekmi (biogénie elementi un piesarnojums,
hidromorfologiskas izmainas, zemes lieto$ana sateces baseina). Rezultati liecinaja, ka vis-
batiskak visas pétijuma ieklauto organismu grupas (kramalges, makrofitus, makrozoo-
bentosu un zivis) ietekméjusi tiesi eitrofikacija un piesarnojums (Hering et al., 2006). Par
loti butisku piesarpojuma avotu misdienas kluvusi lauksaimnieciba lietotie augu aizsar-
dzibas lidzekli. To iedarbibas negativais efekts daudzkart pieaug, ja tiek parveidota upes
krasta dabiska buferzona (Cooper, 1993).

Latvijas upés péc 1990. gada lidz 2000. gadam tika novérota tidens kvalitates uzlaboga-
nas, kas bija skaidrojama ar aptuveni 15-kartigu izlietoto mineralméslu daudzuma sama-
zinasanos lauksaimnieciba un butiskiem uzlabojumiem vides aizsardziba (Juhna, Klavins,
2001). Citu pétijumu rezultati liecina par biogénu noteces samazinasanos Latvijas upés.
Tacu iegutie rezultati nav vértéjami tik vienkarsi, jo pastav gan sezonala variabilitate, gan
batiskas atskiribas starp gadiem, ko nosaka citi faktori, ne tikai mineralméslu lieto$anas
intensitate (Stalnacke et al., 2003; Jansons et al., 2011).

1.5. Upju tipologija

Nepieciesamibu veidot virszemes tdenu tipologijas sistémas musdienas nosaka
Udens struktardirektiva (USD) 2000/60/EEC. Upju tipu noteiksana balstita uz tadiem
ekologiskiem parametriem ka upes geologija, sateces baseina platiba un augstums virs
jaras limena.

Vienlaikus USD nosaka regionalu pieeju upju ekologiska stavokla noteikSanai. Tas
koncepcija ir, ka upes var tikt klasificétas ka objekti ar lidzigam pazimém, izmantojot
sistémas A un B, pie tam lietoti tiek tikai abiotiski kritériji. Principa Eiropas méroga zivju
sabiedribu struktaru upés nosaka divi faktori:

« zoogeografiskie regioni, kuru klimats ir atskirigs;

o vides parametru maina, ko novéro katras atseviskas upes tecéjuma (Beier et al.,

2007).

USD pienemts Eiropas iedalijums 25 ekoregionos (Illies, 1967). Ta¢u USD virszemes
tdenu klasifikacija balstita uz pienémumu, ka upju tipologija péc abiotiskiem paramet-
riem atbilst zivju sabiedribu tipiem, kas vél ir javerificé (Schmutz et al., 2007).

Izstradatas dazadas upju tipologijas, parasti tas ir balstitas uz vienu no biologiskajiem
elementiem, piem., augstakajiem augiem, makrozoobentosu, zivim un citiem sistematis-
ko grupu parstavjiem. Lielaka dala $o tipologiju izstradatas nesen, jo izstrades iemesls
bija USD. Viena no tipologiju izstades probléemam ir antropogénas darbibas neskartu vai
mazskartu upju trikums vai pétijumu trikums, jo §is upes var but griiti pieejamas. Pie
tam tipologija, kas optimizéta attieciba pret vienu sistematisko grupu, var nebut optimala
citai (Hatton-Ellis, 2008).

Saskana ar Ministru kabineta noteikumiem Nr. 858 ,,Par virszemes Gidensobjektu tipu
raksturojumu, klasifikaciju, kvalitates kritérijiem un antropogéno slodzu noteik$anas kar-
tibu” Latvijas upju tipologija, kas izveidota saistiba ar USD prasibam, nem véra sateces
baseina (S) platibu (S < 100 km?, 100 km?> S < 1000 km?, § > 1000 km?) un upes kritumu
(< 1 m/km un > 1 m/km). Upes, kuru kritums parsniedz 1 m/km, noteiktas par ritrala
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upém, bet, ja kritums ir mazaks par 1 m/km, - par potamala upém. Kopa izskirti 6 upju
tipi, 3 ritrala un 3 potamala upju tipi. Tac¢u lidz $im nav parbaudita $o tipu atbilstiba zivju
sabiedribu tipiem Latvijas upés (Birzaks, 2012).

Baltijas ekoregiona plasaki pétijumi par zivju sabiedribu tipiem upés veikti Lietuva.
Sakotnéja Lietuvas upju zivju sabiedribu tipologija tika noteikti 14 zivju sabiedribu tipi,
kas atbilst dazadam upém, kuras klasificétas péc sateces baseina platibas (4 tipi), tem-
perataras rezima (aukstadens, siltidens upes) un antropogénas iedarbibas elementiem
(regulétas, neregulétas Gdensteces) (Kesminas, Virbickas, 2000). Jaunakos pétjjumos
$aja regiona noteikti 7 zivju sabiedribu tipi, kas atbilst upém ar dazadu baseina platibu
(5 grupas) un kritumu (2 grupas). Sie 7 zivju sabiedribu tipi dalas divas grupas: viena
no tam (3 zivju sabiedribu tipi) ir augsts lasveidigo zivju — foreles Salmo trutta un alatas
Thymallus thymallus— patsvars, bet otra (4 zivju sabiedribu tipi) ir augsts karpu dzimtas
zivju Ipatsvars (Virbickas, Kesminas, 2007).

Vacijas Ziemelaustrumu regiona mazajas upés noteikti 3 zivju sabiedribu tipi ar tiem
tipiskajam zivju sugam. Tipologiski nodalitas lidzenumu forelupes, kuras dominé $adas
sugas: forele, bardainais akmengrauzis un strauta négis, trisadatu un devinadatu stagari
un grundulis. Otraja mazo upju tipa dominé tadas sugas ka rauda un asaris. Ka tresais
tips nodalitas mazas upes, kas savienotas ar ezeriem, tajas sastopamas limnofilas sugas,
tadas ka plaudis, rudulis un plicis (Fieseler, Wolter, 2006).

Latvijas upju tipologija péc zivju sabiedribu struktaras ir izstrades stadija. Pétijumos
konstatéts, ka Latvijas apstaklos (relativi neliela teritorija, lidzenuma apstakli, neliela sugu
daudzveidiba) iespéjams noteikt 5-7 upju tipus (Birzaks, Stragis, 2010; Birzaks, 2012).

1.6. Zivju izmantosana upju ekologiskas kvalitates novértésana

Upes ir atskirigas péc to geomorfologiskajiem parametriem, kas kopuma nosaka zivju
sabiedribu struktaru dazadas upés cilvéka darbibas neskartos apstaklos. Savukart antro-
pogéna darbiba visa tas daudzveidiba ietekmé zivju sabiedribu struktaras izmainas. Zivju
izmanto$anu antropogénas ietekmes novérté$anai upju ekosistémas veicinajusi biotiskas
integritates indeksa IBI koncepcija (Karr, 1981; Karr, 1991). Taja noteikts, ka péc izmai-
nam zivju sabiedribas struktira iespéjams noteikt, vai So at$kiribu rasanas iemesls ir da-
bisks (dazada tipa upes) vai to célonis ir antropogéna darbiba. IBI tika piemérots loti pla-
81, lidz ar to kluva aktuala ta regionalo versiju izstrade, to lietojot dazada tipa upés (Roset
et al., 2007). Pieméram, salidzinot Eiropas zivju indeksa (EFI) un Lietuvas zivju indeksa
metodes, konstatéts, ka regionals indekss ekoregiona limeni darbojas labak (Springe et
al., 2006). Zivju sabiedribas ir lidzigakas viena ekoregiona robezas neka starp tiem (Van
Sickle, Hughes, 2000).

Upju stavokla novértésanas metode, kura ka indikatori izmantotas zivis, balstita uz
$adam atzinam:

e Zivis ir sastopamas visas upes;

o to sistematika, ekologiskas ipatnibas un dzives cikls ir salidzino$i labak izpétiti

neka citu filogenétisko grupu parstavjiem;

o tam raksturigas migracijas, tapéc zivis raksturo tidensteci ka vienotu dabas elementu;

o zivis ir biotopiem specifiskas, tapéc raksturo dazadu biotopu kvalitati;
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o zivis parstav dazadus trofiskos limenus;

o salidzinajuma ar dazam citam filogenétiskajam grupam zivis ir ilgdzivotajas, ka in-

dikators tas raksturo garaku laika posmu;

o biezi ir pieejama vésturiska informacija (zvejas statistika u. c.);

o zivim ir estétiska un ekonomiska nozime, monitoringa rezultati ir saprotami ne

tikai ekspertiem, bet sabiedribai kopuma (Karr, 1981).

Zivju sabiedribu tipus pa upju grupam ar atskirigiem fiziogeografiskiem parametriem
nosaka antropogénas darbibas neskartam vai iespéjami mazskartam upém. Antropogéna
darbiba upés ir daudzveidiga, tapéc, nosakot talako upju ekologisko kvalitati péc zivju
sabiedribu struktiras, nepieciesams §is darbibas slodzes klasificét grupas un kvantitativi
novertet.

Parasti kopéjo antropogéno slodzi upé raksturo, izmantojot 5 antropogénas iedarbibas
veidus:

» upes morfologiska parveidosana;

o upes hidrologiska rezima parveidosana;

« biogénu un organisko vielu slodze;

o piesarpojums un O, rezims;

o upes pieejamiba celotajzivim.

Katra antropogénas darbibas faktora ietekmi raksturo ar ranzétu vértibu no 1 (nav
ietekmes) lidz 5 (butiska ietekme). References apstakliem (cilvéka darbibas mazskartu
upju kategorijai) atbilst upes, kur antropogénas iedarbibas faktoru slodze neparsniedz
1-2 (Schmutz et al., 2007).

Talak tiek mekléts, ka antropogénas iedarbibas kopéja slodze (rangi 3-5) ietekmé ziv-
ju sabiedribu struktaru. Analizes rezultata jaatrod tadi zivju sabiedribu struktaras (sugu
skaita, zivju skaita vai biomasas) parametri, kuru skaitliskas vértibas pietiekami jutigi re-
agé uz antropogéno ietekmi. Sos parametrus nosaciti var iedalit vairakas grupas:

o sugu skaits un daudzveidiba zivju sabiedribas;

o zivju sabiedribu sastavs ekologiskajas grupas;

« ekologiski jutigo zivju sugu klatbatne un to Ipatnu skaita ipatsvars zivju sabiedribas

(Roset et al., 2007).

Zivju sabiedribu parametri uz antropogéno ietekmi reagé dazadi. Piem., sugu skaits
un daudzveidiba var samazinaties, pieaugot antropogénajai slodzei (izziidot ekologiski
jutigam sugam), bet var arl pieaugt (pieaugot toleranto sugu skaitam) (Martinez et al.,
1994).

Lai aprékinatu Lietuvas upju zivju indeksu, kas raksturo upju ekologisko kvalitati,
tiek izmantoti 12 zivju sabiedribu parametri, kas ietver gan sugu skaitu, gan dazadu eko-
logisko grupu ipatnu skaitu un biomasu, gan ekologiski jutigo zivju sugu - platgalves,
pavikes — Ipatsvaru, lasveidigo zivju Ipatsvaru un diadromo sugu klatbatni (Virbickas,
Kesminas, 2007).
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2. MATERIALS UN METODES

2.1. Pétijumu laiks, vieta, izvéle un raksturojums

Lauka pétijumi veikti laika no 1992. lidz 2011. gadam. Zivju uzskaite veikta vasaras
ménesos — julija un augusta, kad ir iespéjami augsta iidens temperattira, kas batiski ietek-
mé elektrozvejas efektivitati (to palielinot) (Crepuus u ap., 1972). Zivju uzskaite Latvijas
upés ir veikta dazadu projektu ietvaros, bet galvenokart lasa monitoringa, zivju fona
monitoringa un apsekojot NATURA 2000 teritorijas. Konkrétas zivju uzskaites vietas
noteiktas, izvéloties divus galvenos biotopu tipus — upju straujteces (ritrals) un lénteces
(potamals). Apsekotas upes pieder pie visiem 6 Latvijas upju tipologijas tipiem. Kopuma
apsekoti 1017 posmi 199 upés, kuru telpiskais izvietojums redzams 2.1. attéla.

A paraugu ievaksanas vieta

2.1. attéls. Zivju parauglaukumi Latvijas upés

Dati par apsekoto upju un vietu skaitu un paraugu ievaksanas intensitati Latvijas upju

baseinu apgabalos apkopoti 2.1. tabula.

2.1. tabula

Apsekotas upes pa upju baseinu apgabaliem (UBA) un paraugu ievaksanas intensitate

Upju baseina apgabals Zivju paraugu ievak$ana Apzvejota platiba (ha)
Upes Vietas
Daugava 57 158 3,2
Gauja 70 540 9,3
Lielupe 22 67 1,4
Venta 50 252 4,9
Kopa 199 1017 18,9
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2.2. Vides faktoru noteiksanas metodika

2.2.1. Upju morfologisko parametru noteiksana

Dati par aptuveni 2800 Latvijas upju sateces baseina platibu, upju garumu un kritumu
vai vismaz viens no $iem parametriem atrodami dazados literatiiras avotos (Anonymous,
1984; Avotina, Goba, 1986; Eipurs, Ziverts, 1998).

Upju sateces baseina (kopéja un aug$pus parauglaukumu vietam) aprékini veikti, izman-
tojot upju sateces baseina kartes méroga 1 : 100 000, kuras 20. gs. 70. gados sastadijis Latvijas
PSR Melioracijas un denssaimniecibas ministrijas Latvijas Valsts Melioracijas projektéSanas
institits. Baseinu robezas tika digitalizétas, un automatiski aprékinats baseina laukums.

Izmantojot Latvijas Geotelpiskas informacijas agentiiras topografisko karti méroga
1 : 50 000 un PSRS Generalstaba topografisko karti méroga 1 : 10 000, noteikts upju un
upju posmu kritums. Mazajas upés vidéjais kritums noteikts 1-3 km gariem posmiem, vi-
déjas — 3-5 km un lielajas > 5 km. Izmantojot $o pasu kartografisko materialu, aprékinats
upes garums no iztekas lidz parauglaukumam.

Gadijumos, kad dala upes sateces baseina un/vai upes atrodas arpus Latvijas teritori-
jas, veiktas attiecigas korekcijas, samazinot vai palielinot sateces baseina platibu augs$pus
parauglaukuma.

2.2.2. Mérijumi paraugu ievaksanas vieta

Zivju uzskaites vietas veikti vairaki vides parametru mérijumi un novértéjumi, kas
fikséti lauka darbiem izstradata originala anketa (1. pielikums). Apsekoto upju saraksts
un paraugos$anas apraksts apkopots 2. pielikuma.

Anketa fikséti $adi dati:

o zvejas laiks, vieta un zvejas veicéji:

o datums, zvejas vietas koordinatas LKS94 sistéma, zvejas veicéju vardi, zvejas sa-

kums laiks un beigas, zveja izmantota elektrozvejas iekarta;

o zvejas vietas (parauglaukuma apraksts):

upes platums (m), parauglaukuma platums un garums (m), vidéjais un maksi-
malais dzilums parauglaukuma (m), parauglaukuma izvietojums (zveja veikta
visa upes platuma, daléji no upes platuma, gar upes krasta joslu), straumes at-
rums m/s ar iekartu FP 201 Global Flow Probe meter, aizénojums (1 - nav, 2 —
dazviet, 3 - parsvara, 4 — pilnigs); straumes apstakli (krace, straujtece, léntece);
aizauguma intensitate (1 - nav, 2 - vidéja, 3 - daudz); aizauguma veids (zied-
augi, tidenssiinas, alges);

o antropogéna ietekme parauglaukuma:

morfologiskie parveidojumi - posms kanalizéts (1 - ir, 2 - nav), krastu ero-
zija (nav, mérena, spéciga), piesarnojuma pazimes (ir, nav), apkartéjas zemes
izmanto$ana % (mezs, plavas, tirumi, apdzivota vieta, ripnieciba);

o upes gultnes substrata raksturojums:

substrata neorganiskie komponenti procentos (pamatiezis, laukakmeni (> 256 mm),
oli (64-256 mm), grants (2—-64 mm), smiltis (0,06-2 mm), danas (0,004-0,06 mm),
mals (< 0,004 mm);
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o udens parametri:
temperatira, O, (mg/l), pH, elektrovaditspéja mkS/cm - ar zondi WTW Multi
340i analyzer; novértéta adens dulkainiba (dzidrs, dulkains, necaurredzams),
udens krasa (bezkrasains, krasains).

2.2.3. Citu datu izmantoS$ana

Sagatavots antropogéno $kérslu registrs Latvijas upém. Sim nolikam galvenokart
izmantotas Latvijas geotelpiskas informacijas agenttras kar$u parlaks (http://kartes.
lgia.gov.lv/kartes.html) un vietvardu datubaze (http://vietvardi.lgia.gov.lv/vv/to_www.
sakt). Par hidroelektrostacijam papildus eso$ajam datubazém izmantota ari Sabiedrisko
pakalpojumu regulésanas komisijas sniegta informacija (http://www.sprk.gov.lv/index.
php?id = 9533¢sadala = 600).

Dati par upju ekologisko kvalitati nemti no upju baseinu apgabalu apsaimnieko$anas
planiem saskana ar tajos definétajam virszemes Gdenu 5 ekologiskas kvalitates klasém
(http://www.varam.gov.lv/lat/darbibas_veidi/udens_aizsardziba_/upju_baseini/).

Dati par piesarnojumu ar toksiskam vielam, biogénu slodzém un izmainam upju
morfologija un hidrologiskaja rezima nemti no upju baseinu apgabalu apsaimniekosanas
planiem no LVGMC (iepriek§ - LVGMA) majaslapas (http://www.meteo.lv/public/29935.
html). Informacija par biogéniem N, un Py, nemta no datiem, kas sagatavoti projek-
tam ,Virszemes adenu ekologiskas klasifikacijas sistémas zinatniski pétnieciska izstrade
atbilstosi Eiropas Parlamenta un Padomes Direktivas 2000/60/EK (2000. gada 23. oktob-
ris), ar ko izveido sistému Kopienas ricibai dens resursu politikas joma prasibam” un kas
tika iegti no LVGMC datubazém (http://www.lhei.lv/docs/2010/LVAF_Proj_2009_atskai-
te_Drafts_20091102.pdf).

Dati par zemes lietoSanu upju sateces baseinos nemti péc projekta Image ¢ CORINE
Land Cover 2000 Latvijas teritorijai.

Dati par morfologiskiem parveidojumiem upés nemti no Zemkopibas ministrijas
valsts SIA ,,Zemkopibas ministrijas nekustamie ipaSumi” melioracijas kadastra (http://
www.zmni.lv.lv/lv/page/melioracija-kadastrs). Izmantoti dati no 13.06.2008. MK rikojuma
Nr. 328 ,,Par valsts melioracijas sisttmu un valsts nozimes melioracijas sistému nodosanu
valsts sabiedribas ar ierobezotu atbildibu ,,Zemkopibas ministrijas nekustamie ipasumi”
valdijuma” (,LV”. 93 (3877), 17.06.2008.).

2.3. Antropogénas ietekmes noteikSana upes baseina

Antropogénas ietekmes upes baseina noteiksana nepiecie$ama, lai izvélétos cilvéka
darbibas neietekmétas vai mazietekmétas upes vai upju posmu jeb ta saucamas references
(etalona) vietas.

Antropogénas iedarbibas faktori uz upém, lidz ar to uz upju zivju sabiedribam, tika
grupéti sadi:

o pieejamiba celotajzivim u. c. zivju sugu migracijam,

o toksiskais piesarpojums,

» morfologiskie parveidojumi,
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 biogénu (N, P) slodze,

o izmainas hidrologiskaja rezima,

« zemes lietoSana upes sateces baseina,

Aizsprostu un maksligo tidenskratuvju izvietojums identificéts péc Latvijas Geotelpis-
kas informacijas agentaras topografiskas kartes méroga 1 : 50 000 un PSRS Generalstaba
topografiskas kartes méroga 1 : 10 000. Tika identificéti tikai tie aizsprosti un maksligas
tdenstilpes, kas atrodas upés ar nosaukumiem vai kam ir nosaukumi. Faktorslodzes upju
pieejamibai noteiktas kategorijas: nav aizsprostu — 1; daléji parvarams aizsprosts — 2; ne-
parvarams aizsprosts — 5.

Dati par toksisko piesarnojumu netika talak izmantoti antropogénas slodzes analizé.

Morfologiskie parveidojumi upé noteikti procentos ka parveidota upes posma ipat-
svars pret upes kopgarumu. Morfologiskie parveidojumi upé izteikti ka procentile no
parveidota upes kopgaruma, pieskirot rangus no 1 lidz 5 (2.2. tabula).

Biogéni Ny, un Py, izteikti ka procentile no to koncentracijas, pieskirot rangus no

1 1idz 5.

Izmainas hidrologiskaja rezima nav izteiktas skaitliski, to ietekme analizéta kompleksi
kopa ar aizsprostu un morfologisko parveidojumu ietekmi.

2.2. tabula
Antropogenas iedarbibas faktoru slodZu vértibu noteiksanas kriteriji
Dati, FaktorslodZu vertibas'
Faktors ranzésanas
metode 1 2 3 4 5
Upes Eksperta | Nav Dalgji Neparva-
pieejamiba | vértéjums |aizsprostu |parvarams rams
Skerslis skerslis
Morfolo- Eksperta | Parveido- <25% >25<50% |>50%<75% |>75%
giski vértéjums, |jumu nav
parveido- procentile
jumi upé
Biogénu LVGMA |<13 >1,3<1,5 >1,5<2 >2<3 >3
slodze dati, pro-
baseina - centile
Nkop. mg/l
Biogénu LVGMA < 0,04 > 0,04 < 0,06 |>0,06<0,07 |>0,07<0,1 |[>0,1
slodze dati, pro-
baseina — centile
Pkop, mg/l
Zemes Apreékinats | Lidz 25% Lidz 25-50% | Lidz 50-75% | Vairak
izmanto$ana | no CO- antropogéni | antropogéni |antropogéni |neka 75%
baseina RINE, parveidotu |parveidotu |parveidotu |antropogéni
procentile | platibu platibu platibu parveidotu
platibu

1 - ietekmes nav (augsta kvalitate), 2 — maza ietekme (laba kvalitate), 3 — vidéja ietekme (vidéja
kvalitate), 4 — batiska ietekme (slikta kvalitate), 5 - liela ietekme (loti slikta kvalitate).
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Zemes lietosanai nodaliti 9 zemes lietoSanas veidi (aramzeme, ganibas, industrialas te-
ritorijas, parki un apzalumotas teritorijas, parmitras teritorijas, paréjas dabiskas teritorijas,
tdeni, urbanas teritorijas un mezs), no tiem 7 apvienoti divas grupas — antropogéni butiski
ietekmeétas platibas (aramzeme, industrialas un urbanas teritorijas) un antropogéni mazie-
tekmeétas teritorijas (zalaji, mezi, Gdeni, parmitras teritorijas). Ietekme izteikta ka procen-
tile no antropogéni parveidotu zemes platibu ipatsvara upes sateces baseina (2.2. tabula).

References upes jaizvélas péc principa, ka neviena antropogéno faktoru slodzu vér-
tiba neparsniedz 1 vai 2 (Grenouillet et al., 2007). Tacu tik maza geografiska teritorija
ka Latvija, ka arl nemot véra to, ka pieejami dati par ierobezotu upju skaitu, japielauj
atseviskas atkapes. Ta lielakajas potamala upés biogénu koncentracija iideni var parsniegt
koncentraciju, kas atbilst mazietekmétu upju statusam, un §is upes izvélétas ka ,labakas
iespéjamas” no sava tipa upém.

Tipologijas izstradei izmantoti ari lielako upju augste¢u neparveidotie posmi, veicot
korekcijas morfologiskajiem parametriem ,,upes sateces baseina platiba” un ,vidéjais kri-
tums”

Dati par antropogénas iedarbibas slodzu vértibam apkopoti 2.2. tabula, $is upju ieda-
ljjums izmantots gan lai novértétu atsevisku antropogénas iedarbibas faktoru ietekmi, gan
lai noteiktu kopéjas antropogénas slodzes upé.

2.4. Zivju uzskaite, biologiskas analizes un uzskaites rezultatu aprekini

2.4.1. Zivju uzskaite

Elektrozveja izmantoti lidzstravas elektrozvejas aparati ar 3 kKW generatoru un izejo$o
spriegumu lidz 500 V. Zivis viena parauglaukuma kertas 1-3 reizes. Uzskaite veikta, brie-
not virziena pret straumi, norobezojosie tikli netika lietoti.

Zvejas intensitate ir atkariga no upes baseina platibas. Lielajas upés zivju uzskaite
veikta 5-10 posmos, kas cits no cita atradas vairaku km attaluma. Mazakajas upés zivis
kertas vismaz divas atseviskas vietas. Visas upés zivju paraugi tika ievakti gan potamala,
gan ritrala biotopos.

Ritrala biotopos zivju uzskaite straujtecés tika veikta 3 reizes péc kartas ar 10-20 mi-
nasu intervalu starp zvejas reizém, parauglaukuma platiba variéja robezas no 200 lidz
800 m? Potamala biotopos zivju uzskaite tika veikta 100 m gara upes piekrastes josla vie-
nu reizi katra vieta.

Zivju uzskaite ar elektrozveju veikta saskana ar standartu LVS EN 14011:2003.

2.4.2. Zivju biologiskas analizes

Zivju sugas un sistematiska piederiba noteikta saskana ar jaunako Eiropa pienemto
metodiku (Kottelat, Freyhof, 2007). Zivju ekologiskas grupas (péc jutiguma, baroanas vie-
tas, uzturésanas vietas, vairo$anas, barosanas tipa, migracijam un dzives ilguma) noteiktas
saskana ar Nobla u. c. izveidoto sistému (Noble et al., 2007), tas apkopotas 2.3. tabula.

Zivju biologiskas analizes veiktas gan lauka apstaklos, gan laboratorija. KerSanas laika
zivis tika uzglabatas konteinera ar tideni. Péc katras zvejas reizes saimnieciski nozimigu
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zivju sugu Ipatni tika izmériti un péc zvejas pabeig$anas atlaisti upé. Saimnieciski maz-
vertigas zivju sugas un zivis, kuru garums L < 50 mm, fiksétas formalina un analizétas
laboratorija. Laboratorijas apstaklos mérits zivju garums un noteikts ipatnu individualais
svars. Zivim, kas méritas lauka apstaklos, individualais svars aprékinats péc garuma un
svara attiecibas, izmantojot empiriskas regresijas vienadojuma formulu:

Q=ax*-bx +c,
kur Q - zivs svars, g
X — ZIVs garums, mm

a, b, ¢ — koeficienti

Zivis, kas isakas par 50 mm, saskirotas pa sugam, saskaititas un nosvértas kopa.

2.3. tabula
Zivju ekologiskas grupas
su| & | Ealeagsaf| 8. 3, |52
Zinatniskais nosaukums % -§ E; '8 .*2 g Ig ,% = 'g 2 8 £ I‘Eg& g E
c S5 |R7E > %3 g S Q=
Abramis brama ABB |TOLE |B EURY OMNI | POTAD |LL
Alburnoides bipunctatus ALB |INTOL |WC |RH LITH |INSV SL
Alburnus alburnus ALA |TOLE |WC EURY OMNI SL
Anguilla anguilla ANA |TOLE |B EURY LONG
Aspius aspius ASA wC EURY |LITH |PISC |POTAD
Barbatula barbatula NOB B RH LITH
Blicca bjoerkna BLB |TOLE |B EURY OMNI
Carassius carassius CAC |TOLE |B LI PHYT | OMNI
Carassius gibelio CAG |TOLE |B EURY |PHYT | OMNI LL
Cobitis taenia COoT B EURY |PHYT SL
Cottus gobio COG |INTOL |B RH LITH |INSV SL
Cyprinus carpio CYC |TOLE |B EURY |PHYT | OMNI LL
Esox lucius ESL WwC EURY |PHYT | PISC LL
Gasterosteus aculeatus GAA |TOLE |WC EURY OMNI SL
Gobio gobio GOG B RH SL
Gymnocephalus cernuus GYC B EURY
Lampetra fluviatilis LAF |INTOL | B RH LITH LONG
Lampetra planeri LAP |INTOL |B RH LITH POTAD
Leucaspius delineatus LED wC | LI PHYT | OMNI SL
Squalis cephalus SQC WC RH LITH | OMNI | POTAD
Leuciscus idus LEI wC RH OMNI | POTAD
Leuciscus leuciscus LEL wC RH LITH | OMNI
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sy | 8| Baleaglaad| B, 3. |82
Zinatniskais nosaukums 5 g g ’g *g E g *g 5 '§;; ’g § Eo.a = =
= E 2 B |P®E|P7E g s A=
Lota lota LOL B EURY |LITH |PISC |POTAD |LL
Misgurnus fossilis MIF B LI PHYT
Perca fluviatilis PEF |TOLE |WC |EURY
Perccottus glenii PEG LI OMNI
Phoxinus phoxinus PHP WC |RH LITH SL
Pungitius pungitius PUP |TOLE |WC LI OMNI SL
Rhodeus sericeus RHS |INTOL |WC |LI SL
Rutilus rutilus RUT |TOLE |WC |EURY OMNI
Sabanejewia baltica SAB B LI PHYT | OMNI
Salmo salar SAS |INTOL | WC RH LITH |INSV |LONG
Salmo trutta SAT |INTOL | WC RH LITH |INSV |LONG
Sander lucioperca SAL WC | EURY PISC LL
Scardinius erythrophthalmus | SCE WwC LI PHYT | OMNI
Silurus glanis SIG B EURY |PHYT |PISC LL
Thymallus thymallus THT |INTOL |WC |RH LITH |INSV |POTAD
Tinca tinca TIT |TOLE |B LI PHYT | OMNI LL
Vimba vimba VIV B RH LITH POTAD

* — sugu nosaukumu akronimi izmantoti teksta un pielikumu tabulas un attélos.

TOLE - ekologiski tolerantas sugas, INTOL - ekologiski jutigas sugas, B — bentiskas sugas, WC -
udens slana sugas, EURY - eiritopas sugas, RH - reofilas sugas, LI - limnofilas sugas, LITH - sugas,
kas narsto uz cieta substrata, PHYT - sugas, kas narsto uz augiem, OMNI - omnivori, PISC -
plésigas sugas, INSV - insektivori (barojas ar bezmugurkaulniekiem), POTAD - potadromas sugas,
kas veic vietéja rakstura migracijas, LONG - diadromas sugas, kas veic garas migracijas (anadromas

un katadromas zivis), LL - ilgdzivojosas sugas, SL - sugas ar nelielu dzives ilgumu.

2.4.3. Elektrozvejas rezultatu aprekini

Zivju skaits un biomasa tika aprékinati divéjadi atkariba no ta, ka tas tika zvejotas.
Vietas, kur elektrozveja veikta divas vai tris reizes péc kartas, zivju skaits aprékinats péc
atkartojumu metodes gan katrai zivju sugai atseviski, gan kopéjam zivju skaitam.

Y = (6A%2 - 3AT - V([(T] 2 + 6AT - 3A™2))/(18(A - T)) ,

kur T=n+n,+n,
A=2n+n,

N - zivju skaits katra to kerSanas reizé

Vietas, kur zivis kertas tikai vienu reizi, zivju skaits aprékinats katrai zivju sugai atse-
viski, izmantojot koeficientu p, kas izsaka varbttibu, kada dala zivju tiek nokertas pirmaja

zvejas reize.
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Ipatnu skaitu populacija Y un koeficientu p saista sakariba:

T
Y=,
(1-@1-py

kur n - zivju kersanas reizu skaits

P vértibas aprékinatas katrai sugai atseviski no apvienota parauga, kura summeéti visi
§is sugas uzskaites rezultati no vietam, kur zivis kertas 3 reizes (n = 3) (Bohlin et al,,
1998). P vértibas (2.4. tabula) dazadam zivju sugam ir atskirigas, to nosaka gan apkartéjas
vides Ipasibas (Gidens elektrovaditspéja, temperatiira u. c.), gan katras sugas biologiskas
ipatnibas (uzvediba, kermena forma u. c.) (Crepuun u up., 1972).

2.4. tabula
Parrekina koeficienti (p) zivju skaita aprékinasanai
Zivju suga Parrékina koeficients Standartnovirze Paraugu skaits (1)

Plaudis 0,8 0,10 8

Pavike 0,6 0,01 178
Vike 0,7 0,02 73

Bardainais akmengrauzis 0,4 0,00 479
Plicis 0,9 0,04 10
Akmengrauzis 0,5 0,03 123
Platgalve 0,4 0,01 377
Lidaka 0,7 0,03 88

Trisadatu stagars 0,5 0,08 42
Grundulis 0,6 0,01 305
Baltais sapals 0,7 0,02 55
Sapals 0,7 0,01 133
Védzele 0,5 0,03 83
Asaris 0,6 0,01 143
Mailite 0,6 0,00 375
Devinadatu stagars 0,5 0,07 60
Spidilkis 0,6 0,07 38
Rauda 0,7 0,01 190
Lasis 0,6 0,01 201
Forele 0,6 0,01 252
Alata 0,7 0,04 27
Linis 0,7 0,11 13

Zivju biomasa aprékinata katrai sugai katra ker$anas vieta ka sugas ipatnu skaita un
to vidéja svara reizinajums. Zivju sugu biomasu summa veido zivju biomasu katra zivju
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kerSanas vieta. Ta ka zivju uzskaités apzvejoto parauglaukumu platiba bija dazada (ro-
bezas no 200 lidz 800 m?), zivju skaits un biomasa izteikti uz laukuma vienibu 100 m?.
Elektrozvejas rezultatus butiski ietekmé zivju izmérs (Manhon et al., 1979), tapéc zivju
skaita un biomasas aprékinos izmantotas tikai tas zivis, kuru garums (L) ir lielaks par
50 mm.

Zivju vidéjais skaits un biomasa uz laukuma vienibu upé aprékinati no zivju skaita un
biomasas parauglaukumos, apvienojot elektrozvejas datus par visiem parauglaukumiem upé.

2.5. Datubaze

Lai analizétu, ka dazadi faktori ietekmé zivju sabiedribu struktaru, sagatavota datu-
baze, kas satur
o datus par zivim:

° sugu skaitu katra zivju kerSanas vieta un upé;

°  zivju skaitu pa sugam eks. / 100 m? un procentos katra zivju kersanas vieta un upé;

o zivju skaitu pa ekologiskajam grupam eks. / 100 m* un procentos katra zivju
ker$anas vieta un upé;

° zivju biomasa pa sugam g/ 100 m* un procentos katra zivju kersanas vieta un upé;

° zivju biomasa pa ekologiskajam grupam g/ 100 m? un procentos katra zivju ker-
$anas vieta un upé;

o datus par upju un zivju kerSanas vietu morfologiskajiem un hidrokimiskajiem pa-
rametriem (aprakstiti 2.2.2. punkta);
o datus par antropogéno ietekmi (ietekmju vértéjums 2.2. tabula):

° zemes lietojums km?* un procentos upes baseina un auggpus zivju kersanas vie-
tam (aramzeme, ganibas, plavas, urbanizétas teritorijas, industrialas teritorijas,
udeni, mezi, citas);

> upes morfologiskie parveidojumi procentos no garuma un zivju kerSanas vieta
(parveidota, nav parveidota);

> upes morfologiskie parveidojumi péc upju baseinu apsaimnieko$anas planiem
(valsts nozimes polderi, butiski parveidojumi (http://www.vidm.gov.lv/lat/darbi-
bas_veidi/udens_aizsardziba_/upju_baseini/));

° aizsprosti upé un upes baseina (zivju migracija ir iespéjama, zivju migracija nav
iespéjama, daléjs skérslis),

o kopgjais fosfors P un slapeklis N mg/! Gdeni péc virszemes tidenu monitoringa
datiem.

2.6. Datu statistiska apstrade

Kopéjais nokerto zivju skaits un biomasa pa sugam katrai upei standartizéti ka zivju
skaits un biomasa uz 100 m? apzvejotas platibas. No Siem lielumiem aprékinats zivju
skaits un biomasa zivju ekologiskajam grupam un Senona daudzveidibas indekss H’.
Senona daudzveidibas indekss aprékinats ka log,, no visu sugu ipatnu ipatsvaru sum-
mas zivju sabiedriba. Datu faili apstradei sagatavoti Excel formata.
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Upes zivju sabiedribu parametru analizei dalitas kategorijas:

o Ppéc sateces baseina platibas S: < 100 km?% > 100 < 1000 km? > 1000 km?

o péc vidéja krituma m/km: potamala upe < 1 m/km, ritrala upe > 1 m/km;

o péc temperatiiras rezima vasara: aukstadens T < 18 °C, siltadens T > 18 °C;

o skabekla satura: O, < 7 mg/l, O, > 7 mg/I.

Biotopi novértéti péc eksperta atzinuma ka potamals vai ritrals. Upes gultnes sastavs
vértéts péc tas komponentiem procentos no apzvejotas platibas. Biotopa aizaugums un
noénojums vértéts ballés (2.2.2. nodala).

Datubazeé ieklautie skaitliskie parametri pirms talakas statistiskas apstrades parbauditi
atbilstibai normalajam sadalijumam péc Kolmogorova-Smirnova testa. Parametru nor-
malizacijai lietotas funkcijas log(x+1) un sqrt(x) vai to analizei lietotas neparametriskas
salidzinasanas metodes.

Sugu skaita, daudzveidibas, zivju skaita un biomasas salidzinagana pa grupam veik-
ta, izmantojot t-testu divu kopu vai ANOVA vairak neka divu kopu gadijuma. Atskiribu
batiskums noveértéts péc Tjikija testa vai Dunneta T3 testa nehomogénu dispersiju gadi-
juma. Ja parametrus nav iespéjams normalizét, izmantots Manna-Vitnija U-tests divam
kopam vai Kruskalla-Vallisa H tests vairak neka divu kopu gadijuma. Testos izmantots
95% butiskuma limenis.

Upes klasificétas, izmantojot klasteranalizi ar Varda algoritmu. Klasteranalizé izman-
tots zivju skaits pa sugam, no analizes izsledzot sugas, kas sastopamas mazak neka 1%
apsekoto upju. Klasteranalizé netika izmantotas invazivas sugas un négi. Klasteranalizes
rezultatu novértésanai izmantota diskriminantanalize péc Vilks-lambda metodes.

Korelaciju analizé izmantoti Spirmena un Kendala rangu korelacijas koeficien-
ti. Regresiju analizé izmantotas paru un daudzfaktoru linearas regresijas metodes.
Daudzfaktoru analizei izmantota principialo komponensu analize PCA. Statistikas rezul-
tati aprékinati, izmantojot SPSS 16.0 programmu paketi (SPSS Inc., 16.0).

Zivju sugu sabiedribas ordinacijai izmantota DCA (detrendétra korespondences ana-
lize). Pirms analizes veikta datu transformacija log(x+1) formata. Aprékinatas faktoru ko-
relacijas ar izdalitajam DCA asim. Datu analizé lietota programma PC-ORD for Windows
(McCune, Mefford, 2006).
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3. REZULTATI

3.1. Zivju sabiedribu struktiiras raksturojums

Pavisam kopa 199 Latvijas upés 1017 zivju uzskaites vietas konstatétas 2 négu un
38 zivju sugas: upes négis Lampetra fluviatilis, strauta négis Lampetra planeri, zu-
tis Anguilla anguilla, spidilkis Rhodeus sericeus amarus, grundulis Gobio gobio, kara-
sa Carassius carassius, sudrabkartisa Carassius gibelio, karpa Cyprinus carpio, plaudis
Abramis brama, pavike Alburnoides bipunctatus, vike Alburnus alburnus, salate Aspius
aspius, plicis Blicca bjoerkna, ausleja Leucaspius delineatus, alants Leuciscus idus, bal-
tais sapals Leuciscus leuciscus, mailite Phoxinus phoxinus, rauda Rutilus rutilus, rudulis
Scardinius erythrophthalmus, sapals Squalius cephalus, vimba Vimba vimba, linis Tinca
tinca, akmengrauzis Cobitis taenia, pikste Misgurnus fossilis, ziemelu zeltainais akmen-
grauzis Sabanejewia baltica, bardainais akmengrauzis Barbatula barbatula, sams Silurus
glanis, lidaka Esox lucius, varaviksnes forele Oncorhynchus mykiss, lasis Salmo salar,
forele (taimin$) Salmo trutta, alata Thynallus thymallus, védzele Lota lota, trisadatu
stagars Gasterosteus aculeatus, devinadatu stagars Pungitius pungitius, platgalve Cottus
gobio, Kisis Gymnocephalus cernua, asaris Perca fluviatilis, zandarts Zander lucioperca,
rotans Percottus glehnii.

Plagak izplatitas sugas Latvijas upés ir bardainais akmengrauzis un mailite, kas sasto-
pamas attiecigi 95 un 82% apsekoto upju. Citas biezak sastopamas sugas ir lidaka (73%),
grundulis (70%), asaris un strauta négis (67%). Atseviskas sugas, tadas ka sams, salate,
ziemelu zeltainais akmengrauzis, varaviksnes forele un rotans, konstatétas tikai 1-2 upés.

Latvijas upés konstatétas 4 invazivas zivju sugas — varaviksnes forele, sudrabkartisa,
karpa un rotans. Pasatrazojosas populacijas veido divas no tam - rotans un sudrabkartsa.
Biezak sastopama un plasak izplatita ir sudrabkarasa.

Vidéjais sugu skaits upé ir 11,2, robezas no 1 lidz 35, bet ta modala vértiba ir 8 sugas.
Sugu daudzveidiba vidgji ir 1,45, robezas no 0,17 lidz 2,32.

Latvijas upés kopa tika nokertas 153 517 zivis un négi (galvenokart kapura stadija).
No tam 6 sugu parstavji veido 77% no to skaita: bardainais akmengrauzis 30%, mailite
17%, rauda 9%, lasis 8%, forele 7% un grundulis 6% (3. pielikums).

Vidéjais zivju skaits uz 100 m* Latvijas upés ir 91 + 58 eksemplari. Ap 80% no $i lie-
luma veido tadas sugas ka mailite (23 + 34), bardainais akmengrauzis (23 + 24), rauda
(9 £ 15), grundulis (7 + 15), forele (7 + 13), asaris (5 £ 9) platgalve (4 = 7) (3.1. attéls).

Zivju sabiedribas péc skaita dominé sugas, kas uzturas Gidens slani. Tas ir 61% no ziv-
ju skaita (mailite, pavike, vike rauda un ladveidigas zivis), bet bentisko zivju (bardainais
akmengrauzis, grundulis, platgalve) sugu ipatnu skaits ir 39%. Upés skaitliski dominé
reofilas zivis — vairak neka 72% no to kopéja skaita (bardainais akmengrauzis, platgalve,
lasveidigas zivis), bet limnofilas sugas veido tikai 3,5% (ausleja, devinadatu stagars, spidil-
kis, rudulis, linis). Péc skaita lielaka dala Latvijas upju zivju parstav sugas, kas narsto uz
cieta substrata (litofilas sugas), veidojot 68% no zivju sabiedriba parstavétajam zivim (las-
veidigas zivis, bardainais akmengrauzis, platgalve, mailite, védzele, négi). Péc barosanas
tipa zivju sabiedribas dominé omnivori (18%). Pie sim sugam pieder tadas plasi izplatitas
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zivis ka vike, rauda, sapals, baltais sapals, plaudis, plicis. Savukart zivis, kas barojas ar bez-
mugurkaulniekiem (insektivori vai invertivori), veido 17% no zivju sabiedribam (pavike,
platgalve, lasveidigas zivis), bet plésigo zivju (lidaka, védzele, sams, zandarts) skaits ir ap
5% no kopéja zivju skaita. To zivju, kuru muza ilgums neparsniedz dazus gadus (vike, pa-
vike, stagari, platgalve, ausleja, mailite, spidilkis), Ipatsvars Latvijas upju zivju sabiedribas
ir 39%, kamer zivju ilgdzivotaju skaits ir robezas ap 5% (lidaka, plaudis, sams, zandarts,
linis, védzele) (3. pielikums).
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3.1. attéls. Zivju skaits uz 100 m?* Latvijas upés (vidéjas vértibas un standartnovirze)

Vidéja zivju biomasa Latvijas upés ir 992 + 755 g / 100 m?. No tas 5 zivju sugas veido
ap 70% no kopéjas zivju biomasas: rauda 192 * 372, lidaka 157 + 268, forele 137 + 260,
bardainais akmengrauzis 122 + 123 un asaris 88 £ 156 g / 100 m?* (3.1. tabula).

Zivju sabiedribas péc biomasas dominé sugas, kas uzturas tidens slani: forele, lidaka,
rauda, asaris un mailite. Tas veido 69% no kopéjas zivju biomasas, kamér bentisko zivju
biomasa vidéji ir 31%. Eiritopas sugas — lidaka, rauda, asaris un védzele — péc biomasas
dominé par reofilajam sugam, kuras parstav galvenokart neliela izméra zivis — bardainais
akmengrauzis, mailite, laga un foreles mazuli.

Limnofilo zivju biomasa upés veido tikai 2% no kopéjas to biomasas. Lielako dalu
Latvijas upju zivju biomasas veido litofilas zivju sugas - forele, bardainais akmengrauzis,
sapals un mailite (59%), kamér fitofilas sugas - lidaka, ausleja, rudulis, kartisa un linis —
veido 14% no zivju sabiedribu biomasas. Péc barosanas tipa zivju sabiedribu biomasas
sadalas starp visédajiem (23%), zivim, kas barojas ar bezmugurkaulniekiem un kukai-
niem (22%), un plésigajam sugam (17%). Zivju ilgdzivotaju biomasas ipatsvars nedaudz
parsniedz zivju ar Isu miza ilgumu biomasu - attiecigi 201 + 307 un 120 + 139 g/ 100 m?
(3.1. tabula).

Rezultati liecina, ka dazas zivju sugas Latvija tomér izplatitas nevienmérigi. Pieméram,
spidilkis nav sastopams Austrumlatvija, bet forele izplatita galvenokart augstienu nogazu
upés, tacu tikai Latvijas centralaja dala un rietumdala. Daugavas baseina upés $i suga aus-
trumu virziena konstatéta tikai lidz Aiviekstes baseina upém Daugavas labaja un Lauces
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kreisaja krasta. Lielako upju pietekas un mazajas un vidéjas upés, kas tiesi ietek Baltijas
jara vai Rigas jaras lici, forele parstavéta gan ar migréjoso, gan nemigréjoso sugu ekolo-
giskajam formam. Trisadatu stagars Latvija lielaka daudzuma upés sastopams tiesa juras
tuvuma. Gauja 2008. gada konstatéta jauna zivju suga, kas sakotnéji noteikta ka zeltainais
akmengrauzis Sabanejewia aurata, bet vélak tai pieskirts nomenklatiiras nosaukums —
ziemelu zeltainais akmengrauzis Sabanejewia baltica. Dati par trisadatu stagara un spi-
dilka sastopamibu Latvijas upés (nav pemtas véra maksligas tdenskratuves) apkopoti

3.2. attéla.

3.1. tabula

Biezak sastopamo sugu un ekologisko grupu zivju skaits un biomasa (n = 199)

Suga, ekologiska grupa Zivju skaits (eks. / 100 m?) Biomasa (g / 100 m?)

Forele 6,6 +134 137 + 261
Lidaka 1,2+2,1 157 + 269
Rauda 9,0 £ 14,7 192 + 372
Sapals 1,8 £4,3 62 £ 151
Grundulis 6,9 + 15,0 42 + 80
Mailite 22,8 £ 33,0 53+76
Pavike 2,5+6,9 11+33
Vike 1,4+5,8 7 +28
Bardainais akmengrauzis 22,7 +£23,7 123 + 122
Akmengrauzis 0,8+2,4 2+8
Védzele 1,3+£2,6 38 £ 80
Asaris 4,7+9,3 89 + 157
Platgalve 3,6 +6,5 16 + 29
Tolerantas sugas 17,2+ 25,2 306 + 503
Jutigas sugas 14,6 £ 18,4 175 + 264
Bentiskas sugas 36,4 + 30,2 244 + 185
Udens slana sugas 54,4 + 422 748 + 684
Eiritopas sugas 18,9 + 25,6 497 + 659
Reofilas sugas 69,3 + 54,5 59 + 33
Limnofilas sugas 1,9 +5,5 15+ 38
Litofilas sugas 63,6 + 50,9 470 + 348
Fitofilas sugas 2,5+4,8 173 + 289
Visédajas sugas 15,6 £22,6 305 + 495
Kukainédajas sugas 13,7+ 18,0 172 + 265
Plésigas zivis 2,5+ 3,8 195 + 298
Sugas, kas veic vietéjas migracijas 3,5+49 110 + 183
Diadromas sugas 7,5 + 14,5 146 + 262
Ilgi dzivojosas sugas 2,7+3,9 201 + 307
Sugas ar isu dzives ilgumu 40,3 + 41,5 120 + 139
Kopa 91,0 £ 57,6 992 + 775

Vidéja vertiba + standartnovirze, n — upju skaits.
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Rhodeus sericeus amarus

~"~ konstatéts lielajas upés

4 konstatéts mazo upju lejtecs

Gasterosteus aculeatus

~"~- konstatéts lielajas upés

4 konstatéts mazo upju lejtecés

3.2. attéls. Spidilka un trisadatu stagara izplatiba Latvijas upés

3.2. Dabisko faktoru ietekme uz zivju sabiedribu struktiru

3.2.1. Upes sateces baseina platibas ietekme uz zivju sabiedribu struktiru

Upes sateces baseina platiba ietekmé visus elementus, kas raksturo zivju sabiedribu
struktaru. Sugu skaits, kas konstatéts upé, pieaug, palielinoties upes sateces baseina pla-
tibai (3.3. attéls).
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3.3. attéls. Zivju sugu skaits atkariba no upes sateces baseina platibas

Pozitivas korelacijas starp upes sateces baseina decimallogaritmu uzrada visi zivju sa-
biedribu parametri: sugu skaits (0,67), zivju daudzveidiba (0,45), zivju skaits uz 100/m?
(0,36) un zivju biomasa g / 100 m? (0,37) (Spirmena r, p < 0,01). Linearas regresijas ana-
lizes rezultati liecina, ka sakariba starp sugu skaitu upé un upes sateces baseina platibu ir
batiska. Determinacijas koeficients R = 0,51 norada, ka 51% no parametra izkliedes nosa-
ka upes baseina platibas ietekme (3.3. attéls). Péc Fisera kritérija sakariba N = 5,99*log$ -
2,08 ir butiska (F = 202,6, p < 0,01). Sakariba ari butiska péc ¢ testa, jo t = 2,33, p < 0,05)
(3.2. tabula).

Regresijas analizes rezultati liecina, ka ari starp sugu daudzveidibu un upes baseina
platibu pastav statistiski batiskas sakaribas. Tapat arl zivju skaita un biomasas un upes
sateces baseina saistibu paru regresija ir butiska, tacu ta izskaidro tikai 15-16% no para-
metru izkliedes. Analizes rezultati apkopoti 3.2. tabula.

3.2. tabula
Paru regresijas analizes rezultati - sugu skaits, daudzveidiba, zivju skaits (log_N) un
biomasa (log_B) atkariba no baseina platibas

Parametrs R? Konstante B FiSera kritérijs
Sugu skaits 0,51 -2,3,p <0,05 6,1 202,6, p < 0,01
Sugu daudzveidiba 0,25 0,7, p < 0,05 0,4 66,0, p < 0,01
Log N 0,15 1,4, p < 0,05 0,2 33,4, p < 0,01
Log B 0,16 2,3,p < 0,05 0,2 38,2, p < 0,01

Treknraksta - statistiski batisku sakaribu konstan$u un koeficientu vértibas.

Zivju skaits un biomasa pa ekologiskajam grupam un atseviskam biezak izplatitajam
sugam atkariba no baseina platibas uzrada dazadas sakaribas — gan pozitivas, gan nega-
tivas. Ciesakas sakaribas konstatétas starp upes sateces baseinu un toleranto zivju sugu
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ipatnu skaitu (0,41), bentiskajam zivim (0,47), eiritopajam zivim (0,42) un omnivoriem
(0,40) (Spirmena rangu korelacija, p < 0,01).

Regresijas analizes rezultati liecina, ka pastav bitiska sakaribas starp bentisko zivju
skaitu un upes sateces baseina platibu. Determinacijas koeficienta R* vértibas konstatétas
robezas no 0,16 lidz 0,23, kas izskaidro tikai 16-23% no parametru izkliedes (3.3. tabula).
Upes sateces baseina platiba visvairak ietekmé toleranto sugu (0,49), bentisko zivju (0,46),
eiritopo zivju (0,43) un omnivoru (0,50) biomasu (Spirmena rangu r, p < 0,01).

3.3. tabula
Paru regresijas analizes rezultati - zivju skaits (eks. / 100 m?) ekologiskajas grupas
atkariba no baseina platibas

Parametrs R? Konstante B Fi$era kritérijs
Tolerantas zivis 0,20 -0,9,p > 0,05 0,4 47,9, p < 0,01
Bentiskas zivis 0,23 0,6, p < 0,05 0,3 59,7, p < 0,01
Eiritopas zivis 0,20 -0,1, p > 0,05 0,5 50,0, p < 0,01
Omnivori 0,16 0,02, p > 0,05 0,4 38,5, p < 0,01

Treknraksta — statistiski butisku sakaribu konstan$u un koeficientu vértibas.

Relativais Ipatnu skaits lielakai dalai Latvijas upés biezak sastopamo sugu upju sateces
baseinu grupas mainas statistiski batiski (4. pielikums). Sis parametrs upju sateces basei-
nu grupa S konstatéts attiecigi 59 + 42, 92 + 57 un 119 + 42 eks. / 100 m* (Manna-Vitnija
U-tests, p < 0,05).

Pieaugot upes sateces baseina platibai, statistiski butiski palielinas ekologiski toleranto
zivju skaits, kas péc baro$anas veida ir omnivori, bet péc barosanas vietam parstav gan
bentiskas zivis, gan zivis, kas barojas iidens slani.

Mazajas upés tikai viena zivju ekologiska grupa — celotajzivis — péc skaita parsniedz to
daudzumu vidéjas un lielajas upés. So atskiribu nosaka viena suga — forele ar tas celotaj-
formu taiminu (4. pielikums).

Zivju biomasa lielakajai dalai zivju sugu, iznemot mailiti un védzeli, upju sateces ba-
seinu grupas atskiras butiski.

Tikai forele péc biomasas dominé mazakajas upés salidzinajuma ar vidéjam un lielam
upém. Savukart tadu zivju sugu ka rauda, sapals, grundulis, pavike un vike biomasa liela-
kas vértibas sasniedz upés, kuru sateces baseins parsniedz 1000 km?.

Pieaugot upes sateces baseinam, pieaug ekologiski toleranto zivju grupas biomasa un
kopéja zivju biomasa. Lielakajas upés butiski palielinas zivju visédaju biomasa. Savukart
reofilo un celotajzivju lielaka biomasa novérota mazajas upés (4. pielikums).

3.2.2. Upes krituma ietekme uz zivju sabiedribu struktiru

Upes kritums ietekmé sugu skaitu, daudzveidibu, zivju skaitu un biomasu. Pieaugot
upes kritumam, upés sastopamo zivju sugu skaits un daudzveidiba butiski samazinas, sa-
karibas ir ar negativu zimi, attiecigi —0,46 un -0,53.

Determinacijas koeficienta vértibas liecina, ka paru lineara regresija izskaidro 22-29%
no parametru izkliedes (3.4. tabula).
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3.4. tabula
Paru regresijas analizes rezultati - sugu skaits, daudzveidiba, zivju skaits (eks. / 100 m?)
atkariba no upes krituma

Parametrs R? Konstante B FiSera kritérijs
Sugu skaits 0,22 13,8, p < 0,05 -1,1 55,0, p < 0,01
Sugu daudzveidiba 0,29 1,7, p < 0,05 -0,1 70,9, p < 0,01

Treknraksta — statistiski butisku sakaribu konstansu un koeficientu veértibas.

Saskana ar Latvijas upju tipologiju ritrala upés vidéjais kritums > 1 m/km, bet pota-
mala upés < 1 m/km. Vidgjais sugu skaits ir attiecigi 10,1 * 4,6 (n = 55) un 14,2 + 5,8
(n = 144), sie lielumi atskiras butiski (t-tests, p < 0,05). Potamala upés konstatétas 37
zivju un 2 négu sugas. Dominéjosas zivju sugas potamala upés ir lidaka (98,2%), bardai-
nais akmengrauzis, rauda (94,5%), asaris (92,7%) un mailite (90,9%). Ritrala upés kon-
statétas 34 zivju un 2 négu sugas. Tikai viena no zivju sugam - bardainais akmengrauzis
(95,1%) — sastopama vairak neka 90% apsekoto upju.

Vidéja sugu daudzveidiba potamala upés ir 1,68 + 0,30. Ritrala upés $is raditajs ir
1,37 + 0,45. Sugu daudzveidibas raditaji butiski atskiras dazados upju tipos (3.4. tabula).

Vidéjais zivju skaits potamala upés sasniedz 88,8 + 47,2 eks. / 100 m? bet ritrala
upés — 79,6 £ 56,5 eks. / 100 m?. Dazados upju tipos zivju skaits statistiski butiski neat-
gkiras (5. pielikums).

Zivju biomasa potamala upés ir 1285 + 683 g/ 100 m? bet ritrala upés $is raditajs ir
batiski zemaks 881 + 753 g / 100 m? (5. pielikums).

Palielinoties upes kritumam, samazinas toleranto (r = -0,51), eiritopo (r = -0,53), fi-
tofilo zivju (r = -0,47) un omnivoru (r = —-0,48) skaits.

Potamala upés ir batiski lielaks toleranto zivju sugu - raudas, vikes un asara - Ipatnu
skaits un butiski vairak bentisko zivju, tadu ka grundulis, bardainais akmengrauzis un
akmengrauzis. Vairak ir ari to sugu Ipatnu, kas uzturas gan strauji, gan léni tekoSos tide-
nos — lidaka, asaris un rauda, kas ir fitofilas sugas. Dominé to zivju sugu parstavji, kas
veic lokalas vietéja rakstura migracijas (strauta négis, sapals un védzele). Savukart diadro-
mas zivis lielaka skaita sastopamas ritrala upés (taimins, lasis un upes négis). Potamala
upés salidzinosi vairak ir relativi ilgdzivojosu zivju sugu parstavju — lidaku, plauzu, kara-
su un linu - statistiski batiskas atskiribas konstatétas 9 no 16 analizé izmantotajam zivju
ekologiskajam grupam (5. pielikums).

Raksturigi, ka kopéjais zivju skaits potamala un ritrala upés batiski neatskiras. Tacu
potamala upés ir batiski lielaks raudu, sapalu, grundulu, paviku, viku, védzelu, asaru un
akmengrauzu relativais skaits, bet ritrala upés forelu vidéjais skaits ir aptuveni Cetras rei-
zes lielaks. Statistiski butiskas skaita atSkiribas potamala un ritrala upés nav novérojamas
Latvijas upés visplasak izplatitajam un biezak sastopamajam zivju sugdm - mailitei un
bardainajam akmengrauzim, ka ari platgalvei (5. pielikums). Sis sugas péc skaita veido ap
50% no kopéja zivju skaita.

Toties potamala un ritrala upés batiski atskiras zivju biomasa gan pa ekologiskajam
grupam, gan sugam. Potamala upés lielako zivju biomasas dalu veido ekologiski tolerantu
sugu parstavji — rauda un asaris, savukart ritrala upés péc biomasas dominé ekologiski
jutiga suga — forele. Gan bentisko zivju, gan to zivju, kas uzturas tdens slani, biomasa,
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tapat ka kopéja zivju biomasa, lielaka ir potamala upés. Reofilo sugu (sapals, lagveidigas
zivis, mailite un bardainais akmengrauzis) zivju biomasa butiski lielaka ir ritrala upés, bet
eiritopo (asaris, lidaka, rauda, plaudis) — potamala Gdenstecés. Zivis omnivori, ka rauda,
sapals, plaudis, un plésigas zivis, ka lidaka un védzele, péc biomasas dominé potamala
upés, bet reofilas formas - ritrala upés (5. pielikums).

3.2.3. Zivju sabiedribu struktara siltidens un aukstiidens upés; klimata izmainu
potenciala ietekme

Butisks faktors, kas nosaka zivju izplatibu un sastopamibu, skaitu un biomasu, ir
upes temperatiras rezims. Upes iedalitas siltiidens (fidens temperatira jalija un augus-
ta > 18 °C) un aukstidens (iidens temperatara jalija un augusta < 18 °C) udenstecés
(2.2.2. nodala). Pavisam kopa siltidens upés konstatétas 2 négu un 38 zivju sugas, bet
aukstiidens upés — 2 négu un 33 zivju sugas. Vidéjais sugu skaits aukstadens upés ir 9,2 +
4,4, bet siltadens upés — 12,9 £ 5,4 (3.5. tabula), un skaita atSkiribas ir statistiski butiskas
(t-tests, p < 0,05).

Zivju skaits (eks. / 100 m?) un biomasa (g / 100 m?) korelé ar iidens temperatiru upé,
attiecigie korelacijas koeficienti ir butiski 0,34 un 0,47 (p < 0,01). Vidéjo aritmétisko zivju
sabiedribu struktaras parametru salidzinasanas rezultati apkopoti 3.5. tabula.

3.5. tabula
Zivju sabiedribu struktiira aukstiidens un siltadens upés
Parametrs Aukstadens upes Siltadens upes Atskiribu butiskums
Sugu skaits 92+44 12,9+ 5,4 p < 0,05, t-tests
Sugu daudzveidiba 1,29 + 0,45 1,58 + 0,38 p < 0,05, t-tests
Zivju skaits p < 0,05,
(eks. / 100 m?) 69,0 £ 49,3 93,0 + 55,8 Manna-Vitnija U-tests
Biomasa p <0,05,
(g/100 m?) 676 + 441 1254 + 856 Manna-Vitnija U-tests

Treknraksta - statistiski butiska atskiriba.

Arl péc domingjosam sugam zivju sabiedribu sastavs aukstidens un siltidens upés
batiski atskiras. Vairak neka 90% aukstiidens upju sastopamas foreles, mailites un bardai-
nie akmengrauzi. Savukart siltidens upés visbiezak sastopamas tadas sugas ka bardainais
akmengrauzis (95%), lidaka (93%), rauda un grundulis (90%).

Paru linearas regresijas analize liecina, ka upes temperatiras rezims batiski ietekmé
taja sastopamo sugu skaitu (3.4. attéls). Determinacijas koeficients izskaidro 19% no sugu
skaita izkliedes (r = 0,66, p < 0,01). Sakariba N = 0,74*T - 2,36 ir butiska, jo F = 42,0,
p<0,01lunt=65,p <00l

Upés ar zemaku tdens temperatiiru sugu daudzveidiba samazinas. Vidéjas Senona
sugu daudzveidibas indeksa vértibas aukstiidens upés ir 1,29 + 0,45, bet siltadens upés —
1,58 + 0,38, kas atskiras batiski (¢-tests, p < 0,05). Temperataras izmainas izskaidro 12%
no parametra izkliedes (R* = 0,12). Sakariba H’ = 0,05*T+ 0,57 ir butiska, jo F = 26,0,
p<0,05unt=51,p <0,05) (3.5 tabula, 3.5. attéls).
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3.5. attéls. Zivju un négu sugu daudzveidiba upés atkariba no temperatiras

Kopuma gan sugu skaits un daudzveidiba (tas ir integrals sugu skaita un zivju skaita

(pa sugam) raditajs), gan zivju relativais skaits un zivju biomasa uz laukuma vienibu silt-
tdens upés ir batiski liekaki neka aukstadens upés (3.5. tabula).

Siltidens upés biezak un lielaka skaita sastopamas tolerantas zivju sugas, kas péc uz-

turésanas vietam ir stavosu vai léni tekosu adenu zivis, tas narsto uz tdensaugiem. Péc
baro$anas tipa tas ir omnivori vai plésigas zivju sugas.

Savukart ekologiski jutigas sugas plasak parstavétas aukstiidens upés. Diadromas zi-

vis biezak sastopamas auksttidens upés, silttidens upés plasak parstavéta potadromo zivju
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grupa. Zivis ar nelielu maza ilgumu vienadi plasi parstavétas abas upju grupas, zivis ilg-
dzivotajas relativi lielaka skaita sastopamas silttidens upés.

Biezak sastopamo zivju sugu skaits aukstiidens un siltddens apstaklos lielakoties bii-
tiski atskiras. Aukstiidens upés tikai viena zivju suga - forele — skaitliski batiski parsniedz
§is sugas Ipatnu skaitu siltidens upés. Tris no analizé ieklautajam sugam — mailite, bar-
dainais akmengrauzis un platgalve — statistiski lidzigd daudzuma sastopamas gan aukst-
tdens, gan siltidens upés (6. pielikums). Savukart pargjo zivju sugu Ipatnu skaits uz lau-
kuma vienibu ievérojami lielaks ir siltidens upés.

Siltadens upés kopéja zivju biomasa ir divreiz lielaka neka aukstidens tidenstecés.
Tacu zivju biomasa sugu limeni siltddens un auksttdens upés ir atskiriga. Forele péc bio-
masas dominé aukstadens upés, kur ta veido 30% no zivju biomasas. Siltidens upju zivju
biomasu liela méra (ap 75%) veido rauda, lidaka un asaris.

Raksturigi, ka Latvija visbiezak upés sastopamo zivju, tadu ka bardainais akmen-
grauzis un mailite, biomasa dazada temperatiiras rezima upés bitiski neatskiras.

Lielakajai dalai biezak sastopamo sugu biomasa statistiski butiski atskiras aukstidens
un siltidens upés. Forele dominé aukstadens upés, kur ta veido vidéji 30% no zivju bio-
masas. Siltidens upés rauda, lidaka un asaris veido vairak neka 50% no vidéjas zivju bio-
masas (6. pielikums).

Lai gan Latvijas zivju fauna ir salidzino$i jauna, jo ta veidojusies péc pédéja ledus laik-
meta, dazados periodos ta mainijusies, mainoties klimatam. Latvijas upju zivju sabiedri-
bas pétitas sameéra isa laika posma, plasaki pétijumi par visam upés sastopamajam sugam
veikti tikai no 1992. gada. Tomér iegutie dati lauj spriest par izmainam, kas, iespéjams,
saistitas ar klimata mainu.

Salaca laika posma no 1992. lidz 2011. gadam vérojams viena monitoringa stacija
konstatéto sugu skaita pieaugums (3.6. attéls). Tacu vienlaikus pieaudzis arl monitoringa
staciju skaits un vienas stacijas platiba, tapéc nevar noteikti apgalvot, ka $is pieaugums ir
saistits ar izmainam Salacas ihtiocenozu struktara.
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3.6. attéls. Vidéjais sugu skaits Salacas monitoringa stacija (1992-2011)
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Pieaudzis monitoringa konstatétais kopéjais sugu skaits Salaca, tacu ari §is izmainas
acimredzot nosaka monitoringa intensitates pieaugums.

Tomér ir tendence pieaugt vidéjam sugu skaitam Latvijas upés kopuma, t. i., arvien
vairakas monitoringa stacijas konstatéts lielaks sugu skaits (3.7. attéls).

14 y = 0,2514x + 3,779
R?=0,685
12
10 )
¢ o 1
8 | /./., — o
610 l ./F‘af‘/"‘/!
4 } |
2 +
0 T T T T T T T T T T T T T T T T T T T 1
NN N O IN 0 N ©O = A on I n O IN 0 DN o ~
A AN O N O O O OO ©O ©O O O O O O O o ©O —«= —
A AN O & O O O OO O O O O O O O o o o o o
— — — = = - - — AN A AN AN NN N NN NN

3.7. attéls. Zivju monitoringa konstatéto sugu skaita izmainas Latvijas upés (1990-2011)

160
uCOG
140 I m PEF
mLOL

120
EuCOT
, 100 uNOB
é “ B mALA
2 I = ALB
N 40 u PHP
LR mcee

40
TITTFRRRR RN R RO s
20 ERUT
FRRRRRRRRRRRAR RN D s
0- mSAT

1992 1997 2002 2007

3.8. attéls. Zivju monitoringa biezak sastopamo sugu skaits uz 100 m* (1992-2011)

Monitoringa rezultati Latvijas upés liecina, ka dazu sugu sastopamiba (% no apse-
kotajam vietam) un skaits (eks. / 100 m*) mainas. Ta¢u mainijies ir ari monitoringa ap-
joms un staciju izvietojums. Ta 90. gados zivju uzskaite tika veikta tikai lasa un taimina
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narsta upés, bet, monitoringa apjomam palielinoties, no 2004. gada tika apsekots vairak
upju un vietu, kur lasveidigas zivis un celotajzivis nav sastopamas. Tacu atsevisku vieté-
jo zivju sugu sastopamiba un ipatnu skaita izmainas ir stabilas. Kopéjais zivju skaits uz
100 m* upju monitoringa laika posma no 1992. lidz 2011. gadam bijis robezas no 30 lidz
142 eksemplariem. No tiem lielaka dala ir tadas sugas ka bardainais akmengrauzis (38%),
mailite (19%), forele (11%) un platgalve (10%). Relativa ipatnu skaita samazinasanas kon-
statéta tadam sugam ka forele, platgalve un mailite, bet pieaudzis lidaku, raudu, védzelu
un asaru daudzums (3.8. attéls). Diemzél muisu riciba eso$as zivju uzskaites datu rindas ir
parak isas, lai $o tendencu batiskumu novértétu matematiski.

Salaca un tas pietekas, kur zivju uzskaite veikta no 1992. gada, novérojams ekologiski
tolerantu zivju sugu, kas galvenokart ir eiritermas sugas, ipatnu skaita pieaugums. Si ten-
dence novérojama ari Latvija kopuma, pieméram, salidzino$i plasi ir izplatijusies sudrab-
kartisa un zandarts.

3.2.4. Upes skabekla reZima ietekme uz zivju sabiedribu struktiru

Skabekla saturs ideni ir zivim kritisks faktors, seviski mérenaja klimatiskaja josla, pie
kuras pieder arl Latvija. Nosaciti upes var iedalit tadas, kur skabekla saturs parasti par-
sniedz 7 mg/l, un upés, kur tas regulari ir mazaks. Upju grupésanai izmantoti skabekla
meérijumi, kas veikti vasara zivju uzskaites laika, ka art LVGMA datubaze (2.2.2. nodala).

Upés (n = 124), kur skabekla koncentracija > 7 mg/l, sugu skaits sasniedz 11,3 = 5,9
un daudzveidiba - 1,41 + 0,45. Ar skabekli nabadzigakas upés (n = 75) $ie raditaji attieci-
giir 11,1 £+ 4,0 un 1,53 * 0,40. Tie neatskiras butiski (t-tests, p > 0,05).

Skabekla saturu Gdeni nosaka daudzi faktori, tadi ka upes kritums, temperatiiras re-
zims, fotosintézes aktivitate u. c. Daudzfaktoru regresijas analizes rezultati liecina, ka 4
faktori — upes sateces baseina platiba, kritums, temperatira un skabekla saturs Gdeni —
nosaka 45% no sugu skaita izkliedes (R* = 0,446). Daudzfaktoru regresijas modelis ir bi-
tisks (F = 30,1, p < 0,05) (3.6. tabula).

3.6. tabula
Sugu skaits atkariba no upes sateces baseina, krituma, temperatiiras un skabekla
Faktors Stﬁg;lg:itgﬁie Stjudenta kritérijs Buatiskums
Sateces baseins 0,458 6,792 0,000
Kritums -0,240 -3,599 0,000
Temperatiira 0,129 1,909 0,058
Skabeklis 0,187 2,911 0,004

Treknraksta - statistiski butiska atskiriba (p < 0,05).

Pieaugot sateces baseina platibai un skabekla saturam tdeni, zivju sugu skaits upés
palielinas, bet, pieaugot upes kritumam - samazinas. Skabekla satura ietekme izskaidro
mazako dalu no zivju sugu skaita variabilitates upés (3.6. tabula).

Biologisko daudzveidibu skabekla saturs Gdeni statistiski butiski neietekmé (3.7. ta-
bula). Par upju krituma, baseina platibas, temperattiras un skabekla rezima saistibu un to
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kompleksu ietekmi uz zivju sabiedribu struktaru liecina daudzfaktoru analizes rezultati,
kas apkopoti 3.7. apaksnodala.

3.7. tabula

Zivju daudzveidiba atkariba no upes sateces baseina, krituma, temperatiras un skabekla

Faktors Standartizétie koeficienti Stjudenta kritérijs Biitiskums
Sateces baseins 0,076 1,049 0,296
Kritums -0,345 -4,446 0,000
Temperattira 0,188 2,285 0,024
Skabeklis 0,098 1,296 0,197

Treknraksta - statistiski butiska atskiriba (p < 0,05).

Tomeér iespé&jams salidzinat atseviskus zivju sabiedribu parametrus upju grupas ar
dazadu skabekla saturu adeni. Upés, kuru Gdeni regulari novérojama salidzino$i maza-
ka skabekla koncentracija, pieaug toleranto, bet samazinas ekologiski jutigo sugu ipat-
nu skaits. Ekologiski jutigas zivis vienlaikus narsto uz cieta substrata, barojas ar bezmu-
gurkaulniekiem, galvenokart kukainiem, un parstav lielako dalu no diadromajam zivim.
Savukart ekologiski tolerantas grupas zivis parstav eiritopas un limnofilas formas, kam
raksturiga jaukta barosanas, vai tas ir pléséji, kas narsto uz adensaugiem (7. pielikums).

Lidzigi ka zivju ekologiskas grupas, uz skabekla rezima izmainam upé reagé ari at-
seviskas zivju sugas. Foreles, mailites un bardainie akmengrauzi lielaka skaita sastopami
ritrala apstaklos, kur skabekla saturs Gideni parsniedz 7 mg/I. Plésigas zivju sugas, piemé-
ram, lidaka un védzele, lielaka skaita sastopamas upés, kur skabekla saturs adeni ir ma-
zaks par 7 mg/l. Ipatnéji, ka pavike, kas literatiira minéta ka ekologiski jutiga zivju suga,
vienlidz parstavéta gan upés ar augstu, gan zemu skabekla saturu.

Kopéja zivju biomasa ir batiski lielaka (~30%) upés ar zemaku skabekla saturu. To
nosaka ekologiski tolerantas zivis, pie kuram pieder lielaka dala eiritopo zivju. Péc ba-
ro$anas tipa $ajas upés dominé omnivori un plésigas zivis. Butiski lielaka biomasa ir po-
tamodromajam zivim, kamér diadromas formas dominé upés ar relativi augstu skabekla
saturu (7. pielikums).

Lielako zivju biomasas dalu upés ar relativi zemaku skabekla saturu veido rauda, li-
daka un asaris, to ipatsvars péc biomasas ir vairak neka 50%. So sugu biomasa upés ar
zemaku skabekla saturu vairak neka 2 reizes parsniedz $o pasu sugu biomasu upés ar aug-
stu skabekla koncentraciju tideni. Upés ar skabekla saturu > 7 mg/! lielako zivju biomasas
dalu veido ritrala apstaklos dominéjosas sugas — forele ~200 g / 100 m* un bardainais
akmengrauzis 146 g / 100 m? (7. pielikums).

3.2.5. Biotopu ietekme uz zivju sabiedribu struktaru

Ritrala un potamala biotopi Latvijas upés atskiras péc lokaliem parametriem: strau-
mes atruma, upes gultnes sastava, aizauguma, noénojuma un vidéja dziluma. To izvie-
tojums upés ir nevienmérigs. Ritrala posmi upés atrodas vietas, kur tas tek pa augstie-
nu nogazém, un lielako upju pieteku lejtecu posmos, kur tas tek pa senleju nogazém.
Lidzenumu upés ritrala posmi atrodas vietas, kur upes $kérso morénas.
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Ritrala un potamala biotopos Latvijas upés butiskak atskiras parametri, kas ir sav-
starpéji saistiti. Vidéjais kritums upé vai upes posma lielaks ir ritrala biotopos. Siem upju
posmiem raksturigs batiski mazaks vidéjais un lielakais dzilums, bet lielaks upes platums.
Attiecigi butiski lielaks ir arl straumes atrums. Potamala un ritrala biotopi lidzigi parsta-
Véti gan mazajas, gan lielajas upés (3.8. tabula).

3.8. tabula

Hidromorfologisko parametru raksturojums potamala un ritrala biotopos

zivju parauglaukumos Latvijas upés

Parametrs Ritrals Potamals Sl?;_filfé?i}? Butiskums
Baseina platiba (km?) 1981 £ 2598 2032 + 3023 - 0,298 0,766
fi‘lstzisn(akﬂ‘z‘)ﬁba AUgSPUS ZVEfas | 131 4 1753 | 1185+ 1929 1,759 0,079
Upes garums (km) 91 + 104 95+ 119 -0,529 0,597
gile’fssg("l‘{r;’)m augspus zvejas 66 + 68 54 +76 2,765 0,006
Vidéjais kritums (m/km) 1,72 + 1,97 1,19 + 0,95 4,871 0,000
Posma vidéjais kritums (km) 2,51 +2,99 1,20 + 1,80 7,868 0,000
Upes platums zvejas vieta (km) | 22,7 + 21,1 15,4 + 19,7 3,256 0,001
Vidéjais dzilums (m) 0,33 £ 0,15 0,50 + 0,27 -8,792 0,000
Lielakais dzilums (m) 0,66 = 0,37 0,91 + 0,35 -7,888 0,000
Straumes atrums (m/s) 0,50 £ 0,26 0,13 + 0,10 21,218 0,000

Treknraksta — butiskas atskiribas starp parametriem potamala un ritrala biotopos (-tests, p < 0,05).

Ritrala biotopiem raksturiga lielaka upes gultnes substrata heterogenitate. Tajos do-
miné ciets upes gultnes substrats (laukakmeni, oli un grants). Savukart potamala posmos
batiski palielinas upes gultnes substrats ar augstaku dispersijas pakapi — dominé smiltis

un danas (3.9. tabula).

3.9. tabula
Upes gultnes sastavs (%) ritrala un potamala biotopos Latvijas upés
Parametrs Ritrals Potamals Sl?;_filfé?i}? Butiskums
Pamatiezis 1,4+ 10,1 1,3+£8,4 0,246 0,806
Laukakmeni 9,2+11,2 29+54 8,285 0,000
Oli 35,1 + 25,8 13,0+ 18,1 11,471 0,000
Grants 37,0 = 26,3 24,6 + 26,4 5,508 0,000
Smiltis 15,6 £ 20,5 41,8 + 36,4 -10,482 0,000
Dunas 1,2+7,4 13,1 £28,0 -6,889 0,000
Mals 0,5+5,5 3,1+12,9 -3,170 0,002

Treknraksta — butiskas atskiribas (t-tests, p < 0,05).
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Lauka apstak]os biotopi tiek klasificéti péc eksperta novértéjuma, tacu analizes rezul-
tati liecina, ka eksperta novértéjumu iespé&jams formalizét. Diskriminantanalizes rezultati
liecina, ka tadi potamala un ritrala biotopu parametri ka upes platums, vidéjais un mak-
simalais dzilums, straumes atrums un upes vidéjais kritums butiski atSkiras. Potamala un
ritrala biotopus iesp&jams klasificét péc diskriminacijas funkciju koeficientiem (3.10. ta-
bula). Klasifikacijas rezultatu parbaude liecina, ka 92,7% biotopu klasifikacija, izmantojot
3.9. tabula ieklautos biotopu parametrus, veikta pareizi.

3.10. tabula
Diskriminacijas funkciju koeficienti potamala un ritrala biotopos
Biotopa parametri Biotopi -
Potamals Ritrals
Upes platums 0,01 0,05
Vidéjais dzilums 11,92 6,00
Straumes atrums 2,45 14,54
Vidéjais kritums posma 0,89 1,19
Konstante -4,40 -7,62

Latvijas upés potamala biotopos registrétas 37, bet ritrala — 39 zivju un négu su-
gas. Vidéjais sugu skaits ritrala un potamala biotopos butiski neatskiras (7,7 £ 2,9 un
7,5 + 2,9), bet sugu sastavs atskiras batiski (3.9. attéls).

100
mpotamals 1 ritrals
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3.9. attéls. Sugu sastopamiba (%) potamala un ritrala biotopos

Ritrala apstaklos biezak sastopamas tadas zivju sugas ka bardainais akmengrauzis
(96%), platgalve (72%), mailite (71%), grundulis (63%) un forele (58%). Upju potamala
biezak sastopamas sugas ir bardainais akmengrauzis (76%), rauda (72%), asaris (65%),
lidaka (62%) un grundulis (57%) (8. pielikums).

Zivju relativais skaits pa sugam butiski atSkiras potamala un ritrala biotopos. Potamala
biotopos péc skaita dominé zivis, kas sastopamas gan lentiskos, gan lotiskos tdenos, tadas
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ka lidaka, rauda, sapals un asaris. Savukart tipisku straujtecu sugu Ipatnu skaits ritrala
biotopos vairakkart parsniedz to skaitu potamala. Pie tadam zivim pieder tipiskas mazo
upju sugas — forele, mailite un platgalve, ka ari Latvija visbiezak sastopama zivju suga —
bardainais akmengrauzis. Ritrala biotopos relativais zivju skaits ir butiski lielaks neka po-
tamala, attiecigi 135 £ 102 un 90 + 75 eks. / 100 m? (8. pielikums), tajos dominé sugas,
kuru ipatni ir neliela izméra.

Zivju skaits ekologiskajas grupas potamala un ritrala biotopos atskiras. Vides apstak-
liem mainoties no potamala uz ritralu, pieaug reofilo zivju daudzums (8. pielikums). Pie
tam pieder lielaka dala ekologiski jutigu zivju sugu, tadas ka lasis, forele un platgalve, un
sugas, kas narsto uz cieta substrata, — bardainais akmengrauzis un mailite. Potamala ap-
staklos sastopamas eiritopas zivju sugas, pie tam pieder plésigas zivis lidaka un védzele un
ekologiski tolerantas zivis — rauda, vike un stagari (8. pielikums).

Tacu ne vienmér iespéjams noteikt precizu robezu starp potamala un ritrala apstak-
liem. Viena zvejas vieta var bit sastopami gan ritralam, gan potamalam raksturigi vides
elementi, pieméram, garaka upes posma mainas vietas ar dazadu dzilumu, straumes at-
rumu un upes gultnes sastavu, tadéjadi iespéjams konstatét dazadu ekologisko grupu un
sugu zivis.

Zivju biomasa ekologiskajas grupas dazadi reagé uz potamala un ritrala biotopiem
raksturigiem parametriem. Ekologiski toleranto sugu ipatnu biomasa pieaug, palielinoties
dzilumam. Pieaugot straumes atrumam, pieaug ekologiski jutigo sugu insektivoru bioma-
sa. Upju potamala pieaug fitofilo un plésigo zivju grupu biomasa. Upes vidéjais kritums
apzvejotaja posma negativi korelé ar ekologiski toleranto un omnivoru ekologisko grupu
zivim. To sugu biomasa, kuru Ipatnu dzives ilgums ir relativi garaks, lielaka ir potamala
biotopos (3.11. tabula).

3.11. tabula
Biotopu ietekme uz zivju ekologisko grupu biomasu (Spirmena r*, p < 0,01)

Biotopu parametri

zilums | dzilums atrums Zvejas vieta Kkritums
Tolerantas sugas 0,50 0,51 -0,50
Jutigas sugas 0,52
Eiritopas sugas 0,53 0,50 -0,50
Fitofilas sugas 0,50
Sugas visedaji -0,50 -0,50
Plésigas sugas 0,50
Ilgi dzivojosas sugas 0,50

* — ieklauti tikai koeficienti, kuru vértiba =/ > 0,5.

Visu ekologisko grupu un zivju sugu biomasa potamala un ritrala biotopos atskiras
batiski (8. pielikums).

Potamala biotopiem raksturiga lielaka ekologiski toleranto sugu biomasa, lielaka bio-
masa zivim, kas uzturas tdens slani. Batiski lielaka ir eiritopo un limnofilo zivju biomasa.
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Péc barosanas tipa potamala dominé visédaji un plésigas zivis, vairak ari zivju, kas ir rela-
tivas ilgdzivotajas. Savukart ritralam raksturigas reofilas zivis, kas ir ekologiski jutigas un
péc barosanas tipa ir insektivori. Vidéja zivju biomasa potamala un ritrala biotopos atski-
ras butiski. Potamala ta ir 1315 + 1175, bet ritrala - 1014 £+ 776 g/ 100 m?. Potamala bio-
topos ap 75% zivju biomasas veido tadas sugas ka rauda, lidaka, sapals un asaris. Ritrala
biotopos péc biomasas dominé bardainais akmengrauzis, forele un rauda (8. pielikums).

Nozimigs faktors, kas nosaka zivju sabiedribu struktaru, ir noénojums. Misu péti-
juma ta intensitate noteikta 4 gradacijas klasés, apsekotas vietas attieciba pret $o faktoru
sadalas $adi: 200 : 203 : 106 : 17, t. i., pilnigi noénotu vietu datu masiva bija salidzinosi
maz. Tas ir zivju uzskaites vietas mazakajas upés ar sateces baseina platibu S < 100 km?.

Biitiski lielaks sugu skaits konstatéts vietas ar mazaku aizénojuma pakapi. Si para-
metra skaitliskas vértibas dazadas intensitates aizénojuma klasés attiecigi ir 9,6 + 2,7;
8,7+2,8;7,3+2,7;54+2,1 (ANOVA, f= 25,1, p = 0,000; post-hoc Tjtkija tests, p < 0,05).

Dazadu sugu zivju skaita atskiribas netika novérotas 3. un 4. noénojuma klasé. Zivju
sugas uz noénojuma intensitati biotopa reagé dazadi. Rauda, sapals, pavike, vike, grundu-
lis, akmengrauzis un asaris lielaka skaitd konstatéti vietas ar mazaku noénojumu. Divas
zivju sugas — akmengrauzis un pavike - vietas ar pilnigu noénojumu nav sastopamas.
Pretéji tam mailiSu skaits pieaug, palielinoties noénojumam. Ari forelu skaits pieaug,
palielinoties noénojumam, tacu vislielakais tas ir, ja noénojuma intensitate ir vidéja.
Kopéjais zivju skaits batiski lielaks ir mazak noénotas vietas (9. pielikums).

Visas ekologiskajas grupas, kuras novérojamas statistiski butiskas atskiribas zivju
skaita zina, tas samazinas, palielinoties noénojuma intensitatei. Zivju skaits neviena zivju
ekologiskaja grupa nepieaug, pieaugot biotopa noénojuma intensitatei (9. pielikums).

Netika konstatéta statistiski butiska atskiriba starp sugu biomasu 3. un 4. noénojuma
grupa. Lidz ar noénojumu biomasa pieaug tikai vienai sugai — mailitei, citam, seviski bie-
zak sastopamam sugam, pieméram, raudai, asarim, lidakai un sapalam, biomasa noéno-
tos biotopos samazinas pat vairakkart (9. pielikums).

Visas zivju ekologiskajas grupas, kuras novérojams butiskas zivju biomasas izmainas
atkariba no noénojuma intensitates klases, biomasa samazinas, pieaugot noénojumam.
Visvairak samazinas toleranto zivju biomasa — tas péc barosanas tipa ir visédaji, un to
sekmigai reprodukcijai butiski nepiecieSami tidensaugi (9. pielikums).

Nozimiga ietekme uz zivju sabiedribu struktiru ir upes aizauguma pakapei. Masu
pétijuma ta novértéta péc aizauguma intensitates 3 klasés; apsekotas vietas attieciba pret
$o faktoru sadalas sadi: 41 : 374 : 122.

Sugu skaits, pieaugot upes aizaugumam, kopuma pieaug. Tacu butiski atskiras biotopi,
kuros nav aizauguma. Vidéjas un lielas aizauguma pakapes upju posmi péc tajos sasto-
pamo sugu skaita ir lidzigi. ArT zivju relativais skaits batiski mazaks ir upju posmos bez
aizauguma (3.12. tabula).

Tikai divas zivju sugas — védzele un bardainais akmengrauzis — péc ipatnu skaita butis-
ki neatskiras dazadas upes aizauguma klasés. Forelu un maili$u skaits, pieaugot aizaugu-
mam, butiski samazinas, bet lidaku, raudu, grundulu, paviku, viku un asaru skaits — palie-
linas. Kopéjais zivju skaits batiski mazaks ir upju posmos bez aizauguma (10. pielikums).

Aizaugumam palielinoties, butiski pieaug zivju skaits ekologiski toleranto zivju grupa,
kas ir eiritopas péc uzturés$anas vietam, narsto uz Gdensaugiem un ir visédaji. Vienlaikus
samazinas talu migréjoso zivju Ipatnu skaits, bet palielinas potadromo zivju daudzums.
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3.12. tabula

Zivju sabiedribu struktiiras parametri (sugu skaits, zivju skaits un biomasa)

atkariba no upes posma aizauguma pakapes

Upes posma aizauguma pakape
Parametrs 1 (n=41) 2 (n=>374) 3(n=122)
Sugu skaits 6,5 + 3,0>° 8,7 +2,9! 9,0 £2,9
Zivju skaits (eks. / 100 m?) 80 + 591 110 + 80" 124 + 92!
Biomasa (g / 100 m?) 677 + 547% 1 1154 + 89811 1706 + 13331

L 23 _ batiskas atSkiribas sugu skaitam pa upju posmiem ar dazadu aizauguma pakapi (ANOVA,
f=11,97, p = 0,000);

LILIE_ batiskas atskiribas zivju skaitam un biomasai pa upju posmiem ar dazadu aizauguma pakapi
(Manna-Vitnija U-tests, p < 0,05).

Lielakajai dalai sugu biomasa atkariba no upes posma aizauguma pakapes mainas bii-
tiski. Ekologiski tolerantam formam - lidakai, raudai, sapalam, vikei un asarim - ta vai-
rakkart pieaug, bet izteikti samazinas foreles un mailites biomasa.

Aizauguma ietekmé palielinas toleranto sugu biomasa, kas ir eiritopas vai limnofilas,
narsto uz augiem un ir visédaji vai plésigas zivis. Pieaug arl potadromo zivju biomasa, bet
isto celotajzivju daudzums samazinas (10. pielikums).

Rezultati liecina, ka lielaka dala biotopu vides faktoru ir savstarpéji saistiti. Pieméram,
aizénojuma rezultata samazinas upes aizauguma pakape. Mazaks noénojums raksturigs pla-
takam, tatad lielakam upém ar lielaku sateces baseina platibu. Ar DCA analizétas 540 zivju
kersanas vietas (biotopi), ordinacijai izmantojot zivju relativo skaitu (log = n + 1) formata
36 sugam. Analizes rezultati liecina, ka I ass izskaidro 39% no mainiga izkliedes, II ass -
20%, bet III ass — 13% (3.13. tabula).

3.13. tabula
Biotopu parametru un zivju ekologisko grupu mijiedarbiba* ar ordinacijas asim
(R - Pirsona, T - Kendala korelacijas koeficienti, p < 0,01)

Faktori I ass II ass III ass
R T R T R T
Vid. dzilums 0,53
Maks. dzilums 0,50
Vid. platums -0,55 -0,52
Vid. kritums -0,50
Baseina platiba -0,54 -0,53
Att. augstece -0,50 -0,52
Jutigas sugas -0,50 -0,50
Tolerantas sugas 0,60 0,63
Eiritopas sugas 0,62 0,67
Litofilas sugas -0,50
Visédajas sugas 0,54 0,54
Kukainédajas sugas -0,50 -0,50
Plésigas sugas -0,50

* — ieklauti tikai koeficienti, kuru vértiba =/ > 0,5.
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Ar I ordinacijas asi pozitiva korelacija ir upes dzilumam, bet negativa — vidéjam kri-
tumam, t. i., potamala apstakliem lielakajas un vidéjas upés. Pozitivi ar I asi korelé pota-
mala apstakliem lielajam upém raksturigas zivju ekologiskas grupas — tolerantas sugas,
eiritopas sugas un omnivori, bet negativi - mazajam ritrala upém tipiskas litofilas sugas.
Savukart II ordinacijas ass negativi korelé ar upes baseina platibu, upes platumu un at-
talumu no upes augsteces. Abi pédéjie faktori pieaug, palielinoties upes sateces baseina
platibai. Pieaugot II ordinacijas ass vértibam, samazinas ekologiski jutigo zivju sugu gru-
pas un insektivoru ipatnu skaits. III ordinacijas ass korelé tikai ar plésigo zivju ekologis-
ko grupu. Latvijas upés taja ietilpst galvenokart lidaka un védzele (3.14. tabula). Faktiski
I ordinacijas asi var uzskatit par potamala asi, bet II - par mazo upju asi.

3.14. tabula
Zivju skaita pa sugam (log(n + 1)) korelacija* ar ordinacijas asim
(R - Pirsona: T - Kendala korelacijas koeficienti, p < 0,01)
S I ass II ass III ass
R T R T R T
Forele -0,65 -0,53
Lasis -0,55 -0,52
Lidaka 0,53
Rauda 0,69 0,55
Pavike -0,51
Mailite -0,51 0,50
Bardainais akmengrauzis -0,58
Asaris 0,74 0,59
Védzele -0,50

* — jeklauti tikai koeficienti, kuru vértiba =/ > 0,5.

Ar I ordinacijas asi negativi korelé mazajam upém raksturigas zivis — forele un mailite,
ka ar1 bardainais akmengrauzis, kas ir tipiska ritrala zivju suga. Savukart ar II asi negativi
korelé sugas, kas tipiskas lielakajam upém, - lasis un pavike. Ar III ordinacijas asi pozitivi
korelé mailite, kas lielaka daudzuma un biezak sastopama ritrala apstaklos, bet negativi —
védzele, kas uzturas léni teko$os upju posmos (3.14. tabula). So zivju daudzums biitiski
atskiras atkariba no skabekla apstakliem upés. Mailidu skaits pieaug upju grupa ar O, >
7 mg/l, pret&ji tam védzelu skaits lielaks ir upés ar skabekla saturu < 7 mg/L.

Zivju uzskaites parauglaukumi péc potamala un ritrala tipiem attiecigi sadalas pa
kvadrantiem I un IL, IIT un IV. Parauglaukumi lielakajas upés izvietojas galvenokart II un
III kvadranta. 3.10. attéla redzams, ka, pieaugot upes kritumam, pieaug reofilo un litofi-
lo grupu zivju daudzums. Savukart lénte¢u biotopos, pieaugot upes dzilumam un platu-
mam, palielinas toleranto un eiritopo zivju skaits — tas ir visédaji vai plésigas sugas.

3.10., 3.11. un 3.12. attéla redzama ekologisko faktoru savstarpéja saistiba biotopos.
Zivju uzskaites vietas péc upes baseina platibas aug$pus parauglaukuma (SQ) un upes
platuma grupéjas II un III kvadranta. Savukart parauglaukumi ar lielako dzilumu ne-
daudz vairak novirziti I ass pieauguma virziena I un II kvadranta, t. i., atbilst potamala
apstakliem lielas un vidéjas upés.
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3.10. attéls. Zivju uzskaites vietu (biotopu) ordinacijas rezultati. Lielakie markieri atbilst zivju
uzskaites parauglaukumiem lielajas upés
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3.11. attéls. Zivju uzskaites vietu (biotopu) ordinacijas rezultati. Lielakie markieri atbilst zivju
uzskaites parauglaukumiem vietas ar lielaku upes platumu
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3.12. attels. Zivju uzskaites vietu (biotopu) ordinacijas rezultati. Lielakie markieri atbilst zivju
uzskaites parauglaukumiem vietas ar lielaku dzilumu

3.3. Dabisko faktoru kompleksa ietekme

3.2. nodala veikta analize liecina, ka kopéjo zivju sugu skaitu un daudzveidibu, zivju
sugu skaitu un biomasu, t. sk. arl ekologiskajas grupas, ietekmé vides faktori, kas saistiti
ar upes morfologiju (sateces baseina platiba un kritums), upes temperataras un skabekla
rezims. Liela nozime ir ari vietéja rakstura faktoriem, tadiem ka upes dzilums un platums
un attalums no upes augsteces. Galvenie morfologiskie raditaji un temperattras reZims ir
savstarpéji saistiti. Par to liecina saméra augstas Spirmena rangu korelacijas koeficientu
vértibas (3.15. tabula).

3.15. tabula
Pirsona rangu korelacijas koeficientu vértibas p < 0,01 upju parametriem (n = 199)
Parametrs Upes garums Vidgjais Baseina Temperatiira | Skabeklis'
(L) kritums (Kr) | platiba (S) vasara* (T) (0,)
Upes garums 1 -0,34 0,82 0,38
Kritums 1 -0,25 -0,43 0,35
Baseina platiba 1 0,36
Temperatiira vasara 1 -0,23
Skabeklis 1

* — adens temperatiira un skabeklis mériti zivju kerSanas laika julija—augusta.
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Latvijas upes ir lidzenumu upes, lielako upju kritums ir salidzinosi neliels. Udens tem-
peratiira tajas ir augstaka, tapéc ta negativi korelé ar vidéjo kritumu, bet pozitivi - ar
sateces baseina platibu.

Zivju dzivé kritisks faktors ir skabekla saturs Gdeni. Tacu $is parametrs Latvijas
upés vismazak saistits ar upes morfologiskajiem parametriem un temperatiras rezimu.
Skabekla saturu tdeni batiski ietekmé upes vidéjais kritums un tdens temperatira, tacu
sakaribas nav ciesas. Acimredzot skabekla saturu tdeni vairak nosaka vél citi faktori.

Principialo komponensu analize (PCA) liecina, ka 3 komponentes dod 84% no
upju raksturo$ana izmantoto parametru izkliedes. Viena komponenté apvienoti upes
garums un baseina platiba, otra - temperatira un vidéjais kritums, tresaja — skabeklis
(3.16. tabula).

3.16. tabula
Komponensu ipatsvars upju raksturos$anai izmantotajos parametros

Parametrs I komponente II komponente III komponente
Baseina platiba 0,944
Upes garums 0,932
Temperattira vasara 0,874
Kritums -0,731
Skabeklis 0,965

Pirma komponente izskaidro 43% no parametru izkliedes, bet otra un tresa attiecigi
24 un 17%. Zivju sabiedribu parametru sugu skaits un daudzveidiba, zivju skaits un bio-
masas korelacijas koeficientu vértibas ar komponentém apkopotas 3.17. tabula.

3.17. tabula
Zivju sabiedribu parametru un PCA komponensu korelacijas koeficientu vértibas
(ieklautas tikai korelacijas, kas batiskas ar p < 0,01)

Parametrs I komponente II komponente III komponente
Sugu skaits 0,36 0,53
Daudzveidiba 0,41
Zivju skaits 0,24 0,35
Biomasa 0,44

Zivju sabiedribu parametri korelé galvenokart ar IT komponenti. Rezultati ir lidzigi
tiem, kadi ieguti, veicot atsevisku faktoru ietekmes analizi. Pieaugot upes tdens tempe-
ratiirai un samazinoties upes kritumam (3.17. tabula), pieaug sugu skaits un zivju skaits
(tie raksturo daudzveidibu) un zivju biomasa. I komponente faktiski raksturo upes sate-
ces baseina platibas ietekmi uz sugu skaitu upé un relativo zivju skaitu. PCA III batiski
neietekmé sugu un zivju skaitu, daudzveidibu un zivju biomasu. To acimredzot nosaka
misu riciba esoso datu struktiira, kas liecina, ka lielakaja dala Latvijas upju skabekla dau-
dzums ir pietiekams zivju biologiskajam prasibam, t. i., nav limitéjoss faktors zivim (3.6.,
3.7. tabula).
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3.18. tabula
Zivju skaits (N) un biomasa (B) pa sugam un ekologiskajam grupam un sugam
saistiba ar PCA komponentém (ieklautas tikai korelacijas >/= 0,50)

Parametrs I komponente II komponente IIT komponente
Tolerantas N 0,50
Visédajas_N 0,50
Tolerantas_B 0,51
Eiritopas_B 0,51
Fitofilas_B 0,50
Visédajas_B 0,54
Lidaka B 0,50
Rauda_B 0,56
Pavike_ N 0,50
Rauda_N 0,55

Batiskak upes vidéjais kritums un temperatiira ietekmé ekologiski tolerantas zivju su-
gas, kuru Ipatpu skaitam un biomasai ir tendence pieaugt, samazinoties upes kritumam
un pieaugot tdens temperatirai. Upes temperatiiras rezims butiski ietekmé lidaku bio-
masu un raudu skaitu un biomasu. Savukart I komponente korelé ar paviku, kas ir tipiska
lielaku un vidéju upju zivs, relativo skaitu. III komponente ne zivju skaitu, ne biomasu
neietekme.

Rezultati liecina, ka, no vienas puses, zivju sabiedribu struktiiru upé nosaka divas pre-
téju faktoru grupas:

1) pieaugot upes sateces baseina platibai un upes garumam, palielinas sugu skaits un

relativais zivju skaits upé;

2) upes kritums un temperatiiras rezims ietekmé visus galvenos zivju sabiedribu
parametrus — gan sugu skaitu un daudzveidibu, gan zivju skaitu un biomasu.
Skabekla ietekme ir nebutiska (3.17., 3.18. tabula).

Dati par dabisko faktoru ietekmi uz zivju sabiedribu struktiiras parametriem apkopoti

23. pielikuma.

3.4. Antropogeénas ietekmes faktori

3.4.1. Antropogeno skérslu, idenskratuvju un ezeru ietekme uz zivju
sabiedribu struktiaru

Antropogénas izcelsmes Skérsli upés tiek uzskatiti par vienu no svarigakajiem fak-
toriem, kas ietekmé zivju sabiedribu struktiiru. Antropogénie $kérsli — HES aizsprosti,
dzirnavu aizsprosti, diku vai zivju diku limena uzturésanai paredzétie aizsprosti — izba-
véti 386 upés. Izmantojot kartografisko materialu, konstatéts, ka Latvijas upés 2012. gada
ir vismaz 705 aizsprosti un maksligas tidenstilpes (atseviskas no tam periodiski var bat
nolaistas). Realais aizsprostu skaits acimredzot ir lielaks, jo tika registrétas tikai tas maks-
ligas adenstilpes, kam ir nosaukumi vai kuras ir izveidotas uz upém, kam ir nosaukumi.
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Nemot véra, ka kopéjais upju skaits ar nosaukumiem Latvija ir vismaz 2700, aizsprosti ir
vismaz 14% Latvijas upju. Tacu upe var biit nepieejama celotajzivim ari tad, ja aizsprosti
ir izbaveti zemak — upé, kura ta ietek vai pie kuras baseina ta pieder (3.13. attéls).

aizsprosts

celotajzivim nesasniedzami apgabali

3.13. attels. Antropogeéno $kérslu izvietojums Latvijas upés

HES aizsprostu ietekme uz upju zivju sabiedribam javérté no vairakiem aspektiem, jo
ta ir kompleksa. Parasti aizsprosti ir $kérslis zivju migraciju celos, tacu HES, kas strada
tdens uzkraganas rezima, maina upes hidrologisko rezZimu un var ietekmét tidens tem-
peratiiru upé un skabekla rezZimu. Faktiski iespéjams nodalit 3 upju kategorijas atkariba
no aizsprostu izvietojuma. Upju kategorijas ,,aizsprosts baseina lejpus” nozimeé, ka upe ce-
lotajzivim nav pieejama parasti vismaz vairakas desmitgades. Upju kategorija ,,aizsprosts
tie$i up€” nozimé, ka dala upes var but pieejama celotajzivim. Kategorija ,,aizsprostu nav”
nozimé, ka ne baseina, ne tie$i upé nav $kérslu zivju migracijai. Dati par aizsprostiem
analizé izmantotajas upés apkopoti 3.19. tabula.

3.19. tabula
Antropogénie $keérsli Latvijas upés
Aizsprostu izvietojums Upju skaits No tam ar HES
Baseina lejpus 75 24
Tiesi upé, dala upes pieejama celotajzivim 58 37
Tiesi upé, upe nav pieejama celotajzivim 33 20
Nav aizsprostu ne baseina, ne upé 66 0

Upés, kas nav pieejamas celotajzivim, konstatétas 33 sugas, bet upés, kas ir pilniba vai
daléji pieejamas diadromajam sugam - 38 sugas. Tomér vidéjais sugu skaits un daudzvei-
diba $ajas upju grupas butiski neatskiras (3.20. tabula).
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Izradijas, ka upés ar aizsprostiem gan vidéjais sugu skaits, gan daudzveidiba ir batiski
lielaki neka upés, kur nav neviena aizsprosta (t-tests, p > 0,05). Attiecigie raditaji pa upju
grupam ir 13,0 + 4,7, 9,8 £ 5,3 un 1,58 + 0,33, 1,35 + 0,48 (t-tests, p < 0,05).

3.20. tabula
Zivju sabiedribu parametri upés ar skérsliem, idenskratuvém un ezeriem

Ao ST ST Ezeri un adens-
Antropogeénie $keérsli

kratuves uz upém
q Nav an-
Nav Ir pie- Ir antro- _ A
Byt : Nav antro- g tropoge- | Ir ezeri un | Nav ezeru
Parametrs | pieejama ejama - pogéni o | = - _
— - pogénu ‘1. o.«1: | DuSkérslu | idenskra- | un aidens-
celotaj- celotaj- s Skersli > ——
W W skerslu o ne upé,ne | tuves kratuvju
zivim Zivim P (1-9)

baseina
n=75 n=124 n=94 n=105 n=:66 n=143 n=>56

Sugu skaits 33 38 37 39 36 40 32

Vidéjais

. 10,6 £39 | 11,2£53 | 9,8 £5,6 | 12,5+4,6|10,2+6,5|12,3£5,1 | 8,6 +4,7
sugu skaits

Sugu daudz-

o 1,48 +0,40(1,45 + 0,44 (1,34 + 0,50|1,55 + 0,34(1,31 + 0,53|1,51 + 0,39|1,31 + 0,51
veidiba

Treknraksta - statistiski butiskas atskiribas (¢-tests, p < 0,05).

Upés, kur nav neviena antropogéna $kérsla (ne pasa upé, ne upes baseina lejpus tas),
konstatétas 36 zivju sugas, bet upés, uz kuram izveidotas maksligas iidenskratuves vai ku-
ras tek cauri ezeriem, konstatéts vislielakais sugu skaits — 40. Ari vidéjais zivju sugu skaits
un daudzveidiba $ajas upés ir lidzigi ka upés, kas pieejamas celotajzivim (11. pielikums).
Sugu skaits un daudzveidiba pozitivi korelé ar skérslu skaitu upé un HES aizsprostu skai-
tu upé. Attiecigie Spirmena rangu korelacijas koeficienti ir 0,31, 0,32 un 0,21, 0,27 (btis-
ki, ja p < 0,01).

Vismazakais zivju sugu skaits un daudzveidiba konstatéti upés, kur nav ne maksli-
gu idenskratuvju, ne dabisku ezeru. Saja upju grupa vidéji konstatétas 8,6 + 4,7 sugas,
bet daudzveidiba ir tikai 1,31 * 0,51. Upés, uz kuram atrodas tdenskratuves vai kuras
tek caur ezeriem, Sie raditaji ir batiski lielaki, attiecigi 12,3 + 5,1 un 1,51 + 0,39 (t-tests,
p < 0,05).

Sugu sastopamiba apsekotajas upés ir dazada. Plasak izplatitas sugas, tadas ka bardai-
nais akmengrauzis un mailite, ar lidzigu varbutibu sastopamas visas upju grupas. Lidaka
un védzele biezak sastopamas upés ar antropogéniem $kérsliem. Forele biezak sastopama
upés, kas kaut dalgji ir pieejamas celotajzivim, jo upju zivju sabiedribas to parstav divas
ekologiskas formas — migréjosa un nemigréjosa forma.

Upés ar skeérsliem, ka ari upés, kas tek cauri ezeriem, ir butiski lielaks vidéjais zivju
skaits uz laukuma vienibu (Manna-Vitnija U-tests, p < 0,05) (12. pielikums). Tads pats
efekts novérojams upés, kas tek cauri ezeriem.

Diadromajam sugam pieejamas upés butiski lielaka skaita sastopama forele (abas
tas ekologiskas formas — strauta forele un taimins). Savukart upés, kuras celotajzi-
vim nav pieejamas, lidaku un védzelu skaits uz laukuma vienibu ir batiski lielaks
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(12. pielikums). Upés ar skérsliem butiski lielaks zivju skaits konstatéts devinam no
visbiezak sastopamajam sugam. Lidzigi $ai upju grupai upés, kas tek cauri ezeriem
vai uz kuram ierikotas maksligas iidenskratuves, gan kopéjais zivju skaits, gan biezak
sastopamo sugu skaits ir batiski lielaks neka upés, kuras nav ezeru vai tdenskratuvju
(12. pielikums).

Palielinoties $kér§lu skaitam, upés pieaug raudu, grundulu un akmengrauzu skaits
(12. pielikums). Batiski pieaug ari zivju biomasa.

Vidéja zivju biomasa ir lielaka upés ar skérsliem un upés, kas tek cauri ezeriem vai
maksligim tdenskratuvém. To nosaka eiritopo zivju grupa. Pie $Is sugu grupas pieder
tadas plasi izplatitas un biezi sastopamas zivis ka plaudis, plicis, lidaka, védzele, asaris,
vike un rauda.

Savukart zivju biomasa upés, kas pieejamas diadromajam sugam, statistiski batiski
neatskiras no upém, kas baseina blokétas ar aizsprostiem. Sie rezultati saskan ar rezul-
tatiem, kas iegiti, analizéjot datus par zivju skaitu. Iznémums ir tikai forele ar abam
ekologiskajam grupam, kas ir viena no domingjosam sugam péc biomasas upés bez
$kérsliem baseina, t. i., upés, kas pieejamas diadromajam sugam (13. pielikums).

3.4.2. Morfologisko parveidojumu (upju iztaisnos$anas)
ietekme uz zivju sabiedribu struktiaru

Morfologiskie parveidojumi upés novértéti procentos péc to pakapes, t. i., atkariba no
parveidota kopéja upes garuma. Izmantotaja datu kopa upes sadalitas péc antropogénas
ietekmes intensitates, kas izteikta procentos no iztaisnota upes kopgaruma un sadalita
5 klasés, tam pieskirot rangu vértibas no 1 lidz 5 (3.21. tabula).

3.21. tabula
Apsekoto upju iedalijums péc morfologisko parveidojumu pakapes (% no upes kopgaruma)

Antropogéno parveidojumu intensitate Rangs Upju skaits
0 1 41
<25% 2 48
25> ;< 50% 3 43
50>;<75% 4 30
> 75% 5 37

No apsekotajam 199 upém 89 upes atbilst morfologiski mazparveidotu upju katego-
rijai, iztaisnoto posmu garums ir robezas no 0 lidz 25% no to garuma. Savukart cilvéka
darbibas ietekmeétas, butiski parveidotas ir 67 upes, to parveidoto posmu garums ir lielaks
par 50%.

Salidzinot sugu skaitu un biologisko daudzveidibu upés, kuras parveidotas ar dazadu
intensitati, konstatéjam, ka nav iespéjams noskirt tendences, kas liecinatu par sugu skaita
vai biologiskas daudzveidibas btitisku samazinasanos regulétas upés kopuma. Tikai starp
3. un 5. morfologisko parveidojumu klasi konstatétas statistiski batiskas atskiribas zivju
sugu skaita un daudzveidibas zina (3.22. tabula).

Tomér morfologisko parveidojumu ietekmes sikaka analize potamala-ritrala un silt-
udens-aukstiiddens upju grupas liecina, ka tie ietekmé gan sugu skaitu, gan daudzveidibu.
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3.22. tabula
Sugu skaits un biologiska daudzveidiba upés (n = 199)
ar dazadu morfologisko parveidojumu pakapi
Hidromorfologisko parveidojumu intensitate Sugu skaits Daudzveidiba
1 0% 11,0+ 7,1 1,37 + 0,50
2 > 0% < 25% 11,8 + 5,7 1,37 + 0,45
3 > 25% < 50% 12,6 + 3,8 1,60 + 0,35
4 > 50% < 75% 9,4 +4,0 1,57 £ 0,34
5 <75% 11,2 +5,3 1,39 + 0,46

Treknraksta - statistiski butiskas atskiribas pa antropogéno parveidojumu intensitates klasém
(ANOVA, post-hoc Tjukija tests, p < 0,05).

Potamala upés novérojama sugu skaita samazinasanas, pieaugot morfologisko parvei-
dojumu intensitatei, tacu statistiski batiski atskiras tikai 1. un 5. klases upes (3.23. tabula).

3.23. tabula
Sugu skaits un biologiska daudzveidiba potamala upés (n = 55)
dazadas morfologisko parveidojumu klasés
Antropogéno parveidojumu intensitate Sugu skaits Daudzveidiba
1 0% 19,4 + 8,9 1,78 £ 0,34
2 > 0% < 25% 16,7+7,3 1,67 £ 0,31
3 > 25% < 50% 14,0 +£ 3,2 1,81 + 0,26
4 > 50% < 75% 13,0+3,8 1,72 £ 0,26
5 <75% 10,9 + 3,3 1,49 + 0,25

Treknraksta - statistiski butiskas atskiribas pa antropogéno parveidojumu intensitates klasém
(ANOVA, post-hoc Tjukija tests, p < 0,05).

Savukart ritrala tipa upés novérojama sugu skaita palielinaganas pie vidéjas morfolo-
gisko parveidojumu intensitates (3. klase) un butiska samazinasanas, kad parveidoti vai-
rak neka 75% no upes garuma (3.24. tabula).

3.24. tabula
Sugu skaits un daudzveidiba ritrala upés (n = 144)
dazadas morfologisko parveidojumu klasés
Antropogéno parveidojumu intensitate Sugu skaits Daudzveidiba
1 0% 9,0 £ 4,9 1,28 £ 0,48
2 > 0% < 25% 10,6 + 4,7 1,30 +£ 0,45
3 > 25% < 50% 12,0 + 4,0 1,51 +£0,35
4 > 50% < 75% 10,0 £ 4,2 1,48 + 0,36
5 <75% 8,4+4,1 1,33+ 0,55

Treknraksta - statistiski butiskas atskiribas pa antropogéno parveidojumu intensitates klasém
(ANOVA, post-hoc Tjukija tests, p < 0,05).
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Aukstadens upés sugu skaits pieaug, pieaugot morfologisko parveidojumu intensitatei
salidzinajuma ar morfologiski mazak parveidoto upju grupu (3.25. tabula).

3.25. tabula
Sugu skaits un daudzveidiba aukstiidens upés (7 = 90)
pa dazadam morfologisko parveidojumu klasém
Antropogéno parveidojumu intensitate Sugu skaits Daudzveidiba
1 0% 7,9 £ 4,1 1,21 £ 0,49
2 > 0% < 25% 9,3+4,1 1,28 +£ 0,48
3 > 25% < 50% 11,9 +5,0 1,45 + 0,39
4 > 50% < 75% 9,2+£4,2 1,36 £ 0,35
5 < 75% 8,6 +4,3 1,32 £ 0,51

Treknraksta - statistiski butiskas atskiribas pa antropogéno parveidojumu intensitates klasém
(ANOVA, post-hoc Tjukija tests, p < 0,05).

Siltadens upés, lidzigi ka potamala upés, pieaugot antropogénas iedarbibas intensi-
tatei, sugu skaits samazinas no 16,3 + 8,1 neparveidotas upés lidz 9,8 + 3,8 sugam upés,
kuras parveidotas visa tecéjuma. Biologiskas daudzveidibas indekss H’ statistiski batiski
neatskiras (3.26. tabula).

3.26. tabula
Sugu skaits un daudzveidiba siltadens upés (n = 109)
pa morfologisko parveidojumu klasém
Antropogéno parveidojumu intensitate Sugu skaits Daudzveidiba
1 0% 16,3 + 8,1° 1,66 + 0,38
2 > 0% < 25% 14,0 + 6,1° 1,46 +£ 0,41
3 > 25% < 50% 12,9+ 3,2 1,67 + 0,31
4 > 50% < 75% 12,5+ 3,8 1,73 +0,23
5 <75% 9,8 + 3,8"2 1,43 £ 0,44

125 _ statistiski butiskas atskiribas pa antropogéno parveidojumu intensitates klasém (ANOVA,
post-hoc Tjukija tests, p < 0,05).

Kopuma var secinat, ka tadi robusti upju zivju sabiedribu parametri ka upés sasto-
pamo zivju sugu skaits un daudzveidiba visai vaji reagé uz morfologiskiem parveidoju-
miem. Gan potamala, gan siltidens upés sugu skaits samazinas, pieaugot morfologisko
parveidojumu ipatsvaram. Tacu §1 samazinasanas ir batiska tikai tad, ja parveidojumi
parsniedz 75% no upes kopgaruma. Ritrala un auksttidens upés lielakais sugu skaits no-
vérots, ja morfologisko parveidojumu pakape ir vidéji 50%. Biologiskas daudzveidibas
raditaji faktiski nereagé uz upes morfologisko parveido$anu.

Zivju skaits ekologiskajas grupas dazadi reagé uz upé veiktajiem antropogénajiem
parveidojumiem atkariba no to intensitates. Morfologiskie parveidojumi upés neietek-
meé eiritopo un limnofilo zivju sugu Ipatnu skaitu, ka arl kopéjo zivju skaitu. Gadijuma
rakstura atskiribas acimredzot novérojamas ari zivju ekologiskajas grupas péc to dzives
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ilguma (ilgi dzivojosas sugas un sugas ar nelielu dzives ilgumu). Antropogénas darbibas
mazparveidotas upés (1. un 2. klase) ir batiski lielaks ekologiski jutigo zivju sugu ipatnu
skaits. Stipri parveidotas upés samazinas to zivju skaits, kuras narsto uz cieta substrata,
insektivoru un talu migréjoso sugu ipatnu skaits, bet pieaug uz augiem narstojoso zivju
un plésigo zivju skaits, kuru izplatitakais parstavis Latvijas upés ir lidaka (14. pielikums).

Iegutie rezultati liecina, ka neliela upes morfologiska parveidosana (lidz 25%) praktis-
ki neietekmeé zivju sabiedribu struktiiru (14. pielikums).

Nav konstatétas statistiski butiskas atskiribas starp sugu (iznemot foreles) ipatnu skai-
tu blakus klasés (1.-2. klase un 4.-5. klase). Ta¢u vairaku sugu ipatnu skaits batiski mai-
nas, parveidojumu intensitatei parsniedzot 50%. Upés, kas atbilst 4. un 5. antropogéno
parveidojumu klasei, batiski samazinas ekologiski jutigu zivju sugu - foreles un platgal-
ves — Ipatnu daudzums. Morfologiski neparveidotas un mazparveidotas upés forelu skaits
uz laukuma vienibu ir robezas no 7 lidz 11 eks. / 100 m? bet pilnigi regulétas upés to
skaits ir tikai 2 eks. / 100 m* Lidzigi forelém, platgalvju skaits samazinas no 4-5 lidz
2 eks. / 100 m?* Savukart ekologiski tolerantu sugu - lidakas, raudas un grundula - skaits
upés, pieaugot morfologiskajiem parveidojumiem, pieaug 2-3 reizes salidzindjuma ar $o
zivju skaitu mazparveidotas upés. Atseviskas zivju sugas — sapals, pavike un vike — nerea-
gé uz morfologiskiem parveidojumiem (14. pielikums).

Zivju biomasa ekologiskajas grupas butiski neatskiras starp antropogénas darbibas ne-
ietekmétam un mazietekmétam upém, ta neatskiras ari vidéji un biatiski ietekmétu upju
grupas. Butiskas at$kiribas novérojamas, tikai salidzinot mazietekmétas upes ar pilnigi
parveidotam adenstecém (15. pielikums).

Pieaugot morfologisko parveidojumu intensitatei upé, pieaug ekologiski toleranto un
plésigo zivju biomasa, bet vairak neka 3 reizes samazinas ekologiski jutigo zivju biomasa; sa-
mazinas reofilo zivju biomasa. Uz morfologisko parveidojumu intensitati nereagé omnivori
un potadromas zivis. Pieaugot morfologisko parveidojumu ipatsvaram, upés samazinas fo-
reles biomasa, savukart tadu ekologiski tolerantu sugu ka lidaka un grundulis biomasa pie-
aug. Sapala, pavikes, vikes, akmengrauza un asara biomasu upes morfologiska parveidosana
neietekmé. Citu sugu, tadu ka bardainais akmengrauzis un védzele, biomasas atskiribam
dazadas antropogénas iedarbibas klasés acimredzot ir gadijuma raksturs (15. pielikums).

3.4.3. Upju hidrologiska rezima parveidojumu ietekme uz zivju sabiedribu struktiaru

Latvijas upés var nodalit $adus hidrologiska rezima parveidojumu veidus:

« upes noteces dalas parnese uz citas upes baseinu;

o hidroelektrostaciju ietekme;

» morfologisko parveidojumu ietekme.

Melioracijas darbu rezultata dala upes, parasti tas augstece, biezi tiek savienota ar bla-
kus esosu upi. Ta rezultata upé samazinas vidéja notece un zivju dzivotnu platiba. Tadi
parveidojumi veikti, pieméram, Palsa (tas augstece savienota ar Vizlu), Svétupe ir savie-
nota ar Salacu pa Jaunupi, Langa savienota ar Rigas jiras lici u. c. Si faktora ietekme
tie$i nav noveértéjama, jo parveidojumi veikti pirms desmitiem gadu, bet zivju sabiedribu
struktiira pirms parveidojumiem nav fikséta.

Hidroelektrostacijas, kas darbojas iidens uzkrasanas rezima, rada batiskas Gdens lime-
na svarstibas upes posma gan spékstacijas lejas bjefa, gan idenskratuvé. Tas ir atskirigas
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no dabiskajam tidens limena svarstibam gada cikla, un HES var ietekmét ari upes tempe-
ratiiras un skabekla rezZimu. Maksligas adenskratuves maina zivju sabiedribu sugu sasta-
vu, to ietekmes dé] pieaug zivju skaits un biomasa upés (4.1.1. nodala).

Hidromorfologiskie parveidojumi upé maina tas noteces rezZimu, saisinoties upes ga-
rumam, pieaug tas vidéjais kritums, attiecigi ari straumes atrums, mainas tdens limenis
upé. Upju iztaisno$ana un melioré$ana samazina vai pilnigi partrauc meandru veidosa-
nos, attiecigi samazinot atteku un vecupju (back-waters) skaitu. Tas saistitas ar upi patsta-
vigi vai savienojas ar to pavasara palos un ir nozimigas dazu zivju sugu narsta un mazulu
uzturésanas un barosanas vietas.

Vidéja tidens temperatiira upés ar aizsprostiem (n = 79) vasaras ménesos ir 18,7 +
2,6 °C, bet upés bez aizsprostiem (n = 83) — 17,8 + 2,4 °C, atSkiriba ir butiska (¢-tests,
t = 2,31, p < 0,05), tacu neliela, robezas ap 1 °C. Skabekla saturs Gdeni $ajas upju grupa
ir attiecigi 8,5 + 1,8 un 8,2 + 1,7 mg//, Sie parametri butiski neatskiras. Udenskratuves un
ezeri, kas saistiti ar upém, butiski neietekmé ne to vidéjas un maksimalas Gidens tempera-
tiras, ne vidéjas un minimalas adeni iz$kidusa skabekla vértibas (3.28. tabula).

Morfologiskie parveidojumi upé butiski ietekmé skabekla saturu. Ta vidéjais saturs mor-
fologiski butiski parveidotas upés samazinas vidéji vairak neka par 1 mg// (3.27. tabula).

3.27. tabula
Morfologisko parveidojumu ietekme uz skabekla saturu aideni
Antropogéno parveidojumu intensitate Upju skaits Skabeklis (mg/I)
1 0% 31 8,8 +2,0°
2 > 0% < 25% 36 89+ 1,7°
3 > 25% < 50% 38 84+1,3°
4 > 50% < 75% 24 8,5+ 1,5
5 <75% 30 7,2 +1,85>3

L2355 _ statistiski butiskas atskiribas pa hidromorfologisko parveidojumu intensitates klasém

(ANOVA, post-hoc Tjukija tests, p < 0,05).

3.28. tabula
Vidéjas udens temperatiras un skabekla rezima izmainas hidrologiska rezima parveidojumu
rezultata
o Temperatira (°C) Skabeklis O, (mg/l)
rupa
AR Videja Maksimala Vidajais Minimalais
Upé ir aizsprosti (n = 79) 18,7 £ 2,6 19,9 +3,2 8,5+1,8 6,8 +2,1
Upé nav aizsprostu (n = 83) 17,8 +2,4 18,9 +2,9 8,2+1,7 6,8+2,0
Upé ir HES (n = 54) 18,8 +2,4 20,1 +2,7 8,714 6,9+ 1,8
Upé nav HES (n = 107) 18,0 £2,6 19,0 £ 3,2 8,3+19 6,9 +2,1
Uz upes ir ezeri vai
+
adenskratuves (1 = 123) 18,4 +2,6 19,7 3,1 84+17 67220
Uz upes nav ezeru un
+ + +
didenskratuvju (1 = 39) 17,7+2,4 185+2,8 8,4+1,8 7,0+23

Treknraksta — butiska atskiriba starp grupam (t-tests, p < 0,05).
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Aizsprostu, temperatiiras un skabekla rezima ietekme uz zivju sabiedribam un to pa-
rametriem analizéta 3.4.1. un 3.4.2. nodala par morfologisko parveidojumu un aizsprostu
ietekmi uz zivju sabiedribu struktaru.

3.4.4. Zemes lietosanas ietekme uz zivju sabiedribu struktiru

Zemes lieto$anas veidi upju sateces baseinos nosaciti grupéjami antropogéni parvei-
dotas un antropogéni mazietekmétas teritorijas. Pie pirmas kategorijas pieskaitama aram-
zeme, industrialas un urbanizétas teritorijas. Pie otras — zalaji, adeni, mezi un parmit-
ras teritorijas. Upes sadalitas tris grupas péc antropogéni mazietekmétas sateces baseina
dalas kopéja sateces baseina platiba: dominé dabiskas platibas > 75%; dabiskas platibas
robezas no 50 lidz 75% un dabiskas platibas < 75% (3.29. tabula).

3.29. tabula
Antropogéni parveidotas zemes platibas ipatsvars (%) upju baseinos (klasés)
L . Zemes izmanto$ana upju sateces baseinos (klases)
Zemes lietosanas veids
I II 111

Aramzeme 0-24 7-50 13-90
Zalaji 0-45 0-48 1-19
Industrialas platibas 0-1 0-2 0-1
Parmitras teritorijas 0-69 0-11 0-5
Udeni 0-9 0-17 0-2
Urbanas teritorijas 0-3 0-5 0-2
Mezi 22-100 17-70 2-44

Nemot véra, ka sugu skaits un biologiska daudzveidiba ir ciesi saistiti ar upes sateces
baseina platibu, daudzfaktoru regresijas analizé tika ieklauta sateces baseina platiba un
CORINE faktori. Desmit analizé ieklautie regresori izskaidro 63% no sugu skaita izklie-
des, no kuriem lielaka ietekme ir meza platibam upes sateces baseina un upes sateces
baseina platibai. Tacu tikai 4 regresoru ietekme uzskatama par batisku (3.30. tabula).

3.30. tabula
Sugu skaits atkariba no sateces baseina platibas un zemes lietojuma veida -
daudzfaktoru regresijas analizes rezultati

Faktors (log forma) Stﬁgggg:ﬁ?e Stjudenta kritérijs Butiskums
Sateces baseins' 0,329 2,570 0,011
Aramzeme 0,239 2,257 0,025
Ganibas/plavas -0,210 2,202 0,029
Mezs 0,341 3,072 0,002
Konstante -2,579 -1,856 0,065

! - sateces baseina platiba korigéta attieciba pret zemako pa straumi esoso paraugu ievaksanas vietu.

Treknraksta — statistiski batiskas koeficientu vértibas (¢-tests, p < 0,05).
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Zalaju platibam pieaugot, samazinas zivju sugu skaits, tatu daudzveidibu tas neietek-
mé. Kopuma zemes lietojuma veidu ietekme uz daudzveidibas indeksu H’ nav batiska.
Upes sateces baseina platiba nosaka 31% no daudzveidibas izkliedes (t = 3,268, p = 0,001)
(4.12. tabula). Ari zivju skaitu zemes lietosanas veids ietekmé maz, tas izskaidro tikai
21% no izkliedes. Tikai regresors ,aramzemes Ipatsvars” dod statistiski batisku sakaribu
(t=2,578, p =0,11).

Daudzfaktoru regresijas analizes rezultati liecina, ka, pieaugot aramzemes platibai
upes sateces baseina, zivju skaits un biomasa pieaug (3.31. tabula). Lielakas aramzemes
platibas raksturigas lidzenumu upju baseinos (piem., Zemgalé), tajas liela daudzuma sa-
stopami ekologiski tolerantu zivju sugu patni ar salidzinosi lielu biomasu.

3.31. tabula
Daudzfaktoru regresijas analizes rezultati
(biomasa atkariba no sateces baseina platibas un aramzemes ipatsvara)

Faktors (log forma) Stﬁgggggﬁie Stjudenta kritérijs Butiskums
Sateces baseins' 0,398 2,202 p=0,029
Aramzeme 0,468 3,135 p =0,002
Konstante 2,332 17,231 p=0,000

! - sateces baseina platiba korigéta attieciba pret zemak pa straumi eso$o paraugu ievaksanas vietu.

Treknraksta - statistiski butiskas koeficientu vértibas (¢-tests, p < 0,05).

Sugu skaits un daudzveidiba vaji reagé uz antropogéno zemes izmanto$anas veidu
pieaugumu upes baseina. Statistiski batiski atskiras tikai sugu skaits starp I un II zemes
lietosanas klasi (Tjukija HSD tests, p < 0,05) (3.32. tabula).

3.32. tabula
Sugu skaits un daudzveidiba upés atkariba no zemes lieto$anas sateces baseina

Parametrs Antropogeni parveidota sateces baseina ipatsvars (klases)
I 11 111
Sugu skaits 10,0 + 4,1 12,5+5,9 10,7 + 4,2
Daudzveidiba H’ 1,42 + 0,40 1,50 + 0,44 1,50 + 0,41

Treknraksta - statistiski butiskas atskiribas starp klasém (¢-tests, p < 0,05).

Zemes lieto$anas veida ietekme uz biezak sastopamo zivju sugu relativo skaitu nav
seviski izteikta. Tomeér, pieaugot antropogénas iedarbibas pakapei, pieaug raudu, viku un
asaru relativais skaits, bet samazinas platgalves sastopamiba. Butiski — par 30% - pieaug
kopéjais zivju skaits (16. pielikums).

Pieaugot antropogéni parveidota upes sateces baseina Ipatsvaram, pieaug ekologis-
ki toleranto, eiritopo zivju skaits, attiecigi arl to biomasa. Pie tam pieaug gan bentisko,
gan to zivju daudzums, kas uzturas Gdens slani. Lielaka ir ari limnofilo un fitofilo sugu
parstavju biomasa (16. pielikums). Palielinas ekologiski toleranto sugu - lidakas, raudas,
grundula, vikes un asara — biomasa, bet samazinas platgalves biomasa. Tadu zivju sugu
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ka mailite un védzele biomasa, pieaugot antropogéni ietekmétu teritoriju ipatsvaram upes
sateces baseina, nemainas. Kopuma zivju biomasa vairumam sugu, iznemot platgalvi, pie-
aug (16. pielikums).

3.4.5. Upju kimiskas un ekologiskas kvalitates ietekme uz zivju sabiedribu struktiiru

Latvijas upés nav novérojams bitisks piesarnojums ar bistamajam vielam. Saskana ar
informaciju, kas pieejama Upju baseinu apgabalu apsaimniekosanas planos (http://www.
vidm.gov.lv/lat/darbibas_veidi/udens_aizsardziba_/upju_baseini/), katra UBA ir atseviskas
vietas (2-3), kur bistamo vielu saturs parsniedz robezvértibas. Dati par bistamajam vie-
lam nav pieejami tada apjoma, lai varétu analizét to ietekmi uz zivju sabiedribam.

Toksisku vielu nopladém Latvijas upés ir gadijuma raksturs, tikai atseviskas upés vai
to posmos registréta zivju masveida nobeig$anas.

Latvijas upés nav novérojamas tadas antropogénu faktoru izraisitas ddens kimiskas
kvalitates izmainas ka butiska pH samazinasanas jeb paskabinasanas. Mérjjumos, kas
veikti zivju ker$anas vietas julija un augusta, vidéja pH veértiba ir 7,9, bet minimala -
6,8. Antropogéna darbiba var mainit Gdens temperatiru upés un skabekla saturu tideni.
Udens temperatira konstatéta robezas no 12,6 lidz 25,6 °C, bet tdeni iz§kidugajam ska-
beklim - no 1,6 lidz 12 mg/I.

Nozimigas upju kimiskas kvalitates elements ir biogéno vielu saturs adeni, par ko
pieejams salidzinosi vairak datu. Latvijas upém raksturigs vidéjs biogéno elementu dau-
dzums. Vidéjais Ny, saturs ir 2,27 mg/l, bet P, — 0,09 mg/I. Sis vértibas atbilst vidéjas
kvalitates virszemes tidenu kategorijai (3.33. tabula).

3.33. tabula
Latvijas upju hidrokimiskie parametri
Parametrs Upju skaits Minim. Maks. Vidéja vertiba | Standartnovirze
Oyvid, mg/l 165 1,6 12,0 8,18 2,10
O, minim., % 63 8,3 96,0 63,67 19,30
T, °C 156 12,6 25,6 18,74 2,39
EVS (uS/cm) 152 157,0 1046 470,4 184,0
pHyvia. 148 6,9 8,7 7,86 0,29
PHuminim. 64 6,8 8,1 7,51 0,27
Niop, mg/I 108 0,46 9,3 2,27 1,56
Prop, mg/l 108 0,004 1,8 0,09 0,17

Tacu datu struktiiras analize liecina, ka tie nav homogéni, tapéc turpmaka analizé iz-
mantoti tikai biogénu dati, kas iegtti no LVGMC datubazém, un tdens temperatiiras un
skabekla dati, kas jilija — augusta mériti zivju keranas vietas. Sie dati nenozimé attiecigo
parametru vidéjas gada vértibas, tie parada nosacitas atskiribas starp upém un zivju ker-
$anas vietam.

Saskana ar upju baseinu apgabalu apsaimnieko$anas planiem upju ekologiska kvalitate
tiek noteikta gan péc monitoringa biologiskajiem, gan hidrokimiskajiem raditajiem. Upju
ekologiska kvalitate tiek jedalita piecas klasés no 1 (loti laba kvalitate) lidz 5 (loti slikta
kvalitate) (http://www.vidm.gov.lv/lat/darbibas_veidi/udens_aizsardziba_/upju_baseini/).
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Upju hidrokimiskie parametri korelé gan savstarpéji, gan ar upju morfologijas radi-
tajiem - sateces baseina platibu un vidéjo kritumu. Upés ar lielaku N, saturu adeni ari
Pyop. vértibas ir lielakas (r = 0,47, n = 108, p < 0,01). Ekologiskas kvalitates rangs korelé ar
tdens elektrovaditsp&ju (r = 0,42), Ny, (r = 0,47) un upes kritumu (r = -0,43). 3.34. ta-
bula apkopoti dati par upju hidrokimisko parametru izmainam pa ekologiskas kvalitates
klasém, kas noteiktas upju apsaimniekos$anas planos.

3.34. tabula
Upju hidrokimiskie parametri pa ekologiskas kvalitates klasem

Ekologiskas O, vid, Maks. EVS Niop. Piop.
kvalitates klase| (mg/l) | T,°C | (uS/cm) | PHwe BSPs | (mgl) | (mgl)
I - Joti laba 9,05v 17,31V 377° 7,82 1,33%° 1,45%%° 0,05
1I - laba 8,43 18,4V 4295 7,86 1,99%° 1,74%° 0,06*
III - vidéja 7,56 19,3 522 7,84 1,70 2,192 0,14
IV - slikta 9,67 19,4 481° 7,98 2,3212 1,88"° 0,14
V - loti slikta 7,001 20,31 638524 7,84 3,40"2 4,97h%4 0,09

PILILIYY _ batiskas atskiribas starp ekologiskas kvalitates klasem, ANOVA (post-hoc Tjikija HSD).
L2345 _ butiskas atskiribas (Manna-Vitnija U-tests, p < 0,05).

3.34. tabula redzams, ka I un II ekologiskas kvalitates klases upju hidrokimiskie pa-
rametri batiski neatskiras. pH vértibas ir lidzigas visas upju ekologiskas kvalitates klasés.
Ekologiskas kvalitates zemakajai klasei raksturigs nedaudz pazeminats vidéja O, dau-
dzums tdeni, visaugstakas BSPs un Ny, vértibas. Tacu liela méra $is sakaribas acimre-
dzot nosaka upju morfologisko raditaju atskiribas.

3.35. tabula
Upju ekologiskas kvalitates klasu morfologiskie raditaji

Upju ekologiskas kvalitates klase | Upes vidéjais kritums (m/km) Upes baseina platiba (km?)
I (n=26) 5,0 + 3,8L2345 203 + 404
II (n=105) 2,0 £ 1,6 423 + 1004
III (n = 40) 1,6 £0,7 880 + 1740
IV (n=6) 1,4 +0,8 704 + 778
V(n=11) 1,0 £ 0,4 798 + 1507

L2345 _ butiskas atskiribas, ANOVA (post-hoc Tjukija HSD).

3.35. tabula redzams, ka lielaka dala upju I ekologiskas kvalitates klasé ir mazakas
upes ar lielaku vidéjo kritumu (ritrala tipa). Tas parasti atrodas augstienu nogazés vai
tek pa lielako upju senleju nogazém, t. i., pa lauksaimnieciba neizmantojamam zemém.
Tapéc lielaka to dala ir antropogéni neietekmétas vai maz ietekmétas. Savukart visas lielas
upes (S > 1000 km?) atbilst III un IV ekologiskas kvalitates klasei ar vidéju vai sliktu eko-
logisko kvalitati. Jaatzimé ari, ka IV un V klases upes nav seviski plasi parstavétas misu
pétljuma izmantotaja datu masiva, to skaits ir attiecigi tikai 6 un 11.
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Jasecina, ka sugu skaits un daudzveidiba nav jutigi indikatori attieciba pret upju basei-
nu apgabalu apsaimnieko$anas noteikumos izmantoto upju ekologiskas kvalitates noveér-
téSanas sistému (3.36. tabula). Lielakas to vértibas novérojamas upés ar vidéju ekologisko
kvalitati (IIT klase).

3.36. tabula
Sugu skaits un daudzveidiba atkariba no ekologiskas kvalitates klases
Upju ekologiskas kvalitates klase Sugu skaits Daudzveidiba
I (n=26) 8,5 + 4,83 1,18 + 0,495 %3
II (n=105) 11,1 +4,8 1,46 + 0,43!
III (n = 40) 14,6 + 5,72 1,63 £0,31"
IV (n=6) 12,0 +£3,8 1,52 + 0,32
V(n=11) 12,1 £4,0 1,47 +0,25!

L2355 batiskas atSkiribas pa kvalitates grupam: sugu skaits (ANOVA, post-hoc Tjukija HSD);
daudzveidiba, Manna-Vitnija U-tests).

Buatiskaks raditajs ir ekologiski jutigo vai toleranto sugu Ipatnu skaits. Upju ekologis-
kajai kvalitatei samazinoties, samazinas tadu ekologiski jutigu zivju sugu ipatnu relativais
skaits ka forele un platgalve. Ekologiski toleranto zivju sugu - raudas, asara, lidakas un
sapala — individu skaits pieaug. Ipatnéji, ka upes kopéjas ekologiskas kvalitates pazemi-
nasanas neietekmeé pavikes sastopamibu, kas faktiski liecina, ka statuss ,,ekologiski jutiga
suga” pavikei ir apsaubams (17. pielikums).

Pasliktinoties upju ekologiskajai kvalitatei, pieaug ekologiski toleranto zivju sugu ipat-
nu skaits, kas péc barosanas tipa ir omnivori un ir relativi ilgdzivotaji. Pretéji tam sama-
zinas ekologiski jutigo zivju sugu ipatnu skaits — tie ir insektivori, un pie tiem pieder istas
celotajzivis. Kopéjais zivju skaits, pasliktinoties ekologiskajai kvalitatei, pieaug. Tas notiek
uz ekologiski toleranto zivju sugu ipatnu skaita pieauguma rékina (17. pielikums).

Vienlaikus bitiski pieaug kopéja zivju biomasa — ta mainas robezas no 799 + 578 lidz
1649 £ 761 g/ 100 m? ka ari palielinas raudu, lidaku, sapalu, grundulu un asaru biomasa
(18. pielikums). Savukart ekologiski jutigo zivju sugu, pieméram, foreles un platgalves,
biomasa samazinas, attiecigi pieaugot toleranto zivju biomasai. Eiritopo un limnofilo gru-
pu zivju biomasa pieaug, tacu samazinas reofilo sugu biomasa. Ekologiski visvairak ie-
tekmétajas upés (V kvalitates klase) netika konstatétas celotajzivju sugas (17. pielikums).

3.4.6. Biogénie elementi slapeklis (N) un fosfors (P) un to ietekme
uz zivju sabiedribu struktaru upés

Lai noveértétu biogénu tieso ietekmi uz zivju skaitu un biomasu sabiedribas, veicam
Niop. un Py, ranzésanu, t. i., upes tika sadalitas 5 grupas atkariba no So elementu koncen-
tracijas (2.2., 3.37. tabula).

Sakot ar V upju grupu, biogéno elementu N un P daudzums tdeni pieaug vairakkart.
Miusu veiktas analizes mérkis bija noskaidrot, cik liela méra biogénu daudzuma pieau-
gums deni nosaka sugu skaita un daudzveidibas, zivju skaita un biomasas pieaugumu
vai samazinasanos.
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3.37. tabula
Upju iedalijums rangos péc biogénu (N, un Py,,) satura (mg/I)
Grupa, rangs Vidéjais N (minim. - maks.), #n | Vidéjais P (minim. - maks.), n
1 1,01(0,46-1,33), n =22 0,027 (0,004-0,044), n = 22
II 1,48 (1,34-1,62), n = 21 0,052 (0,045-0,058), n = 21
111 1,82 (1,68-2,04), n =22 0,064 (0,058-0,070), n = 22
v 2,35 (2,06-2,65), n = 21 0,083 (0,073-0,090), n = 21
\Y% 4,67 (2,85-9,26), n =22 0,226 (0,098-1,800), n = 22

Sugu skaits un daudzveidiba pa Ny, klasém butiski neatskiras (ANOVA, p > 0,05).
Vidéjais zivju skaits vislielakais ir upés ar Ny, 1,3-2,7 mg/l. Ja Ny, koncentracija ir maza
(I klase) vai liela (V klase), zivju skaits ir mazaks. Upés ar vidéju N, vértibu zivju skaits
ir vislielakais. Pieaugot Ny, saturam, pieaug zivju biomasa, tacu §is izmainas nav statistis-
ki butiskas (3.38. tabula).

3.38. tabula
Zivju sabiedribu parametri Ny, klasés
Niop. klase
Parametrs
I 1I 111 v A\
Sugu skaits 12,1+ 6,6 14,2 + 4,5 14,3 + 5,0 14,7 + 5,6 12,0 + 3,6
Daudzveidiba 1,42 +£0,40 | 1,49+0,39 | 1,66 £0,24 | 1,63 +£0,32 | 1,62 £0,31
Zivju skaits (eks. / 100 m?) 97 + 65 116 + 45° 125 + 65° 115 +55° 84 + 55234
Biomasa (g /100 m?) 999 +584 992 + 524 1285+ 623 | 1236 £ 1209 | 1309 + 739

Treknraksta — butiskas atskiribas Ny, klasés (Kruskalla—Vallisa tests, p < 0,05).
»%%5_ bitiskas atgkiribas starp Ny, klasém (Manna-Vitnija U-tests, p < 0,05).

Netika konstatéta Py, biitiska ietekme uz sugu skaitu un daudzveidibu, ka ari uz zivju
skaitu un biomasu (3.39. tabula).

3.39. tabula
Zivju sabiedribu parametri Py,, klasés
Py, klase
Parametrs
I 1I 111 v A\
Sugu skaits 12,0 + 4,8 13,4+5,3 14,3+ 4,3 14,6 + 6,9 13,1+44
Daudzveidiba 1,42 +0,41 | 1,55+0,33 | 1,62+0,30 | 1,59 +0,32 | 1,63 £0,33
Zivju skaits (eks. / 100 m?) 116 £ 73 107 £ 56 107 £ 47 105 + 64 102 £ 52
Biomasa (g/ 100 m?) 1170 + 737 957 £ 525 | 1415+ 1206 | 1014 £474 | 1253 +£ 645

Niop. ietekmé biezak sastopamo sugu ipatnu skaits pieaug IT un III klasé, bet V klasé sa-
mazinas. Iznémums ir asaris, kura Ipatnu skaits vislielakais ir upés ar augstaku Ny, koncen-
traciju. Kopéjais zivju skaits vislielakais ir upés, kur Ny, atbilst IL, IIT un IV klasei. Ekologiski
jutigo zivju sugu, ka forele un platgalve, skaits batiski samazinas V klasé (19. pielikums).
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Faktiski nav batisku atskiribu starp I un II, II un IV, IIl un IV Ny, klasi péc zivju skai-
ta pa ekologiskajam grupam. Visvairak statistiski batisku at$kiribu novérojams ar V Ny,
grupu. Zivju skaits lielakaja dala ekologisko grupu atskiras, mazakais, pa trim Ny, kla-
sém (parasti ar II, IIT un IV). Tas liecina, ka zivju skaits, pieaugot Ny, daudzumam adeni,
pieaug lidz zinamai robezai un péc tam samazinas. Si robeza, péc miisu riciba eso$ajiem
datiem, sakas, ja Ny, koncentracija ~3 mg/I (19. pielikums).

Nav batisku atskiribu starp II un IIL, IT un IV, III un IV Kklasi péc biezak sastopa-
mo zivju sugu biomasas. Raudas un asara biomasa upés pieaug, pieaugot Ny, saturam.
Platgalves biomasa bitiski samazinas, tacu tikai V Ny, klasé. Savukart pavikes un foreles
biomasa pieaug II-IV vai II-III Py,, klasé, bet samazinas ar N nabadzigos tidenos (I kla-
se) un eitrofas upés (V klase) (20. pielikums).

Netika novérotas statistiski butiskas zivju biomasas atskiribas starp I un II, I un IV,
IT un IIL, I un IV, III un IV Ny, klasi. Pieaugot Ny,, saturam tdeni, pieaug toleranto
zivju biomasa, bet samazinas ekologiski jutigo zivju grupas ipatnu biomasa. Lidzigi pie-
aug eritopo, bet samazinas reofilo zivju biomasa. Upés ar lielaku N, daudzumu dominé
omnivori, savukart insektivoru biomasa butiski lielaka ir II, IIT un IV grupa. Ari celotaj-
zivju biomasa ir lielaka ar vidéjam Ny, vértibam, bet samazinas, tam parsniedzot 2 mg/!
(20. pielikums).

Tikai vienas zivju sugas — platgalves — Ipatnu skaits statistiski butiski atskiras, pieaugot
Pyop. saturam. Citu sugu un ekologisko grupu zivju skaitu un biomasu P,, koncentracija
neietekmé (21. pielikums).

3.5. Kopéja antropogéno un dabisko faktoru ietekme

uz zivju sabiedribu struktiiru

Atsevisku antropogénas darbibas faktoru analize liecina, ka zivju sabiedribu struktiaru
tie ietekmé dazadi. Dati par to ietekmi uz sugu skaitu un daudzveidibu, ka ari uz zivju
skaitu un biomasu pa sugam un ekologiskajam grupam apkopoti 10.-22. pielikuma. Lai
noveértétu antropogénas darbibas ietekmes kopéjo (summaro) ietekmi, javeic $o faktoru
ietekmes ranzésana un apvienosana. Atsevisko faktoru rangu summa izsaka kopéjo an-
tropogéno ietekmi. RanzéSana nepiecie$ama, lai atlasitu tipologijas izstradé izmantojamas
upes, t. i., upes kuru ekologiskais stavoklis ir tuvs dabiskajam stavoklim. Upju iedalijums
péc kopéjas antropogénas ietekmes dots 3.40. tabula.

Kopéja antropogénas slodzes analize veikta péc 5 tas veidiem: upes pieejamibas, mor-
fologisko parveidojumu pakapes, Ny, daudzuma, Py,, daudzuma un zemes lietoSanas
upes sateces baseina. Péc rangu summas antropogéna slodze upés ir robezas no 5 lidz 25,
t. i., dalot So skaitli ar 5, ieglistamas kopéjas tas vértibas robezas no 1 lidz 5, kas atbilst
I-V rangam. No tam tipologijas izstradei izvélétas 105 upes, kuras antropogéna ietekme
neparsniedz II rangu.

Turpmakaja analizé nav ieklautas V ranga upes, jo kopéja datu masiva ir tikai viena
tdenstece ar augstako antropogéno ietekmi. Mazak ietekmétas upes (I rangs) butiski at-
gkiras péc to morfologiskajiem parametriem, tam ir mazaka vidéja sateces baseina platiba
un lielaks vidéjais kritums (3.40. tabula).
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3.40. tabula
Kopéjas antropogénas ietekmes novértéjums pétijuma ieklautajas upés
Antropogénas slodzes Upju skaits analizé Sateces basei;la platiba s (i)
rangs (km?)
I 29 101 + 151>+ 4,7 £3,5>%4
11 76 579 + 1385! 2,1+1,8
111 80 540 + 1199! 1,4+ 0,9
v 13 635 + 591" 1,1+ 0,5'
\Y 1 103 1,8

Treknraksta — butiskas upju morfologisko parametru atgkiribas atkariba no antropogénas slodzes
ranga (Kruskalla—Vallisa tests, p < 0,05).

L2 3% 4 _ batiskas upju morfologisko parametru atskiribas starp antropogénas slodzes rangiem
(Manna-Vitnija U-tests, p < 0,05).

Kopéja antropogéna slodze butiski ietekmé sugu skaitu un daudzveidibu upé. Lielakas
$o parametru vértibas ir antropogéni maz ietekmétas un vidéji ietekmétas upés (3.41. ta-
bula). Ka redzams, zivju skaits un biomasa butiski neatskiras, ja ir dazada antropogéna
slodze (Kruskalla—Vallisa tests, p > 0,05).

3.41. tabula
Zivju sabiedribu parametri upés ar dazadu antropogéno slodzi
Parametrs Antropogénas slodzes rangs
1 I1 111 v
Sugu skaits 8,2 + 4,6 12,2 £ 6,5! 11,5 + 3,8! 11,0 +4,2!
Daudzveidiba 1,12 + 0,47>** 1,50 + 0,43! 1,53 £ 0,38! 1,45 + 0,46'
Zivju skaits (eks. / 100 m?) 70 £51 94 £ 52 92 £63 92 £59
Biomasa (g / 100 m?) 726 + 478 1004 + 644 1045 + 923 1093 + 560

Treknraksta - butiskas zivju skaita un daudzveidibas atskiribas starp antropogénas slodzes rangiem
(ANOVA, post-hoc Tjukija tests, p < 0,05),

L2 3%4_ batiskas zivju skaita un daudzveidibas atskiribas atkariba no antropogénas slodzes ranga
(ANOVA, post-hoc Tjukija tests, p < 0,05).

Misu pétijuma skaitliski iespéjams novértét 5 antropogénas darbibas faktorus,
kas ir nepietiekami PCA veiksanai. Nemot véra, ka zivju sabiedribu struktaru ietek-
mé gan dabiskie, gan antropogénie faktori, tos lietderigi analizét kopa. PCA analize
12 faktoru ietekmi sadala 4 komponentés, kas izskaidro 74% no $o faktoru dispersijas
(3.42. tabula).

Péc PCA analizes datiem redzams, ka I komponente saistita ar faktoriem, kas nosaka
upes lielumu - garums un sateces baseins, II komponente uzrada negativu sakaribu ar
upes kritumu un skabekla saturu, bet pozitivu - ar antropogéno parveidojumu ipatsvaru
upé, IIT komponente saista lielumus ,,antropogéni parveidotas platibas baseina”, un Ny,
Pyp. nodaliti ka atseviskas komponentes.
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3.42. tabula
Galveno komponensu matrica dabisko un antropogéno faktoru ietekmes ipatsvara
noveértésanai
Faktors I komponente II komponente III komponente | IV komponente
Kritums 0,741
Garums 0,926
Baseins 0,934
Udens
temperatura
Skabeklis 0,685
Baseins, korigéts' 0,909
Log (baseins,
Garums, korigéts' 0,898
Antropogeéni
parveidotas 0,907
platibas baseina
Parveidojumi upé -0,685
Nigp. 0,754
Prop. 0,909
Komponentes 36,3 14,9 12,9 9,6

ipatsvars %

! - baseina platiba un upes garums korigéti atkariba no zivju kersanas vietas.

Zivju sugu skaits pozitivi korelé ar I komponenti, korelacijas koeficienta vértiba no-
rada uz cie$u sakaribu (r = 0,72, p < 0,01). Zivju skaits un daudzveidiba btiski korelé ar
I komponenti, tacu korelacija ir mazaka par 0,5 (3.43. tabula).

3.43. tabula
Zivju sabiedribu parametru korelacija ar PCA asim
Parametrs I komponente IT komponente III komponente | IV komponente
Sugu skaits 0,72 0,41
Daudzveidiba 0,44
Zivju skaits 0,44
Biomasa 0,35 0,37

Zivju skaits pa sugam un ekologiskajam grupam bitiski korelé ar I un II komponen-
ti. Pieaugot I komponentes vértibam (upes sateces baseinam, garumam u. c. paramet-
riem, kas nosaka ,,upes lielumu”), pieaug raudu, paviku un akmengrauzu relativais skaits.
Attiecigi pieaug ari Ipatnu skaits ekologiskajas grupas, ko parstav $is sugas, II kompo-
nents, kas saistits ar upes vidéjo kritumu un skabekla saturu Gdeni, negativi korelé ar
forelu, bet pozitivi — ar lidaku skaitu. Savukart lidaka péc uzturésanas vietam pieder pie
eiritopam sugam, bet péc narsta substrata — pie fitofilam formam (3.44. tabula).
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3.44. tabula

Zivju skaita (pa sugam un ekologiskajam grupam) korelacija ar PCA asim

Suga/grupa I komponente IT komponente III komponente | IV komponente
SAT -0,50
ESL 0,52
RUT 0,50
ALB 0,53
COT 0,50
TOLE 0,52
BENTIC 0,50
EURY 0,52 0,50
PHYT 0,51
OMNI 0,50

Zivju relativa biomasa karpu dzimtas zivim (raudai, grundulim, sapalam, pavikei un
vikei) un akmengrauzim pozitivi korelé ar I PCA komponenti. Savukart II komponente
dod pozitivu sakaribu ar foreles un reofilo zivju sugu biomasu, bet negativu — ar lidakas
un fitofilo zivju biomasu (3.45. tabula).

3.45. tabula
Zivju biomasas pa sugam un ekologiskajam grupam korelacija ar PCA asim

Suga/grupa I komponente IT komponente ITI komponente | IV komponente
SAT 0,50
ESL -0,50
RUT 0,50
LEC 0,50
GOG 0,50
ALB 0,53
ALA 0,50
COT 0,50
RHEO 0,51
PHYT -0,52
PISC -0,50
LL -0,50

Analizes rezultati kopuma liecina, ka zivju sabiedribu struktaru Latvijas upés no-
saka galvenokart dabiski faktori (I un II komponente), kas dod ciesakas sakaribas ar
zivju sabiedribu parametriem (3.45. tabula). Antropogénas iedarbibas faktoru kopéja
ietekme uz zivju sabiedribam un to variabilitati ir mazaka salidzinajuma ar dabiska-
jiem faktoriem.

Tika veikta arl PCA analize, izmantojot dabiskos faktorus, bet antropogénos apvieno-
jot viena summara faktora SUM_Antropogénie. Upju morfologiskie raditaji normalizéti,
izmantojot logx vai log(x + 1) funkcijas. Rezultati apkopoti 3.46. tabula.
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Galveno komponensu matrica dabisko faktoru un
summaras antropogénas ietekmes ipatsvara novértésanai

3.46. tabula

Faktors I komponente II komponente III komponente
Baseins! 0,936
Garums! 0,881
Kritums' -0,644
Skabeklis 0,880
Temperatiira 0,653 -0,518
SUM_Antropogénie 0,922
Komponentes ipatsvars % 42 21 19

'- log forma.

Iegttie rezultati liecina, ka I komponente saistita ar faktoriem, kas raksturo upes lie-
lumu, bet II - ar temperatiiru un skabekla saturu Gdeni. Antropogéna ietekme nodalita
ka atseviska komponente. Komponensu ipatsvars sadalas ka 42 : 21 : 19%. Antropogéna
ietekme skaidro tikai 19% jeb mazak neka 1/3 no kopéjas izkliedes.

PCA analizes rezultati liecina, ka kopéja antropogéna ietekme uz zivju sabiedri-
bas galvenajiem parametriem ir nebutiska salidzinajuma ar ekologisko faktoru ietekmi

(3.47. tabula).

3.47. tabula

Zivju sabiedribu parametru korelacija (p < 0,01) ar PCA asim

Parametrs I komponente II komponente III komponente
Sugu skaits 0,74
Daudzveidiba 0,49 -0,49
Zivju skaits 0,45
Biomasa 0,40

Sis analizes rezultati parada, ka galvenos zivju sabiedribu parametrus ietekmé dabis-
kie faktori, tapat ka to paradija iepriek§ veiktas PCA galvenie rezultati. Rangu korelacijas
koeficientu vértibas butiski nepieaug, lidz ar to nav nepiecieSama talaka analize pa zivju
sugam un ekologiskajam grupam. legitie rezultati Jauj secinat, ka dabisko faktoru kom-
plekss, kas raksturigs katram upju tipam, nosaka zivju sabiedribu struktaru daudz lielaka
méra neka antropogéna iedarbiba. Tas nozimé, ka antropogénas darbibas faktoru ietek-
mes analize javeic katram upju tipam atseviski. Dati par dabisko un antropogéno faktoru
ietekmi uz zivju sabiedribu parametriem apkopoti 22. pielikuma.

3.6. Latvijas upju tipologija péc zivju sabiedribu struktiras

Iepriekséjas nodalas veikto datu analize un tas rezultati liecina, ka, izstradajot Latvijas
upju tipologiju péc zivim, jarékinas, ka ne vienmér iespéjams raksturot upi kopuma. To
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nosaka upju (dabisko Gdens plasmu) heterogenitate. Savukart katra zivju uzskaites vieta
upi iespéjams raksturot ar vairakiem parametriem - straumes atrumu, sateces baseinu
aug$pus parauglaukuma, dzilumu, upes platumu u. c. Izstradajot upju tipologiju, sakot-
néji nepieciesams analizét zivju sabiedribas to ker§anas vietas, tas klasificéjot péc vides
parametriem. Upju tipu noteik§anai acimredzot nepiecieSams apvienot datus, kas ieguti,
apsekojot dazadas zivju dzivotnes viena upé. Pie tam janem véra upes telpiska heteroge-
nitate un izmainas zivju sabiedribu struktara atkariba no parauglaukuma novietojuma.

3.6.1. Zivju sabiedribas dazadas upju dzivotnés un biotopos

Klasteranalizé izmantots zivju skaits pa sugam log (x + 1) formata. Biotopu un dzi-
votnu raksturosanai izvéléti tadi parametri ka upes sateces baseina platiba aug$pus pa-
rauglaukuma, vidéjais dzilums un vidéjais lielakais dzilums, upes kritums apsekotaja upes
posma, straumes atrums un upes garums no iztekas lidz parauglaukumam, upes gultnes
sastavs parauglaukuma pa frakcijam procentos (pamatiezis, laukakmeni, oli, grants, smil-
tis, dapas), biotopa noénojums pa klasém (nav, vietam, parsvara, pilnigs) un aizauguma
pakape pa klasém (nav, vidéjs, liels).

Klasteranalizes rezultati liecina, ka iespéjams nodalit 9 zivju biotopu tipus ar tiem
raksturigam zivju sabiedribam, kas butiski atSkiras péc dominé&jo$o un biotopam tipisko
sugu individu skaita. Biotopu raksturojums dots 24. pielikuma.

Pie pirma tipa pieder zivju biotopi mazajas upés ar vidéjo sateces baseina platibu
augspus zivju parauglaukuma 78 km?* (modala vértiba 51 km?). Upes posma, kur atrodas
zivju kerSanas vieta, vidéjais kritums 2 m/km atbilst ritrala apstakliem. Tacu zivju ker-
$anas vieta, kas parasti neparsniedz 100 m garu upes posmu, klasificéta ka léntece, t. i,
potamals. Straumes atrums 3ajas vietas vidéji bijis tikai 0,16 m/s. Sos biotopus var klasi-
ficét ka mazo un vidéjo upju lénteces ar smilts gultni. Tam raksturiga vidéja aizauguma
pakape (2) un augsts noénojums (3). Upes gultné dominé smiltis (56%) un nogulumi
(18%). Vidgjais upes dzilums Sajas vietas ir 0,45 m, vidéjais lielakais dzilums - 0,75 m, bet
platums - 4,4 m. Péc temperatiiras reZima tas klasificéjamas ka upes ar vésu tideni, vidéja
temperatura 17,4 °C.

Pavisam kopa mazo upju léntecés konstatétas 26 zivju sugas, vidéji viena vieta 5,4 su-
gas. Siem biotopiem raksturigs mazs vidéjais zivju skaits (25 eks. / 100 m?) un maza bio-
logiska daudzveidiba - H' = 1,08. Pirma tipa biotopos visbiezak sastopams bardainais
akmengrauzis (75%). Pie dominéjosam zivju sugam, kuru ipatnu skaits parsniedz 5% no
kopéja zivju skaita, pieder ari asaris (10%), devinadatu stagars (9%), lidaka (9%), védzele
(8%), trisadatu stagars (8%), grundulis (5%). Tipiskas sugas ir ari mailite, platgalve, ausle-
ja, bet retak sastopams sapals un danu pikste. Lagveidigas zivis $ajos biotopos sastopamas
reti, to skaits ir mazaks par 0,3% (25.-29. pielikums).

Pirma tipa biotopos dominé sugas, kas citos biotopos proporcionali parstavétas maza-
ka skaita, pieméram, lidaka, védzele, stagari, ausleja un dinu pikste, t. i., mazo upju lén-
teces ir $Im sugam nozimigas dzivotnes. Jaatzimé, ka tas biezi ir meliorétos upju posmos.

Otra tipa biotopi klasificéti vidéjas un lielajas upés ar sateces baseinu 2000 km?
(modala grupa 3400 km?). Upes posma un upes vidéjais kritums ir attiecigi 0,66 un
0,71 m/km, kas atbilst potamala apstakliem. Straumes atrums vidéji ir 0,23 m/s, kas at-
bilst ritralam. Upes gultné dominé smiltis (31%) un grants (31%). Vidé&jais upes dzilums
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vidéjo un lielo upju potamala ir 0,5 m, bet upes platums - 29 m. Vidéjo un lielo upju
léntecém raksturiga maza noénojuma pakape (1/2) un liels aizaugums (2/3).

Pavisam kopa vidéjo un lielo upju léntec¢u biotopos konstatétas 32 zivju sugas (vidéji
viena vieta 8 sugas). Sim zivju biotopam raksturigs vidéjs zivju skaits (92 eks. / 100 m?)
un liela biologiska daudzveidiba (H’ = 1,52).

Divas zivju sugas — rauda un asaris — konstatétas vairak neka 90% apsekoto vietu,
t. i, vidéjo un lielo upju potamala biotopos. Dominéjosas zivju sugas péc skaita ir rauda
(33%), asaris (17%), sapals (7%), vike, grundulis un bardainais akmengrauzis (5%). Sim
biotopam tipisks ari spidilkis (3%), pavike (3%), akmengrauzis (2%), lidaka (2%), baltais
sapals (2%), plicis (2%) un védzele (1%). Lasveidigas zivis $ajos apstaklos sastopamas reti.

Sie biotopi klasificéjami ki karpu dzimtas zivju dzivotnes lielajas un vidéjas upés.
Tadas sugas ka rauda, asaris un spidilkis Seit sastopamas proporcionali lielaka skaita neka
citos biotopos, t. i., vidéjo un lielo upju lénteces ir nozimigas $o sugu dzivotnes.

Tresa tipa biotopi klasificéti ka vidéja lieluma upju straujte¢u posmi ar vidéjo sateces
baseina platibu 350 km* (modala grupa 460 km?) un vidéjo kritumu 3,4 m/km. Vidéjais
straumes atrums 0,53 m/s. Upes gultné dominé oli un grants, attiecigi 40,1 un 34,6%.
Vidéjais upes dzilums $ajos biotopos ir 0,24 m, bet vidéjais maksimalais dzilums - 0,49 m,
tam raksturigs vidéjs noénojums (2/3) un mazs lidz vidéjs aizaugums (1/2).

Pavisam vidéja lieluma upju straujtecés konstatétas 25 sugu zivis (vidéji viena vieta
7 sugas). Biotopam raksturigs saméra liels zivju skaits (154 eks. / 100 m*) un daudzveidi-
ba (H' = 1,22).

Vairak neka 90% gadijumu $aja biotopa konstatétas 4 zivju sugas — bardainais akmen-
grauzis (100%), platgalve (98%), mailite (92%) un forele (91%), tadéjadi tas var uzskatit
par ritrala biotopos dominéjo$am sugam. Dominéjosas zivju sugas péc skaita ir bardai-
nais akmengrauzis (41,6%), mailite (22,4%), forele (14,8%) un platgalve (14,6%). Vidéjo
upju ritralam tipiskas ari tadas sugas ka lasis (2,9%) un grundulis (1,4%). Lielaka dala
karpu dzimtas zivju, iznemot mailiti un grunduli, vidéjo upju straujtecés sastopamas reti,
to skaits ir mazaks par 1% no kopéja Ipatnu skaita zivju sabiedriba.

Si tipa biotopi uzskatami par foreles (taimina) biotopu vidéja lieluma upés. Saja bio-
topa platgalves daudzums sasniedz proporcionali lielako skaitu salidzinajuma ar citiem
biotopiem, t. i., tie ir $ai sugai nozimiga dzivotne.

Ceturta tipa biotopi klasificéti vidéjo upju straujte¢u/léntecu posmos ar olu/grants/
smilts gultni. Péc daziem parametriem tie ir lidzigi III tipa biotopiem, tacu tiem rakstu-
rigs batiski mazaks vidé&jais kritums - 2,5 m/km un straumes atrums - 0,31 m/s. Upes
gultnes batisks komponents ir smiltis, kas veido 27% no tas platibas. Olu un grants ipat-
svars $aja biotopa ir attiecigi 31%. Vidéjais dzilums un vidéjais lielakais dzilums batiski
neatikiras no Siem parametriem III tipa upés — 0,26 un 0,50 m. Siem biotopiem rakstu-
rigs vidéjs noénojums un (2/3) vidéja aizauguma pakape (2).

Pavisam kopa $ajos biotopos konstatétas 29 zivju sugas (vidéji viena vieta 6,9 su-
gas). Sim biotopam raksturigs vidéjs zivju skaits (118 eks. / 100 m?) un vidéja biologiska
daudzveidiba (H' = 1,11).

Vairak neka 90% gadijumu $aja biotopa konstatéts bardainais akmengrauzis (100%)
un mailite (97%). Dominé&josas zivju sugas péc skaita ir mailite (45%), bardainais akmen-
grauzis (32%), forele (9%) un grundulis (6%). Sim biotopam tipiskas sugas ir pavike (2%)
un platgalve (2%).
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Acimredzot IV tipa biotops sava zina ir parejas biotops starp vidéja lieluma upju ritra-
la un potamala posmiem. Iespéjams ari, ka §is dzivotnes ir daléji degradéti forelu biotopi.
Sajos biotopos mailites daudzums sasniedz proporcionili lielako skaitu salidzinajuma ar
citiem biotopiem, t. i., tas ir $ai sugai nozimiga dzivotne.

Piekta tipa biotopi atrodas vidéjo un lielo upju ritrala posmos. Upes sateces baseina
platiba aug$pus biotopa vidéji ir 1100 km?* ar vidéjo kritumu posma 1,1 m/km. Vidéjais
straumes atrums $ajos biotopos ir 0,28 m/s. Upes gultne $ajas vietas sastav no oliem,
grants un smiltim, atsevisko komponentu iIpatsvars ir attiecigi 24, 28 un 33%. Vidéjais
upes dzilums $aja biotopa ir 0,39 m, bet vidéjais lielakais dzilums - 0,75 m. Sim biotopam
raksturigs nebutisks noénojums (1/2) un vidéjs aizaugums (2).

Pavisam kopa vidéjo un lielo upju léntecés konstatétas 35 zivju sugas. Tam raksturigs
vidgjs zivju skaits (101 eks. / 100 m?) un liela biologiska daudzveidiba (H' = 1,47).

Vairak neka 90% gadijumu vidéjo un lielo upju lénte¢u posmos sastopamas tadas ziv-
ju sugas ka rauda (92,4%) un bardainais akmengrauzis (95,4%). Biezi sastopams ari asaris
(71%). Dominéjosas sugas péc zivju skaita ir bardainais akmengrauzis (27,3%), mailite
(19,5%), rauda (16,5%), grundulis (14,5), asaris (5,1%). Sim biotopam tipiskas ari tadas
sugas ka sapals (2,8%), platgalve (2,3%), lidaka un védzele (1,4%), baltais sapals un vike
(1,3%), ausleja un spidilkis (1,1%).

Kopuma biotops uzskatams par karpu dzimtas zivju dzivotni. lespé&jams, $is biotops
ir pareja starp karpu dzimtas un lasu - karpu (9. dzivotnes tips) biotopu. Saja biotopa
grundula un akmengrauza daudzums sasniedz proporcionali lielako relativo skaitu sa-
lidzinajuma ar citiem biotopiem.

Sesta tipa zivju biotopi ir vidéjo un lielo upju straujte¢u posmi ar upes sateces baseina
platibu aug$pus parauglaukuma 3300 km? Upes vidéjais kritums posma ir 0,7 m/km, bet
vidgjais straumes atrums - 0,39 m/s. Upes gultni veido oli (37,4%), grants (24,2) un smil-
tis (25,4%). Vidéjais dzilums straujtecés ir 0,38 m, bet vidéjais lielakais dzilums - 0,69 m.
Dzivotné nav noénojuma (upes vidéjais platums 27 m) un ir batisks aizaugums (2/3).

Pavisam sesta tipa biotopa konstatétas 32 zivju sugas, vidéji 10,4 viena vieta. Si tipa
biotopam raksturigs liels zivju skaits (167 eks. / 100 m?) un vislielaka biologiska daudz-
veidiba (H' = 1,59).

Vairak neka 90% gadijumu $aja biotopa sastopams bardainais akmengrauzis (100%),
pavike, grundulis (99%) un sapals (92%). Zivju sabiedriba péc skaita dominé bardainais
akmengrauzis (33%), pavike (19%), grundulis (11%), mailite (7%) un rauda (7%). Sim
biotopam tipiskas ari tadas zivju sugas ka platgalve (4%), vike (3%), akmengrauzis (2%)
un asaris (2%).

Sie biotopi uzskatimi par karpu dzimtas zivju biotopiem. Saja biotopa pavikes dau-
dzums sasniedz proporcionali lielako skaitu salidzinajuma ar citiem tipiem, t. i., tas ir $ai
sugai nozimiga dzivotne.

Septita tipa biotopi ir mazo upju ar sateces baseina platibu augSpus parauglaukuma
118 km? (modala grupa 89 km?) straujte¢u un lénte¢u posmi. So upju vidéjais kritums
posmos ir 6,2 m/km, bet vidéjais straumes atrums — 0,3 m/s. Péc temperatiiras rezima tas
ir izteiktas aukstiidens upes, vidéja tidens temperatiira vasara tajas ir tikai 15,6 °C. Upes
gultné $aja biotopa dominé tris komponenti: oli (37%), grants (31%) un smiltis (22%).
Videéjais dzilums $aja biotopa ir 0,23 m, bet vidéjais lielakais dzilums - 0,4 m. Sie biotopi
ir bez aizauguma (1), ar lielu noénojumu (3/4).
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Pavisam kopa septita tipa biotopa konstatétas 23 zivju sugas, vidéji tikai 4,3 viena vie-
ta. Si tipa biotopam raksturigs mazs zivju skaits (54 eks. / 100 m?) un vismazaka biologis-
ka daudzveidiba (H' = 0,74).

Vairak neka 90% septita tipa biotopu konstatéta tikai viena zivju suga — forele (100%).
Zivju sabiedriba péc skaita dominé forele (71%), bardainais akmengrauzis (20%) un
mailite (3%). Sim biotopam tipiskas ari tadas sugas ka platgalve (2%) un devinadatu
stagars (1%).

Sis biotops uzskatams par foreles (taimina) nozimigako dzivotni mazajas upés.

Astota tipa biotops ir lielo un vidéjo upju straujteces ar upes sateces baseina platibu
1500 km? (modala grupa 385 km?). So upju vidéjais kritums ir 2,7 m/km, bet straumes
atrums - 0,64 m/s. Vidgjais dzilums ir 0,28 m, bet vidé&jais lielakais dzilums - 0,44 m.
Upes gultné dominé laukakmeni (16%), oli (48%) un grants (27%). Sajos biotopos nav
noénojuma (1), raksturigs vidéjs aizaugums (2), kura dominé tdenssiinas.

Pavisam astota tipa biotopa konstatétas tikai 22 zivju sugas, vidéji viena vieta 6,7 su-
gas. Biotopam raksturigs liels zivju skaits (121 eks. / 100 m?) un neliela daudzveidiba
(H' =1,09).

Vairak neka 90% gadijumu biotopa konstatéts lasis (100%) un bardainais akmen-
grauzis (98,4%). BieZi sastopama platgalve (86%) un forele (72%). Péc skaita zivju sabied-
riba dominé bardainais akmengrauzis (53%), lasis (23%), platgalve (10%) un forele (6%).
Sim biotopam tipiskas ari tidas sugas ka mailite (3%) un grundulis (2%).

Sis biotops ir nozimigs ka laga un taimina dzivotne vidéjas un lielajas upés, proporcio-
nali lielako skaitu taja sasniedz bardainais akmengrauzis.

Devita tipa biotopi ir straujteces lielajas lasupés ar vidéjo upes sateces baseinu
2900 km? (modala grupa 3000 km?). So upju vidéjais kritums posmos ir 1,1 m/km, strau-
mes atrums — 0,53 m/s. Vidéjais dzilums $aja biotopa ir 0,3 m, bet vidéjais lielakais dzi-
lums - 0,5 m. Péc temperatiiras rezima tas ir siltidens upes ar adens temperatiiru vasara
20 °C. Upes gultné dominé laukakmeni (16%), oli (48%) un grants (24%). Sie biotopi ir
bez aizénojuma (1) ar vidéju aizauguma pakapi (2).

Pavisam $aja biotopa konstatétas 30 zivju sugas, vidéji viena vieta 9,3 sugas.
Biotopam raksturigs vislielakais zivju skaits (220 eks. / 100 m?) un liela daudzveidiba
(H' = 1,51).

Vairak neka 90% gadijumu biotopa konstatétas tadas zivju sugas ka bardainais akmen-
grauzis (100%), lasis (97%) un grundulis (91%). Biezi sastopama platgalve (85%), pavi-
ke (84%) un sapals (77%). Péc skaita zivju sabiedriba dominé bardainais akmengrauzis
(36%), lasis (24%), pavike (10%), mailite (9%) un grundulis (6%). Sim biotopam tipiskas
ari tadas zivju sugas ka rauda (5%), platgalve (5%), sapals (2%) un asaris (1%).

Sis dzivotnes ir lasa - karpu dzimtas zivju biotops. Tam raksturigs vislielakais lasa
mazulu relativais daudzums, kas biezi parsniedz 100 eks. / 100 m?.

Nodalitajam zivju dzivotném un biotopiem konstatéti dazadi zivju sabiedribu para-
metri. Biologiska daudzveidiba pa dzivotném veido tris homogénas grupas: 7 (mazas
aukstadens grupas ar vismazako daudzveidibu), 1, 8, 4, 3 (mazas un vidéjas upes ar vidé-
ju daudzveidibu), 5, 9, 2, 6 (vidéjas un lielas upes ar vislielako daudzveidibu). Péc zivju
skaita homogénas grupas veido 5, 2, 4, 8 un 4, 8, 3 un 8, 3, 6 tipi. Péc sugu skaita homo-
génas grupas veido 8,4, 3 un 5, 2, 9 un 9, 6 tipi. Péc biomasas homogénas grupas veido
1,4,7,8;4,7,8,3;3,55,6,9un 9, 2 tipi (3.48. tabula).
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3.48. tabula
Zivju sabiedribu parametri pa zivju dzivotnu tipiem
Biotops
Parametrs
I 11 111 v vV VI VII VIII IX
Videjais 15 445 010,0 +2,8]7,0 +2,2[6,9 + 2,4(8,6 + 2,4] 10,4 + 2,643 + 1,6(6,7 + 2,593+ 2.2
sugu skaits
Daudz- 1,08+ | 1,52+ | 1,22+ | 1,11+ | 1,46+ 1,57 + 0,74+ | 1,09+ | 1,51 +
veidiba 0,42 0,33 0,25 0,35 0,33 0,38 0,39 0,26 0,29
ZlV}u 25+20(92+51 (154 +89(118 +73|101 +84|167 £103| 54 + 34 |121 + 69 220 &
skaits 135
Biomasa 498 + | 1835+ | 912+ 692+ | 1250 = 1333 + 757 + 845+ | 1549 +
569 1149 450 532 933 1281 636 415 974

Péc visiem parametriem no paréjiem tipiem atskiras mazas auksttidens upes, to pota-
mala konstatéts vismazakais zivju skaits un daudzveidiba. Savukart vidéjo un lielu upju
straujtecés (8,4,3 tipi) ir salidzinosi mazaka biologiska daudzveidiba neka vidéjo un lielo
upju léntecés. Pamata zivju sabiedribu parametru izkliedi pa dzivotném nosaka divi kom-
ponenti — upes ,,lielums” un potamals-ritrals, no kuriem pirmais ir noteico$ais.

potamals (I)

devinadatu stagars, lidaka, védzele,
trisadatu stagars

3.49. tabula
Sugu sastavs Latvijas upju biotopos
Biotops Domingjosas sugas Tipiskas sugas
Mazo upju Bardainais akmengrauzis, asaris, Mailite, platgalve, ausleja, dinu

pikste

Vidéjo un lielo upju
potamals (II)

Rauda, asaris, sapals, vike,
bardainais akmengrauzis, grundulis

Spidilkis, akmengrauzis, pavike,
lidaka, baltais sapals, plicis, védzele

Vidéja lieluma upju
ritrals (IIT)

Bardainais akmengrauzis, mailite,
forele, platgalve

Lasis, grundulis

Vidéja lieluma upju
potamals/ritrals (IV)

Mailite, bardainais akmengrauzis,
forele, grundulis

Pavike, platgalve

Vidéjo un lielo upju
potamals — upju ritrala
posmi (V)

Bardainais akmengrauzis, mailite,
rauda, grundulis, asaris

Sapals, platgalve, lidaka, védzele,
akmengrauzis, baltais sapals, vike,
ausleja, spidilkis

Vidéjo un lielo upju
ritrals (VI)

Bardainais akmengrauzis, pavike,
grundulis, mailite, rauda

Platgalve, vike, akmengrauzis,
asaris

Mazo aukstidens upju
potamals/ritrals (VII)

Forele, bardainais akmengrauzis,
mailite

Platgalve, devinadatu stagars

Vidéjo un lielo upju
ritrals (VIII)

Bardainais akmengrauzis, lasis,
platgalve, forele

Mailite, grundulis

Lielo upju ritrals (IX)

Bardainais akmengrauzis, lasis,
grundulis

Rauda, platgalve, sapals, asaris

Sugu sastavs zivju

sabiedribas pa biotopiem apkopots 3.49. tabula. Latvijas upés vis-
plasak izplatita un biezak sastopama zivju suga - bardainais akmengrauzis — visu tipu
biotopos ir dominéjosa zivju suga (suga sastopama vairak neka 90% apsekoto vietu), t. i.,
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$ai sugai faktiski nav nozimes tipologija. Lasveidigas zivis un platgalve pie dominé&jo$am
sugam pieder ritrala biotopos, bet rauda un asaris — upju potamala. Grundulis var bat
dominégjodo sugu grupa gan potamala, gan ritrala apstaklos (25. pielikums).

3.6.2. Zivju sabiedribu struktiira dazada tipa upés

Izstradajot priekslikumus Latvijas upju tipologijai péc zivju sabiedribu struktras, vadi-
jamies no apsvéruma, ka tai jabat racionalai, t. i., nedrikst bat parak daudz tipu upém, kas
atrodas viena ekologiskaja regiona salidzino$i maza teritorija. Klasteru uzkrasanas kartiba
liecina, ka iespé&jams iz8kirt 7 klasterus (3.50. tabula, 3.14. attéls). Dati par zivju sugu sasto-
pamibu klasteranalizé noteiktajos upju tipos apkopoti 26. pielikuma. Kopa upju tipologijas
izstradei atlasitas 105 upes, kur antropogénas iedarbibas slodze ir robezas no 1 lidz 2.

3.50. tabula
Upju tipu un to zivju sabiedribu parametru raksturojums
p . Upes tips
arametrs
I(n=19) Il (n=38) | lIIl (n=5) |IV(n=10)|V(n=14) |VI(n=11)|VII (n=8)
i 1 1
Baseina platiba’ | 3, 1 50| 50+30 |150+200| 140440 | 60+40 |400+200| 000%
(km?) 2900
Vidgjais kritums
20+1,0 | 50+3,5|14+09 | 1,b3+0,6 | 25+1,1 | 1,6+0,5 | 0,5+0,2
(m/km)
T rezims vasara <18°C | <18°C | >18°C | >18°C | >18°C | >18°C | >18°C
Sugu skaits 143+48| 6,6 +3,4 |10,2+4,2|12,7+1,3| 8,7+3,4 |152+3,0|23,8+7,3
Daudzveidiba 1,5+03 | 1,1+04 | 1,6+0,1 | 1,5+0,3 | 1,5+0,5 | 1,8+0,2 | 1,9+0,3
Zivju skaits
(eks. / 100 m?) 98 +43 58 +£35 56+33 | 135+66 | 105+14 | 93+45 | 127+ 34
Biomasa 1301 + 1278 +
(g /100 m?) 874 + 620 | 702 + 466 773 1153 + 493|680 + 610 |1340 + 423 381

' - baseina platiba korigéta péc parauglaukuma novietojuma.

Rauza Skéde Grube Jurgupe Stende Birstala | |Vecrocupe
Amata Varme Vildoga | |Vadzupe Gauja Apse Naruta
Sepka Pace Vikmeste| | Glazupe Mémele | [Imula Koksupe
Létiza Lacupe Skervelis | |Kaicupe Venta Amula Krievupe
Rauna Loja Eglupe Stepupe Barta Durbe Engure
Mergupe | |Ramata Lorupe Pilsupe Salaca Lauce
Svétupe Koja Tirza
Vitrupe Zakupe Losis
Jaunupe Pérlupe Eda

Lencupe Laucesa

Meltne

Raunis

3.14. attéls. Upju sadalijums pa zivju sabiedribu tipiem
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I upju tips ir vidéjas ritrala auksttidens upes ar skabekla saturu > 7 mg/I. Vairak neka
90% upju sastopamas tadas zivju sugas ka strauta négis, forele, mailite, bardainais akmen-
grauzis, védzele un platgalve. Lielakajai dalai $o upju baseina platiba ir robezas no 200
lidz 700 km?, bet vidgjais kritums - 1-3,5 m/km. Vidgjais zivju skaits $ajas upés ir ap
100 eks. / 100 m?, bet to biomasa 350-1100 g / 100 m?. Pavisam kopa $ajas upés konstaté-
tas 22 zivju un 2 négu sugas. Vidéjais sugu skaits Sajas upés ir 14,3 * 4,8, bet daudzveidiba
1,5 £ 0,3. Péc skaita zivju sabiedribas dominé tadas sugas ka bardainais akmengrauzis
(36%), mailite (27%) un forele (14%).

Pie §1 upju tipa pieder tadas iidensteces ka Amata, Brasla, Rauna, Rauza, Ige, Létiza,
Mergupe, Vecpalsa, Riva, Svétupe un Vitrupe u. c. idensteces. Tas pieder pie vidéja lielu-
ma ritrala aukstadens lagveidigo zivju upém.

IT upju tips ir mazas ritrala aukstiidens upes ar sateces baseina platibu, mazaku par
100 km?

Vairak neka 90% $o upju sastopamas tikai divas zivju sugas — forele un bardainais akmen-
grauzis. Soupjuvidéja sateces baseinaplatibair 50 km? bet vidéjaiskritums - 4,9 +3,5 m/km.
Vidgjais zivju skaits $ajas upés ir ap 60 eks. / 100 m? bet to biomasa robezas no 200 lidz
1800 g / 100 m> Pavisam kopa $ajas upés konstatétas 22 zivju un 2 négu sugas. Sim upém
raksturigs vismazakais vidéjais sugu skaits 6,6 + 3,4 un daudzveidiba 1,1 + 0,4. Péc skaita ziv-
ju sabiedribas dominé forele (33,3%), mailite (30,0%) un bardainais akmengrauzis (24,0%).

Pie §1 upju tipa pieder tadas tidensteces ka Dauda, Eglupe, Gribe, In¢upe, Kumada,
Lenc¢upe, Li¢upe, Ligatne, Melnupe (Salaca, Amata), Norina, Raksupe, Raunis, Skalupe,
Skérvelis, Strikupe, Vaive, Vikmeste, Vildoga u. c. Gidensteces, Tas ir mazas ritrala aukst-
tdens lagveidigo zivju upes.

IIT upju tips ir siltidens upes, kas péc vidéja krituma var bat gan potamala, gan rit-
rala adensteces. Vairak neka 90% $o upju sastopama rauda, lidaka un asaris un nav sa-
stopamas lasveidigo zivju sugas. To vidéja baseina platiba ir 150 km?, tacu §i parametra
izkliede ir robezas no 25 lidz 500 km?. Vidéjais zivju skaits $ajas upés ir 56 eks. / 100 m?
bet biomasa 1300 g / 100 m?. Pavisam kopa $ajas upés konstatétas 22 zivju un viena négu
suga. Vidgjais zivju sugu skaits $ajas upés ir 10,2 * 4,1, bet daudzveidiba 1,6 + 0,1. Péc
skaita $ajas upés dominé rauda (31%), asaris (22%) un lidaka (10%).

Pie &1 upju tipa pieder Engure, Koksupe, Nariita, Krievupe. Sis upes izmantotaja datu
masiva ir maz parstavétas, tacu Latvija sastopamas biezi. Tas ir mazas un vidéjas upes, kas
tek caur ezeriem (saistitas ar ezeriem). Sis upju tips Latvija ir maz apzinats.

IV upju tips ir siltadens upes ar sateces baseinu robezas no 70 lidz 300 km? un ar vi-
déjo kritumu 1,3 £ 0,6 m/km. Vairak neka 90% $o upju konstatétas tadas sugas ka lidaka,
rauda, grundulis, mailite, bardainais akmengrauzis un asaris. Lielakaja dala $o upju, bet
mazaka daudzuma konstatéta ari forele. Vidgjais zivju skaits $ajas upés ir 135 eks. / 100 m?,
bet biomasa — 1153 g / 100 m?. Pavisam kopa $ajas upés konstatétas 24 zivju un 2 négu su-
gas. Vidéjais sugu skaits Sajas upés ir 12,7 + 1,3, bet daudzveidiba 1,5 £ 0,3. Péc skaita $ajas
upés dominé mailite (48%), bardainais akmengrauzis (17%), rauda (6%) un asaris (5%).

Pie $i upju tipa pieder Skéde, Varme, Ramata, Lacupe, Kisupe, Loja. Tas ir mazas kar-
pu dzimtas - ladveidigo zivju upes. Tacu iespéjams, ka mazais lagveidigo zivju Ipatsvars §
tipa upés ir degradacijas rezultats.

V upju tips ir ritrala siltidens un aukstidens upes ar sateces baseinu < 100 km?* un
vidgjo kritumu 2,1 + 1,0 m/km. Vairak neka 90% $o upju konstatéta tikai viena zivju
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suga — bardainais akmengrauzis. Vidéjais zivju skaits Sajas upés ir 50 eks./ 100 m?, bet
biomasa tikai 680 g / 100 m?. Pavisam kopa $ajas upés konstatétas 22 zivju un 2 négu su-
gas. Vidéjais sugu skaits $ajas upés ir 8,7 £ 3,4, bet daudzveidiba 1,5 * 0,5. Péc skaita $ajas
upés dominé bardainais akmengrauzis (22%) un grundulis (15%).

Pie $1 upju tipa pieder Kaicupe, Stepupe, Vadzupe, Jurgupe, Pilsupe u. c. Tas ir mazas
bardaina akmengrauza upes. Dala $o upju konstatétas foreles, tapéc, iespéjams, tie ir de-
gradeti forelu strauti.

VI upju tips ir ritrala tipa siltidens upes ar sateces baseinu robezas no 200 lidz 1000 km?
un vidgjo kritumu 1,6 + 0,5 m/km. Vairak neka 90% $o upju konstatétas tadas sugas ka fo-
rele, lidaka, rauda, grundulis, mailite, bardainais akmengrauzis, asaris un platgalve. So upju
posmos, kas pieejamas celotajzivim, konstatéts arl lasis un foreles celotajforma taimins.
Vidéjais zivju skaits $ajas upés ir 93 eks. / 100 m?, bet biomasa 1300 g / 100 m?. Pavisam
kopa $ajas upés konstatétas 24 zivju un 2 négu sugas. Vidéjais sugu skaits $ajas upés ir
15,2 * 3,0, bet daudzveidiba 1,8 + 0,2. Péc skaita $ajas upés dominé bardainais akmen-
grauzis (31%), mailite (17%), rauda (17%), grundulis (7%) un asaris (5%).

Pie §i tipa upém pieder Tirza, Ciecere, Lauce, Laucesa, Liela Jugla, Eda, Tebra u. c.
idensteces. Sis upes ir vidéjas karpu dzimtas — lasveidigo zivju upes.

VII upju tips ir potamala siltidens upes ar sateces baseina platibu > 1000 km? un videé-
jo kritumu 0,5 £ 0,2 m/km. Vairak neka 90% $o upju konstatétas tadas sugas ka upes né-
gis, lidaka, rauda, baltais sapals, sapals, grundulis, mailite, pavike, vike, bardainais akmen-
grauzis, akmengrauzis, védzele, asaris un platgalve. Lielakaja dala So upju sastopamas ari
salate un vimba, kas nav sastopamas mazajas upés un ir retas vidéja lieluma upés. Pavisam
kopa $ajas upés konstatétas 38 zivju un 2 négu sugas. Vidéjais sugu skaits $ajas upés ir
23,8 £ 7,3, bet daudzveidiba 1,9 + 0,3. Vidéjais zivju skaits ir 130 eks. / 100 m?, bet biomasa
1400 g/ 100 m? Péc skaita $ajas upés dominé bardainais akmengrauzis (29%), rauda (14%)
pavike (11%), mailite (9%), grundulis (8%), sapals (5%), platgalve (5%) un lasis (5%).

Pie §1 tipa upém pieder Latvijas lielakas upes Salaca, Gauja, Venta, Mémele, Barta, Stende,
Abava un Ogre. Si upju tipa iidenstecu straujtecés lielaka skaita sastopami vai bijusi sastopa-
mi (Ogre, Abava) lasa mazuli. Tas ir galvenas lasa, upes néga un vimbas narsta upes Latvija.

3.51. tabula
Klasifikacijas funkcijas koeficienti upju tipiem péc zivju skaita pa sugam

Zivju suga Upju tips

1 II 111 1A% \4 VI VII
SAT 6,52 7,50 1,53 4,80 1,24 2,72 2,60
ESL 5,03 2,14 25,44 17,17 6,16 6,82 6,99
RUT -1,80 -0,94 4,89 0,96 0,30 4,79 1,91
LEC 6,11 2,83 -2,62 0,57 3,01 7,48 16,23
PHP 3,86 2,99 1,83 7,46 -0,21 2,11 1,93
NOB 6,93 4,89 -2,19 2,91 4,61 6,28 6,86
PEF 4,69 1,42 10,69 11,07 2,48 5,54 6,87
COG 6,60 1,43 3,11 2,59 2,82 6,30 7,65
Konstante -16,03 -9,10 -18,93 -19,95 -5,59 -17,14 -22,14

Treknraksta - lielakas koeficientu vértibas.
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Klasteranalizes rezultati tika parbauditi, izmantojot diskriminantanalizi, par grupéjo-
$o parametru izmantojot 7 klasterus (upju tipus), bet par neatkarigajiem parametriem —
zivju skaita pa sugam logaritmiskas vértibas (3.51. tabula).

Klasifikacijas funkcijas koeficienti sakrit ar klasteranalizes rezultatiem. To lielakas
vértibas atbilst upju tipiem, kuros $o sugu zivis dominé sastopamibas un skaita zina
(3.15. attéls, 3.52. tabula).
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3.15. attéls. Klasteru (upju tipu) centroidu novietojums

Diskriminantanalizes rezultati liecina, ka 81% gadijumu upju klasifikacija veikta pa-
reizi (3.52. tabula).

3.52. tabula
Upju tipologijas atbilstibas parbaude
Piederiba upju tipam, skaits % pareizi
Tips Kopa Klasif.
I II 111 v \'% VI VII rezultati
1 14 3 0 0 0 1 1 19 73,7
11 4 33 0 0 1 0 0 38 86,8
111 0 0 5 0 0 0 0 5 100,0
I\ 1 0 0 9 0 0 0 10 90,0
\% 1 0 0 0 11 2 0 14 78,6
VI 0 0 0 1 0 7 3 11 63,6
VII 1 0 0 0 0 1 6 8 75,0

Treknraksta — pareizi klasificétas upes.
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Salidzinot musu izstradato Latvijas upju tipologiju péc zivju sabiedribu struktaras, re-
dzams, ka tipologija péc zivju sabiedribu struktiras tikai daléji atbilst oficialajai tipologi-
jai, kas izveidota, balstoties uz upju morfologiskajiem parametriem (3.53. tabula).

3.53. tabula
Upju tipologija péc zivim: tas atbilstiba Latvijas upju oficialajai tipologijai*

. . . Upes tips Latvijas oficialaja tipologija
Upes tips péc zivju Upju - - Py e Tl 1A
e skaits Mazas Mazas V}de_]as Vlde)z_ts L}el_as Llela_s
ritrala | potamala | ritrala |potamala| ritrala | potamala
I, vidéjas ritrala
aukstadens 19 17 2
11, mazas ritrala
aukstadens 38 37 !
III., a_r_ezerlem 5 2 1 5
saistitas
IV, mazas/vidéjas
siltadens potamala/ 10 4 3 3
ritrala
V, mazas ritrala
bardaina akmen- 14 13 1
grauza
YI,_Vldé]és ritrala 11 1
siltidens
VII, lielas potamala 8 1 7

* - MK noteikumi Nr. 858 ,,Noteikumi par virszemes idensobjektu tipu raksturojumu, klasifikaciju,
kvalitates kritérijiem un antropogéno slodZu noteiksanas kartibu”.

Treknraksta - atbilst oficialajai tipologijai.

3.53. tabula nav ieklautas divu tipu upes — mazas potamala un lielas ritrala Gdens-
teces. II upju tips ir reti parstavéts, tas musdienas parveidotas par melioracijas sistému
notekam. Tikai viena no Latvijas lielajam upém - Ogre - atbilst lielo ritrala upju kate-
gorijai. Savukart divas oficialas tipologijas upju grupas parstavétas katra ar diviem ziv-
ju sabiedribu tipiem. Mazas ritrala upes parstav II un V zivju tips, bet vidéjas ritrala
upes — I un VI zivju tips. Abos gadijumos atskiribas nosaka upes temperatiiras rezims:
I un II zivju sabiedribu tips novérojams aukstidens upés, bet V un VI - siltidens upés,
VII zivju sabiedribu tips atbilst lielajam potamala upém. Savukart III un IV zivju sa-
biedribu tips ir parak mazi eso$aja datu masiva, un nav iespé&jams noteikt, kuriem upju
tipiem tie atbilst vislabak. Var secinat, ka eso$a upju tipologija tikai dalgji atbilst misu
pétljuma noteiktajiem zivju sabiedribu tipiem.
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4. DISKUSIJA

Upes ir loti atskirigas péc to morfologijas, hidrologiska un temperatiras rezima,
novietojuma kopéja upju tikla u. c. parametriem, kas veido zivju dzives vidi, rezultata
nosakot zivju sabiedribu struktaru. Apkartéjas vides faktori, kas ietekmé zivju sabied-
ribu struktiiru, savstarpéji mijiedarbojas, t. i., to ietekme ir visai sarezgita. Katra no ziv-
ju sabiedribu veido$anas fazém vides faktori ietekmé dazadu zivju vairo$anos, augsanu,
mirstibu u. ¢, iznakuma nosakot sabiedribas struktiru - sugu sastavu un skaitu, zivju
skaitu un biomasu. Pétjjumos konstatéts, ka ir virkne dabisko un antropogéno faktoru,
kas ietekmé zivju sabiedribu struktiru, ka upes lielums, temperatiras rezZims, pieejamas
dzivotnes, upes dzilums un kritums, upju antropogéna parveidosana, eitrofikacijas paka-
pe, invazivu sugu izplatiSana, urbanizacija u. c. (Jackson et al., 2001; Malmqvist, Rundle,
2002; Morgan, Cushman, 2005; Port et al., 1986).

Saskana ar teritorijas platibas un sugu skaita teoriju (species — area relationship) sugu
skaits teritorija (upju gadijuma - sateces baseina) pieaug, palielinoties $ai teritorijai. Upés
$o sakaribu novéro divéjadi:

o sugu skaits atseviska upé pieaug virziena uz tas lejteci, t. i., pieaugot tas sateces ba-

seina platibai un caurplidumam;

o sugu skaits upés pieaug, palielinoties to sateces baseina platibai (Matthews, 1998;

Oberdorff et al., 1998),

Lidzigs zivju ekologisko grupu izvietojums atkariba no hidrologiskajiem un hidro-
morfologiskajiem faktoriem konstatéts, salidzinot zivju sabiedribu struktiru pat dazadu
kontinentu upés (Lamoroux et al., 2002).

Sis sakaribas ir spéka ari Latvijas upés. Zivju monitoringa upés, kura dati izmantoti
$aja darba, regulari konstatétas 70-75% no Latvijas upju fauna sastopamajam zivju un
négu (turpmak teksta — zivju) sugam. Mazajas upés (sateces baseins § < 100 km?*) nokertas
29 sugas, vidéji (100 km?< S < 1000 km?) nokertas 36, bet lielajas upés (S > 1000 km?) -
38 sugas. Atskiribu starp monitoringa konstatétajam un ihtiofauna sastopamajam sugam
veido zivis, kas upés uzturas isu laiku (salaka, siga), ir reti sastopamas (palede, kaze) vai
ir reti iecelotaji (juras négis). Tadas sugas ka vimba, salate, alants un sams sastopamas
vidéjas un lielas upés. Ari invazivas sugas — sudrabkariisa, rotans un karpa - biezak sa-
stopamas vidéjas un lielas Gdenstecés. Arl citos pétijumos konstatéts, ka invazivas sugas
biezak sastopamas upju lejtecés un lielajas upés (Friesen, Ward, 1996).

Sugu skaitu un daudzveidibu upé nosaka ari tas novietojums upju tikla. Atsevigka izo-
léta mazas upes baseina (pieméram, Rigas jiras lici ieteko$as mazas upes) sugu skaits un
daudzveidiba ir mazaki neka lidziga lieluma upés, kas ir lielaku upju pietekas. Lidzigi
rezultati ieguti arl pétijumos, kas veikti Francijas lielako upju Luaras un Sénas baseina
(Oberdorft, 2001; Roset et al., 2007). Netipiski liels sugu skaits un daudzveidiba novéroja-
mi lielo upju pieteku grivas. Tiek rekomendéts $ados upju posmos iegiitos datus neattie-
cinat uz upi kopuma (Thorp et al., 2006).

Pieaugot sugu skaitam upés, pieaug ari zivju relativais skaits un biomasa, jo lielakas
upés sastopamas zivju sugas, kuru Ipatni ir lielaki vai, kuras sasniedzot kadu vecumu vai
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izméru, migré no mazajam upém uz to lejtecém vai augstakas pakapes upi (Jackson et al.,
2001; Kesminas, Virbickas, 2007).

Ekoregiona robezas zivju sabiedribu struktiirai upés butu jabut lidzigai, tadé] sagai-
dams, ka Igaunijas, Latvijas un Lietuvas upju zivju sabiedribu strukttra ir lidziga. Plasaki
zivju pétijumi upés veikti Lietuva, un to rezultati ir sameéra atskirigi no Latvijas upés ie-
gttajiem. Ta zivju skaits dazada lieluma upés bija robezas no 8 eks. / 100 m? strautos lidz
45 eks. / 100 m? lielajas upés (Kesminas, Virbickas, 2000). Péc musu pétjjuma rezulta-
tiem, $ie lielumi ir attiecigi 59 un 119 eks. / 100 m? t. i., tie atSkiras vairakas reizes. Zivju
biomasa ir lidzigaka, tomeér Lietuvas upés atkariba no sateces baseina ta varié robezas no
40 lidz 740 g / 100 m?, bet musu iegttie rezultati ir batiski lielaki - 662-1447 g / 100 m™.
Pétijuma, kur ieklauti dati par 21 Lietuvas upi (Virbickas, 1998), zivju relativais skaits bijis
3-129 eks. / 100 m* un biomasa 80-629 g / 100 m* Cita pétijjuma, kas veikts vidéja lielu-
ma (S = 615 km?) ritrala upé Siesarté (River Siesartis), zivju skaits bijis robezas no 13 lidz
50 eks. / 100 m?, bet biomasa 311-1587 g / 100 m? (Civas, Kesminas, 2011). Sie rezultati
ir tuvaki Latvijas upés iegttajiem. Savukart Igaunijas upés pétita Baltijas lasa izplatiba un
atrazo$anas, bet publicéti tikai dati par sugu sastopamibu tajas (Kangur, Wahlberg, 2001).

Atskiribas, iespéjams, skaidrojamas ar atskiribam zivju uzskaites metodés, pieméram,
zvejas vietu izvélé vai zvejas efektivitaté, ko var noteikt izmantota aparatiira, zivju uz-
ker§anas panémieni, zvejas dalibnieku skaits u. c. faktori. Saméra lidzigs ir Latvijas un
Lietuvas upju zivju sugu sastopamibas (% no upém) vértéjums plasi izplatitam sugam,
kas sastopamas visa Baltijas ekoregiona. Ta pétijuma, kur apkopoti dati par 21 Lietuvas
upi, tadu sugu ka lidaka, rauda, asaris un bardainais akmengrauzis sastopamiba ir attieci-
gi 71, 67, 67 un 86%. Misu pétijuma Sie raditaji bija 73, 65, 67 un 95%.

Tacu dazu sugu izplatiba atskiras butiski. Ta trisadatu stagars Lietuvas upés sasto-
pams ari iek$zemé, saméra liela attaluma no Baltijas juras, turklat tas konstatéts 52%
apsekoto upju. Latvijas upés ta sastopamiba ir tikai 16%. Upés iekszemé tas populacijas
acimredzot veido reti. No 37 Latvijas upém, kur konstatéta $1 suga, 30 upes tiesi ietek
Baltijas jura vai Rigas jaras lici. Tikai atseviskos gadijumos $ zivju suga konstatéta upés
iek§zemé. Gan devinadatu, gan trisadatu stagaru klatbatne zivju sabiedriba liela skaita
tiek uzskatita par upes degradacijas pazimi (Virbickas, 1998; Kesminas, Virbickas, 2000;
Fieseler, Volter, 2006).

Dazas zivju sugas Latvija izplatitas nevienmerigi. Spidilkis nav sastopams Austrum-
latvija, lielaka daudzuma $1 suga sastopama Kurzemes upés. Alatas dabiskas izplatibas
areals ir ierobezots, ta sastopama Gaujas un Ventas baseina upés, ka ari konstatéta Liepna,
kas pieder pie Velikajas baseina. Daugavas un Lielupes baseina upés to méginats izplatit
maksligi. Forele izplatita galvenokart augstienu nogazu upés, tacu tikai Latvijas centralaja
un rietumu dala. Ar jaru savienotajas upés, kur nav zivju migracijas skérslu, foreli par-
stav galvenokart tas celotajforma. Latvija diemzél nav pieejami vésturiskie dati par foreles
izplatibu mazajas upés (Birzaks et al., 2011), tacu iespé&jams, ka dala Latvijas austrumda-
las upju ta iznikusi. Makskerniekiem domatos izdevumos, ko nevar uzskatit par drosiem
informacijas avotiem, minéts, ka foreles sastopamas Indrica (Prieditis, 1960), tacu misu
pétijumos 2006. un 2007. gada tas tur netika konstatétas.

Tacu saskana ar ekologiskajam likumsakaribam dienvidu virziena btitu japieaug ne
tikai zivju sugu skaitam, bet ari to relativajam skaitam un biomasai (Waide et al., 1999).
Var secinat, ka jautajums par zivju relativo skaitu un biomasu Baltijas ekoregiona upés
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joprojam ir atklats. Péc maisu pétijuma rezultatiem mazakais zivju sugu skaits un daudz-
veidiba novérojama mazajas (S < 100 km?) ritrala tipa aukstidens upés, bet lielakais —
siltidens potamala upés ar sateces baseinu, lielaku par 1000 km?.

Iepriek$minétie rezultati liecina, ka pat nosaciti neliela teritorija, kads ir Baltijas eko-
regions, novérojamas butiskas sugu izplatibas un sastopamibas atskiribas geografiski tu-
Vos regionos.

Zivju sugu skaitu upés liela méra nosaka tas temperatiiras rezims. Lielaka dala Latvijas
upju ihtiofauna parstavéto zivju pieder pie karpu dzimtas, tas ir siltddens sugas. Pavisam
kopa siltadens upés nokertas 40, bet aukstiidens upés - 35 zivju sugas. Tacu datu analize
liecina, ka nav buatisku atskiribu vidéjam upé konstatéto zivju sugu skaitam starp upém pa
sateces baseinu grupam ar dazadiem temperatiiras rezZimiem (Birzaks, 2012).

Lietuvas upés zivju biomasa aukstiidens apstaklos ir 2,3 reizes mazaka neka siltadens
upés (Virbickas, 1998), misu pétijuma §i atkiriba ir nedaudz mazaka, ap 1,9. Udens
temperatiira batiski ietekmé zivju izplatibu un augsanu (Magnuson et al., 1979). Zemaka
tdens temperatiira vasaras méne$os novérojama tikai mazajas un vidéjas Latvijas upés,
upes ar sateces baseinu S > 1000 km? ir siltidens upes.

Lidzigi sugu skaitu ietekmeé ari upes kritums. Potamala upés konstatétas 39, bet rit-
rala upés - 36 sugas. Vidgjais sugu skaits potamala un ritrala upés atskiras butiski, tacu
$ada atskiriba netiek novérota, ja vidéjo sugu skaitu potamala un ritrala upés salidzina
pa sateces baseinu lieluma grupam. Zivju skaits upés, kas izteikts ka Ipatnu skaits uz
laukuma vienibu 100 m? mainas, mainoties upju sateces baseinam, kritumam un tem-
peratiirai. Tas pieaug, pieaugot sateces baseina platibai un tdens temperatiirai, un sa-
mazinas, pieaugot upes vidéjam kritumam. Sis atikiribas nav statistiski bitiskas, ja zivju
skaita salidzinasana potamala/ritrala un aukstadens/siltidens upés tiek veikta pa sateces
baseinu platibas grupam (Birzaks, 2012). Sis parametrs biitiski neatskiras ari upju grupas
ar dazadu O, koncentraciju.

Skabekla saturs tideni uzskatams par limitéjosu faktoru attieciba uz zivim. Tacu liela-
kaja dala musu pétijuma ieklauto upju skabekla daudzums tideni gan péc lauka mérjjumu
datiem vasara, gan péc virszemes idenu monitoringa datiem vidéji vairakiem mérijumiem
gada laika parsniedz 7 mg/l. Netika novérotas statistiski butiskas atskiribas upju grupas ar
dazadu skabekla saturu Gdeni. Daudzfaktoru ietekmes analize liecina, ka butiskak sugu
skaitu un biologisko daudzveidibu ietekmé upes sateces baseina platiba. Savukart zivju
biomasa upés ar zemaku skabekla saturu statistiski butiski pieaug, ko nosaka ekologis-
ki toleranto zivju sugu, seviski raudas Ipatnu, biomasas pieaugums. Latvijas upés § zivju
suga, lidzigi ka Lietuvas upés (Virbickas, 1998), péc biomasas ir dominéjosa suga, kas
kopa ar lidaku, foreli, bardaino akmengrauzi un asari veido 70% no zivju biomasas.

Zivju skaits pa upju grupam ar dazadu skabekla saturu butiski neatskiras. Ta¢u ekolo-
giski jutigo sugu daudzums zemaka skabekla apstaklos samazinas daudzkart salidzinaju-
ma ar upém, kur O, koncentracija vasara parasti ir robezas no 7 lidz 9 mg/I.

Zivju daudzveidiba, ko raksturo Senona indekss H', un biomasa mainas nedaudz at-
Skirigi. Sie parametri palielinas, pieaugot upes sateces baseinam un iidens temperatiirai,
bet samazinas, pieaugot upes vidéjam kritumam. Tacu upju grupa ar vidéja lieluma sate-
ces baseinu $ie parametri atskiras statistiski batiski gan potamala/ritrala, gan aukstadens/
siltidens upés (Birzaks, 2012). Iegtitie rezultati liecina, ka zivju sugu skaitu, daudzveidibu,
zivju skaitu un biomasu upés galvenokart nosaka upes sateces baseina platiba (Pont et al.,
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2006). Upes kritumam, temperatiras reZimam un skabekla saturam tdeni ir salidzinosi
mazaka ietekme uz $o zivju sabiedribu parametru. To pierada ari daudzfaktoru analizes
(PCA) rezultati. Analizé nodalitas 3 komponentes, kas izskaidro 84% no upju raksturosa-
na izmantoto parametru izkliedes, I komponenté apvienoti upes sateces baseins un upes
garums, to nosaciti var nosaukt par ,upes lieluma” komponenti, II komponenté apvienots
upes kritums un temperatira, ko nosaciti var nosaukt pat ,,potamala/ritrala” komponenti.
Tre$a komponente raksturo skabekla satura izmainas Gdeni, I komponente nosaka 43%
no parametru izkliedes, IT — 24% un III - 17% (3.7. nodala). Var uzskatit, ka I komponen-
te raksturo upes baseinu, bet otra — lokalu zivju ker§anas vietu (biotopu).

Faktori, kas visbutiskak ietekmé upju zivju sabiedribas struktaru, saistiti ar upes lielu-
mu - tie ir sateces baseina platiba, upes garums un platums, bet no lokalajiem faktoriem
butiskakie ir upes kritums un tdens temperatiras rezims (Oberdorff et al., 1995). Upes
sateces baseina platiba ir butiskakais ietekmes faktors, kas nosaka zivju sugu un zivju
skaitu, attiecigi tas ietekmé zivju skaitu un biomasu gan ekologiskajas grupas, gan atse-
viskam sugam. Tacu, janem véra, ka dazadam zivju ekologiskajam grupam un ari sugam
ir dazada reakcija pret vides faktoriem, t. i., izmainas var bit gan pieaugsanas, gan sama-
zina$anas virziena. Kopuma pieaugot upes sateces baseina platibai, pieaug gandriz visu
zivju sugu Ipatnu skaits un biomasa. Iznémums ir foreles, kuru daudzums samazinas, un
mailites un védzeles, kuru skaits un biomasa nemainas.

Upes sateces baseina platiba neietekmé limnofilo (lentisku tidenu) zivju skaitu un bio-
masu, $1 zivju ekologiska grupa upés parasti ir maza (vidéji 1,9 eks. / 100 m?) un ar mazu
biomasu (vidéji 15 g / 100 m?). Izpémums varétu bt upes to iztekas no ezeriem vai upes,
kas savieno ezerus. Sajas upés pat 3 km attaluma no ezeriem dominé limnofilas zivju su-
gas (Fieseler, Wolter, 2006). Statistiski batiskas atskiribas nav novérojamas ari ekologiski
jutigo zivju grupa, jo tas dazada lieluma upés parstav dazadas sugas. Mazo un vidéjo upju
ihtiofauna péc skaita un biomasas vairak sastopamas foreles, tacu lielo upju straujtecés —
lasis, pavike un platgalve. Tadéjadi gan zivju skaits, gan biomasa ekologiski jutigajam su-
gam upés ar dazadu sateces baseina platibu izlidzinas.

Zivju uzskaite upés parasti tiek veikta péc platibas salidzinosi neliela upes posma, kas
parasti ir < 0,1% no upes platibas, un tikai vismazakajas upés, kur zivju uzskaite veikta
vairakus gadus péc kartas, iespéjams apsekot lielaku platibu. Masu darba izvélétaja ziv-
ju uzskaites metodika izmantota pieeja, ka tiek apsekotas vismaz divas atskirigas vietas
viena upé. Parasti viena no tam atbilst potamala (upes kritums posma < 1 m/km), otra -
ritrala (upes kritums posma > 1 m/km) apstakliem. Sie apstakli nosaka tidus parametrus
ka straumes atrums un upes gultnes sastavs. Savukart tadus zivim butiskus faktorus ka
noénojums un aizaugums galvenokart nosaka upes platums, kas atkarigs no upes sateces
baseina platibas un parauglaukuma novietojuma attieciba pret upes izteku.

Ritrala un potamala biotopi statistiski butiski at$kiras péc lielakas dalas hidromorfo-
logisko parametru. Ta¢u kopéjais sugu skaits un vidéji viena vieta konstatéto sugu skaits
potamala un ritrala biotopos butiski neatskiras. Zivju skaits un zivju biomasa potamala
un ritrala apstaklos mainas dazadi. Vidéjais zivju skaits ritrala ir batiski lielaks, savukart
potamala biotopos novérojama butiski lielaka biomasa. To izskaidro fakts, ka upju po-
tamala lielaka daudzuma sastopamas zivju sugas, kuru Ipatni sasniedz lielakus izmérus
(lidaka, rauda, sapals) salidzinajuma ar ritrala sugam - bardaino akmengrauzi, mailiti,
platgalvi un lasveidigo zivju mazuliem.
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Batiski zivju sabiedribu struktiiru ietekmé ari vietu noénojums un aizaugums, turklat
to iedarbiba ir pretéja. Noénojuma apstaklos galvenie zivju sabiedribu parametri - sugu
skaits, daudzveidiba, zivju skaits un biomasa - samazinas, savukart, pieaugot aizaugu-
mam - palielinas. Ta¢u gan biotopu noénojums, gan aizaugums ir saistiti savstarpéji un
arl ar upes sateces baseina platibu. Noénojuma intensitatei pieaugot, samazinas upes aiz-
auguma pakape (Pusey, Arthington, 2003).

Lielakas upés. kas ir platakas, noénojuma pakape zivju dzivotnés samazinas. Tas nozi-
mé, ka gan upes limeni, gan atseviskas tas vietas ietekmes faktori ir savstarpéji ciesi sais-
titi, starp tiem novérojama cie$a korelacija. Tapéc, lai analizétu biotopu ietekmi uz zivju
sabiedribu struktaru, nepiecieS$ama daudzfaktoru analize.

DCA analizes rezultati liecina, ka I ordinacijas ass korelé ar potamala apstakliem (po-
zitivi ar vidéjo dzilumu un maksimalo dzilumu, bet negativi — ar vidéjo kritumu). Attiecigi
ar So asi pozitiva korelacija ir lielako upju léntecu biotopiem raksturigam zivju ekologiska-
jam grupam - tolerantajam, eiritopajam sugam un omnivoriem. Negativi ar $o asi korelé
litofili, kas ir tipiski ritrala iemitnieki. Savukart II ordinacijas ass korelé negativi ar upes ba-
seina platibu, upes platumu un attalumu no upes augsteces, t. i., pieaugot $is ass vértibam,
»upe samazinas”. I ordinacijas asi var uzskatit par potamala asi, bet II — par mazo upju asi.
III ordinacijas ass izskaidro tikai 13% no parametru izkliedes, ta negativi korelé ar plési-
go zivju skaitu. Ar pirmo ordinacijas asi negativi korelé forele un mailite, $o sugu Ipatnu
skaits palielinas, pieaugot upes kritumam un samazinoties dzilumam, t. i, to skaits pieaug
ritrala apstaklos. Savukart ar II asi negativi korelé sugas, kas tipiskas lielakajam upém, -
lasis un pavike. Ar III ordinacijas asi pozitivi korelé mailite, §1 suga vairak un biezak sa-
stopama ritrala apstaklos, bet negativi — védzele, kas uzturas léni tekoSos upju posmos.

Baltijas ekoregiona nav ticis vértéts, kada ir daudzfaktoru, t. i., baseina un lokals, ie-
tekme uz zivju sabiedribu parametriem. Ta¢u daudzu pétijjumu rezultati apstiprina, ka
galvenais faktors, kas nosaka sugu skaitu un daudzveidibu upés, ir upes sateces baseina
platiba vai upes pakape, bet vietéjiem faktoriem ir otrskiriga nozime (Grenouillet et al.,
2004). No otras puses, katra zivju suga ir sastopama dzivotnés, kas atbilst tas ekologiska-
jam vajadzibam. Sie dzivotnu tipi var bit sastopami ka dazada lieluma upés, ta dazados
geografiskos regionos (Lamoroux et al., 1999). Loti nozimigi zivju dzivé ir tadi lokali fak-
tori ka dzilums un straumes atrums (tos apvieno viena - hidrauliskaja faktora). Ar §i fak-
tora iedarbibu saistitas butiskas sugu sastava, zivju izméru un biomasas atskiribas dazadas
dzivotnés (Blanck et al., 2007).

Misu pétijuma par zivju sugu Ipatpu skaita sadalijumu dazados biotopos 36 sugu
klasteranalizé iegiiti 9 galvenie zivju sabiedribu tipi. Tie konstatéti noteiktos biotopos,
kuri atkiras gan péc upi raksturojosiem parametriem, tadiem ka sateces baseina platiba
augspus biotopa un upes garums no iztekas lidz konkrétajai vietai, gan péc lokalajiem
faktoriem, tadiem ka upes platums, vidéjais dzilums, upes gultnes sastavs, straumes at-
rums, Gdens temperatiira un skabekla saturs. Tikai 14 no Latvijas upju fauna sastopamam
zivju sugam var uzskatit par dominéjosam attiecigajos biotopos (apstaklos) (to skaits par-
sniedz 5% no kopéja zivju skaita), 19 uzskatamas par vietai (vietas tipam) specifiskam
(to skaits ir robezas no 1 lidz 5%), bet citu sastopamibai upés acimredzot ir gadijuma
raksturs. Latvijas upés izplatitaka zivju suga bardainais akmengrauzis péc skaita dominé 8
biotopos, t. i., praktiski visos, kas izskirti péc zivju sabiedribu tipiem ar tam raksturigajam
dzivotném.
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Ir zinams, ka zivju sabiedribu struktiiru nosaka divu limenu faktori — gan regionali,
gan lokali. Regionali faktori lielas upes baseina, biogeografiska rajona vai ekoregiona li-
men ir upes sateces baseina platiba, regiona geomorfologija un klimats (Oberdorff et al.,
1998). Sie faktori ietekmé galvenokart sugu daudzveidibu un zivju sabiedribu sastavu.
Savukart zivju sabiedribu parametrus katra konkréta upes vieta nosaka ari vietéjie ap-
stakli — upes dzilums, straumes atrums, temperatiiras rezZims un gultnes substrats. Nozime
ir sateces baseina platibai augspus konkrétas vietas upé, caurplidumam $aja vieta, upes
pakapei un novietojumam upju tikla u. c. Sie faktori ietekmé ne tikai sugu daudzveidi-
bu, bet ari sabiedribu trofisko struktiaru (Oberdorft et al., 2001). Lielaka dala zivju sugu
un dazadu izméru zivju Ipatni izvélas tiem piemérotakos apstaklus atkariba no dzivotnes
dziluma, straumes atruma dzivotné un upes gultnes heterogenitates. Sugai optimalas dzi-
votnés ir vislielakais Ipatnu skaits un biomasa (Lamoroux et al.,1999). Misdienu atzinas
un darba rezultati liecina, ka zivju sabiedriba kada noteikta vieta veidojusies selektivu
faktoru (stresoru) rezultata, to ietekme izpauzas, sakot ar regionu limeni lidz atseviska
ipatna limenim (Ostrand, Wild, 2002).

Tikpat liela nozime ka dabiskajiem faktoriem musdienas ir antropogénajai darbibai,
kas mainijusi un parveidojusi zivju sabiedribas, gan samazinot regiona upés sastopamo
zivju sugu skaitu, gan to palielinot, introducéjot jaunas, regionam neraksturigas sugas,
gan saimniecisku apsvérumu dé] izplatot vietéjas sugas, kam ir augsta tirgus vértiba
(Boryuxas, Haceka, 2004). Latvijas upés antropogénas darbibas rezultata veikti batiski un
plasi strukturali parveidojumi. Saskana ar misu novértéjumu ap 60% Latvijas teritorijas
ar taja teko$ajam upém misdiends nav pieejami celotajzivim aizsprostu dé]. 2011. gada
upés konstatéts vairak neka 700 aizsprostu (Birzaks et al., 2011).

Latvijas iekséjos tidenos veikti 11 zivju sugu aklimatizacijas méginajumi, pasatra-
zojo$as populacijas izveidojusas divas no tam - rotans un sudrabkariisa. Visintensivak
zivju introdukcija veikta, sakot no 20. gs. 60. gadiem, tacu pirmie méginajumi biju-
§i jau 19. gadsimta beigas (Andrusaitis, 1960; Kaitpos, Koctpuukuna, 1970; Pyumui,
1977; Aleksejevs, 2011; Birzaks et al., 2011). Regulari tiek papildinats saimnieciski
vértigu zivju - lasa, taimina, upes néga u. c. — daudzums, ielaizot upés zivju kapu-
rus un dazada vecuma mazulus. No vietéjam sugam, kas sastopamas ari upés, Latvija
maksligi izplatits zandarts, zutis, alata, lasis, varaviksnes forele, forele un siga. Sakot
no 2011. gada, Latvijas upju baseinos, kur nav $kérslu zivju migracijai HES aizsprostu
veida, tiek ielaisti stikla zusi.

Tacu kops 20. gs. 90. gadiem Latvijas iekséjos Gdenos pieaugusi nesankcionéta zivju
ielaiSana un introdukcija. Tas rezultatd novérojama tadas zivju slimibas ki aeromonoze
izplatisanas (Briede, Medne, 2005). Eiropas méroga, sakot no 80. gadiem, ar akvakultiiras
uznémumu starpniecibu izplatita nematode no Azijas Anguillicolla crasus, kas ir zusa pa-
razits un var izraisit to masveida nobeig$anos.

Ir zinams, ka antropogénie $kérsli upés samazina celotajzivju sugu izplatibu, tadéjadi
samazinot sugu skaitu upé. Ta¢u muasu pétijuma lielakais kopéjais un vidéjais zivju sugu
skaits konstatéts upés, uz kuram izveidoti aizsprosti vai kuras ir savienotas ar ezeriem.
Lidzigi rezultati iegtiti arl Lietuvas upés. Upés ar aizsprostiem pieaug potadromo zivju
daudzums - tas liecina, ka upju sadalisana posmos Latvijas upés nav negativi ietekméjusi
sugas, kas veic vietéja rakstura migracijas, — raudu, asari, védzeli un lidaku. Maksligas
tdenskratuves tapat ka ezeri palielina relativo zivju skaitu un to biomasu par aptuveni



97

30% (Virbickas, 1998). To parasti skaidro ar temperatiras rezZima izmainam. Vairak pie-
aug ekologiski tolerantu zivju sugu - raudas un asara — skaits un biomasa, bet samazi-
nas forelu relativais daudzums. Misu pétijumu rezultati liecina, ka upés ar aizsprostiem
tdens temperatiira vasaras ménesos ir vidéji par 1 °C augstaka, $ajas upés novérojamas
ar lielakas maksimalas Gdens temperattru vértibas. Tacu netika novérotas butiskas at-
gkiribas vidéja O, daudzuma tdeni starp upém ar un bez aizsprostiem. Tomér nedrikst
uzskatit, ka aizsprostu un maksligu tdenskratuvju ieriko$ana Latvijas upés biitu nesaubigi
atbalstama. Ieks$éjo iidenu zivju resursi tiek izmantoti nepilnigi, un $1 tendence acimre-
dzot tiks turpinata (Birzaks, 2008b), tapéc butiskak ir saglabat esosas zivim pieejamas
upes dabiska stavokli, nevis palielinat to biologisko produktivitati, ierikojot denskratu-
ves. Ja iespé&jams, batu japlano zivju migraciju celu atjauno$ana, nojaucot aizsprostus vai
izbavéjot zivju parlaisanas ierices, seviski sugam, kuru izplatiba Latvijas upés ir batiski
samazinajusies (Aleksejevs, Birzaks, 2011).

Péc VARAM datiem (Anonymous, 2009), 55 no 203 jeb 27,1% Latvijas upju Gdens-
objektu ir butiski morfologiski parveidoti, tas iztaisnojot. Liela dala mazo potamala upju
kluvusas par melioracijas sistému sastavdalu, $o upju dabiskais tips Latvija faktiski vairs
neeksisté (Birzaks, 2012).

Tomér miisu rezultati parada, ka Latvijas upju hidromorfologiska parveido$ana sugu
skaitu un daudzveidibu ietekméjusi maz. Potamala siltddens upés gan sugu skaits, gan
daudzveidiba samazinas. Savukart auksttidens ritrala Gdenstecés vidéjas intensitates mor-
fologiski parveidojumi palielina upé novéroto zivju sugu skaitu un daudzveidibu. Tacu,
$iem parveidojumiem parsniedzot 50% no upes kopgaruma, gan sugu skaits, gan daudz-
veidiba samazinas.

Morfologiskie parveidojumi Latvijas upés nav bitiski izmainijusi vidéjo zivju skaitu
un biomasu kopuma. Tac¢u atseviskas zivju ekologiskas grupas un sugas reagé uz $o stre-
soru. Ekologiski toleranto sugu Ipatnu skaits un biomasa pieaug par 30-40%, bet ekolo-
giski jutigo zivju daudzums samazinas vairakkart. Sevigki jutigas sugas ir forele un plat-
galve, kuru skaits un biomasa uz laukuma vienibu 75-100% parveidotas upés samazinas
2-4 reizes. lesp&jams, $o sugu Ipatni jutigak reagé uz skabekla satura samazinasanos upju
tdeni - morfologiski parveidotas upés skabekla ir vidéji par 1,5 mg/l mazak neka antro-
pogéno parveidojumu neskartas vai mazskartas upés.

Kopuma ieguitie rezultati lauj secinat, ka upju iztaisnoSana sugu skaitu un biologisko
daudzveidibu ietekméjusi nedaudz. Tas acimredzot izskaidrojams ar faktu, ka upju iztais-
nos$ana un meliorésana notikusi dazados laika posmos. Daudzas upés zaudétie biotopi
liela méra ir atjaunojusies, jo kop$ to regulésanas pagajis ilgs laiks. Atseviskos gadijumos
zivis spé&j adaptéties upju morfologiskajiem parveidojumiem. Tadas gandriz pilnigi visa
garuma meliorétas upés ka Uzava un Riva sastopamas ekologiski jutigas sugas - lasis, fo-
rele un upes négis. Mazajas aukstiidens upés, kas pilniba meliorétas, pieméram, Kausupé,
Kisupé (Ramatas pieteka), Pieténupé, saglabajusas forelu populacijas. Zinami daudzi pie-
meri par sekmigu strauta foreles populaciju atjaunosanu (Fieseler, Walter, 2006).

Pieaugot antropogéni parveidotu zemes platibu Ipatsvaram upes sateces baseina, kopé-
jais zivju skaits un biomasa pieaug. Palielinas ekologiski toleranto sugu - lidakas, raudas,
grundula, vikes un asara — biomasa, bet samazinas platgalves biomasa. Tadu zivju sugu
ka mailite un védzele biomasa nereagé uz zemes lieto$anas veidu upes sateces baseina.
Misu pétijums parada, ka sugu skaits un daudzveidiba vaji reagé uz zemes izmantosanu
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upes sateces baseina. Statistiski butiski lielaks sugu skaits ir upés ar vidéju parveidojumu
pakapi sateces baseina, tacu sugu daudzveidibu tas neietekmé.

Raksturigi, ka Latvijas upés nav novérojams piesarnojums ar bistamajam vielam,
kopuma nav novérojama ari pH butiska pazeminasanas un O, deficits. Toksisku vielu
nopladei Latvijas upés ir bijis gadijuma raksturs, kad atseviskas upés vai to posmos re-
gistréta zivju masveida nobeig$anas. Tacu atseviskas mazajas upés vasaras apstaklos ska-
bekla saturs tideni vasara samazinas lidz 1-2 mg/l. Tas novérojams stipri noénotos mazo
upju potamala posmos, kur nenotiek fotosintéze. Karstas vasaras atseviskas mazas upes
un vidéjo upju augsteces var izzat.

Saskana ar misu rezultatiem biogéno elementu N un P kopéjais pieaugums pétitajas
upés nav ietekméjis tadus zivju sabiedribu parametrus ka sugu skaits un daudzveidiba.
Vidgjais zivju skaits pieaug, Ny,, daudzumam palielinoties lidz 3 mg/I, tacu péc tam tas
samazinas lidz lielumiem, kadi raksturigi upém ar minimalo slapekla savienojumu saturu
tdeni. Pieaugot Py,, daudzumam, neviens no zivju sabiedribu parametriem bitiski ne-
mainas. Sis rezultats ir pretruna ar citos pétijumos iegiitajim atzinam. Ta Lietuvas upés
noveérota zivju biomasas palielinasanas, pieaugot gan P, gan N koncentracijai (Virbickas,
1998). Biogénu raditaji biezi tiek izmantoti, lai prognozétu zivju biomasu (kg/h) un
produkciju (kg/ha gada) (Randall et al.,, 1995). Tacu parasti rakstos vai nu nav nora-
dits, kada ir bijusi konkréta biogénu koncentracija, vai ari ta ir sameéra augsta. Savukart
no misu pétijjuma ieklautajam 199 upém nav datu par biogéno elementu saturu tdeni
91 upé. Domajams, ka datu materials par biogéno vielu koncentraciju upés ir nepilnigs.
Virszemes Gdenu kvalitates monitorings organizéts péc idensobjektiem, kuru sateces ba-
seinu platiba parasti ir lielaka par 100 km?* Tadéjadi musu dati vairak raksturo upes ar
vidéju un lielu biogénu koncentraciju, t. i., datiem ir nobide uz sadalijuma vienu pusi
(modalas vértibas Ny,, un Py, attiecigi 2,65 un 0,088 mg/l), kas nelauj konstatét kopéjas
likumsakaribas.

Tapat ka dabisko, ari antropogéno faktoru darbibas raksturs ir komplekss un savstar-
pé&ji mijiedarbigs, tapéc antropogénas ietekmes tika apvienotas viena nosacita lieluma.
Sakotnéji analizei més izmantojam Upju baseinu apgabalu apsaimnieko$anas planos no-
teiktas ekologiskas kvalitates rangus. Izradas, ka sugu skaits un daudzveidiba nav uzska-
tami par jutigiem indikatoriem. Lielakais sugu skaits un lielaka biologiska daudzveidiba
tika konstatéta antropogéni vidéji ietekmétas upés, t. i., upés ar vidéju ekologisko kvalita-
ti. Kopéjais zivju skaits un biomasa upés pieaug, pasliktinoties to ekologiskajai kvalitatei.
Tas notiek uz ekologiski toleranto sugu - raudas, lidakas, asara un sapala - pieauguma
rékina. Tikai divu sugu - foreles un platgalves — Ipatnu skaits, pazeminoties ekologiskajai
kvalitatei, samazinas (platgalve) vai izztd (forele nav sastopama upés, kas atbilst loti slik-
tas kvalitates kategorijai).

Miusu pétijuma tika atklats fakts, ka pavike, kurai pieskirts ekologiski jutigas sugas
statuss (Kesminas, Virbickas, 2000), praktiski nereagé uz antropogénas iedarbibas fakto-
riem. Tas skaits un biomasa samazinas tikai Joti sliktas kvalitates upés, bet vidéjas kvalita-
tes upés tas daudzums un biomasa uzrada vislielakas vértibas, tapat ka tolerantam sugam.

Lidzigi rezultati tika iegati, upes grupéjot péc antropogénas ietekmes klasém, kas ap-
rékinatas no atsevisko antropogénas ietekmes faktoru summas. Analizé iegitie rezultati
liecina, ka sugu skaits un daudzveidiba vismazakie ir antropogénas darbibas mazskartas
upés. Savukart zivju skaits un biomasa butiski neatskiras neviena ietekmes klasé. Iegutie
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rezultati liecina, ka dabisko faktoru ietekme nosaka daudz lielaku zivju sabiedribu para-
metru izkliedes dalu neka antropogéna darbiba. Péc PCA analizes rezultatiem faktori,
kas raksturo upes lielumu, izskaidro 36%, bet antropogénas darbibas faktori kopa ar upes
kritumu - tikpat lielu parametru izkliedes dalu - 36%. Apvienojot antropogénas ietekmes
viena faktora, ieguvam rezultatu, ka komponensu ipatsvars sadalas ka 42 : 21 : 19, un ma-
zako dalu - 19% no izkliedes — nosaka antropogéna darbiba.

Jasecina, ka antropogénas darbibas ietekmes analize acimredzot javeic pa upju tipiem,
jo dabisko faktoru ietekmes ipatsvars kopéja datu masiva ir batiski lielaks par antropoge-
no ietekmi.

Tai pasa laika atziméjams, ka dabisko un antropogénas darbibas faktoru ietekmei uz
zivju sabiedribu struktaru ir daudz lidziga. Kopuma Latvijas upés, pieaugot upju sateces
baseina platibai, samazinas to kritums un pieaug Gdens temperatira. Vienlaikus lielajas
upés pieaug biotopu daudzveidiba. Tas novérojams, pieméram, lagupés, kuru ritrala un
potamala posmos sastopamas dazadas zivju sabiedribas. So faktoru rezultéjosa ietekmé
upés pieaug sugu skaits un daudzveidiba, ka ari zivju Ipatnu relativais skaits un bioma-
sa. L1dzigi tam antropogénas darbibas rezultata, pieaugot biogénu saturam, antropogéno
$kérslu daudzumam un morfologiskajiem parveidojumiem upés, ka arl mainoties zemes
lietosanai upes sateces baseina, pieaug eiritopo un ekologiski toleranto sugu un to Ipatnu
skaits un biomasa. Faktiski starp antropogénajiem un dabiskas ietekmes faktoriem pa-
stav kovariance (Allan, 2004). Tacu atseviski tas ietekmes veidi butiski samazina biolo-
gisko daudzveidibu un ekologiski jutigo zivju sugu ipatnu skaitu un biomasu. Iznémums
ir aukstadens upes, kur antropogénas darbibas rezultata biologiska daudzveidiba palieli-
nas, mainot to dabisko stavokli. Lidzigi, pieméram, Vacijas mazajas upés antropogénas
ietekmes rezultata novérota liela daudzveidiba, tajas konstatéts vairak neka 70% regiona
ihtiofauna sastopamo sugu (Feiseler, Wolter, 2006). Iesp&jams, ka kopéja antropogéna ie-
tekme Latvijas upés ir salidzinosi neliela, tapéc nav novérojama zivju skaita un biomasas
samazinasanas, kas raksturigi industriali attistitas valstis (Poft et al., 1997). Tacu, ka lie-
cina darba rezultati, Latvijas upés pédéjos 50 gados bitiski mainijusies atsevisku sugu
izplatiba, samazinoties celotajzivim pieejamajai teritorijas dalai, bet pieaugot dazu vietéjo
un invazivo sugu izplatibai un Ipatnu skaitam. To noteikusi ka dabiski, ta antropogéni
faktori. Tomér, iznemot stori, Latvijas upju ihtiofauna 20. gadsimta nav izzudusu zivju
sugu (Birzaks, Aleksejevs, 2011).

Faktors, kas ietekmé atsevisku zivju sabiedribu struktaru, ir globalas klimata izmai-
nas. Sim faktoram acimredzot ir gan dabiska, gan antropogéna komponente. Latvijas
upés novérojama tadu ekologiski tolerantu zivju sugu ka rauda, asaris, lidaka un védzele
skaita pieaugums. Tacu masu riciba eso$as datu rindas ir parak isas, lai novértétu $o iz-
mainu batiskumu un saistibu ar klimata izmainam.

Klimata izmainas javérté kompleksi, kopa ar citam antropogénam ietekmém. Tas
tiek analizétas attieciba uz pédéjiem 100-150 gadiem, tacu $is periods sakrit ar kopéjo
antropogénas darbibas pieaugumu visdazadakajas tas izpausmeés (Boryikas et al., 1978;
Daufrense, Boet, 2007).

Upes ir heterogénas ekosistémas, to tecéjuma straujtecu posmi un lénteces izvietotas
nevienmérigi. Tacu saprotams, ka blakus upju ritrala un potamala posmiem pastav ari
parejas biotopi. Pirms uzsakt upju tipologiju péc zivju sabiedribam un tam raksturiga-
jiem parametriem, tika veikta biotopu klasifikacija. Klasteranalizes rezultati liecina, ka
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iespéjams nodalit 9 zivju biotopus ar tiem raksturigdm zivju sabiedribam. Katra bio-
topa ir savs tam raksturigs zivju sugu komplekss ar dominéjosam un tipiskam sugam.
Ta mazo aukstiidens upju ritrala un potamala posmi ar sugu kompleksu, kura dominé
forele, bardainais akmengrauzis un mailite, ir nozimigs foreles biotops, kur §is sugas
ipatnu skaits sasniedz relativi lielako daudzumu uz laukuma vienibu. Lielo upju lénte-
¢u posi, kam raksturiga vislielaka biologiska daudzveidiba, ir nozimigi karpu dzimtas
zivju biotopi. Pavisam kopa 13 zivju sugas dominé kada no biotopiem, kas acimredzot
ir $im sugam bdutiskas dzivotnes un nosaka to relativo skaitu un biomasu Latvijas upés.
Lietuvas upés nodaliti 6 biotopi, kurus klasificé galvenokart atkariba no upes sateces
baseina platibas, gultnes substrata, dziluma un straumes atruma, tacu ari péc to kopé-
jas struktiiras un novietojuma upés: upju augsteces, upju meliorétie posmi, kraces u. c.
(Virbickas, 1998).

Misu iegttie rezultati liecina, ka no 9 tipiem iespé&jams izskirt 5 zivju biotopu pamat-
tipus, kurus nosaciti var nosaukt sadi:

o mazo upju potamals (I tips);

o vidéja lieluma upju ritrals (III tips) — vidéja lieluma forelupes, sastopama ari tipiska

lielo upju ritrala zivs lasis;

o vid&jo un lielo upju potamals (II tips);

o mazas aukstidens ritrala upes (VII) — mazas forelupes;

o lielo upju ritrals (IX) - lasupes.

Savukart IV, V, VI un VIII biotops acimredzot uzskatami par parejas biotopiem starp
pamattipiem, Latvija faktiski nav lielo ritrala upju, ritrala biotopi tajas sastopami tikai
vietas, kur tas $kérso morénas, veidojot straujteces (kraces) ar cietu upes gultnes substra-
tu. Tas ir siltidens upes, tadé] kopa ar lagveidigajam zivim straujte¢u posmos sastopams
salidzinosi daudz karpu dzimtas zivju.

Latvijas upju tipologija liela méra ir lidziga biotopu tipologijai. Ta musu nodalitais I
upju tips faktiski atbilst III biotopa tipam, II ritrala aukstadens upju tips atbilst VII bioto-
pam, VII upju tipam atbilst V, VI un IX biotops. Tikai ritrala un aukstadens apstaklos do-
mingjosais biotops vienlaikus atbilst ar1 attiecigajam upes tipam. Vidéjo un lielo potamala
upju gadijuma zivju sabiedribas tajos veido potamala un ritrala zivju sabiedribas, kuras
batiski atskiras péc sugu sastava. Misu pétijjuma konstatéjam, ka loti nozimigs faktors,
kas veido zivju sabiedribu struktiiru, ir upes temperattiras rezims, tacu tas netiek nemts
véra Latvijas upju oficialaja tipologija. Tapéc veidojas situacija, ka mazajam un vidéjam
ritrala upém atbilst katrai divi zivju sabiedribu tipi — aukstiidens upes, kam raksturiga
zivju sabiedriba ar foreli ka dominéjo$o sugu, un siltidens upes, kur zivju sabiedriba do-
miné bardainais akmengrauzis un grundulis (V zivju tips) un forele kopa ar lidaku, raudu
un asari (VI zivju tips). Jauzsver, ka lidzenumu upju apstaklos temperatiiras faktoram ir
loti liela loma zivju sabiedribu struktiras veido$ana (Fieseler, Wolter, 2006).

Vienlaikus ar dabiskajiem faktoriem zivju sabiedribu struktaru ietekmé antropogéna
darbiba. Tas ietekme ir daudzveidiga, bet biezi, nemot véra vésturisko datu trakumu, nav
iespéjams noteikt, cik liela méra ta vai cita upe atbilst dabiskam stavoklim. Saja pétijuma
acimredzot jarékinas, ka lielakas upes ir antropogéni ietekmétas un to statuss atbilst ,ie-
spéjami maz ietekmétam stavoklim” vai ,iespéjami labakajam stavoklim”. Tipologija fak-
tiski nevar ieklaut Lielupes baseina upes, jo tas neatbilst antropogéni mazietekmétu upju
kategorijai péc Gdens kvalitates un morfologisko parveidojumu pakapes.
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Izstradajot Latvijas upju tipologiju péc zivju sabiedribu struktiras, tika konstatétas

$adas problémas:

o materials nav vakts tipologijas izstradei, zivju uzskaite ir veikta dazadu projektu un
ligumdarbu ietvaros. Tapéc ne visu tipu upes apsekotas vienlidz rapigi, pieméram,
upes, kas savieno ezerus, mazas potamala upes, mazas upes, kas ietek Baltijas jara
un Rigas juras lici;

 Latvijas upju oficiala tipologija vienu upju tipu parstav viena upe, t. i., ta neatspo-
gulo upju sadalijumu péc parametriem ,baseina platiba” un ,yvidéjais kritums”;

o oficiala tipologija nenem véra upes temperatiiras rezimu, pieméram, Latvija ir
upes, kas dazados posmos pieder gan pie aukstiidens, gan siltidens tidenstecém.

Misu piedavato Latvijas upju tipologijas variantu nevar uzskatit par pilnigi izsmelosu

un nobeigtu. No otras puses, tas ir svarigs, lai varétu izstradat upju ekologiskas kvalitates
noveértésanas sistému péc biologiskiem indikatoriem (tai skaita zivim) saskana ar Udens
struktirdirektivas prasibam. Si mérka sasniegganai tuvakaja laika nepieciesami bitiski
paplasinati un mérktiecigi pétijumi. So upju tipologijas variantu var uzskatit par sikotné-
jo variantu pilnigakas sistémas izveidei.
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SECINAJUMI

o Pédéjo gadu pétijumu rezultati liecina, ka Latvijas upés ir 40 zivju un négu sugas, no
kuram dominé muailite, bardainais akmengrauzis, rauda, grundulis, forele, asaris un
platgalve, kas veido ap 80% no kopéja zivju Ipatnu skaita. Savukart rauda, lidaka, fore-
le, bardainais akmengrauzis un asaris veido 70% no zivju biomasas upés.

 Zivju sabiedribu struktiiras veido$ana Latvijas upés noteicosa ir dabisko faktoru ie-
tekme. Daudzfaktoru analizes rezultati liecina, ka 42% no zivju sabiedribu parametru
izkliedes izskaidro faktori, kas saistiti ar upes lielumu, 21% - faktori, kas saistiti ar
upes temperatiras rezZimu un skabekla saturu tdeni, un tikai 19% - faktori, kas saistiti
ar kopéjo antropogéno ietekmi.

o Butiskakais faktors, kas nosaka zivju sabiedribu struktiiru Latvijas upés, ir upes sateces
baseina platiba, kas ir integrals upes lielumu raksturojoss faktors. Pieaugot upes sate-
ces baseina platibai, upes vidéjais kritums samazinas, bet iidens temperatiira upé pie-
aug. Sateces baseina platiba nosaka 43%, bet upes kritums, temperatira un skabeklis
kopa - 41% no zivju sabiedribu raksturojo$o parametru izkliedes.

« Zivju skaits un biomasa palielinds upés ar antropogéniem $kérsliem. Sajas upés zivju
sabiedribu struktira ir lidziga upém, kas tek caur ezeriem. Upés ar aizsprostiem un
HES konstatéta butiski augstaka tdens temperatiira (par 1,0-1,5 °C) neka upés bez
aizsprostiem.

o Upju iztaisnosana salidzinosi maz ietekmé zivju kopéjo skaitu un biomasu, ka ari bio-
logisko daudzveidibu. Tomér, parveidojumiem parsniedzot 50-75% no upes kopga-
ruma, novérojama ekologiski jutigo sugu - foreles un platgalves — skaita un biomasas
samazinasanas.

o Pieaugot antropogénajam zemes lieto$anas veidam upes sateces baseina, pieaug zivju
ipatnu skaits un biomasa. Lielakais zivju sugu skaits un daudzveidiba ir upés ar vidéju
antropogéno zemes lietoSanas pakapi.

o Zivju skaitam ir tendence pieaugt, Ny, tdeni palielinoties lidz 3 mg/l, tacu, parsnie-
dzot $o veértibu, zivju skaits samazinas. Latvijas upés nav konstatéta fosfora Py, ietek-
me uz zivju sugu skaitu un daudzveidibu.

o DPalielinoties antropogénajai darbibai, pieaug eiritopo un ekologiski toleranto zivju
sugu, bet samazinas ekologiski jutigo sugu un to Ipatnu skaits un biomasa. Zivju sa-
biedribu biologiska daudzveidiba antropogénas darbibas rezultata var gan pieaugt, gan
arl samazinaties.

o Klasteranalizes rezultata Latvijas upés nodaliti 9 biotopu tipi, no kuriem 5 var uzskatit
par pamattipiem ar strukturétu zivju sabiedribu, bet 4 par parejas biotopiem, kam rak-
sturigas jauktiem apstakliem (potamala/ritrala un auksttidens/siltidens) tipiskas zivju
sabiedribas.

o Latvija ir sastopami 7 upju tipi ar tiem raksturigam zivju sabiedribam: 2 ritrala aukst-
adens upju tipi ar dominéjosam lasveidigajam zivim, 2 ritrala siltidens upju tipi ar
karpu dzimtas - lasveidigo zivju sabiedribu, mazas ritrala siltaddens un aukstidens
upes ar dominéjosu sugu - bardaino akmengrauzi un lielas potamala upes ar karpu
dzimtas zivju sabiedribam potamala un karpu dzimtas zivju - lasu sabiedribam ritrala.
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PIELIKUMS

1. pielikums. Zivju uzskaites forma (lauka darbu protokols)

Upes nosaukums Griva 1 ‘ Datums ‘ 29.07.2008.
Vietas apraksts Ugunciems pie veca tilta 29F4
Koordinatas 572308 ‘ 225808
Zvejas dalibnieki Valdis Celmins, Maris Stragis
Zvejas laiks Sakums Beigas Zvejas atkartojumi
14,39 16,12 3
Zvejas iekarta Generators Mugursoma Anods Katods
X Ramis 0,25
Paraug- | Plat. | Gar. | Vid. Maks. | Parauglaukuma | Straumes | Kanali- Aizéno-
laukuma dzilums | dzilums veids atrums zéts jums
apraksts (m/s)

4,5 60 0,25 0,40 visa upes platumd s-0,12 ir nav
daleji 1-0,05 dazviet
gar krastu nav parsvara

pilnigs
Biotops Krace | Straujtece | Léntece Aizauguma Nav Vidéja | Daudz
(% no platibas) 30 70 intensitate x
Krastu erozija Nav Meérena | Spéciga Aizaugums | Ziedaugi | Sunas Alges
X X X
Apkartejas zemes izmanto$ana Meis Plavas | Tirumi | Apdzivotavieta | Rapnieciba
100

Piesarnojums | Nav pazimju | Iespéjami piesarnojuma avoti | Acimredzami piesarnojuma avoti

(aprakstit) x

Substrata neorganiskie komponenti Substrata organiskie komponenti
Substrata tips Diametrs % no apseko- | Substrata tips | Raksturojums | % no apseko-
jamas platibas jamas platibas
Pamatiezis - Zagari, koku 1
Laukameni > 256 mm 7 Detrits atliekas, augu
Oli 64-256 mm 13 atliekas
Grants 2-64 mm 70 ; Melnas,
Dinas
Smilts 0,06-2 mm 10 i smalkas
Nogulumi 0,004-0,06 mm el Peleks, gliemezu
Mals < 0,004 mm Mergelis Caulu fragmenti
Udens kvalitate | T °C O, mg/l |pH ECuS/ |Dulkainiba Udens krasa
cm
17,4 5,43 7,61 419 dzidrs bezkrasas
nedaudz dulkains
dulkains
necaurredzams
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2. pielikums. Pétijjuma ieklautas upes, to raksturojums,

paraugo$anas raksturojums

Nr. p. Garums SateFes Vifléjais T_e mpera- Paraugu Parallgu
k. Nosaukums (i) baseins | kritums tur::s tips skaite platiba

(km?) (m/km) {9 (m?)

1 2 3 4 5 6 6 8
1| Abava 134,0 2042,0 0,40 | >18 17 2468
2 | Abuls 52,0 430,0 2,48 |>18 2 450
3 | Acupite 22,0 22,0 1,80 | <18 5 1100
4| Age 39,0 212,0 1,32|<18 3 964
5| Aiviekste 114,0 9160,0 0,20 | >18 6 1000
6 | Alk$nupe 22,0 34,3 0,50 | <18 2 400
7 | Alk$nupe_Gauja 8,7 20,1 4,40 |>18 1 200
8 | Alokste 44,0 275,0 1,70 | >18 2 447
9 | Aluksne 24,0 120,0 2,60 | <18 2 445
10 | Amata 67,0 386,0 2,88 <18 41 7078
11 | Amula 55,0 198,0 1,38|>18 3 1176
12 | Apse 45,0 357,0 0,82|>18 2 358
13 | Arona 44,0 315,0 2,68 |<18 4 1498
14 | Arupite 14,0 61,0 0,90 | <18 1 70
15 | Astinica 12,2 451,0 0,82|>18 2 476
16 | Auce 86,0 308,0 1,10 [>18 5 1260
17 | Aviekste 28,0 91,4 1,30 [ <18 2 450
18 | Azanda 12,2 68,6 4,20 <18 2 486
19 | Barta 98,0 1974,0 0,26 | >18 3 368
20 | Bérzaune 44,0 315,0 2,68 |<18 2 478
21 | Bérze 107,0 1180,0 0,99 | >18 6 935
22 | Bikstupe 32,0 138,0 1,53 (<18 2 456
23 | Birztala 25,0 69,0 2,60 | <18 2 437
24 | Bolupe 82,0 936,0 0,20 | >18 2 438
25 | Brasla 70,0 544,0 0,97 | >18 10 1384
26 | Ciecere 51,0 542,6 1,50 | >18 2 575
27 | Dadzupe 11,0 18,5 5,10 | <18 1 126
28 | Dauda 9,6 20,6 4,22 <18 1 60
29 | Dienvidsuséja 114,0 1210,0 0,70 | >18 2 488
30 | Dubna 120,0 2780,0 0,63 |>18 3 500
31 | Durbe 47,0 502,0 0,47 |>18 5 762
32 | Dursupe 28,0 111,7 3,04 | <18 4 662
33 | Dviete 37,0 254,0 1,32 |>18 2 160
34 | Dvorupe 11,1 28,7 1,02 | >18 3 620
35 | Dzedrupe 35,4 263,7 1,40 | <18 3 600
36 | Eglona 36,0 207,0 0,40 | >18 2 475
37 | Eglupe 15,0 35,9 3,80 | <18 2 480
38 | Engure 19,0 505,0 0,42 |>18 2 400
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Nr. p. Garums Sate?es Vifiéjais T_e mpera- Paraugu Parallgu

k. Nosaukums i) baseins | kritums turaos tips skaits platiba
(km?) (m/km) {9 (m?)

1 2 3 4 5 6 6 8
39 | Ezere 48,0 387,0 0,98|>18 5 860
40 | Eda 47,0 304,0 1,60 |>18 2 470
41 | Feimanka 72,0 370,0 0,86 | <18 4 924
42 | Gauja 452,0 8900,0 0,52|>18 69 12413
43 | Glazupe 18,0 81,8 1,40 [ <18 3 631
44 | Griva 28,0 141,3 1,50 [ <18 4 990
45 | Gruba 11,0 22,0 10,00 | <18 1 143
46 | Ica 71,0 1060,0 0,80 |>18 2 460
47 | Iecava 136,0 1166,0 0,49 | >18 5 810
48 | Ige 51,0 226,0 1,00 | <18 2 629
49 | Ilakste 53,0 414,0 1,00 |>18 2 475
50 | Imula 52,0 263,0 1,44 >18 4 631
51 | In¢upe 12,0 33,4 1,84 <18 2 400
52 | Indrica 60,0 258,0 1,53 (>18 4 796
53 | Istra 39,8 279,0 0,87 |>18 2 443
54 | Islice 70,0 623,0 0,70 | >18 2 410
55 | Jasa 28,0 191,0 1,86 >18 2 439
56 | Jaunupe 6,0 320,0 2,10 |>18 49 7436
57 | Josa 28,0 191,0 1,90 [ <18 2 455
58 | Jurgupe 19,0 67,1 3,32 (>18 2 449
59 | Jurkova 3,9 7,8 2,30 | >18 1 125
60 | Kaicupe 17,0 70,6 1,30 [>18 2 750
61 | Kausupe 13,8 47,0 2,30 | <18 2 400
62 | Karsupite 6,0 16,7 3,43 |<18 1 180
63 | Kira 59,0 300,0 0,98 |>18 2 420
64 | Koja 25,0 97,7 2,81 <18 2 664
65 | Koksupe 7,2 23,0 2,80 |>18 2 440
66 | Kolkupe 8,3 2,5 8,60 | >18 1 200
67 | Korgene 33,0 112,1 1,90 | <18 19 2929
68 | Krievupe 47,0 100,3 1,40 | >18 2 400
69 | Kuja 77,0 673,0 1,73 >18 5 894
70 | Kumada 13,0 46,0 5,40 | <18 2 317
71 | Kekava 29,0 186,0 0,88 |>18 2 448
72 | Kiburu strauts 13,0 18,3 1,70 | >18 3 550
73 | Kikans 18,9 46,8 4,00 | <18 1 200
74 | KiSupe_RJL 31,0 112,0 1,52 | <18 3 631
75 | KiSupe_Ramata 12,6 22,7 1,20 | <18 1 200
76 | Lauce 33,0 206,0 1,74 | <18 4 686
77 | Laucesa 29,0 728,0 2,52 <18 2 452
78 | Lacupe 31,0 92,9 2,20 [ <18 2 540
79 | Lejéjupe 19,0 148,0 3,16 | >18 2 400
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Nr. p. Garums Sate?es Vifiéjais T_e mpera- Paraugu Parallgu

k. Nosaukums (i) baseins | kritums turaos tips skaits platiba
(km?) (m/km) (°C) (m?)

1 2 3 4 5 6 6 8
80 | Lencupe 23,0 125,0 2,10 | <18 1 147
81| Létiza 32,0 128,2 3,13|<18 5 1221
82 | Liede 60,0 358,0 0,80 | >18 2 400
83 | Liela Jugla 62,0 972,0 1,14 >18 10 1738
84 | Liepna 47,0 237,0 1,40 [ >18 2 475
85 | Liepupe 17,0 55,8 2,53 |>18 3 598
86 | Lipsa 16,0 32,0 3,20| <18 1 200
87 | Licupe 40,0 159,0 2,38 <18 1 525
88 | Ligatne 31,0 88,9 5,70 | <18 2 491
89 | Liksna 47,0 303,0 1,68 [>18 3 560
90 | Lobe 22,0 269,0 0,91 |>18 2 210
91 | Loja 26,0 82,0 1,60 [ <18 2 450
92 | Lorupe 11,0 23,0 8,09 | <18 2 312
93 | Losis 35,0 183,0 2,20 | <18 1 244
94 | Ludza 29,0 919,0 1,45(>18 3 722
95 | Malta 105,0 883,0 0,90 | >18 2 470
96 | Mangravis 10,0 24,0 1,5|<18 1 70
97 | Maza Jugla 119,0 679,0 1,78 [ >18 3 331
98 | Mazirbe 26,0 75,0 1,00 [ <18 1 200
99 | Mazupe 15,0 31,0 1,40 | >18 2 469
100 | Mellupite_Abava 12,0 24,0 4,00 | <18 1 190
101 | Melnupe_Vaidava 58,0 4240 1,70 | <18 2 434
102 | Melnupe_Amata 7,0 28,0 4,70 <18 1 126
103 | Melnupe_Salaca 14,0 39,7 2,10 <18 2 283
104 | Meltne 13,0 38,8 1,09 [<18 1 88
105 | Mergupe 53,0 285,0 2,64 |<18 3 815
106 | Mémele 191,0 4050,0 0,50 | >18 5 956
107 | Misa 108,0 862,0 0,39 |>18 6 1546
108 | Misa 164,0 5318,0 0,25 |>18 2 470
109 | Naruta 9,0 179,0 0,90 | >18 1 150
110 | Nediene 10,0 30,0 7,30 | <18 1 105
111 | Nereta 46,0 561,0 0,90 | >18 2 464
112 |Norina 11,0 40,8 1,70 | <18 2 533
113 | Ogre 188,0 1730,0 1,18 >18 7 1332
114 | Ostupe 14,0 33,0 2,30 | <18 2 420
115 |Osa 62,0 636,0 0,40 |>18 2 400
116 | Palsa 21,0 217,9 2,20 | <18 2 161
117 | Pace 27,0 71,9 0,15|>18 2 472
118 | Pededze 159,0 1690,0 0,48 |>18 7 1124
119 | Pedele 16,0 77,0 1,04 |>18 1 400
120 | Pelava 22,0 115,0 2,10 |>18 2 400
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Nr. p. Garums Sate?es Vifiéjais T_e mpera- Paraugu Parallgu
k. Nosaukums i) baseins | kritums turaos tips skaits platiba
(km?) (m/km) {9 (m?)

1 2 3 4 5 6 6 8
121 | Pérlupe 12,0 18,9 10,10 | <18 5 576
122 | Pérse 50,0 311,0 2,44|>18 2 480
123 | Péterupe 46,0 155,0 1,13|<18 9 1757
124 | Pieténupe 14,0 37,1 2,60 <18 1 120
125 | Pigele 9,0 15,9 2,60 | <18 3 343
126 | Pilsupe 22,0 96,0 2,60 | <18 1 76
127 | Platone 69,0 445,0 1,10 | >18 2 452
128 | Pogulanka 24,0 80,0 1,70 | >18 1 225
129 | Puzupe 12,0 25,7 2,10 <18 2 400
130 | Pare 18,0 113,0 0,90 | >18 2 440
131 | Raksupe 12,0 77,0 8,50 | <18 1 101
132 | Rakupe 34,0 202,0 1,20 | <18 3 640
133 | Ramata 30,0 195,0 0,90 | >18 3 652
134 | Rauna 50,0 418,0 3,66 | <18 2 276
135 | Raunis 22,0 102,4 7,70 | <18 9 1597
136 | Rauza 56,0 263,0 2,57 | <18 8 1674
137 | Rézekne 116,0 2066,0 0,61 | >18 4 634
138 | Riezupe 42,0 260,0 1,40 | >18 3 1497
139 | Rika 32,0 124,0 1,50 | >18 2 425
140 | Rikanda 22,0 100,6 1,60 | <18 2 400
141 | Rinda 29,0 697,0 0,23 | >18 2 464
142 | Ritupe 56,0 1453,0 0,74 | >18 2 456
143 | Riva 53,0 226,0 1,25 <18 7 1396
144 | Roja 78,0 478,0 0,70 | >18 5 847
145 | Rudpa 26,0 101,5 2,60 | >18 2 460
146 | Runa 31,0 186,0 3,80 | <18 3 757
147 | Raja 85,0 787,0 0,50 | >18 3 420
148 | Salaca 95,0 3183,0 0,40 | >18 158 24706
149 | Saprada 25,7 101,0 1,10 >18 3 753
150 | Sarjanka 50,0 840,0 0,80 | <18 4 910
151 | Sesava_B 25,0 102,4 2,50 | >18 2 427
152 | Sesava_L 58,0 264,0 0,76 | >18 2 400
153 | Skalupe 16,0 40,0 6,85 | <18 1 69
154 | Skujaine 32,0 103,0 1,80 | >18 2 400
155 | Stende 100,0 1160,0 0,78 | >18 2 445
156 | Stepupe 9,0 22,0 2,00 | >18 2 400
157 | Strikupe 10,0 95,0 2,40 | <18 11 2712
158 | Suda 28,0 170,0 1,00 |>18 2 452
159 | Svétupe 58,0 538,0 1,00 |>18 26 4086
160 | Svitene 80,0 419,0 0,60 | >18 2 400
161 Sepka 24,0 80,0 3,70 | <18 4 742
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Nr. p. Garums Sate?es Vifiéjais T_e mpera- Paraugu Parallgu
k. Nosaukums (i) baseins | kritums turaos tips skaits platiba
(km?) (m/km) (°C) (m?)

1 2 3 4 5 6 6 8
162 | Skéde 32,0 176,0 1,60 | >18 2 400
163 | Skervelis 15,0 101,0 4,30 | <18 4 631
164 | Talke 34,0 148,0 1,20 >18 2 400
165 | Tebra 69,0 583,1 1,30 [ >18 16 3497
166 | Térvete 68,0 440,0 1,10 >18 3 548
167 | Tirza 80,0 754,0 2,00 | <18 4 900
168 | Tulija 15,0 57,0 4,00 | <18 2 445
169 | Tumsupe 49,0 156,0 1,40 [>18 5 929
170 | Upite Vangazos 3,1 7,3 1,87 [ <18 1 94
171 | Uzava 67,0 601,0 0,70 | >18 5 1037
172 | Vadzupe 8,9 26,6 2,10 <18 2 330
173 | Vaidava 72,0 559,0 1,60 | >18 2 452
174 | Vaive 18,0 74,0 5,20 | <18 3 257
175 | Valgale 22,0 56,0 3,30 | <18 2 410
176 | Vanka 30,0 86,5 2,50 | <18 2 450
177 | Varme 15,0 121,0 1,50 [>18 2 400
178 | Varniene 50,0 371,0 0,72 |>18 4 920
179 | Vecrocupe 4.8 33,7 1,60 | >18 1 200
180 | Venta 346,0 6592,6 0,50 | >18 97 16 506
181 | Veseta 56,0 314,0 2,00 (<18 1 420
182 | Véda 41,0 132,7 1,20 | >18 4 633
183 | Védzele 34,0 104,0 2,10(>18 2 448
184 | Viesite 61,4 438,0 0,80 (<18 4 944
185 | Vija 62,0 456,0 2,00 | <18 2 473
186 | Vikmeste 53 11,5 13,80 | <18 1 84
187 | Vilce 48,0 318,0 1,30 |>18 2 483
188 | Vildoga 10,0 30,0 14,20 | <18 2 305
189 | Vilkata 8,0 22,0 7,70 | <18 1 68
190 | Virbupe 23,0 98,1 2,80 <18 1 160
191 | Vircava 69,0 466,0 0,70 | >18 2 400
192 | Virga 29,0 142,0 4,50 | >18 2 459
193 | Vitrupe 36,0 197,2 1,10 | <18 11 2389
194 | Zakupe 16,0 55,4 1,90 | <18 3 545
195 | Zalvite 25,0 366,0 0,60 |>18 2 448
196 | Zana 60,0 257,0 1,40 |>18 3 795
197 | Ziemelsuséja 52,0 491,0 0,63 |>18 4 908
198 | Zvidze 15,0 77,0 1,60 | >18 1 200
199 | Zvirgzde 30,0 132,0 0,70 | >18 3 552
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3. pielikums. Zivju un négu sugu sastopamiba un izplatiba,
ipatnu skaits un ipatsvars

Zinatniskais Nosankums Upes (1 =199) | Vietas (1 =1017) | Skaits | Skaits

nosaukums n % n % (eks.) (%)
Lampetra fluviatilis | Upes négis 51 25,6 94 9,2 134 0,1
Lampetra planeri | Strauta négis 134 67,3 152 14,9 245 0,2
Anguilla anguilla | Zutis 5 2,5 9 0,9 15 0,0
Rhodeus sericeus Spidilkis 29 14,6 116 114 901 0,6
amarus
Gobio gobio Grundulis 139 69,8 617 60,7 9830 6,4
Carassius carassius | Kartisa 26 13,1 33 3,2 63 0,0
Carassius gibelio Sudrabkarusa 14 7,0 20 2,0 40 0,0
Cyprinus carpio Karpa 2 1,0 4 0,4 4 0,0
Abramis brama Plaudis 19 9,3 58 5,7 122 0,1
Alburnoides Pavike 63 31,7 331 32,5 6624 4,3
bipunctatus
Alburnus alburnus | Vike 80 40,2 222 21,8 2582 1,7
Aspius aspius Salate 2 1,0 1 0,1 1 0,0
Blicca bjoerkna Plicis 26 13,1 73 7,2 450 0,3
Leucaspius Ausleja 23 11,6 35 3,4 272 0,2
delineatus
Leuciscus idus Alants 16 8,0 33 3,2 92 0,1
Leuciscus leuciscus | Baltais sapals 79 39,7 210 20,6 1514 1,0
Phoxinus phoxinus | Mailite 164 82,4 648 63,7| 26566 17,3
Rutilus rutilus Rauda 130 65,3 548 53,9/ 13808 9,0
Scardinius Rudulis 12 6,0 20 2,0 50 0,0
erythrophthalmus
Squalius cephalus | Sapals 96 48,2 465 45,7 4595 3,0
Vimba vimba Vimba 9 4,5 42 4,1 236 0,2
Tinca tinca Linis 47 23,6 76 7,5 121 0,1
Cobitis taenia Akmengrauzis 84 42,2 312 30,7 1434 0,9
Misgurnus fossilis Pikste 15 7,5 19 1,9 52 0,0
Sabanejewia baltica | Ziemelu zeltainais 2 1,0 14 1,4 45 0,0

akmengrauzis

Barbatula Bardainais akmen- 189 95,0 907 89,2| 46062 30,0
barbatula grauzis
Silurus glanis Sams 1 0,5 1 0,1 1 0,0
Esox lucius Lidaka 145 72,9 327 32,2 1135 0,7
Oncorhynchus Varaviksnes forele 2 1,0 5 0,5 36 0,0
mykiss
Salmo salar Lasis 25 12,6 303 29,8 11634 7,6
Salmo trutta Forele 108 54,3 434 42,7 10379 6,8
Thymallus Alata 18 9,0 35 3.4 165 0,1
thymallus
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Zinatniskais Nosaukums Upes (n=199) | Vietas (n=1017) | Skaits | Skaits

nosaukums n % n % (eks.) (%)
Lota lota Vedzele 101 50,8 213 20,9 916 0,6
Gasterosteus Trisadatu stagars 32 16,1 88 8,7 259 0,2
aculeatus
Pungitius pungitius | Devinadatu stagars 81 40,7 126 12,4 306 0,2
Cottus gobio Platgalve 124 62,3 582 57,2 6863 4,5
Gymnocephalus Kisis 11 5,5 19 1,9 122 0,1
cernua
Perca fluviatilis Asaris 134 67,3 452 44.4 5797 3,8
Zander lucioperca | Zandarts 2 1,0 13 1,3 30 0,0
Percottus glehnii Rotans 2 1,0 3 0,3 6 0,0
Kopa 153 507
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4. pielikums. Zivju skaita un biomasas vidéja vértiba (+ standartnovirze)
pa sugam un ekologiskajam grupa upés ar dazadu sateces
baseina platibu

Suga/ Zivju skaits (eks. / 100 m?) Biomasa (g / 100 m?)
ekologiska | s<100km? | 190>5< | o5 1000km? | s<100km? | 190>5< 155 1000 km?
grupa (n=67) | 1000km (n=18) (n=67) | 1000km* "7 g
(n=114) (n=114)

SAT 11,0 £ 16,6*%(3,9 £ 10,1'  [0,9+1,8'  |157 356> |84 +174' |10+ 19’
ESL 1,0£2,3% [1,4+1,9' [L1+1,00  [91+185> [193+314' [183 %178
RUT 1,2+£2,9% (1224172 [157£154' [24+63>°  [258 + 426" [412 + 451'2
LEC 05+1,9%° [1,8+3,6" [8,4+8,6" [12+43> [721161% [190 + 2402
GOG 2,6+9,6* [8,0+14,7' [10,9+14,2' [14+41>® [52+85% [88+119'2
PHP 21,1+354 [21,4+292 [144+173 [49+79 58 +79 34442
ALB 0,5+3,02° (221629 [9,0+10,6" [5+32%°  [10+26% |44 +54'2
ALA 03+1,1>° [1,6+7,00° (3,627,222 [1+10%  [8+£34%  [15+31%2
NOB 11,0 + 11,6*%(22,4 £ 23,4' (30,7 £22,3' [82+119%° (143 +119' [156+ 113!
coT 02+1,4 [08+1,6" (1,412 [0,8+5* [3£10%  [5+512
LOL 1,1 £2,6 12+24 09+1,1 36+73 39+ 87 37 £49
PEF 1,7+6,3% [54+89'  [9,3+152' [34+123>° [114+166' |144 % 159"
COG 1,3+3,5% [3,5+52' [3,3+4,6' |8+26>°  [21+29' |17 %33
TOLERANT [6,6 +17,4>* (20,1 +26,6' |32+28,6"* [71+180> [396+ 569" |617 + 5452
INTOL 133+17,6 |11,5+158 [189+20,8 (2764360 [127+190 |99+ 105
BENT 16,9 + 17,7%%(36,9 + 27,7"* (50,4 + 23,52 [149 + 191>* [284 + 164" (351 + 149'2
WCOLUMN 42,2 + 36,22* (53,4 + 42,7 68,3 + 36,0'* |506 + 419 (835 + 745! [1096 + 815!
EURY 7,2+16,2% (23,2 +£28,0' [(34,9+29,5' (1853132 [626+735' |838 + 685
RHEO 49,4 +42,0>° (65,4 £ 53,0' [80+42,9' [73+34>* [53+31' |46 + 26
LIMNO 24+47 1,7 £54 38+8,6 12435 16 + 40 22£38
LITH 479 +41,6° [585+49,0 [69,9 £38,9' [479+423 [457+307 [520+295
PHYT 2,1+3,8° (29450 [3,0+22  [96+192** [214+337' |203 +206'
OMNI 6,81 16,1 (18,0 23,6 (30,9 + 26,6'* |77 £ 183>° (378 + 531" 687 + 6742
INSV 130+ 17,6 [10,7+158 [158%17,3 [274+359 (124190 [90+97
PISC 2,1+3,8° (2,6+3,6' [2,0+1,9" (1204226 235+ 338" [221 + 204!
POTAD 2,0+3,3 [32+4,1% (7,686 [48+87>° (124199 (247 + 2502
LONG 11,2+ 16,6 (4,9 £12,0'  [3,5+£9,6'  [262+358> [95+179' 40 + 68
LLIV 224392 [28+38! 24+23! 122 + 23173 244 £ 350" [229 + 208!
SLIV 29,8 £38,42° (39,0 £39,4' [459+28,9' [77+£103*® [134+ 147" [195 + 165"
Kopa 59,1 +42,1>3(92,2 + 57,0 [118,7 + 42,212 |662 + 493>* [1119 + 800! |1447 + 837"

Treknraksta - butiskas atSkiribas pa ekologiskajam grupam un sugam (Kruskalla-Vallisa tests,

p <0,05);

123 _ batiskas atskiribas pa ekologskajam grupam un sugam starp baseinu grupam (Manna-Vitnija
U-tests, p < 0,05);

N - upju skaits, s — sateces baseina grupa.
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5. pielikums. Zivju skaita un biomasas vidéja vértiba (+ standartnovirze) pa
sugam un ekologiskajam grupam potamala un ritrala upés

e Potamala upes (1 = 55) Ritrala upes (n = 144)
Suga, ekologiska = = = — = =
grupa Zivju skaits Biomasa Zivju skaits Biomasa
(eks. / 100 m?) (g /100 m?) (eks. / 100 m?) (g /100 m?)

SAT 1,8+7,4 37 £ 169 8,3+ 14,7 175 £ 280
ESL 1,7+1,3 295 + 328 1,1+£2,3 104 £ 223
RUT 13,3+12,6 309 + 337 7,1 £15,2 147 £ 376
LEC 3,4+6,2 113+ 171 1,1 £3,0 43 +£138
GOG 11,0 £ 20,0 68 £112 5,6 +12,3 32+62
PHP 13,1 £17,7 27 £ 31 26,0 £+ 36,6 62 +85
ALB 5,9 +10,8 23+43 1,1 +£3,9 8§+27
ALA 2,2+5,5 12 £39 1,0 £5,9 5+23
NOB 23,9 +22,7 122 + 100 22,1 +24,1 124 + 130
COT 0,8+1,0 3+4 0,7 +£2,7 2+9
LOL 1,8 £2,8 56 + 98 1,1+£2,4 31+70
PEF 7,0 £10,3 131+ 124 3,7+8,8 73 £ 165
COG 3,6 £6,4 14 + 26 3,7£6,5 17 £ 30
TOLERANT 24,2 + 21,2 478 £ 410 14,0 + 26,1 241 + 520
INTOL 13,6 £ 19,1 89 + 183 14,7 £ 18,2 209 + 283
BENT 42,7 + 30,1 292 + 226 34,1 + 30,0 226 + 193
WCOLUMN 53,0 + 32,2 992 + 665 54,0 + 45,6 654 + 670
EURY 27,4 + 22,0 825 + 582 15,2 £ 26,2 371 + 645
RHEO 85,0 + 48,9 38 +26 70,2 £+ 56,6 67 + 32
LIMNO 2576 18 £ 32 2,0£4,5 32+£40
LITH 55,8 + 41,1 414 + 290 65,6 + 54,0 492 + 366
PHYT 3,6 £ 5,8 314 + 337 2,4+4,3 119 £250
OMNI 22,7 + 20,0 491 + 481 12,8 +£23,0 233 +483
INSV 12,3+ 17,6 81 + 181 14,0 £ 18,2 206 + 283
PISC 3,5+3,2 352 + 343 2,1+3,9 135 + 256
POTAD 5,5 + 6,5 186 + 210 2,6 + 3,9 80 + 163
LONG 2,9+9,1 48 £ 172 9,1+15,7 184 + 280
LLIV 3,8+34 363 + 351 2,3+4,0 140 £ 265
SLIV 38,7 + 36,7 138 + 169 40,7 £43,3 113 £ 126
Kopa 89,8 + 49,7 1285 + 683 79,6 £ 56,2 881 + 753

Treknraksta - statistiski butiskas biomasas atskiribas ekologiskajas grupas pa upju tipiem (Manna-
Vitnija U-tests, p < 0,05), n — upju skaits.
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6. pielikums. Zivju skaita un biomasas vidéja vértiba (+ standartnovirze) pa
sugam un ekologiskajam grupam aukstiidens un siltddens upés

. Aukstadens upes (1 = 97) Siltadens upes (1 = 102)
Suga, ekologiska = = = = = =
grupa Zivju skaits Biomasa Zivju skaits Biomasa
(eks. / 100 m?) (g /100 m?) (eks. / 100 m?) (g /100 m?)

SAT 11,0 £ 15,9 223 + 317 2,0+7,4 55+ 155
ESL 0,4+0,9 96 + 180 1,8 +2,4 225+ 319
RUT 3,1£9,6 103+ 193 13,4 + 16,7 276 + 469
LEC 0,6 +1,7 33+74 2,6 5,3 90 + 194
GOG 2,5+4,4 22+ 36 9,7 £ 16,9 60+ 104
PHP 23,4+ 33,2 59 + 86 18,4 + 28,2 47 £ 65
ALB 0,7+2,8 7 £ 31 3,5+7,9 15+ 34
ALA 0,3+1,1 2+7 2,2+7,7 11+£38
NOB 16,8 £ 15,3 11+91 21,2 + 24,6 133 + 145
COT 0,2+1,2 1+4 1,0+ 1,7 4+10
LOL 0,8+1,8 24 +45 1,6 +2,7 51+101
PEF 1,4+ 3,6 53+121 7,1 11,3 123 £+ 178
COG 3,0+ 4,8 18 £32 2,5+4,7 14 £ 26
TOLERANT 7,2+17,3 167 + 269 24,3 + 28,0 439 + 625
INTOL 16,1 17,9 260 £ 316 10,0 + 15,7 94+ 170
BENT 23,8 £18,8 187 £ 128 37,4+ 30,4 299 + 214
WCOLUMN 45,2 + 41,1 605 + 441 37,4 + 30,4 984 + 833
EURY 7,7 £16,3 275 + 376 28,0 + 29,2 708 + 790
RHEO 60,2 + 44,5 71+ 30 62,1 £ 53,3 47 + 32
LIMNO 1,2+2,8 615 2,9+7,0 24 +49
LITH 58,4 £42,5 509 + 354 53,9 + 48,9 433 + 340
PHYT 0,9+1,7 92 + 185 4,1+5,4 251 + 345
OMNI 7,4+17,3 171 £ 272 21,9 +£24,5 432 + 613
INSV 15,8 +17,9 257 £ 316 8,8+ 14,7 91170
PISC 1,2+2,3 110 £ 197 3,4+4,1 276 + 352
POTAD 1,8+£2,7 65 + 96 4,4+5,5 153 + 231
LONG 12,0 £ 16,9 230 + 317 2,7+ 8,7 67 £ 180
LLIV 1,3+2,4 113 + 201 3,7+4,2 286 + 393
SLIV 32,5 + 36,6 98 + 112 39,7 £ 39,7 141 + 158
Kopa 69,0 + 49,3 676 + 441 93,0 + 55,8 1254 + 856

Treknraksta - statistiski butiskas zivju skaita un biomasas

atSkiribas pa sugam un ekologiskajam

grupam starp aukstidens un siltddens upém (Manna-Vitnija U-tests, p < 0,05), n — upju skaits.
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7. pielikums. Zivju skaita un biomasas vidéja vértiba (+ standartnovirze)
pa sugam un ekologiskajam grupam upés ar dazadu skabekla

rezimu
Suga, ekologiski _ Oz.< 7mg/l (n= 7'5) _ 02>. 7 mg/l (n= 1?4)
grupa Zivju skaits Biomasa Zivju skaits Biomasa
(eks. / 100 m?) (g /100 m?) (eks. / 100 m?) (g /100 m?)

SAT 0,42 22+112 10+ 16 206 + 298
ESL 2+3 244 + 309 1+1 105 + 227
RUT 15+ 19 287 + 468 5+10 128 + 283
LEC 2+6 93 £ 207 1+3 44 + 99
GOG 11£22 61 +112 5+7 31+£49
PHP 17 £33 41+78 26+ 33 6075
ALB 3+8 11 +32 2+6 11+33
ALA 3+9 14+ 44 0,5+1 2+6
NOB 16 + 18 86 +£92 27 £ 26 146 £ 132
COT 1+3 4+11 0,6 +2 25
LOL 2+3 61 + 107 0,72 23+53
PEF 9+13 154+ 210 2+4 50+ 95
COG 2+4 6+17 5+7 22 +31
TOLERANT 30+ 34 502 + 647 9+13 188 + 344
INTOL 612 45+ 125 116 + 20 253 +£294
BENT 34 + 30 263 £ 197 38 £30 232 +178
WCOLUMN 57 +48 922 + 858 52 + 38 643 + 529
EURY 33+33 797 + 802 10+ 14 315 +473
RHEO 53+50 36+28 79 £ 55 73 +27
LIMNO 4+8 32+55 1+4 5+14
LITH 44 + 43 347 £ 311 75+ 52 545 + 350
PHYT 5+7 277 £ 344 2+2 110 + 231
OMNI 26 + 30 472 + 635 9+13 203 + 352
INSV 519 41 +120 19 £ 20 251 £ 295
PISC 4+5 306 + 344 2+3 128 + 244
POTAD 5+6 169 + 248 3+4 74 £ 116
LONG 0,5+2 29+119 12+17 217 + 297
LLIV 5+5 318 £ 359 2+2 131 + 247
SLIV 41 £44 141 £ 170 40 + 40 107 + 115
Kopa 91 £60 1185 + 946 90 £ 57 876 + 585

Treknraksta - statistiski butiskas zivju skaita un biomasas atkiribas pa sugam un ekologiskajam
grupam starp upém ar dazadu skabekla rezimu (Manna-Vitnija U-tests, p < 0,05), n — upju skaits.
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8. pielikums. Zivju skaita un biomasas vidéja vértiba (+ standartnovirze) pa
sugam un ekologiskajam grupam potamala un ritrala biotopos

. Potamals (n = 397) Ritrals (n = 616)
Suga, ekologiska = = = = = <
grupa Zivju skaits Biomasa Zivju skaits Biomasa
(eks. / 100 m?) (g /100 m?) (eks. / 100 m?) (g /100 m?)

SAT 1+5 35+176 12+£25 154 + 304
ESL 2+2 287 £ 551 0,2+0,6 41 + 240
RUT 18 + 23 317 £511 5+13 126 + 318
LEC 5+9 158 + 353 26 77 £ 209
GOG 9+21 54+ 124 6x13 54+ 129
PHP 11+30 32+78 24 +41 51+93
ALB 6+22 19+79 5+16 32+108
ALA 4+11 13+£48 0,5+3 3+15
NOB 13+£21 76 + 138 53+54 259 + 243
COT 2+5 5+14 0,8+4 3+14
LOL 1+3 40 + 105 0,5+2 13 + 64
PEF 9+19 157 + 258 26 47 + 119
COG 1+2 14 £ 190 10+ 16 35+61
TOLERANT 30+ 39 541 +£ 705 10 £ 21 182 + 401
INTOL 820 79 £ 228 40 + 48 316 + 362
BENT 28+ 34 231 + 268 67 £ 63 373+ 314
WCOLUMN 58 + 57 1090 + 1111 66 + 61 641 + 677
EURY 34+40 859 + 989 11+23 240 + 509
RHEO 49 £ 61 432 + 539 122 + 103 772 =583
LIMNO 3+£10 30+ 86 0,6 +4 2+12
LITH 41 +51 406 + 507 116 + 99 728 £ 529
PHYT 4+8 327 £ 583 1+4 46 + 243
OMNI 28 + 33 577 £ 760 11 +21 223 +474
INSV 7+18 73 £ 228 40 + 48 314 + 362
PISC 3+4 330 + 566 0,6 +2 54 + 249
POTAD 6+9 219 + 395 4+8 99 + 229
LONG 1+6 55+ 219 24 + 38 248 + 343
LLIV 4+5 354 + 581 0,7+2 56 + 251
SLIV 36 £54 135+ 214 47 + 53 180 + 246
Kopa 90+ 75 1315+ 1175 136 + 102 1014 + 776

Treknraksta - statistiski butiskas zivju skaita un biomasas

atSkiribas pa sugam un ekologiskajam
grupam potamala un ritrala biotopos (Manna-Vitnija U-tests, p < 0,05), n — upju skaits.
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10. pielikums. Zivju skaita un biomasas vidéjas vértibas (+ standartnovirze)
pa sugam un ekologiskajam grupam upju posmos ar dazadu
aizauguma pakapi

Suga/ Zivju skaits pa aizauguma klasém Zivju biomasa pa aizauguma klasém
ekologiska (eks. / 100 m?) (g /100 m?)

grupa 1(n=41) | 2(n=374) | 3(n=122) | 1(n=41) | 2(n=374) | 3 (n=122)
SAT 8 +12%* 6+ 18" 2+912 214 + 358> |104 + 234" |30 + 118"
ESL 0,3+1,0»° |12 24312 24 + 75*° 158 + 307"* |336 + 760"
RUT 2+ 5% 11+ 19" 19 +242 |64 +295%° |222 + 422" |420 + 6022
LEC 2+ 5% 3+713 7 £ 102 35 +92%° 107 + 242" (240 £ 477"
GOG 6+ 12%° 9+ 19 11 +23'2 27 £54%* |60+ 111! 72 + 137!
PHP 27 +393 19 +43 13 +27! 66 + 96> |45+ 101’ 26 + 59!
ALB 0,6 + 33 4+ 10" 7 £ 152 4 +20% 19 + 68" 30 + 612
ALA 0,3+1,0»° [2+7! 5+16' 0,8 +3,0>° |11 +41! 17 + 58!
NOB 24 + 31 32+41 31 +47 123 +138 |164+£195° |153 + 2312
COT 1+6* 1+35 2+ 7% 3+17%° 4+13"? 8 +23"?
LOL 1+2 1+3 1+2 27 £50 35+ 109 26 £ 68
PEF 1+4> 6+ 18" 9 + 15'? 23 +73%3 114 + 219" |198 + 276"
COG 2+4 4+11° 2+ 6> 9+ 16° 19 + 50" 8+17%
TOLERANT |5+ 9%} 21 + 34! 34 + 40' 97 +320>° |364 + 581" |696 + 809">*
INTOL 13+16 20+ 31 20+ 30 254 +£372 184 + 2873 109 + 189°
BENT 35+ 35 48 + 49 49 £ 59 200 + 151%* |302 + 2622  |339 + 331!
WCOLUMN |45 + 40° 61 +58 73 +56° 478 £ 509> |852 + 859"° |1366 + 1324"*
EURY 6+11%*° 25 + 35! 38 + 43! 142 + 366>* |556 + 767" 1037 + 1177">
RHEO 72 £59 84 + 81 80 +90 523 £425 |589 +497 625+ 674
LIMNO 2+6 26 4+14 10 + 30 11+37° 44 + 120
LITH 67 £ 56 76 £ 77 69 + 83 523 +£429 |557 +467 566 + 632
PHYT 2+ 6> 3+4! 6+ 13! 33 + 83%° 172 + 323" |395 + 795"
OMNI 7 +11%° 19 + 27! 34 + 37! 128 + 358>° |385 + 621" |761 + 898"
INSV 12+16 19 +31 17+ 30 252+ 371 |180+286° 102+ 190
PISC 1+£2 2+4 2+4 51 +89>* 193 +338' |362+767"
POTAD 4+9> 5+7' 8+11! 67 +110>° |153 +276" |291 + 523"
LONG 10 +13° 11 +25 7 21! 240 +371° 144 £270° |69 + 1722
LLIV 1+23 2+4 3+4! 56 + 93> 202 + 349" |399 + 789!
SLIV 38 + 46 41 £ 54 44 + 54 112+ 135 |162 + 205 170 + 208
Kopa 80 + 59>° 110 + 80! 124+ 92! 677 £ 547>° |1154 + 898"*|1706 + 1333"?

Treknraksta — batiskas zivju skaita un biomasas atskiribas pa ekologiskajam grupam un sugam
(Kruskalla—Vallisa tests, p < 0,05);

23 _ butiskas zivju skaita un biomasas atskiribas pa ekologskajam grupam un sugam starp aizauguma
klasém (Manna-Vitnija U-tests, p < 0,05), n — upju skaits.
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11. pielikums. Zivju sugu sastopamiba (% no upém) atkariba no skérsliem,
ezeriem un maksligajam tdenskratuvém

Antropogénie skersli

Ezeri un aidens-
kratuves uz upém

Nav antro-
Sugas Nav pieej_z}- Ir pieejz}-‘ Nav an- II: al‘lsrqps): . p_ogf:nu I_r ezeri un Na\i ezeru
ma celotaj- | ma celotaj- | tropogénu |géni skeérsli| skerslu ne | adenskra- | un adens-
Zivim Zivim skerslu (1-9) upé, ne tuves kratuvju
baseina
n=75 n=124 n=94 n =105 n =66 n =143 n=>56

Upes négis 0,0 42,9 22,3 28,6 36,8 26,6 23,2
Strauta négis 68,8 66,4 64,9 69,5 59,6 70,6 58,9
Lasis 0,0 21,0 10,6 14,3 17,5 14,0 8,9
Forele
(taimins) 33,8 68,1 50,0 58,1 63,2 54,5 53,6
Varaviksnes
forele 0,0 1,7 1,1 1,0 1,8 1,4 0,0
Alata 5,0 11,8 4,3 13,3 3,5 11,9 1,8
Lidaka 80,0 68,1 61,7 82,9 57,9 81,1 51,8
Zutis 1,3 3,4 1,1 3,8 1,8 3,5 0,0
Plicis 17,5 10,1 6,4 19,0 7,0 17,5 1,8
Plaudis 12,5 7,6 7,4 11,4 8,8 11,2 5,4
Rauda 70,0 62,2 51,1 78,1 43,9 75,5 39,3
Rudulis 5,0 6,7 53 6,7 5,3 7,7 1,8
Baltais sapals 37,5 41,2 38,3 41,0 36,8 434 30,4
Sapals 41,3 52,9 36,2 59,0 40,4 56,6 26,8
Alants 12,5 5,0 8,5 7,6 53 8,4 7,1
Salate 0,0 1,7 1,1 1,0 1,8 1,4 0,0
Vimba 0,0 7,6 3,2 5,7 53 4,9 3,6
Grundulis 71,3 68,9 57,4 81,0 54,4 76,2 53,6
Mailite 83,8 81,5 76,6 87,6 70,2 88,1 67,9
Pavike 28,8 33,6 22,3 40,0 28,1 39,2 12,5
Vike 36,3 42,9 29,8 49,5 35,1 45,5 26,8
Ausleja 6,3 15,1 13,8 9,5 17,5 10,5 14,3
Spidilkis 6,3 20,2 8,5 20,0 14,0 18,2 5,4
Linis 26,3 21,8 18,1 28,6 19,3 25,9 17,9
Kariisa 12,5 13,4 12,8 13,3 12,3 13,3 12,5
Sudrabkartsa 3,8 9,2 8,5 5,7 10,5 7,0 7,1
Karpa 0,0 1,7 1,1 1,0 1,8 1,4 0,0
Bardainais
akmengrauzis 95,0 95,0 94,7 95,2 94,7 95,8 92,9
Akmengrauzis 46,3 39,5 30,9 52,4 29,8 49,0 25,0
Pikste 12,5 4,2 10,6 4,8 8,8 6,3 10,7
Védzele 63,8 42,0 50,0 51,4 43,9 54,5 41,1
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Antropogeénie skersli

Ezeri un adens-
kratuves uz upém

Nav antro-
S Nav pieeja-| Ir pieeja- | Navan- |Irantropo-| pogénu |Irezeriun | Navezeru
ugas - o _ mon siesabl| ST _ - _
ma celotaj- | ma celotaj- | tropogénu |géni $kérsli| $kérslu ne | idenskra- | un adens-
zivim zivim skeérslu (1-9) upé, ne tuves kratuvju
baseina
n=75 n=124 n =94 n =105 n =66 n =143 n =56

Trisadatu
stagars 5,0 23,5 16,0 16,2 22,8 15,4 17,9
Devinadatu
stagars 41,3 40,3 47,9 34,3 49,1 36,4 51,8
Asaris 68,8 66,4 56,4 77,1 56,1 74,1 50,0
Zandarts 1,3 0,8 0,0 1,9 0,0 1,4 0,0
Kisis 2,5 7,6 6,4 4,8 8,8 5,6 54
Platgalve 68,8 58,0 51,1 72,4 43,9 70,6 41,1
Ziemelu
zeltainais
akmer)grauzis 0,0 1,7 0,0 1,9 0,0 1,4 0,0
Sams 1,3 0,0 0,0 1,0 0,0 0,7 0,0
Rotans 2,5 0,0 2,1 0,0 0,0 1,4 0,0
Sugu skaits 33 38 37 39 36 40 32
Vidgjais sugu
skaits 10,6 £3,9 [11,2+53 9,8 £5,6 [12,5+4,6 |10,2+6,5 |12,3£5,1 |8,6+4,7
Daudzveidiba |1,48 + 0,40|1,45 + 0,44|1,34 + 0,50(1,55 + 0,34 (1,31 + 0,53|1,51 £ 0,39|1,31 + 0,51
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12. pielikums. Zivju skaita (eks. / 100 m?) vidéja vértiba (+ standartnovirze) pa
sugam un ekologiskajam grupam upés atkariba no skérsliem,
ezeriem un udenskratuvém

Diadroma-

Diadroma-

<. | jamsugam | jam sugam 2+ a.el:| UPEnav L upes ir N&_lV ezeru un
Suga_, ekologis- nepieejamas | pieejamas Upé ir skersli Skerdlu _ ezerivai udens}(ra-
ka grupa (n=94) Y udenskratu- tuvju
upes upes (n=105) ves (n=143)| (n=56)
(n=175) (n=124)
SAT 2,1+5,1 95+16,2 |61+13,5 [68+13,3 |57+11,9 |[81+£156
ESL 1,6 +2,7 0,9+1,4 1,2+1,5 1,3+24 1,3+£22 1,0+ 1,8
RUT 10,3+17,8 |7,9+12,3 |11,9+16,3 [6,3+12,8 ([10,3+15,5 |6,1+12,8
LEC 1,4+35 2,0+4,7 2,4+4,5 1,2 + 4,0 1,8+3,9 1,6 £4,9
GOG 64+149 |75+150 |9,7+17,0 |49+12,7 |8,7+16,7 |3,8+10,0
PHP 24,8 +33,7 |20,9+32,5 |23,7+31,5 |21,4+343 |26,9+33,1 |13,8+ 31,2
ALB 1,1 +3,6 34+83 3,7+8,2 1,4+5,3 3,2+8,0 0,9 + 3,5
ALA 0,6 1,7 1,9+7,4 2,2+7,8 0,7 + 3,2 1,6 £ 6,6 1,0 +4,0
NOB 20,4 £23,7 |24,2+23,7 (28,2+28,0 |17,9+18,2 |259+25,8 |16,2+17,3
COT 0,9+32 0,7+1,6 1,1 +£3,2 0,4+1,3 0,9 +2,7 0,4+1,4
LOL 1,8 +2,9 0,9+2,2 1,1+£22 1,4+238 1,3+27 1,123
PEF 6,5+11,3 |34+7,5 6,8+11,6 (2,8+6,4 58+10,7 |2,3£5,1
COG 2,8+4,9 42+73 4,0 + 6,4 3,4%6,6 4573 2,1+4,3
TOLERANT |19,3+26,0 [152+24,6 [22,4+28,5 (12,2+21,1 |185+258 |12,7+23,3
INTOL 6,3 £ 8,5 19,8 £21,1 (16,4+20,6 |12,6+16,3 [152+18,9 |12,4+17,1
BENT 34,0+29,2 |38,2+30,9 |45,6+33,9 |28,8+24,4 |41,6+31,0 |23,4+23,6
WCOLUMN  |51,0 +40,7 |55,6 46,3 |62,9+49,0 [46,0 +42,1 |58,9+38,9 |40,4 +47,6
EURY 22,0274 |162+242 |24,3+29,4 |13,8+21,0 |20,7 +26,7 (13,0 +21,9
RHEO 60,6 + 56,3 |74,2+52,8 |80,8 +58,8 |58,6+48,8 |77,1+55,7 |47,5+45,1
LIMNO 1,4+22 2,6 6,9 2,2+6,6 2,0+4,4 1,8+5,5 2,9+5,7
LITH 559+52,3 |67,6+49,6 |72,2+55,0 |55,1+46,2 |70,1 £52,0 |[44,7+433
PHYT 3,3+4,6 2,5+4,9 3,3+5,9 2,4+3,6 3,0+5,3 2,232
OMNI 15,8 £ 20,6 [15,3+23,9 |20,0+24,6 |11,8+20,1 |16,5+22,1 |13,0 23,7
INSV 6,6 + 8,4 18,6 + 20,8 |(15,2+20,1 |12,1+16,0 [143+18,6 |[11,7+16,5
PISC 3,5+4,5 1,9 + 3,1 23+£3,1 2,7+43 2,6+39 2,3%+35
POTAD 3,7+4,6 3,2+5,1 39+49 3,0+£4,9 3,5+4,5 3,2+5,8
LONG 0,0 10,9 +17,4 |74+153 |7,7+13,9 |68+13,7 [87+£16,3
LLIV 3,7 +4,6 2,0 +3,2 2,5+3,3 2,8+4,4 2,8 +4,0 2,4+3,6
SLIV 37,6 +£39,4 |41,9+429 |46,5+43,8 |34,8+39,0 |45,3+41,6 (27,1 + 38,6
Kopéjais skaits 85,4 +57,4 |93,8+57,7 (109,1 +58,4|74,7 +52,4 |101,0 + 55,3 [63,4 + 55,0

Treknraksta - statistiski butiskas zivju skaita atskiribas pa upju grupam (pariem) atkariba no
$keérsliem un to izvietojuma (Manna-Vitnija U-tests, p < 0,05), n — upju skaits.
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13. pielikums. Zivju biomasas (g / 100 m?) vidéja vértiba (+ standartnovirze)
pa sugam un ekologiskajam grupam upés atkariba no skérsliem,
ezeriem un idenskratuvém

P_iadron?a- Piadron_la- Une Uzz upes i_r Nav ezeru un

Sug, o | JAmgim | Jimsugin |y gy piney | sl il

eRlgeit mas upes upes =2y (n’= 1()5) kratuves tu_V] by

(=75 | (n=124) (n=143) | (=56

SAT 78 + 201 172 + 286 118 + 250 152 + 270 110 + 223 204 + 332
ESL 161 + 256 155 + 278 166 + 256 150 + 281 164 +264 |140 + 284
RUT 210 £ 458 181 £ 309 258 + 440 135+293 225 +412 108 + 223
LEC 40+ 79 75+ 180 84 +170 44 + 130 67 + 144 49 + 166
GOG 37 +£80 46 + 81 58 +93 29 + 66 50 + 89 23 +48
PHP 58 + 80 50 + 74 55+ 72 51 +80 60 + 74 34 + 81
ALB 5+ 15 15+ 39 17 £ 40 625 13+35 5+24
ALA 3+8 9+35 11+38 3+14 8+31 4+18
NOB 110 £ 115 131 +£126 143 + 125 107 £ 117 133+ 116 97 £ 134
COT 3+11 2+5 4+11 1+4 3+9 1+5
LOL 53 + 103 28 + 60 35+73 39 + 85 41 + 84 30 + 66
PEF 120 193 71+127 120 £ 182 |63 +127 103+170 |53 +107
COG 13 +21 18 + 32 17 £ 27 15+ 30 19+32 8+18
TOLERANT |356 £ 613 276 £ 423 413+599 |216+£385 |358 +£555 176 + 302
INTOL 98 + 205 221 + 286 167 £ 259 181 £270 155 £ 233 224 + 329
BENT 248 + 182 242 + 188 285+182 [210+182 [273+174 |171+£195
WCOLUMN |711 + 687 770 + 683 880+772 637580 |798+720 621 + 567
EURY 565 + 729 456 + 612 610+764 |402 + 541 557 +710 |342+476
RHEO 52+ 35 63 £ 32 56 + 33 62+ 33 57 +33 63 + 34
LIMNO 21+51 11+26 16 + 34 14 +41 16 + 39 12+ 35
LITH 376 +288 |527+369 510+ 368 437 £ 329 482 £ 331 439 + 391
PHYT 186 + 288 166 + 291 184 + 281 164 £ 297 182+289 |150 291
OMNI 309 + 500 301 £ 494 409 +584 |216+386 |352+532 183 + 360
INSV 97 + 205 217 +286 164 £ 260 178 £ 269 152 £ 233 221 +£328
PISC 214 + 300 183 £ 297 202 + 277 189 + 315 205+ 293 170 £ 312
POTAD 110 + 155 109 + 199 134 £209 |89 + 156 120+ 185 |85+177
LONG 81 + 201 186 + 286 129 + 252 161 + 270 122 + 225 208 + 332
LLIV 223+ 314 223+ 314 211 +£291 193 £ 321 213 £ 305 172 + 315
SLIV 106 + 124 129 + 147 149 +155 |96+ 119 137 +£144 |78 £117
Kopéja 959 + 743 1012 £ 765 |1165 + 847 |847 + 645 1071 £ 783 |791 £ 643
biomasa

Treknraksta - statistiski batiskas zivju biomasas atSkiribas pa sugam un ekologiskajam grupam
(Manna-Vitnija U-tests, p < 0,05), n — upju skaits.
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14. pielikums. Zivju skaita vidéja vértiba (+ standartnovirze) pa sugam
un ekologiskajam grupam (eks. / 100 m?*) upés ar dazadu

morfologisko parveidojumu pakapi

Suga, Zivju skaits pa morfologisko parveidojumu pakapes klasem
ekologiska

grupa 1(n=41) 2 (n=48) 3 (n=43) 4 (n=30) 5 (n=37)
SAT 11 £ 195432 7 +£11% 6+ 14 6+ 12'° 2+ 7023
ESL 0,8 + 1,4>* 0,9 + 2,2° 1+1° 2+2! 2+ 3023
RUT 6+8 10+ 17 8+ 10! 8+15 12+ 20
LEC 3+6 2+4 2+4 0,8+1,6 1+£2
GOG 3+£5% 5+ 10%° 10 + 184 5+6° 12 + 2512
PHP 17 + 283 31 +39%° 27 £ 27! 17 £ 312 17 £ 36>*
ALB 2+6 3+7 3+7 2+7 2+6
ALA 1+5 0,8+2,8 2%5 3+12 0,6+14
NOB 2124 28 + 25° 27 £29° 2017 16 £17%
COT 0,6 +1,4 0,6 + 1,6 0,6 +1,2 0,6+1,8 1+5
LOL 1+£2¢ 0,7 £ 2,1* 1+£3 3 + 412 1+£2
PEF 5+12° 3+6 5+9! 4+6 6+12
COG 4+8 5+6° 3+6 4+8 2+ 5%
TOLERANT |16 +28° 15 +22° 16 £ 19 17 £ 31 21 +29'2
INTOL 21 +22° 16 +17° 15 +21° 12+17° 6+ 10434
BENT 31 +30° 40 £ 30 44 + 36'° 34+21 37 £ 30°
WCOLUMN |53 +39 62 + 4245 59 + 3745 44 + 443 46 + 50>*
EURY 17 £ 26 17+ 23 18 £ 21 20 + 31 22+29
RHEO 64 =51 82 £ 52%° 83 + 64*° 56 + 46>° 51 + 49%*
LIMNO 25 2+6 1+£3 1£2 4+£8
LITH 63 £ 49*° 77 + 49 73 + 61*° 53 + 42123 40 + 4313
PHYT 2+3° 2+4° 2+2° 3+4 6+ 93
OMNI 14 + 24 15+22 15+ 15 15+ 30 18 £ 22
INSV 20 +22° 15+ 16° 14 +21° 12+17 6+ 1023
PISC 2+ 3% 2 +4% 2+3 4+ 5?2 3+4'2
POTAD 4+7 3+5 4+5 4+4 3+3
LONG 13 £20%%%° 7 +£11%° 8+17'° 6+ 12'% 2+ 7023
LLIV 2+3 2 + 4% 3+4 4+52 3+42
SLIV 33+36 47 £ 45 473 32+43 37 £46
Skaits 84 £55 101 £55 102 £ 62 78 £52 79 £ 62

1,2,3,4,5

- statistiski butiskas zivju skaita atSkiribas pa sugam un ekologiskajam grupam upju grupas ar

dazadas intensitates morfologiskajiem parveidojumiem (Manna-Vitnija U-tests, p < 0,05), n — upju

skaits.
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15. pielikums. Zivju biomasas (g / 100 m?) vidéja vértiba (+ standartnovirze)
pa sugam un ekologiskajam grupam upés ar dazadu

morfologisko parveidojumu pakapi

Suga, Zivju biomasa pa morfologisko parveidojumu pakapes klasem
ekologiska

grupa 1(n=41) 2 (n=48) 3 (n=43) 4 (n=30) 5 (n=37)
SAT 237 375> |173 +225>%° |91 +218"? 99 + 230" 62 + 177"
ESL 102 + 187> 119 + 274%° 141 £ 211 282 + 401" 187 + 246"
RUT 112 + 190° 233 +453 197 + 279! 171 £ 322 238+ 514
LEC 72 + 188 62 +133 62 + 105 76 + 228 39+ 84
GOG 17 + 353 34+ 54 56 + 87" 32 + 46' 73 + 133!
PHP 37 + 56>° 71 + 84%° 67 + 72%° 41+73 38 + 90>
ALB 10 +£29 15+ 44 12 +29 11+30 7 %25
ALA 7+23 2+9 10 + 41 12+ 44 3+9
NOB 101 + 115%° 143 + 109'° 161 + 169'° 108 + 81 91 +932*
COT 2+4 25 25 2+4 4+15
LOL 26 £42 23 +59* 50 +103 68 + 123? 30 +48
PEF 77 £ 175 71 +104 109 + 168 88 + 94 119 + 209
COG 20 + 38 21 + 30° 15+24 16 +£31 7 £ 1552
TOLERANT | 214 + 354° 318 £536 329 +£372 287 =509 382 + 701!
INTOL 291 + 369>* 220 + 228> | 127 + 226> 133 + 230"? 76 £ 176"
BENT 181 + 139* 239+ 155 299 £ 226 275 + 195! 233 +£192
WCOLUMN | 704 + 568 785 + 688 732 + 540 811 +914 715 %755
EURY 340 + 456° 457 + 687 515+ 533 631 +822 593 + 782!
RHEO 66 + 35° 70 + 32343 57 + 317 51 +33? 45 £29'72
LIMNO 11 +£22 13 +38° 10+£21 25+ 57 21 + 46>
LITH 543 + 418° 542 + 322° 483 + 338° 458 + 361° 292 + 231123
PHYT 112 + 1925 132 + 305*° 153 + 219 307 + 434" 210 + 259"
OMNI 228 + 385 336 £ 562 318 £ 355 331 £651 312 +£524
INSV 287 + 369°* 216 +230>*° | 124 + 227> 131 + 229'2 75 + 176"
PISC 128 £ 211%* 142 + 304> | 190 + 258> 350 + 414" 217 £ 2712
POTAD 107 £ 196 89 + 149 133+ 175 162 + 281 71+93
LONG 251 + 372%* 178 £227%% |97 £ 2222 115 + 233"2 72 + 178"
LLIV 132 +215%* 150 + 323%%° | 197 + 267> 353 + 418'* 225 + 280"
SLIV 84 + 108 129 + 124 150 + 149 98 £ 126 131 +178
Biomasa 885+ 624 1024 + 724 1032 + 604 1086 + 1085 949 + 797

12345 _ statistiski butiskas zivju biomasas atskiribas pa sugam un ekologiskajam grupam upju grupas
ar dazadas intensitates morfologiskajiem parveidojumiem (Manna-Vitnija U-tests, p < 0,05), n -
upju skaits.
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16. pielikums. Zivju skaita (eks. / 100 m?) un biomasas (g / 100 m?*) vidéja
vertiba (+ standartnovirze) pa sugam un ekologiskajam grupam
upés ar dazadu zemes lietosanu (klasés) baseina

Suga, Zivju skaits pa zemes lietosanas klasem Biomasa pa zemes lietosanas klasem
ekologiska

grupa I1(n=75) |l (n=101) | III (n =19) 1 (n=75) II (n=101) III (n = 19)
SAT 4+10° 8+15° 5+ 152 119 + 2243 143 + 246° 156 + 439'2
ESL 1+2? 1+2° 2+212 149 + 280° 144 + 2533 294 + 303"
RUT 4+7> 12+ 8! 14 + 13! 65+ 116>* 270 + 474" 314 + 298!
LEC 0,8 + 22 2+ 4! 3+9 25 + 812 83 +176' 111 + 225
GOG 5+11%° 7 £12! 20 + 30* 26 + 68>* 45+ 71" 96 + 139!
PHP 19 +£27 25+ 36 21+ 34 45+63 59 + 86 44 + 64
ALB 27! 3+7% 1+5% 6+ 232 16 + 38'° 9 + 362
ALA 0,3+0,9>* 27! 5+9! 2+ 8% 6 + 25! 30 + 65!
NOB 2021 26 £ 26 22+19 104 + 128> 144 + 121! 109 £ 91
COT 0,2 +0,4>* |1+3! 1+2! 0,4 +1>* 4+10' 5+8!
LOL 23 1+2 1+2 39+71 37 +£89 40 £ 69
PEF 3+7> 5+9" 12+ 15 |66 + 155*° 88 + 144" 202 + 195"
COG 5+ 8 4+6° 0,5+ 12 20 +37° 16 + 24° 3+6'
TOLERANT |10 + 18>° |20 + 27! 32 + 31" 145 + 242 386 + 613>* |582 + 460">
INTOL 12+ 172 17 +19% 10+ 172 155 + 231 188 + 250° 177 + 4352
BENT 311272 40 + 31! 46 £ 37 203 £ 189> (272 +173! 302 + 202!
WCOLUMN |39 + 32>° |62 + 44! 68 + 52! 513 + 442> |858 £ 776" [1183 + 670"*
EURY 12+18>  |21+28% [35+31 |327 +£446> |566 + 760" |898 + 612"
RHEO 56 + 46° 78 + 58! 74 + 57 63 +33° 59 + 32} 37 + 30"?
LIMNO 3+7 1+4° 4+8 12 + 323 12 £ 353 46 + 622
LITH 53 + 45?2 72 + 55! 55+49 389 + 308> 533 + 343! 485 + 479
PHYT 3+6° 3+4° 4+ 4" 160 + 294° 160 + 275° 337 + 330"
OMNI 9+17% 19 + 25! 24 23! 127 + 187>* |412 + 612! 496 + 465"
INSV 12+17% 16 +19% |7 +15'? 153 + 230° 185 + 2513 167 + 437>
PISC 3+4 2+33 4+3? 188 + 319° 181 + 280° 334 + 303"
POTAD 3+4 4+5 5+9 67 +1002? 137 £ 218! 152 £ 222
LONG 5+12 9+16° 6+ 152 127 + 227 155 + 247 166 + 438
LLIV 3+5° 2+3 4+4' 192 + 3283 186 + 286° 358 + 329'7
SLIV 34+ 34 43 + 433 52 + 582 87 + 107> 132 + 133! 194 + 230
Kopa 70 + 443 102 + 59 [115+ 75" |716 £ 521> |1130 + 835" {1485 + 709'?

Treknraksta - butiskas zivju skaita un biomasas atskiribas pa sugam un ekologiskajam grupam
(Kruskalla—Vallisa tests, p < 0,05);

123 _ batiskas zivju skaita un biomasas atskiribas pa sugam un ekologiskajam grupam starp zemes

lieto$anas klasém (Manna-Vitnija U-tests, p < 0,05), # — upju skaits.
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17. pielikums. Zivju skaits (eks. / 100 m?) vidéja vértiba (+ standartnovirze) pa
sugam un ekologiskajam grupam atkariba no upju ekologiskas
kvalitates klases

Suga, Zivju skaits pa ekologiskas kvalitates klasem

ek;ﬁ,‘:ka 1(n=26) | 2(n=105) | 3(n=40) 4(n=6) 5(n=11)
SAT 18+ 19 6+12 5+13 2+3 0+0
ESL 0,2 £0,5 1+2 1+1 1+1 2+2
RUT 2+5 8+13 15+ 20 11 +12 21+13
LEC 1+3 1+4 3+4 2+2 5+11
GOG 3+4 5+12 8§+12 9+10 29+ 35
PHP 19 £27 25+35 24 + 36 25+23 10+£8
ALB 26 27 4+8 4+9 2+7
ALA 0,5+1 0,6 £2 2+10 1+1 8§+11
NOB 16 +18 23+23 28 +31 38 +29 18+13
COT 0,1+0,1 0,5+1 2+5 0,4 +0,5 1+£2
LOL 0,4+ 0,8 1+3 2+3 0 1+£2
PEF 0,5+1 4+7 6+9 11 +12 18+ 18
COG 4+6 4+7 4+7 1+£2 0,2 +0,6
TOLERANT |4%7 14 + 22 24 +33 23 +£21 47 + 31
INTOL 25+18 14+ 19 15+ 18 7 +10 5+13
BENT 23 +23 36 +28 45+ 33 50 +35 50 +41
WCOLUMN |46 + 28 52 +43 65+ 48 58 +£20 69 + 47
EURY 4+7 16 + 22 27 £33 24 +£21 50 =32
RHEO 65+ 41 70 £ 54 78 £ 65 82+62 65+ 48
LIMNO 0,7+1 2+4 3+9 0,5+0,6 3+6
LITH 63 + 39 66 +51 71 £ 61 73 £56 37+25
PHYT 0,3 +0,6 2+4 5+8 2+1 4+2
OMNI 7+13 13 +21 24 + 31 15+ 12 35+22
INSV 25+18 14+ 19 13+18 7+10 2+7
PISC 0,7 +0,9 3+4 3+3 1+1 3+3
POTAD 2+3 3+4 5+5 2+2 6+11
LONG 19+18 7+14 5+14 2+3 0
LLIV 0,6 £ 0,9 3+4 3+4 1+£2 4+3
SLIV 28 £33 41 £ 41 48 + 47 41 + 36 52 +47
Kopéjais skaits |70 + 43 88 +55 110 + 65 105 + 51 121 + 70

Treknraksta - butiskas zivju skaita atSkiribas ekologiskajas grupas upju ekologiskas kvalitates klasés

(Kruskalla—Vallisa tests, p < 0,05), n — upju skaits.
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18. pielikums. Zivju biomasas (g / 100 m?) vidéja vértiba (+ standartnovirze)
pa sugam un ekologiskajam grupam atkariba no upju
ekologiskas kvalitates klases

Suga, Zivju biomasa pa ekologiskas kvalitates klasém

ekglr(:ﬁ::ka 1(n=26) | 2(n=105) | 3(n=40) 4(n=6) 5(n=11)
SAT 361 + 387 142 + 259 64 +137 26 + 68 0
ESL 66 + 296 155 + 258 172 + 266 154 + 150 363 + 352
RUT 61 + 140 150 =298 339 £ 592 267 £ 295 476 £ 275
LEC 36 + 87 41 +92 125 + 238 76 + 83 147 + 287
GOG 23 + 38 34 + 66 55+91 40 + 43 136 + 163
PHP 50+ 75 57 + 80 58 + 80 54 +42 22+22
ALB 11 +50 11+29 14 +£29 13 +£29 14 +47
ALA 3+9 2+7 10 + 38 8+ 10 50 + 81
NOB 91 £ 81 132 £ 130 142 + 132 181 + 137 97 +79
COT 0,2 + 0,6 2+4 8+15 1+1 5+7
LOL 16 £ 32 38+78 50+ 111 0 27 £ 38
PEF 19 + 42 72117 117 + 185 224 + 305 251 + 164
COG 19 + 30 19 + 32 16 + 27 3+8 1+5
TOLERANT |86 +181 241 + 376 499 + 779 520 + 474 809 + 424
INTOL 396 + 376 185 + 263 105 + 153 47 + 66 25+ 69
BENT 153 + 121 243 + 186 311 + 196 247 + 145 299 + 218
WCOLUMN 646 £ 518 673 + 541 930 + 1014 849 + 405 1350 + 701
EURY 166 + 387 432 + 534 715+ 951 854 + 460 1184 + 513
RHEO 87+19 61 + 33 51 +28 42 + 34 25+20
LIMNO 3+9 12 + 37 20 + 36 21 +32 30 +43
LITH 621 £410 472 + 334 489 + 332 380 +258 326 + 349
PHYT 68 + 296 167 + 277 196 + 293 176 + 168 397 + 381
OMNI 139 + 319 236 + 366 516 +778 394 + 299 721 + 460
INSV 395 + 376 183 + 263 100 + 153 46 + 66 16 + 47
PISC 82 +294 193 +294 222 + 299 154 + 150 391 + 360
POTAD 54 +97 89 + 124 195 +297 77 + 83 175 + 283
LONG 365 + 384 152 + 262 81 + 144 30 + 68 0
LLIV 82 +294 197 + 302 234 + 308 166 + 174 419 + 394
SLIV 87 + 108 109 £ 121 150 + 157 117 £ 95 237 £255
Kopéja 799 £ 578 917 £ 607 1241 + 1081 1096 + 399 1649 + 761
biomasa

Treknraksta - zivju biomasas at$kiribas ekologiskajas grupas upju ekologiskas kvalitates klasés
(Kruskalla—Vallisa tests, p < 0,05), n — upju skaits.
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19. pielikums. Zivju skaita (eks. / 100 m?) vidéja vértiba (+ standartnovirze) pa
sugam un ekologiskajam grupam atkariba no Ny, klases

Suga, Zivju skaits pa N, klasem
ekologiska

grupa 1 2 3 4 5
SAT 4+ 14%° 6+12° 6+ 13" 4+10° 0,5 + 0,21:34
ESL 1+2 1+£2° 1+1° 1+1 2+ 2%
RUT 12+£19° 6+9° 11+£13 14 £21 17 £ 132
LEC 1+23 2+3 345! 2+4 3+8
GOG 8+16 8§+£22 8+7 77 12 £20
PHP 3152 32+27° 26 +24° 30 +39° 11 £17%3%
ALB 3+923 4+ 8% 4+ 8% 6+ 10" 3 £ 7%
ALA 0,5 + 14* 0,5+ 1% 1+£2 5+ 14'2 3+7
NOB 19 £ 16** 38 + 30"° 41 + 40" 30 +23° 15 + 12234
COT 0,5+1° 0,4 +0,8 2+6! 1+2 11
LOL 3+ 4234 1+1! 1+£3! 1+£2! 2+2
PEF 4+9° 3+4 8+15 2+4° 11 + 1555
COG 5+10 6+8° 5+7° 5+7° 1+£2%34
TOLERANT 18 +23 12 +19%° 22 + 24 22+ 36 32 + 30?2
INTOL 13 £213 21 +25° 19 £ 19%° 17 £ 16%° 5+ 1123
BENT 36 +24° 55 + 35° 58 + 41'° 46 +29° 31 + 243
WCOLUMN |62 +63 61 +34 67 33 69 + 46 57 £40
EURY 21 +24° 13 +20° 25+25 24 + 36° 36 + 304>
RHEO 74+ 59 101 £ 52° 99 £ 71° 89 £53° 46 + 34>
LIMNO 3+6 2+6 11 11 2%5
LITH 68 + 59 93 +48° 92 + 65° 82 +49° 36 + 24>
PHYT 4+4 2+3° 3+6 3+4° 3+£2%
OMNI 18 £21 13+£19° 19t16 24 £ 37 24+ 212
INSV 13 £213 19 +£235 18 £ 19%° 17 £ 16%° 4+ 773
PISC 4+5 2+2° 2+4° 2+2° 4+ 3234
POTAD 4+4 3+3 5+6 4+4 4+8
LONG 5+15° 9+18° 9+ 15 5+10° 0,2 + 0,4>>*
LLIV 4+ 5?2 2+ 318 3+4° 2+2° 4 + 3234
SLIV 49 £53 53 + 36° 47 £ 32° 55 + 45° 32 + 32234
Kopéjais skaits |98 + 65 117 £ 43° 124 + 62° 115 + 56° 85 + 66>

Treknraksta - butiskas zivju skaita atskiribas pa sugam un ekologiskajam grupam (Kruskalla-Vallisa

tests, p < 0,05);

L2345 _ bitiskas zivju skaita atgkiribas pa sugam un ekologiskajam grupam starp Ny, klasém
(Manna-Vitnija U-tests, p < 0,05), n — upju skaits.
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20. pielikums. Zivju biomasas (g / 100 m?*) vidéja vértiba (+ standartnovirze)
pa sugam un ekologiskajam grupam atkariba no Ny, klases

Suga, Zivju biomasa (g / 100 m?) pa N, klasem
ekologiska

. 1 2 3 4 5
SAT 46 £ 116>° 133 +271° 124 + 184" 59 + 131° 3+ 11023
ESL 235+ 312 127 £191° 244 + 385 206 £ 325 301 + 3262
RUT 180 + 219° 126 +173° 244 + 309 326 £ 518 404 + 288!
LEC 3777 55+ 81 81 +95 167 £ 317 94 + 209
GOG 42 £ 66 49 +£112 48 £44 50 £ 54 57 +95
PHP 68 + 115 83 £ 75° 63 + 62° 69 + 89° 29 + 48%%1
ALB 11 £ 34%3 19 £ 3315 19 + 351 24 + 40 11 £ 3523
ALA 4+14 2+7 4+7 18 £52 15+32
NOB 111 + 853 180 + 131° 201 + 150%° 143 + 95° 84 + 76>
COT 1+3 2+4 6+ 19 3+6 3+6
LOL 78 + 116>** 25 + 38! 40 + 138"° 31 +52! 47 + 543
PEF 80 + 194° 74 + 102° 114 + 140 49 + 60° 173 £ 166">*
COG 2955 22 +31° 22 +26° 20 +28° 5 + 8%
TOLERANT |274 + 350° 225 +317° 370 £ 373 425 + 664 638 + 4312
INTOL 101 + 1483 193 +277° 194 + 2031 113 +136° 24 + 5134
BENT 279 £ 162 305 + 168 327 £ 187 292 £ 163 243 £ 166
WCOLUMN  |721 + 497 685 +472%° 958 + 5982 944 + 1077 1066 + 686>
EURY 584 + 594° 377 +479° 658 + 630 656 + 924 969 + 559'2
RHEO 52 + 30° 66 + 31° 57 + 33° 57 + 25° 28 + 20434
LIMNO 13+24 22 £60 7+12 10 £ 37 25+38
LITH 434 + 280 554 + 333° 606 +277° 550 + 327° 291 + 261>
PHYT 249 + 319 147 + 233° 258 + 382 219 £ 363 328 + 3282
OMNI 275 + 302° 254 + 349° 372 £ 365 544 + 863 575 + 447"2
INSV 98 + 146° 189 +277° 192 +2021° 111 + 136° 19 + 3723
PISC 313 + 363 152 +216° 285 + 408 237 £ 331 348 + 3232
POTAD 121 £132 98 + 101 143 + 159 209 + 360 159 + 253
LONG 60 + 140° 147 +273° 139 + 182"° 82 +139° 20 + 53234
LLIV 315 + 366 153 £+ 220° 290 £ 407 241 £ 335 376 + 3492
SLIV 130 £ 131 158 + 141 142 + 102 166 + 133 119+ 153
Biomasa 999 + 584 992 + 524 1285 + 623 1236 = 1209 1309 = 739

Treknraksta — butiskas zivju biomasas atskiribas pa sugam un ekologiskajam grupam (Kruskalla—
Vallisa tests, p < 0,05);

12345 _ bitiskas zivju biomasas atSkiribas pa sugam un ekologiskajam grupam starp N, klasem

(Manna-Vitnija U-tests, p < 0,05), n — upju skaits.
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21. pielikums. Zivju skaita vidéja vértiba (+ standartnovirze) pa sugam un

ekologiskajam grupam atkariba no Py, klases!

Suga, Zivju skaits (eks. / 100 m?)
ekologiska

. 1 2 3 4 5
SAT 5+ 14 2+5 8+ 14 2+4 4+13
ESL 2+2 1+1 2+2 1+1 1+2
RUT 12+ 19 8§+9 15+21 11+14 14+13
LEC 1+2 3+£5 2+4 2+4 3+8
GOG 8+18 11£21 5+6 76 12 £ 19
PHP 45 + 59 23 +£25 23 +£22 22 £25 17 £ 19
ALB 2+7 3+5 6x11 4+10 5+9
ALA 1+2 1+2 4+14 2+3 3+7
NOB 23 +21 34+ 29 23+24 35+ 36 27 +21
COT 0,3+0,7 0,5+ 0,6 1+2 2+6 1+2
LOL 2+4 0,5+0,9 212 1+£2 2+3
PEF 6+13 4+7 5+6 7+15 7+13
COG 3+42 8 £ 9135 5+92 4+4° 4+ 7%
Kopa 116 £ 73 107 £ 55 109 £ 50 104 £ 61 103 £ 52

Treknraksta - butiskas zivju skaita atskiribas pa sugam un ekologiskajam grupam (Kruskalla-Vallisa

tests, p < 0,05);

12345 bitiskas zivju skaita atskiribas pa sugam un ekologiskajam grupam starp Py, klasém (Manna-
Vitnija U-tests, p < 0,05), n — upju skaits.

! Analize netiek turpinata, jo nav statistiski butisku atskiribu.
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22. pielikums. Antropogénas iedarbibas faktoru ietekme uz zivju sabiedribu
struktiiru Latvijas upés

Antropogenas iedarbibas faktors
Zivju sabiedri- U . .| Morfologis- Lo Upju Zemes
bas parametrs per:;ipbl:f 13| kie parvei- I\B}log;m ekologiska dsinting
dojumi? kop. = kop. kvalitate up;: s sateces
aseina

Sugu skaits Nemainas |Nemainds |Nemainds |Nemainds |Samazinds’ |Nemainas
Daudzveidiba |Nemainas |Nemainas |Nemainds [Nemainas |Nemainas’ |Nemainas
Zivju skaits Nemainas |Nemainas [Samazinas |[Nemainas |Pieaug Pieaug
(eks. / 100 m?)

Biomasa Nemainas |Nemainas |Nemainas |Nemainas |Pieaug Pieaug

(g /100 m?)
Zivju skaits pa ekologiskajam grupam (eks. / 100 m?)
TOLERANT |Nemainas |Pieaug Pieaug Nemainas |Pieaug Pieaug
INTOL Pieaug Samazinas |Samazinas |Nemainas |Samazinas |Samazinas®
BENT Nemainas |Nemainas [Nemainas |Nemainas |Pieaug Pieaug
WCOLUMN  |Nemainas |Nemainds |Nemainas |Nemainas |Nemainas |Pieaug
EURY Nemainas |Nemainas |Pieaug Nemainas |Pieaug Pieaug
RHEO Pieaug Samazinas |Samazinas |Nemainas |Nemainas |Samazinas’
LIMNO Nemainas |Nemainas |Nemainas |Nemainas |Nemainas |Pieaug
LITH Nemainas |Samazinds |Samazinds |Nemainas |Nemainas |Samazinas’
PHYT Nemainas |Pieaug Nemainds |Nemainas |Nemainas |Pieaug
OMNI Nemainas |Nemainds |Nemainas |Nemainas |Pieaug Pieaug
INSV Pieaug Samazinas |Nemainas |Nemainas |Samazinas |Samazinas
PISC Samazinas |Pieaug Nemainas |Nemainas |Pieaug Pieaug
POTAD Nemainas |Nemainas [Nemainas |Nemainas |Pieaug Nemainas
LONG Pieaug Samazinds |Samazinas |Nemainds |Samazinds |Nemainas
LLIV Samazinas |Pieaug Nemainas |Nemainas |Pieaug Pieaug
SLIV Nemainas |Nemainas |Nemainas |Nemainas |Nemainas |Pieaug
Zivju skaits pa sugam (eks. / 100 m?)

SAT Pieaug Samazinas |Samazinas |Nemainas Samazinas |Samazinas®
ESL Samazinas |Pieaug Nemainas |Nemainas Pieaug Pieaug
RUT Nemainas |Nemainas [Nemainas |Nemainas Pieaug Pieaug
LEC Nemainas |Nemainas [Nemainas |Nemainas Pieaug Pieaug
GOG Nemainas |Pieaug Nemainas |Nemainas |Pieaug Pieaug
PHP Nemainas |Samazinas |Samazinds |Nemainas |Nemainds |Nemainas
ALB Nemainds  |Nemainds |Nemainds |Nemainas |Nemainas |Samazinas’
ALA Nemainas |Nemainas |Nemainas |Nemainas Pieaug Pieaug
NOB Nemainas |Samazinas |Samazinas |Nemainas Nemainas |Nemainas
COT Nemainas |Nemainas |Nemainas |Nemainas Nemainas |Pieaug
LOL Samazinas |Nemainas |Nemainas |Nemainas Nemainas  |Nemainas
PEF Nemainas |Nemainas |Pieaug Nemainas Pieaug Pieaug
COG Nemainas |Samazinas |Samazinas |Samazinas |Samazinas |Pieaug
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Antropogénas iedarbibas faktors
Zivju sabiedri- U . .| Morfologis- Lo Upju L)
bas parametrs | UP€S Pieeja- | oo oaor Biogeéni ekologiska lietosana
L dojumi? Niop. Pop kvalitate uptf s sateces
aseina

Zivju biomasa pa ekologiskajam grupam (g / 100 m?)
TOLERANT |Nemainas |Nemainas |Pieaug Nemainas Pieaug Pieaug
INTOL Pieaug Samazinds |Samazinas |Nemainas Samazinas |Samazinas’
BENT Nemainas |Nemainas |Nemainas |[Nemainas Pieaug Pieaug
WCOLUMN  |Nemainas |Nemainas |Nemainas |Nemainas Pieaug Pieaug
EURY Nemainas |Pieaug Pieaug Nemainas Pieaug Pieaug
RHEO Pieaug Samazinas |Samazinas |[Nemainas Samazinas |Samazinas
LIMNO Nemainas |Nemainas |Nemainas |Nemainas Pieaug Pieaug
LITH Pieaug Samazinas |Samazinas |[Nemainas Nemainas |Samazinas®
PHYT Nemainas |Nemainas |Nemainas |Nemainas Pieaug Pieaug
OMNI Nemainas |Nemainas |Pieaug Nemainas Pieaug Pieaug
INSV Pieaug Samazinds |Samazinas |Nemainas Samazinas |Samazinas’
PISC Nemainas  |Pieaug Nemainas |Nemainas Pieaug Pieaug
POTAD Nemainas |Nemainas |Nemainas |Nemainas Pieaug Nemainas
LONG Pieaug Samazinas |Samazinas |[Nemainas Samazinas |Nemainas
LLIV Nemainas |Pieaug Nemainas |Nemainas Pieaug Pieaug
SLIV Nemainas |Nemainas |Nemainas |Nemainas Pieaug Pieaug
Zivju biomasa pa biezak sastopamajam sugam (g / 100 m?)
SAT Pieaug Samazinds |Samazinas |Nemainas Samazinds  |Pieaug
ESL Nemainas  |Pieaug Nemainas |Nemainas Pieaug Pieaug
RUT Nemainas  |Nemainas |Pieaug Nemainas Pieaug Pieaug
LEC Nemainas  |Nemainas |Nemainas |Nemainas Pieaug Pieaug
GOG Nemainas |Pieaug Nemainas |Nemainas Pieaug Pieaug
PHP Nemainas |Nemainas |Samazinas |Nemainas Nemainas Nemainas
ALB Nemainas |Nemainas |Nemainas |Nemainas Nemainas Samazinas’
ALA Nemainas |Nemainas |Nemainas |Nemainas Pieaug Pieaug
NOB Nemainas |Nemainas |Samazinas |Nemainas Nemainas Samazinas®
COT Nemainas |Nemainas |Nemainas |Nemainas Nemainas Pieaug
LOL Pieaug Nemainas |Nemainas |Nemainas Nemainas Nemainas
PEF Nemainas  |Nemainas |Pieaug Nemainas Pieaug Pieaug
COG Nemainas |Samazinas |Samazinds |Nemainas Samazinas  |Samazinas

! - salidzinatas grupas: nav pieejama celotajzivim > ir pieejama celotajzivim;

? - salidzinatas grupas: 0% parveidojumi; > 0% < 25% parveidojumi; > 25% < 50% parveidojumi;
> 50% < 75% parveidojumi; > 75% parveidojumi;

*— lielakas vértibas vidéjai ekologiskas kvalitates klasei.
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23. pielikums. Dabisko faktoru ietekme uz zivju sabiedribu struktiru

Latvijas upés

Ietekmes faktori
A - P
Sabiz‘::{]l‘lilbas Sateces baseina (gpei kri;l rzs Ten(1<P le; %t(llnia:;li:tlfn ’ ((<) 27reiil/tlli
parametrs platiba (km?) riI;i‘)ézll::lpzs) l'lden_s% >18 °C - silt- -7 :::g 1)
udens upes)
Sugu skaits Pieaug Samazinas' Pieaug? Neietekmé®
Daudzveidiba | Pieaug Samazinas' Pieaug’ Neietekmé®
Zivju skaits Pieaug Samazinas' Pieaug? Neietekmé®
(eks. / 100 m?)
Biomasa Pieaug Samazinas' Pieaug? Samazinas’
(g/100 m?
Zivju skaits pa ekologiskajam grupam (eks. / 100 m?)
TOLERANT | Pieaug Samazinas Pieaug Pieaug
INTOL Nemainas Nemainas Samazinas Samazinas
BENT Pieaug Samazinas Pieaug Nemainas
WCOLUMN | Pieaug Nemainas Samazinas Nemainas
EURY Pieaug Samazinas Pieaug Samazinas
RHEO Pieaug Nemainas Nemainas Pieaug
LIMNO Nemainas Nemainas Pieaug Samazinas
LITH Pieaug Nemainas Nemainas Pieaug
PHYT Pieaug Samazinas Pieaug Samazinas
OMNI Pieaug Samazinas Pieaug Samazinas
INSV Nemainas Nemainas Samazinas Pieaug
PISC Nemainas Samazinas Pieaug Samazinas
POTAD Nemainas Samazinas Pieaug Samazinas
LONG Nemainas Pieaug Samazinas Pieaug
LLIV Nemainas Samazinas Pieaug Pieaug
SLIV Pieaug Nemainas Nemainas Nemainas
Zivju skaits pa biezak sastopamajam sugam (eks. / 100 m?)
SAT Samazinas Palielinas Samazinas Pieaug
ESL Nemainas Samazinas Pieaug Samazinas
RUT Pieaug Samazinas Pieaug Samazinas
LEC Pieaug Samazinas Pieaug Nemainas
GOG Pieaug Samazinas Pieaug Nemainas
PHP Nemainas Nemainas Nemainas Pieaug
ALB Pieaug Samazinas Pieaug Nemainas
ALA Pieaug Samazinas Pieaug Samazinas
NOB Pieaug Nemainas Nemainas Pieaug
COT Pieaug Samazinas Pieaug Samazinas
LOL Nemainas Samazinas Pieaug Samazinas
PEF Pieaug Samazinas Pieaug Samazinas
COG Nemainas Nemainas Pieaug Pieaug
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Ietekmes faktori
oo . S
Sabizel;]l‘lilbas Sateces baseina P kri_t ums Ter?<P le; T(llll;a:l:li:tlfn ) O, reZims
parametrs platiba (km?) (.p o}amalae udens> >18 °C - silt- (<7 mg/l>
ritrala upes) Gidens upes) > 7 mg/l)
Zivju biomasa pa ekologiskajam grupam (g/ 100 m?)
TOLERANT | Pieaug Samazinas Pieaug Samazinas
INTOL Nemainas Pieaug Samazinas Pieaug
BENT Pieaug Samazinas Nemainas Nemainas
WCOLUMN | Pieaug Samazinas Nemainas Samazinas
EURY Pieaug Samazinas Nemainas Samazinas
RHEO Samazinas Pieaug Samazinas Pieaug
LIMNO Nemainas Nemainas Pieaug Samazinas
LITH Nemainas Nemainas Nemainas Pieaug
PHYT Pieaug Samazinas Pieaug Samazinas
OMNI Pieaug Samazinas Pieaug Samazinas
INSV Nemainas Pieaug Samazinas Pieaug
PISC Pieaug Samazinas Pieaug Samazinas
POTAD Pieaug Samazinas Pieaug Samazinas
LONG Samazinas Pieaug Samazinas Pieaug
LLIV Pieaug Samazinas Pieaug Samazinas
SLIV Pieaug Nemainas Pieaug Nemainas
Zivju biomasa pa biezak sastopamajam sugam (g / 100 m?)
SAT Samazinas Pieaug Samazinas Pieaug
ESL Pieaug Samazinas Pieaug Samazinas
RUT Pieaug Samazinas Pieaug Samazinas
LEC Pieaug Samazinas Pieaug Nemainas
GOG Pieaug Samazinas Pieaug Nemainas
PHP Nemainas Pieaug Nemainas Pieaug
ALB Pieaug Samazinas Nemainas Nemainas
ALA Pieaug Samazinas Pieaug Samazinas
NOB Pieaug Nemainas Nemainas Pieaug
COT Pieaug Samazinas Pieaug Samazinas
LOL Nemainas Samazinas Pieaug Samazinas
PEF Pieaug Samazinas Pieaug Samazinas
COG Pieaug Nemainas Nemainas Pieaug

Pieaug; samazinas/pieaug - statistiski butiskas atskiribas; nemainas — nav statistiski batisku atskiribu;
! - pieaugot upes vidéjam kritumam;
2 salidzinot siltidens un aukstidens upes;

* - salidzinot upes pa grupam.



143

24. pielikums. Zivju biotopi Latvijas upés

straujteces IX tips

Baseina grupa Krituma grupa Elineylic:

Dzivotne (kng) P T (°C) e /krﬁ) P tero(«t‘r,)z;l'}tite Biotops/sugas
Mazo ritrala upju |78 + 87 (51) 17,4 £ 2,1 (2,0 +£3,3(0,5) (23,0 Lidaka, védzele,
lénteces, I tips stagari, ausleja,

pikste
Vidéjo un lielo 2063 + 2040 (3400) {20,1 £2,3 10,7 £0,8 (0,1) |53,0 Rauda, asaris,
upju lénteces, spidilkis
II tips
Vidéjo upju 347 + 395 (457) 17,8 £2,4 |3,4+3,1(2,5) |55,0 Platgalve
straujteces III tips
Vidéjo upju 209 £ 230 (113) 17,4 +2,1 |2,5+£2,2(1,4) 70,0 Mailite
strajteces/lénteces
1V tips
Vidéjo un lielo 1123 +£ 1570 19,3+2,5 |1,1£0,9 (1,9) (57,0 Grundulis,
upju lénteces, V akmengrauzis
tips
Vidéjo un lielo 3346 + 2545 (6652) |19,6 £ 2,5 |0,7 + 0,8 (0,2) |57,0 Pavike
upju straujteces
VI tips
Mazas aukstidens [118 + 152 15,6 +2,0 [6,2 +4,7 (4,9) 76,0 Forele
upes VII tips
Vidéjo un lielo 1592 £ 1559 18,3 +2,4 |2,7+1,7(1,0) {90,0 Bardainais
upju straujteces akmengrauzis
VIII tips
Lielo upju 2913 £ 854 20,0+1,6 |1,L1x£1,0 91,0 Lasis

Vidéja vertiba + std (moda);

! - izteikta procentos no summas (akmeni + oli + grants).
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26. pielikums. Zivju sugu sastopamiba upju tipos

Upju tips
Suga
1 1I I1I v A\ VI VII
Lampetra fluviatilis 57,9 23,7 0 10 7,1 18,2 87,5
Lampetra planeri 89,5 36,8 40 40 21,4 9,1 12,5
Salmo salar 42,1 53 0 0 7,1 27,3 37,5
Salmo trutta 94,7 100,0 0 60 42,9 90,9 75,0
Thymallus thymallus 15,8 10,5 0 0 0,0 9,1 25,0
Esox lucius 68,4 18,4 100 100 50,0 90,9 100,0
Anguilla anguilla 0,0 0,0 0 0 0,0 0,0 12,5
Blicca bjoerkna 0,0 0,0 60 10 7,1 27,3 25,0
Abramis brama 0,0 0,0 40 0 0,0 0,0 50,0
Rutilus rutilus 52,6 13,2 100 90 35,7 100,0 100,0
Scardinius erythrophthalmus 5,3 0,0 40 0 0,0 0,0 12,5
Leuciscus leuciscus 36,8 10,5 20 20 21,4 81,8 100,0
Squalis cephalus 52,6 10,5 40 30 42,9 81,8| 100,0
Leuciscus idus 0,0 0,0 0 10 0,0 9,1 37,5
Aspius aspius 0,0 0,0 0 0 0,0 0,0 62,5
Vimba vimba 0,0 0,0 0 0 0,0 9,1 75,0
Gobio gobio 78,9 26,3 20 90 64,3 100,0 100,0
Phoxinus phoxinus 100,0 73,7 20 100 50,0 100,0 100,0
Alburnoides bipunctatus 52,6 7,9 20 20 14,3 72,7 100,0
Alburnus alburnus 31,6 7.9 40 30 14,3 63,6 100,0
Leucaspius delineatus 0,0 2,6 20 40 35,7 0,0 12,5
Rhodeus sericeus amarus 15,8 2,6 20 20 0,0 27,3 50,0
Tinca tinca 5,3 5,3 40 30 7,1 27,3 50,0
Carassius carassius 0,0 7,9 40 0 7,1 0,0 25,0
Carassius gibelio 5,3 0,0 0 10 0,0 0,0 25,0
Cyprinus carpio 0,0 0,0 0 0 0,0 0,0 0,0
Barbatula barbatula 100,0 94,7 40 100 92,9 100,0 100,0
Cobitis taenia 31,6 53 40 40 21,4 81,8 100,0
Misgutnus fossilis 0,0 0,0 40 10 14,3 0,0 0,0
Lota lota 84,2 15,8 80 70 50,0 45,5 100,0
Gasterosteus aculeatus 15,8 2,6 20 10 21,4 18,2 37,5
Pungitius pungitius 36,8 31,6 0 30 50,0 27,3 37,5
Perca fluviatilis 73,7 15,8 100 90 50,0 100,0 100,0
Zander lucioperca 0,0 0,0 0 0 0,0 0,0 25,0
Gymnocephalus cernua 0,0 0,0 0 10 0,0 18,2 25,0
Cottus gobio 94,7 42,1 20 50 50,0 100,0 100,0

90 - sugas, kas sastopamas 90% no upju tipa.
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ANNOTATION

Birzaks J. 2013. The Fish Communities of Latvian Rivers and their Determining
Factors. Doctoral Thesis. Riga, University of Latvia. Pg. 137.

The structure of fish communities in rivers is determined by factors of various levels,
starting from bio-geographic factors, river morphology and conditions in the overall
river network, right up to local factors in the section, biotope and micro-biotope of the
river. Research on the influence of natural and anthropogenic factors on the structure of
fish communities has not been done on Latvian rivers up till now. The latest ichthyofauna
research data about the distribution and occurrence of fish in Latvia’s internal waters for
the period from the 1990’ has not been collated and analyzed

The goal of the doctoral work is to undertake research on the structure of Latvia’s river
fish communities and to determine the influence of natural and anthropogenic factors on
these communities.

The research is based on an analysis of materials, which were gathered in the period
from 1992 until 2011. In the course of the work, a data base on the occurrence of fish,
their relative numbers and biomass in 199 rivers, at 1,017 sampling sites was developed.
The processing of large scale cartographic material and environmental factors (the
river catchment basin, gradient, temperature and oxygen regimes) which influence the
structure of fish communities, biotopes (river width, depth, shadowing, extent to which
they are overgrown, speed of flow) and research on anthropogenic influence (register of
barriers, land use in the basin, morphological transformations and N and P loads) was
undertaken, using measurements in field conditions and data collection from various
projects and public sources.

The research covers all the river types described in Latvian river typology. The influence
of environmental and anthropogenic factors on the structure of fish communities (the
number of species, diversity, number of fish by species and ecological groups and their
biomass) were analyzed. An overall analysis of the influence of natural and anthropogenic
factors, using PCA was undertaken. DCA and cluster analysis were used for biotope and
river classification.

The results show that the primary factors which determine the structure of fish
communities in Latvia’s rivers are the size of the river’s catchment basin, the river’s gradient
and the temperature regime. Anthropogenic influence has a secondary importance.

Latvia’s rivers are divided into 9 biotopes by fish communities, which in turn can be
divided into 5 base types (small rivers potamal, small cold water rivers rithral, middle
size rivers rithral, middle and large rivers potamal, large rivers rithral) and 4 transitional
type biotopes.

Seven river types with fish communities which are characteristic of them were
distinguished: 2 rithral cold water river types with dominating salmonid fish, 2 rithral
warm water river types with the cyprinid-salmonid type fish communities, small rithral
warm water and cold water rivers with a dominant species — the stone loach and large
potamal rivers with cyprinid family fish communities in the potamal and cyprinid-
salmonid communities in the rithral.
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INTRODUCTION

Significance of the research

Research on the factors influencing fish communities and their structure has a long
history. Rivers as ecosystems are an element of the surrounding environment, which are
connected with natural and anthropogenic processes taking place within it. Historically,
rivers have had a large role in the development of civilization. Human economic activity
has taken place near rivers or directly using water and biological resources from the water
environment.

The results of the research shows that the structure of fish communities in rivers is
determined by factors of various levels, beginning with bio-geographic factors, river
morphology and the conditions in the overall river network, to local factors in the section
of the river, the biotope and micro-biotope.

At the same time they are very important in connection with the implementation
of the EU Water Framework Directive (EU Directive 2000/60/EC), which places an
obligation on member countries to renew, improve and maintain good ecological
quality of surface waters. The development of an ecological quality system for rivers is
required for the achievement of this goal, using fish as quality indicators as well. But prior
to the development of such a system, significant data collection and analysis must be
undertaken, which includes:

o the classification of fish communities in rivers which have been influenced as little
as possible anthropogenically, i.e., the natural types of fish communities in Latvian
rivers must be classified;

o changes in the structure of these communities caused by anthropogenic influences
need to be analyzed.

In the EU context, the need for fish research in rivers is also prescribed by EU
Directive 92/43EEC on species and the protection of their biotopes, which requires the
strict protection of animal species and a suitable biotope protection policy for them, as
well as regulations, which prescribe the development of a national level species protection
and management plans like, for example, eel and Baltic salmon stock management
planning.

Fish, as indicator organisms in the evaluation of the ecological quality of water, have
a number of advantages, when compared with other hydrobionts. The life cycles and
ecological requirements of various species have been comparatively well researched. They
live for a long time and that’s why they react to both short term stress situations, as well
as to long term influences. Fish are directly useable natural resources, they have economic
importance, and therefore the significance of their research is understandable not only to
experts, but also to society as a whole.

Research on the influence of natural and anthropogenic factors on the structure of
fish communities provides an opportunity to evaluate their condition in the country as a
whole. Scientific research shows that the structure of fish communities is also similar in
similar rivers, little influenced by human activities. Therefore, on the one hand, there has
to be a possibility of defining Latvian river types with a similar fish community structure.
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On the other hand, there has to be a possibility of determining the degradation level of
rivers and the fish communities one encounters within them by analyzing the influence of
anthropogenic factors. This is needed, for Latvia, as an EU member nation, to develop a
plan of activities for renewing, maintaining and improving the ecological quality of water.

Scientific novelty of the research

Research on the structure of Latvian fish communities began in the 1990’. Up till
now, the collation and processing of the data collected had not been undertaken for
researching the influence of natural and anthropogenic factors on fish communities.
The main factors, which determine the structure of fish communities in biotopes and
rivers, have been clarified in the research. A biotopes and river typology, using fish as an
indicator organism, has been provided.

Latvia’s rivers, which are located in Ecoregion 15/Baltic Province, belong to lowland
rivers. The condition of fish communities in this region has been researched more fully in
Lithuania. Similar research has not been undertaken up till now in Latvia, and therefore
is of significance in both the overall EU context, as well as in our eco-region.

The aim of the work is to undertake research on the structure of fish communities
in Latvian rivers and to determine the influence of natural and anthropogenic factors on
these communities.

Work tasks

1. To prepare a data base which includes the following parameters:

 Values describing fish communities: numbers of fish and their biomass by species
at their registration sites, estimation of the number of fish and their biomass per
100 m? by biotopes, registration sites and rivers;

o river morphological data: total area of the river basin and the area above the
sampling sites, gradient and temperature regime, river section gradient and speed
of the current, width, depth and distance from the source, river bed substrata, lakes
connected to rivers;

o the impact of anthropogenic influences on the quantitative evaluation of fish
community structures: land use in the river basin above the fish sampling sites,
morphological transformations on the river banks and bed, transformations in the
river’s hydrological regime, biogenic load in the river basin, biogenic (N and P)
content in the water, anthropogenic barriers (HPS and other obstacles), influence
of artificial water bodies.

2. To undertake a comparative analysis of fish communities in rivers based on the
morphological parameters of rivers and factors affecting the temperature and oxygen
regime;

3. To undertake an evaluation of anthropogenic influences on the structure of fish
communities;

4. To develop proposals for Latvian river typology from the structures of fish
communities in rivers which have had little anthropogenic influence.
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Work hypotheses

The most significant factor, which determines the structure of fish communities in
Latvian rivers is the area of the catchment basin. The structure of fish communities is also
significantly affected by such factors as the river gradient, the temperature regime and the
water’s oxygen content.

Local factors, which form the biotope structure in rivers, like the speed of the current,
the substrata of the riverbed, and the depth and width of rivers, have a large influence on
the structure of fish communities:

The structure of fish communities is determined by the interaction between natural
and anthropogenic factors.

By using data about the structure of fish communities, will be possible to develop a
typology of Latvian rivers.



154

1. MATERIALS AND METHODS

1.1. Theoretical basis

Rivers differ according to their geomorphologic parameters, which in general
determine the structure of fish communities in various rivers which have not been
affected by human activities. In turn, anthropogenic activity in all of its diversity changes
this structure. The analysis of the influence of natural and anthropogenic factors on the
structure of fish communities needs to be undertaken in a selection of rivers which have
been little influenced by human activities, for the development of a rivers typology using
fish in Latvia.

1.2. Methods

1.2.1. Description of sampling sites

The field research was done in the period from 1992-2011. In total, 1,017 sites in
199 rivers were surveyed. The rivers surveyed belong to all of the 6 defined river types in
Latvia’s river typology (Figure 1).

A paraugu ievaksanas vieta

Figure 1. Fish sampling sites in Latvian rivers

1.2.2. Determination of river geomorphologic parameters

River catchment basin (total and above the sampling sites) calculations were made,
using the Latvian SSR’s State institute of Amelioration river catchment basin 1: 100 000
scale maps prepared in the 1970’s. The boundaries of the basins were digitalized and the
areas of the basins calculated automatically.
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Using a topographical map at a scale of 1 : 50 000 from the Latvian Geospatial
Information Agency and the USSRs General Headquarters’ topographical map with a
scale of 1:10 000, the gradients of rivers and sections of rivers were determined. In small
rivers the average gradient was determined for sections of 1-3 km, in the middle sized -
3-5 km and in the large > 5 km. The river’s length from its source to the sampling sites
was calculated using this same cartographic material

1.2.3. Measurements at the sampling site

The following data was gathered at the sample collection site: the time of fishing, the
site and who did the fishing; a description of the fishing site; anthropogenic influence at
the sampling site; the riverbed’s substrata’s composition % by fractions of bedrock, rocks
> 256 mm, pebbles (64-256 mm), gravel (2-64 mm), sand (0.06-2 mm), sludge (0.004-
0.06 mm) and clay (< 0.004 mm); water temperature, oxygen (mg/l), pH, electrical
conductivity (ukS/cm), width and average depth of the river, the degree to which it is
overgrown and shadowing (in classes).

1.2.4. Methodology for determining the anthropogenic load

The determination of a river basins anthropogenic load is needed to select rivers or
sections of rivers which have not been affected or have been little affected by human
activities, the so called reference (benchmark) sites.

The anthropogenic impact factors on rivers, and as a consequence on fish communities
as well, were grouped as follows:

o accessibility to migratory fish and the migration of other species of fish;

o toxic pollution;

» morphological transformations (straightening of rivers);

« biogenic (N, P) load;

o changes in the hydrological regime;

o land use in the river catchment basin.

The placement of barriers and artificial bodies of water were identified from the
Latvian Geospatial Information Agency’s topographical maps with a scale of 1 : 50 000
and the USSR General Headquarters’ topographical maps with a scale of 1 : 10 000.
Only those barriers and artificial bodies of water were identified which were located
on rivers with names or which have names. The rivers were divided into the following
groups: rivers accessible to migratory fish, rivers not accessible to migratory fish, rivers
with anthropogenic barriers, rivers without anthropogenic barriers, rivers without
anthropogenic barriers in the basin, rivers with bodies of water and lakes, rivers
without bodies of water and lakes. Factor loads on river accessibility were determined
in the categories: no barriers - 1; partly surmountable barrier - 2; insurmountable
barrier - 5.

Morphological transformations in a river were determined as the proportion of the
transformed (straightened) river section against the river’s overall length %. Morphological
transformations in a river were expressed as a percentile of the transformed river’s overall
length, allocating them ranks from 1-5 (Table 1.1.).
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Biogenic N, and P, were expressed as a percentile of their concentration, allocating
them ranks from 1-5.

Changes in the hydrological regime were not expressed numerically; their influence
was analyzed in a complex together with the influence of barriers and morphological
transformations.

Land use was divided up into 9 methods of land use (arable land, pasture, industrial
territories, parks and greened territories, wetland territories, other natural territories,
waters, urban territories and forest); of these 7 were combined into two groups-
anthropogenically significantly affected areas (arable land, industrial and urban territories)
and anthropogenically little affected territories (grasslands, forests, waters, wetland
territories). Load was expressed as a percentile of the proportion of anthropogenically
transformed areas of land in the river catchment basin. Reference rivers were selected by
the principle that none of the anthropogenic factor load values exceed 1 or 2 (Grenouillet
et al,, 2007). But in such a small geographic territory like Latvia, as well as taking into
account the available data about a limited number of rivers, one has to allow certain
concessions. So, in the largest potamal rivers, the biogenic concentration in water could
exceed the concentrations which correspond to the status of little influenced rivers, and
these rivers were selected as “the best possible” of their type of river.

1.2.5. Electrofishing, calculation of fishing results

Fish sampling by electro-fishing was undertaken in accordance with the LVS EN
14011:2003 standard. Fish species and their systematic identification were determined
in accordance with Kottelat, Freyhof, 2007. Fish ecological groups (according to their
sensitivity, feeding sites, the places where they live, breeding, feeding type, migration and
length of life) were determined in accordance with Noble et al., 2007.

For the calculation of fish numbers the removal method was used (Bohlin et al., 1998).
Fish biomass was calculated from the number of fish and their average weight.

1.2.6. Statistical processing methods for data

The total number of fish caught and the biomass by species for each river was
standardised as the number of fish and biomass in 100 m? of the fished area. The number
of fish and their biomass in fish ecological groups was calculated from these values. The
Shannon Diversity Index H” was calculated as log,, of the proportion of all individuals of a
species in a fish community. Data files were prepared in an EXCEL format for processing.

The numerical parameters included in the data base prior to further statistical
processing were checked for compliance with normal distribution according to the
Kolmogorov-Smirnov test. Log(x+1) and sqrt(x) functions were used for the normalization
of parameters, or non-parametric comparison methods were used for their analysis.

A comparison of the number of species, their diversity, the numbers of fish and
biomass by groups was undertaken using the t-test for paire-wise or the one-way ANOVA
in the case of more than two groups. The significance of the difference was evaluated with
a Tukey test or Dunnetts T3 test in the case of a non-homogenous dispersion. In cases
when it wasn’t possible to normalize parameters, a Mann-Whitney U test for paire-wise
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was used or the Kruskal-Wallis H test in the case of more than two groups comparison.
A 95% level of significance was used in the tests.

The rivers were classified using cluster analysis with a Vard’s algorithm. Fish numbers
by species were used in the cluster analysis, excluding species which were encountered
in less than 1% of the surveyed rivers from the analysis. Invasive species and lamprey
weren't used in the cluster analysis. Discriminant analysis was used for the evaluation of
the cluster analysis results.

Spearman and Kendall rank correlation coeflicients were used in the correlation
analysis. Pair and multifactor linear regression methods were used in the regression
analysis. Principal component analysis (PCA) was used for multifactor analysis. The
Wilks-Lambda method was used in the discriminant analysis. The statistical results were
calculated using the SPSS 16.0 programme package (SPSS Inc., 16.0).

A DCA (Detrended Correspondence Analysis) was used for fish species community
ordination. A data transformation in a - log(x+1) format was undertaken prior to the
analysis. Factor correlations were calculated with separated DCA axes. PC-ORD for
Windows (McCune, Mefford, 2006) was used for data analysis.
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2. RESULTS

2.1. Species’ composition, diversity, fish number and biomass

In total 2 lamprey and 38 fish species were found in 199 Latvian rivers at 1,017 sampling
sites. The most widely distributed species in Latvian rivers are the stone loach and
minnow, which can be encountered in 95% and 82% of the surveyed rivers respectively.
Other frequently encountered species are the pike (73%), the gudgeon (70%), perch and
brook lamprey (67%). Four invasive fish species have been found in Latvia’s rivers — the
rainbow trout, Prussian carp, carp and Amur sleeper. Two of them create self-sustainable
populations — the Amur sleeper and Prussian carp.

The average number of species in a river is 11.2, between the boundaries of 1 to 35,
but the modal value is 8 species. Species’ diversity H’ is on average 1.45 between the
boundaries of 0.17-2.32. The average numbers of fish per 100 m? in Latvian rivers is
91 + 58 specimens. About 80% of this number is made up of such species as the minnow
(23 + 34), stone loach (23 + 24), roach (9 £ 15), gudgeon (7 £ 15), trout (7  13), perch
(5 +9) and bullhead (4 = 7).

The average fish biomass in Latvian rivers is 992 + 755 g / 100 m*. Of this 5 species of
fish make up about 70% of the overall fish biomass (g / 100 m?): the roach 191 + 372, pike
156 + 268, trout 137 + 260, stone loach 122 + 123 and perch 88 + 156.

2.2. The influence of natural factors on the structure of fish communities
in rivers

2.2.1. The influence of the area of the river catchment basin

The area of the river catchment basin influences all of the characteristic elements
of the structure of fish communities. The number of species which can be found in a
river increases as the area of the river catchment basin increases. The relative number of
individuals of the most frequently encountered species in the majority of Latvian rivers,
change statistically significantly in river catchment basin area groups. This parameter in
river catchment basin groups is respectively 59 * 42, 92 + 57 and 119 + 42 specimens /
100 m* (Mann-Whitney U test, p < 0.05).

With an increase in the river catchment basin area, the number of ecologically
tolerant fish increases statistically significantly, which, by their feeding sites, represent
both benthic fish, as well as fish which feed in a water column. They are omnivores in
their feeding mode. In small rivers, only one of the fish ecological groups - migratory
fish, exceed their numbers in middle and large rivers.

Fish biomass, for the majority of fish species, excluding the minnow and burbot, differ
significantly in river catchment basin groups. Only the trout dominates in smaller rivers
by biomass, compared to middle and large rivers. Meanwhile, such species of fish as the
roach, chub, gudgeon, schneider and bleak reach their largest biomass values in rivers,
the catchment basins of which exceed 1,000 km?.
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Table 2.1. Fish and lamprey occurrence in Latvian rivers

L. Rivers (n=199) Sites (n=1017)
Scientific name Name
n % n %
Lampetra fluviatilis River lamprey 51 25.6 94 9.2
Lampetra planeri Brook lamprey 134 67.3 152 14.9
Anguilla anguilla Eel 5 2.5 9 0.9
Rhodeus sericeus amarus Biterling 29 14.6 116 11.4
Gobio gobio Gudgeon 139 69.8 617 60.7
Carassius carassius Crucian carp 26 13.1 33 3.2
Carassius gibelio Prussian carp 14 7.0 20 2.0
Cyprinus carpio Carp 2 1.0 4 0.4
Abramis brama Bream 19 9.3 58 5.7
Alburnoides bipunctatus Schneider 63 31.7 331 325
Alburnus alburnus Bleak 80 40.2 222 21.8
Aspius aspius Asp 2 1.0 2 0.1
Blicca bjoerkna Silver bream 26 13.1 73 7.2
Leucaspius delineatus Ausleja 23 11.6 35 3.4
Leuciscus idus Ide 16 8.0 33 3.2
Leuciscus leuciscus Dace 79 39.7 210 20.6
Phoxinus phoxinus Minnow 164 82.4 648 63.7
Rutilus rutilus Roach 130 65.3 548 53.9
Scardinius erythrophthalmus Rudd 12 6.0 20 2.0
Squalius cephalus Chub 96 48.2 465 45.7
Vimba vimba Vimba 9 4.5 42 4.1
Tinca tinca Tench 47 23.6 76 7.5
Cobitis taenia Spined loach 84 42.2 312 30.7
Misgurnus fossilis Weather loach 15 7.5 19 1.9
Sabanejewia baltica Northern golden loach 2 1.0 14 1.4
Barbatula barbatula Stone loach 189 95.0 907 89.2
Silurus glanis Catfish 1 0.5 1 0.1
Esox lucius Pike 145 72.9 327 322
Oncorhynchus mykiss Rainbow trout 2 1.0 5 0.5
Salmo salar Atlantic salmon 25 12.6 303 29.8
Salmo trutta Atlantic trout 108 54.3 434 42.7
Thymallus thymallus Grayling 18 9.0 35 3.4
Lota lota Burbot 101 50.8 213 20.9
Gasterosteus aculeatus Three-spined stickleback 32 16.1 88 8.7
Pungitius pungitius Nine-spined stickleback 81 40.7 126 12.4
Cottus gobio Bullhead 124 62.3 582 57.2
Gymnocephalus cernua Ruffe 11 5.5 19 1.9
Perca fluviatilis Perch 134 67.3 452 444
Zander lucioperca Pikeperch 2 1.0 13 1.3
Percottus glehnii Amur sleeper 2 1.0 3 0.3
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With an increase in the river catchment basin, the biomass of ecologically tolerant fish
groups and the total fish biomass increases. In large rivers, the biomass of omnivore fish
increases significantly. Whereas, the largest biomass of rheophile and migratory fish was
observed in smaller rivers.

2.2.2. The influence of river gradient on the structure of fish communities

The average number of species in rithral rivers is 10.1 + 4.6 (n = 55), but in potamal -
14.2 £ 5.8 (n = 144); these values differ significantly (t-test, p < 0.05). 37 fish and 2 lamprey
species were found in potamal rivers. The dominant fish species in potamal rivers is the pike
(98.2%), stone loach, roach (94.5%), perch (92.7%) and minnow (90.9%). In rithral rivers,
34 fish and 2 lamprey species were found. The average species diversity H’ in potamal rivers
is 1.68 + 0.30. In rithral rivers this indicator is significantly smaller — 1.37 + 0.45.

The average number of fish (88.8 + 47.2 specimens / 100 m*) and biomass (1285 +
683 g / 100 m?) in potamal rivers is greater than in rithral rivers (79.6 £ 56.5 specimens /
100 m* and 881 + 753 g / 100 m? respectively).

Characteristically, there are significantly larger numbers of individuals of tolerant fish
species in potamal rivers — the roach, bleak and perch and significantly more benthic fish, like
the gudgeon, stone loach and spined loach. There are also comparatively more individuals of
species which live in both rithral as well as potamal waters - the pike, perch and roach, which
are phytophile species and omnivores There are also more representatives of those fish species,
which undertake migrations of a local scale — brook lamprey, chub and burbot. In contrast,
individuals of diadromous fish — sea trout, salmon and river lamprey — can be encountered
in larger numbers in rithral rivers. In potamal rivers there are comparatively more represen-
tatives of relatively long living species of fish — pike, bream, crucian carp and tench.

The overall numbers of fish in potamal and rithral rivers is not significantly different.
But, in potamal rivers there are significantly larger relative numbers of roach, chub,
gudgeon, schneider, bleak, burbot, perch and spined loach, while in rithral rivers the
average number of trout is about four times greater, when compared to potamal rivers.

In potamal and rithral rivers, fish biomass differs significantly both by ecological
groups, as well as species. In potamal rivers, the greatest fish biomass component is made
up of representatives of ecologically tolerant species like the roach and perch, whereas
an ecologically sensitive species — the trout, dominates by biomass in rithral rivers. The
biomass, and the total biomass of fish for both benthic, as well as fish living in a water layer,
was greater in potamal rivers. The biomass of rheophilic species of fish was significantly
greater in rithral rivers, and eurytopic-potamal water courses. Omnivores, like the roach,
chub, bream, and predatory fish like the pike and the burbot dominate in potamal rivers by
biomass, but rheophilic forms (salmonids), which feed on invertebrates - in rithral rivers.

2.2.3. The structure of fish communities in warm water and cold water rivers, the
influence of climate changes

In total, 2 lamprey and 38 fish species were found in warm water rivers, but 2 lamprey
and 33 fish species in cold water. The average number of species in cold water rivers was
9.2 + 4.4, but in warm water rivers — 12.9 £ 5.4 (t-test, p < 0.05).
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Species diversity H’ in rivers with a lower water temperature reduced significantly.
The average Shannon species diversity index values in cold water rivers were 1.29 + 0.45,
but in warm water rivers — 1.58 + 0.38 (t-test, p < 0.05).

In warm water rivers, tolerant fish species are more frequently encountered and in
greater numbers, which by their habitats are standing or slowly flowing water fish, which
spawn on water plants. They are either omnivores, or predatory species of fish by feeding
type. Whereas, ecologically sensitive species are more widely represented in cold water
rivers. Diadromous fish prefer cold water rivers, while potadromous fish are more widely
represented in warm water rivers. Fish with short life spans are equally widely represented
in both river groups, but long living fish are encountered in relatively greater numbers in
warm water rivers.

In cold water rivers, only one of the species of fish - the trout, significantly exceeded
the number of its individuals in warm water rivers. The minnow, stone loach and
bullhead can be encountered in statistically similar numbers in both cold water and warm
water rivers. Meanwhile, the number of individuals of other fish species, per 100 m?, is
considerably larger in warm water rivers.

The biomass of the more frequently encountered species of fish differed statistically
significantly in the majority of cold water and warm water rivers. Similarly, the trout
dominates in cold water rivers in numbers as well as by biomass, where it makes up, on
average, 30% of the total fish biomass. In warm water rivers more than 50% of the average
fish biomass is made up of the roach, pike and perch.

Even though Latvia’s fish fauna is relatively new, it has changed at different periods
with varying climate. The fish communities of Latvian rivers have been researched
for only a relatively short period; broader research on all of the species which can be
encountered in them has only been done since 1992. However, the existing data does
allow one to deliberate on changes which are possibly connected with components of
climate change.

In this period a trend for the average number of species in rivers to increase overall
has been observed, i.e., the number of species found at a monitoring station has on
average increased. A reduction in the relative number of individuals has been found for
the trout, bullhead and minnow, but the number of pike, roach, burbot and perch has
grown. An increase in the number of individuals of ecologically tolerant fish species,
which are mainly eurythermal species, has been observed in the Salaca and its tributaries
(Birzaks, 2012). This trend can be observed in Latvia as a whole as well. For example,
the Prussian carp and pike perch have spread comparatively widely, but the spread of
vendace and lake smelt has diminished (Aleksejevs, Birzaks, 2011).

2.2.4. Influence of a river’s oxygen regime on the structure of fish communities

Fish are not encountered in waters without oxygen, and mass deaths can be observed
with a rapid decrease in oxygen content. Oxygen content in water is a critical factor
for fish, especially in the temperate climatic belt, to which Latvia also belongs. Oxygen
content in water is determined by many factors, for example, the river gradient, the
temperature regime, photosynthesis activity et al. The results show that in rivers (n = 124),
where the oxygen concentration is > 7 mg/l, the number of species is 11.3 + 5.9 and
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diversity — 1.41 + 0.45. With rivers having lower oxygen levels (n = 75) these indicators
are respectively 11.1 + 4.0 and 1.53 + 0.40.

In rivers, where smaller concentration of oxygen in water can be comparatively regularly
observed, tolerant species increase, but the number of individuals from ecologically
sensitive species decreases. Ecologically sensitive fish are at the same time grawel spawners,
feed on invertebrates, mainly insects and represent the majority of diadromous fish.
Meanwhile, fish of the ecologically tolerant group represent eurytopic and limnophilic
forms, which have omnivorous feeding or are predators.

Individual species of fish also react to the oxygen regime in a river. The trout, minnow
and stone loach are encountered in the greatest numbers in rithral conditions, where the
oxygen content in water usually exceeds 7 mg/l. Predatory species of fish, like the pike and
burbot, are also encountered in the greatest numbers in rivers where the oxygen content
in water is less than 7 mg/l. It is unusual that the schneider, which according to the data
in the literature is considered as an ecologically sensitive species of fish, is represented in
equal numbers in both rivers with high as well as low oxygen content.

The total fish biomass is significantly larger (= 30%) in rivers with a lower oxygen
content in water. This is determined by the biomass of ecologically tolerant fish, with the
majority of eurytopic fish belonging to these. By feeding type, omnivores and predatory fish
dominate in these rivers. The biomass of potamodromous fish is significantly larger, while
diadromous forms dominate in rivers with relatively high oxygen content in the water.

The largest fish biomass portion in rivers with relatively lower oxygen content is made
up of the roach, pike and perch, and their proportion by biomass is more than 50%. The
biomass of these species exceeds, by more than double, the biomass of these same species
in rivers with high oxygen concentration in water. In rivers with an oxygen content
> 7 mg/l, the largest fish biomass proportion is made up of the trout (= 200 g / 100 m?)
and stone loach (146 g / 100 m?).

2.2.5. The influence of biotopes on the structure of fish communities

Rithral and potamal biotopes in Latvia’s rivers differs by local parameters - the speed
of the current, the composition of the riverbed, the extent to which its overgrown,
shadowing and the average depth. Rithral biotopes have greater river bed substrata
heterogeneity as a characteristic. A hard riverbed substratum (rocks, pebbles and
gravel) dominates in these. Whereas, substrata with a higher level of dispersion increase
significantly in potamal section riverbeds - sand and sediment dominate.

In Latvia’s rivers, 37 fish and lamprey species have been registered in potamal biotopes,
but in the rithral - 39. The average number of species in rithral and potamal biotopes
basically doesn’t differ (7.7 + 2.9 and 7.5 * 2.9). But the composition of species in potamal
and rithral biotopes is significantly different. In rithral conditions such species of fish as
the bullhead (72%), minnow (71%) and trout (58%) are more frequently encountered,
but in the potamal, the roach (72%), perch (65%) and pike (62%) are more frequently
encountered. The stone loach and gudgeon are encountered in equal numbers in both the
potamal as well as the rithral.

In potamal biotopes, fish, which can be encountered in both lentic, as well as lotic
waters, like the pike, roach, chub and perch, dominate in numbers. In rithral biotopes,
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the number of individuals of the typical fast-flowing species - the trout, minnow and
bullhead, as well as the most frequently encountered species of fish in Latvia — the
stone loach, exceeds their number many times in the potamal. In rithral biotopes the
relative number of fish is significantly larger than in the potamal, 135 + 102 and 90 * 75
specimens / 100 m? respectively.

The number of rheophile fish increases with environmental conditions changing from
the potamal to the rithral. The majority of ecologically sensitive species of fish, like the
salmon, trout and bullhead, and species which spawn on hard substrata, like the stone
loach and minnow belong to these. In potamal conditions eurytopic species of fish can
be encountered, to which predatory fish — the pike and burbot, and ecologically tolerant
fishes, like the roach, bleak and sticklebacks belong.

The fish biomass in ecological groups reacts in various ways to the parameters
characteristic of potamal and rithral biotopes. The biomass of individuals from
ecologically tolerant species increases, as depth increases. With an increase in the speed
of the current, ecologically sensitive species increase. The biomass of phytophile and
predatory fish groups increase in potamal rivers.

Potamal biotopes characteristically have a larger biomass of ecologically tolerant
species. By feeding type, omnivorous and predatory fish dominate in the potamal.
Whereas, rheophilic fish, which are ecologically sensitive and insectivores by feeding type,
are characteristic of the rithral. The average fish biomass in the potamal is significantly
larger than in rithral biotopes — 1,315 + 1,175 and 1,014 £ 776 g / 100 m? respectively
(Mann-Whitney U-test, p < 0.05). In potamal biotopes about 75% of the fish biomass is
made up of such species as the roach, pike, chub and perch. In rithral biotopes, the stone
loach, trout and roach dominate by biomass.

The results show that a majority of the environmental factors in biotopes are mutually
connected. For example, the level of overgrowth in rivers reduces as a result of shadowing.
Less shadowing is a feature of wider rivers; in other words the larger rivers with a larger
catchment basin area. 540 fish catching sites (biotopes) were analyzed with DCA, using the
relative number of fish for ordination in a (log=n+1) format for 36 species. The results of the
analysis show that Axis I explains 39% of the variable dispersion, II axis — 20%, but III - 13%.

Fish characteristic of small rivers correlate negatively with Ordination Axis I, - the
trout, minnow and stone loach, which are typical rithral fish species. Whereas with Axis II,
species which are typical for larger rivers correlate negatively — the salmon and schneider.
With Ordination Axis III, the minnow, which is more frequently encountered in rithral
conditions and in greater numbers, correlates positively, but the — burbot, which lives in
slowly flowing sections of rivers, negatively. The numbers of these fish differ significantly
depending on the oxygen conditions in rivers. The number of minnows increase in the
group of rivers with O, > 7 mg/l, while in contrast, the numbers of burbot is greater in
rivers with an oxygen content of < 7 mg/1.

Fish sampling sites, according to the potamal and rithral, divide up correspondingly
in the I IL, III and IV quadrants. Sites in the larger rivers are located mainly in quadrants
IT and III. In Figure 3.6.2., it can be seen that the number of fish of the rheophile and
lithophile groups increase with an increase in river gradient. Whereas, with an increase in
river depth and width, the number of tolerant and eurytopic fish, which are omnivores or
predatory species increase in slow flowing biotopes.
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Figure 2. Fish sampling sites (biotopes) ordination results. The largest markers correspond
with fish sampling sites in large rivers

2.2.6. Influence of the natural factors complex

An analysis of the data shows that the total number of fish species and their diversity,
the number of individuals of differing fish species and ecological groups and biomass is
affected by factors which are determined by a river’s morphology (area of the catchment
basin and the gradient), river temperature and the oxygen regime. Factors, like the depth
and width of the river and the distance from the river’s upper reaches, also have great
significance. Principal component analysis (PCA) shows that 3 components provide 84%
of the river’s parameters dispersion used in describing it. The length of the river and the
area of the basin are combined in the first component, temperature and average gradient
in the second, and oxygen in the third.

The first component explains 43% of the parameter dispersion, but the second
and third 24% and 17% respectively. With an increase in river water temperature and
a reduction in the river gradient, the number of species and the number of fish (they
describe diversity) and the fish biomass increase. The results show that the structure of
the fish community in a river is determined by two groups of opposing factors:

1) the area of the river’s catchment basin and the length of the river, with an increase

in which, the number of species and the relative number of fish in the river increase;

2) the river gradient and temperature regime, which are opposing factors, influence

all of the main fish community parameters, both the number of species and
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diversity, as well as the number of fish and the biomass. The influence of the

oxygen component is inconsequential.

Table 2.2. Proportion of parameter components used in describing a river

Parameter I component II component III component
Watershed area size 0.944
River lenght 0.932
Temperature 0.874
Slope -0.731
0, 0.965

2.3. Influence of anthropogenic factors on the structure of fish

communities

2.3.1. Anthropogenic barriers, influence of water bodies and lakes on the structure of

fish communities

Anthropogenic barriers - HPS dams, mill dams, and dams meant for maintaining the
level of ponds or for fish ponds — have been built on at least 386 rivers. By using cartographic
materials, it was established that there were at least 705 dams and artificial water bodies on
Latvia’s rivers in 2012. The dams are located on 386 rivers or about 14% of the rivers which
have names. But a river can be inaccessible for migratory fish, if dams are built lower - in a
river, into which it flows or one, to the basin of which, it belongs (Figure 3.).

aizsprosts

celotajzivim nesasniedzami apgabali

Figure 3. Location of anthropogenic barriers on Latvia’s rivers
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The influence of HPS dams on river fish communities has to be evaluated from
a number of aspects, as it is complex. If dams are usually a barrier on fish migration
routes, then an HPS, which is operating in a water accumulation regime, alters a river’s
hydrological regime and can influence the water temperature in the river and the oxygen
regime.

Thirty three species have been found in rivers, which are inaccessible to migratory
fish, but in rivers, which are partly or completely accessible to diadromous species -
38 species. But the average number of species and the diversity in these river groups
does not differ significantly. In rivers with dams, both the average number of species, as
well as their diversity is significantly larger than in rivers, where there aren’t any dams.
The corresponding indicators by river groups are 13.0 + 4.7, 9.8 £ 5.3 and 1.58 + 0.33,
1.35 + 0.48 (t-test, p < 0.05).

The smallest number of species of fish and diversity was found in rivers, where there
were no artificial water bodies, or natural lakes. In this group of rivers, an average of
8l.6 + 4.7 species were found, but in diversity H” only 1.31 + 0.51. For rivers, on which
artificial reservoirs were located, or which flow through lakes, these indicators were
significantly larger, 12.3 + 5.1 and 1.51 #* 0.39 respectively (t-test, p < 0.05).

The occurrence of species in the surveyed rivers varies. The more widely distributed
species, like the stone loach and minnow, can be encountered with a similar probability
in all river groups (Section 1.2.4.). The pike and the burbot are encountered more
frequently in rivers with anthropogenic barriers. The trout is more frequently
encountered in rivers, which are at least partly accessible to migratory fish, as it is
represented by two ecological forms in river fish communities - the migratory and
non-migratory.

In rivers with barriers, as well as rivers, which flow through lakes, there is a
significantly larger average number of fish per 100 m* (Mann-Whitney U test, p < 0.05).

In rivers which are accessible to diadromous species, the trout can be encountered
in significantly larger numbers (in both of its ecological forms - the sedentary brown
trout and sea trout). In rivers with barriers, a significantly larger number of fish has
been found for nine of the most frequently encountered species. Like this group of
rivers, in rivers which flow through lakes or on which artificial reservoirs have been
created, both the total number of fish, as well as the number of individuals of the more
frequently encountered species is significantly larger than in rivers, which have no lakes
O reservoirs.

With an increase in the number of barriers on rivers, the occurrence of the roach,
gudgeon and spined loach increases. It is characteristic that the average fish biomass
is significantly larger in rivers with barriers and in rivers which flow through lakes
or artificial reservoirs. A larger biomass in rivers with barriers, reservoirs and lakes is
provided by the eurytopic fish group, i.e., fish species which can be encountered in both
flowing as well as standing water. Such widely distributed and frequently encountered
species like the bream, silver bream, pike, burbot, perch, bleak and roach belong to this
group of species.

In turn, fish biomass in rivers which are accessible to diadromous species do not differ
statistically significantly from rivers, which are blocked by dams in their basin. These
results conform to the results which were obtained by analyzing data about fish numbers.
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Only the trout is an exception and is one of the dominating species by biomass in rivers
which are accessible to diadromous species.

2.3.2. Influence of the straightening of rivers on the structure of fish communities

Such river fish community parameters as the number of species of fish encountered in
rivers and their diversity react very little to morphological transformations. Even though
in both potamal and warm water rivers the number of species decreases with an increase
in the proportion of morphological transformations, this reduction is significant only if
the transformations exceed 75% of a river’s total length. In rithral and cold water rivers,
the largest number of species has been observed at the median - 50% morphological
transformation level. The biological diversity indicator H’ basically doesn’t react to a
river’s morphological transformations.

Morphological transformations in rivers do not influence the number of individuals
of the eurytopic and limnophilic species of fish, or the total number of fish. In rivers,
little disturbed by anthropogenic activities, there are a significantly larger number of
individuals of ecologically sensitive species of fish. In significantly transformed rivers,
the number of fish spawning on the hard substrata and the number of individuals which
feed on insects, and fish which migrate long distances decreases, but fish which spawn on
plants and the number of predatory fish, the most widely represented of which is the pike
in Latvian rivers, increase.

The results obtained show that a small morphological transformation of a river
(up to 25%) practically doesn’t influence the structure of the fish community. But
the number of individuals of various species changes significantly with the intensity
of transformation exceeding 50%. In rivers which correspond to the IV and V
anthropogenic transformation class, the number of individuals of ecologically sensitive
species of fish, like the trout and bullhead decreases significantly. In morphologically
untransformed and little transformed rivers, the number of trout per field unit is
between the boundaries of 7-11 specimens / 100 m?, but in totally regulated rivers, their
number is only 2 specimens / 100 m* Like the trout, the number of bullhead decreases
from 4-5 specimens / 100 m? to 2 specimens / 100 m*. Meanwhile, with an increase in
morphological transformations, the number of ecologically tolerant species - the pike,
roach and gudgeon increases 2-3 times in rivers, compared to the number of these fish
in little transformed rivers. Individual species of fish, like the chub, schneider and bleak
don’t react to morphological transformations and their number, based on the level of
anthropogenic activities, doesn’t change.

Significant fish biomass differences can be observed only by comparing little
transformed rivers with completely transformed (100%) water courses. With an increase
in the morphological transformation intensity in rivers, the biomass of ecologically
tolerant fish increases, but the biomass of ecologically sensitive fish decreases by more
than 3 times, and the biomass of rheophile fish decreases. Meanwhile, the biomass of
predatory fish increases. Omnivores and potadromous fish don’t react to the intensity
of morphological transformation. With an increase in the proportion of morphological
transformation, the biomass of trout in rivers decreases, whereas the biomass of such
ecologically tolerant species as the pike and gudgeon increases.
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2.3.3. Influence of transformations in a river’s hydrological regime on the structure
of fish communities

The following are the ways of transforming the hydrological regime in Latvian rivers:

o a part of a river’s channel is transferred to another river basin;

o the influence of a hydroelectricity station;

o the influence of morphological transformations.

Often a part of a river, usually in its upper reaches, gets connected with the river
next to it as a result of reclamation work. The result of this is that the average flow in
the river and the biotope area is reduced. Transformations have been undertaken in this
way, for example, on the Palsa River (its upper reaches were connected with the Vizla),
the Svétupe was connected to the Salaca along Jaunupe, the Langa River was connected
to the Gulf of Riga et al. The direct effect of this factor cannot be evaluated as the
transformations were done a long time ago, and the structure of the fish community prior
to the transformations was not established.

Hydroelectricity stations, which operate in a water collection regime, create
significant water level variations in the section of the river, both in the power station’s
tailwater, as well as in the reservoir, which are different from the natural water level
variations in the yearly cycle. An HPS can also influence a river’s temperature and
oxygen regime. Artificial reservoirs change the composition of the fish community
species, and as a result of its influence, the number of fish and their biomass in rivers
increases (sub-section 2.3.1.).

Hydro-morphological transformations in a river change its runoff regime: with a
reduction in the river’s length, its average gradient increases, and the speed of the current
correspondingly. The straightening and reclamation of rivers reduces or completely
interrupts the development of meandering, correspondingly reducing the development of
river branches and back-waters, which are connected with the river, as well as significant
spawning and fingerling habitats and feeding sites for some species of fish — through
floodland pasture flooding.

The average water temperature in rivers with dams (n = 79) in summer months
was 18.7 + 2.6 °C, but in rivers without dams (n = 83) - 17.8 + 2.4 °C; this difference is
significant (t test, t = 2.31, p < 0.05), even though the differences aren’t great. The oxygen
content in water in this river group is 8.5 + 1.8 and 8.2 £ 1.7 mg/I respectively, and these
parameters don’t significantly differ. In rivers which have been significantly transformed
morphologically, the average oxygen content reduces by more than 1 mg/l. The water
temperature and oxygen regime’s influence on the structure of fish communities in river
is analyzed in sub-sections 2.2.3. and 2.2.4.

2.3.4. Influence of land use on the structure of fish communities

Arable land, industrial and urbanized territories can be included as anthropogenically
transformed areas, and grassland, waters, forests and wetland territories, as those which
have been little influenced.

The types of land use in a river’s catchment basin influences the number of species
and their diversity very little. The results of multifactor analysis show that the area of
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a river’s catchment basin and the area of forest in the basin have a greater influence on
these parameters.

With an increase in the overall proportion of the anthropogenically transformed area
in the river basin, the number of fish and their biomass increases. The largest proportion
of arable land is in Zemgale. Individuals of ecologically tolerant fish species with a
comparatively large biomass can be encountered in the rivers of the Lielupe basin in large
numbers.

The influence of types of land use on the relative number of the more frequently
encountered species of fish is not particularly pronounced. However, with an increase in
the proportion of the level of anthropogenic impact, the relative number of roach, bleak
and perch increase, but that of bullhead decreases. Significantly, the total number of fish
increases by 30%.

With an increase in anthropogenically transformed areas of land, the number of
ecologically tolerant, eurytopic fish increases. The biomass of pike, roach, gudgeon, bleak
and perch increases, but the biomass of bullhead decreases.

2.3.5. Influence of the ecological quality of rivers on the structure of fish communities

The number of species and their diversity is the greatest in average ecological quality
rivers, and the smallest of these parameter values are characteristic of very good and very
poor quality rivers. With a decrease in river ecological quality, the relative number of
individuals of such ecologically sensitive fish species as trout and bullhead decreases, but
the number of individuals of ecologically tolerant fish species — roach, perch, pike and
chub increases. In contrast, the number of individuals of ecologically sensitive species of
fish, which are insect eaters by feeding type, decreases. The total number of fish increase
with a deterioration in ecological quality. This takes place at the expense of an increase in
the number of individuals of ecologically tolerant species of fish.

It is strange that the overall deterioration in a river’s ecological quality doesn’t affect
the occurrence of schneider, which is evidence of the fact that the schneider’s status as an
ecologically sensitive species is doubtful.

With deterioration in a river’s ecological quality, the total fish biomass increases
significantly from 799 + 578 to 1649 + 761 g / 100 m* The biomass of roach, pike, chub,
gudgeon and perch increases, but the biomass of trout and bullhead decreases. The biomasses
of eurytopic and limnophilic group fishes increase, but the biomass of rheophile species
decreases. Migratory fish were not found in rivers of very bad quality (quality class 5).

2.3.6. Influence of biogenic elements, nitrogen N and phosphorous P, on the
structure of fish communities

Results show that in Latvias rivers the number of species of fish and their diversity H’
doesn't significantly differ, ranging this over N, classes (ANOVA, p > 0.05). The average
number of fish is the greatest in rivers with average (1.3-2.7 mg/l) N, values. With an
increase in the N, content, fish biomass increases, but these changes are not statistically
significant. A significant effect of P, on the number of species and their diversity, as well
as on the number of fish and their biomass was not found.
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The biomass of rheophile and ecologically sensitive fish species, like the trout and
bullhead, decreased significantly, with an increase in the total nitrogen quantity in water.
In contrast to this, the biomass of tolerant and eurytopic fish increased. Omnivores
dominate in rivers with higher N,,, values.

Changes in P, significantly affect only one species - the bullhead, the number of
individuals of which decreased statistically significantly, with an increase in P, The
number of other species and ecological groups of fish and their biomass were not affected
by the concentration of Py.

2.4. Influence of overall anthropogenic and natural factors on the
structure of fish communities

Bearing in mind that the structure of fish communities is influenced by both natural
as well as anthropogenic factors, it is important to evaluate the relative influence of these
factors on the fish fauna of Latvia’s rivers. In the PCA analysis, the influence of 12 factors
is divided up into 4 components, which explain 74% of the parameter dispersion of fish
communities. Component I is connected to factors, which determine the size of the
river — with the river’s length and catchment basin. Component II indicates a negative
connection with the river’s gradient and oxygen content, but a positive one — with the
proportion of anthropogenic transformation in the river. Component III connects the
values “transformation intensity in the catchment basin” and the content of N,,, in water.
P, has been isolated as a separate component IV. The number of species of fish, their
diversity and the number of individuals correlate positively with component I.

Individuals from species of fish and ecological groups significantly correlate with
Components I and II. With an increase in the values of Component I (river catchment
basin, length and other parameters, which determine a river’s size), the relative numbers
of roach, schneider and spined loach increased. The individual numbers in the ecological
groups in which these species were included, increased correspondingly. Component II,
which is connected with a river’s average gradient and the oxygen content in the water,
correlates negatively with trout, but positively — with the number of pike. It should be
added that the pike, in terms of where it lives, belongs to the eurytopic species, but in
terms of the spawning substrata — to phytophile forms. The fish relative biomass for
cyprinid family fish (roach, gudgeon, chub, schneider and bleak) and spined loach
correlate positively with the I PCA component. Meanwhile, the second component
is positive in connection with the biomass of trout and rheophile species of fish, but
negative — with the biomass of phytophile fish.

The results of the analysis overall show that the structure shows that the fish
community in Latvias rivers is determined mainly by natural factors (Components
I and II), which correlate more significantly with fish community parameters. The
overall impact of anthropogenic influence factors on fish communities and their
variability is smaller, compared to natural factors. The results obtained allow for
the conclusion that the complex of natural factors, which are characteristic of each
river type, determine the fish community structure to a much greater degree than
anthropogenic activity.
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2.5. Typology of Latvia’s rivers according to the structure of fish
communities

The data analysis done in the previous sections and its results show that in developing
a typology of Latvias rivers according to fish, one has to take the issue into account,
that it’s not always possible to characterize a river as a whole. This is caused by the
heterogeneity of rivers. The river can be characterized by the speed of its current, the area
of its catchment basin above the sampling site, the depth, its width and other parameters.
In developing a river typology, one initially needs to undertake an analysis of the fish
communities in the surveyed sections. To determine the river type one needs to combine
the data which has been obtained, while surveying various biotopes in the one river.

2.5.1. Fish communities in various river biotopes

The results of cluster analysis show that it’s possible to divide up 9 fish biotope types
with the fish communities which characterize them, differing significantly in terms of the
number of fish, by the dominant and typical fish species of the biotope (Table 2.3.).

Table 2.3. The composition of species in fish communities in the biotopes of Latvia’s rivers

Biotope Dominating species Type specific species
Samll river potamal (I) Stone loach, perch, nine-spined | Minnow, bullhead, sun bleak,
stickleback, pike, burbot, three- | weather loach
spined stickleback
Meduim and large rivers Roach, perch, chub, bleak, Bitterling, spined loach,
potamal (II) stone loach, gudgeon schneider, pike, dace, silver
bream, burbot
Medium rivers rithrala (IIT) Stone loach, minnow, trout, Salmon, gudgeon
bullhead
Medium rivers potamal/ Minnow, stone loach, trout, Schneider, bullhead
rithral (IV) gudgeon
Medium and large rivers Stone loach, minnow, roach, Chub, bullhead, pike, burbot,
potamal - in rithral gudgeon, perch spined loach, dace, bleak, sun
sections (V) bleak, bitterling
Medium and large rivers Stone loach, schneider, Bullhead, bleak, spined loach,
rithral (VI) gudgeon, minnow, roach perch
Small coldwater rivers Trout, stone loach, minnow Bullhead, nine-spined
potamal/rithral (VII) stickleback
Medium and large rivers Stone loach, salmon, bullhead, | Minnow, gudgeon
rithral - dominating by trout
salmonids (VIII)
Large rivers rithral (IX) Stone loach, salmon, gudgeon | Roach, bullhead, chub, perch

The most widely distributed and most frequently encountered species of fish in
Latvia’s rivers, the stone loach is the dominant species of fish in all types of biotopes and
was encountered at more than 90% of the sites surveyed i.e., basically this species has
no importance in typology. Salmon-type fish and the bullhead belong to the dominant
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species in rithral biotopes, but the roach and perch - in potamal rivers. The gudgeon can
be the group’s dominant species in both potamal, as well as rithral conditions.

2.5.2. Latvia’s rivers types by to the structure of the fish communities

In total, 105 rivers, where the anthropogenic influence load was evaluated as incon-
sequential, were selected for the development of river typology. Cluster analysis allowed
for division into 7 river types, of which 2 were small rithral rivers (Table 2.4.).

Table 2.4. Description of river types

P . River type
arametrs

I (n=19) | II (n=38) | IIIn=5) |IV (n=10) |V (n=14) | VI (n=11) | VII (n=8)
(Ck";;cf)‘mem S2€1300 +150| 50 +30 | 150 £200 | 140 £40 | 60 +40 | 400 + 200 |4000 = 2900
Slope (m/km) | 2.0+1.0 | 50+3.5] 14409 | 1.3+0.6 | 25+1.1 | 1.6+0.5 | 0.5+0.2
T regime <18°C | <18°C | >18°C >18°C | >18°C | >18°C >18°C
Number of 143+48| 66+34|102+42|127+1.3|87+34|152+3.0| 23.8+7.3
species
Diversity H’ 15403 | 1.1+04] 1.620.1 | 15403 | 1.5+05 | 1.8£02 | 1.9+0.3
Number of fish | oo | 43 | 59135 | 56+33 | 135466 | 105+ 14 | 93+45 | 127+34
(num. / 100m?)
?é‘;r;‘ggsmz) 874 + 620|702 + 4661301 + 773|1153 + 493|680 + 610 |1340 + 423| 1278 + 381

1- basin area adjusted by sample field location

Small and middle rithral rivers are represented by two fish community types each that
are determined by differences in the temperature regime in the river (Type II, V and Type I,
VI). Large rivers are potamal warm water rivers. Fish community Types IIl and IV are rather
small in number in the existing mass of data, and it’s not possible to determine to which of
the river types they are best suited. It can be concluded that the river typology defined in
Latvia’s normative acts only partly corresponds to the fish community types in our survey.

[

Rauza Skéde Grube Jurgupe Stende Birstala Vecrocupe|
Amata Varme Vildoga | | Vadzupe Gauja Apse Narata
Sepka Pace Vikmeste| | Glazupe Mémele | |Imula Koksupe
Létiza Lacupe Skervelis | | Kai¢upe Venta Amula Krievupe
Rauna Loja Eglupe Stepupe Barta Durbe Engure
Mergupe | |Ramata Lorupe Pilsupe Salaca Lauce
Svétupe Koja Tirza
Vitrupe Zakupe Losis
Jaunupe Pérlupe Eda

Lencupe Laucesa

Meltne

Raunis

Figure 4. Division of rivers by fish community types



173

River Type I are rithral cold water rivers with an oxygen content of > 7 mg/l. Such
species of fish as the brook lamprey, trout, minnow, stone loach, burbot and bullhead can
be encountered in more than 90% of these rivers.

The average number of species in the rivers is 14.3 + 4.8, and the diversity 1.5 £ 0.3.
In terms of their numbers, species like the stone loach (36%), minnow (27%) and trout
(14%) dominate in the fish communities.

Such water courses as the Amata, Brasla, Rauna, Rauza, Ige, Létiza, Mergupe,
Vecpalsa, Riva, Svétupe and Vitrupe and other watercourses belong to this river type.
They are middle sized rithral cold water salmonid fish rivers.

River Type II are rithral cold water rivers with a catchment basin area smaller than
100 km?. Only two species of fish - the trout and stone loach can be encountered in more
than 90% of these rivers. The average catchment basin area is 50 km? but the average
gradient 4.9 £ 3.5 m/km.

The smallest average number of species 6.6 + 3.4 and diversity 1.1 + 0.4 are
characteristic of these rivers. In numbers, the trout (33%), minnow (30%) and stone
loach (24%) dominate these fish communities.

Such water courses as the Dauda, Eglupe, Gribe, In¢upe, Kumada, Len¢upe, Licupe,
Ligatne, Melnupe (Salaca, Amata), Norina, Raksupe, Raunis, Skalupe, Skérvelis, Strikupe,
Vaive, Vikmeste, Vildoga and other water courses belong to this river type. These rivers
are small rithral cold water salmon-type fish rivers.

River Type III are warm water rivers, which by their average gradient can be both
potamal, or rithral water courses. The roach, pike and perch can be encountered in more
than 90% of these rivers and salmon-type fish species of fish are not found here.

The average number of species of fish in these rivers is 10.2 + 4.1, and diversity
1.6 + 0.1. In terms of numbers, the roach (31%), perch (22%) and pike (10%) dominate
in these rivers.

The Engure, Koksupe, Nartita and the Krievupe belong to this river type. They are
small and middle sized rivers and flow through lakes (connected to lakes). There are few
of these rivers in the data set used, although they are often encountered in Latvia.

River Type IV are warm water rivers with catchment basin borders from 70 to
300 km? and have an average gradient of 1.3 + 0.6 m/km. The pike, roach, gudgeon,
minnow, stone loach and perch are encountered in more than 90% of these rivers. The
trout can be found in the majority of these rivers, but in smaller numbers.

The average number of species in these rivers is 12.7 + 1.3, and the diversity 1.5 + 0.3.
In terms of numbers, the minnow (48%), stone loach (17%), roach (6%) and perch (5%)
dominate in these rivers.

The Skéde, Virme, Ramata, Lacupe, Kisupe and Loja belong to this river type. They
are small and middle sized cyprinid - salmonid fish rivers, but it’s possible that the
proportion of small number of trout in this type of river is a result of degradation.

River Type V are rithral warm water and cold water rivers with a catchment basin of
<100 km? and an average gradient of 2.1 + 1.0 m/km. Only one species of fish, the stone
loach has been found in more than 90% of these rivers.

The average number of species in these rivers is 8.7 + 3.4, with a diversity of 1.5 + 0.5.
The stone loach (22%) and gudgeon (15%) dominate in these rivers in terms of numbers.
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The Kaicupe, Stepupe, Vadzupe, Jurgupe, Pilsupe and others belong to this river type.
They are small stone loach rivers. Trout have also been found in a number of these rivers,
and therefore it’s possible that they’re degraded trout rivers.

River Type VI are rithral type warm water rivers with catchment basin borders
from 200-1000 km? and an average gradient of 1.6 + 0.5 m/km. The trout, pike, roach,
gudgeon, minnow, stone loach, perch and bullhead have been found in more than 90%
of these rivers.

The average number of species in these rivers is 15.2 + 3.0, with a diversity of 1.8 £ 0.2.
In terms of numbers, the stone loach (31%), minnow (17%), roach (17%), gudgeon (7%)
and perch (5%) dominate in these rivers.

The Tirza, Ciecere, Lauce, Laucesa, Liela Jugla, Eda, Tebra and other watercourses belong
to this river type. These rivers are average cyprinid —salmonid fish medium size rivers.

River Type VII are potamal warm water rivers with a catchment basin area of
> 1000 km?* and an average gradient of 0.5 + 0.2 m/km. Lamprey, pike, roach, dace, chub,
gudgeon, minnow, schneider, bleak, stone loach, spined loach, burbot, perch and bullhead
have been found in more than 90% of these rivers. The asp and vimba, which cannot be
encountered in small rivers and are rare in middle sized rivers can be encountered in the
majority of these rivers.

In terms of numbers, the stone loach (29%), roach (14%) schneider (11%), minnow
(9%), gudgeon (8%), chub (5%), bullhead (5%) and salmon (5%) dominate in these rivers.

Latvia’s largest rivers, the Salaca, Gauja, Venta, Mémele, Barta, Stende, Abava and
Ogre belong to this river type. Salmon fingerlings in large numbers are, or have been,
encountered in this river type’s watercourse rapids (Ogre, Abava). They are the main
salmon, river lamprey and vimba spawning rivers in Latvia.
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3. DISCUSSION

Rivers differ very widely by their morphology, hydrological and temperature regimes,
location in the overall river network and other parameters which make up the living
environment of fish, and as a result, determine the structure of fish communities. Factors
from the surrounding environment which influence the structure of fish communities
mutually interact, i.e., their influence is quite complex. In each of the fish community
development phases, environmental factors influence the breeding, growth, mortality etc.,
of various fish, determining the community structure as a result - the composition and
number of species, the number of fish and their biomass. In the research it was established
that there are a string of natural and anthropogenic factors, which influence the structure
of fish communities, like the size of the river, the temperature regime, available habitats,
the depth and gradient of the river, anthropogenic transformation of the river, the level
of eutrophication, the spread of invasive species, urbanization and others (Jackson et al.,
2001; Malmqvist, Rundle, 2002; Morgan, Cushman, 2005; Port et al., 1986).

In accordance with territory area - species number theory (the species-area
relationship), the number of species in the territory (in the case of rivers - in the
catchment basin) increases, as the territory increases. In rivers this connection can be
observed in two ways:

o the number of species in a particular river increase in the direction towards its

lower reaches, i.e., as the area of its catchment basin and discharge increases;

o the number of species in rivers increases as their catchment basin areas increase

(Matthews, 1998; Oberdorff et al., 1998),

A similar placement of fish ecological groups, dependant on hydrological and hydro-
morphological factors, has been established through a comparison of the structure of fish
communities in the rivers of different continents (Lamoroux, et al., 2002).

These connections also apply in Latvia’s rivers. Data from fish monitoring in rivers
which was used in this work regularly established that 70-75% of fish and lamprey
(hereinafter in the text — fish) species were encountered in Latvia’s river fauna. There were
29 species caught in small rivers (catchment basin S < 100 km?), 36 caught in middle
sized ones (100 km?< S < 1000 km?), and 38 species in large rivers (S > 1000 km?). The
difference between those established in monitoring and the species which are found in
the ichthyofauna is made up of fish, which remain in rivers for a short period (smelt,
whitefish) or are rarely encountered (twaite shad, sabrefish), or those which rarely enter
rivers (sea lamprey). Such species as the vimba, asp, ide and catfish can be encountered
in middle sized and large rivers. Invasive species too — the Prussian carp, Amur sleeper
and carp, are more frequently encountered in middle sized and large watercourses. Other
research also establishes that invasive species are encountered more frequently in the
lower reaches of rivers and in large rivers (Friesen, Ward, 1996).

The number of species and their diversity in a river is also determined by its location
in the river network. In the basins of separate isolated small rivers (for example, the
small rivers flowing into the Gulf of Riga) the number of species and their diversity is
smaller, compared to similar sized rivers, which are tributaries of larger rivers. Similar
results have also been obtained in research done in the basins of France’s largest rivers,
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the Loire and Seine (Oberdorff, 2001; Roset et al., 2007). An atypically large number of
species and diversity can be observed in the estuaries of the tributaries of large rivers. It is
recommended that the data obtained in these sections of rivers should not be ascribed to
the river as a whole (Thorp et al., 2006).

As the number of species in rivers increases, the relative numbers of fish also
simultaneously increase. Fish biomass also increases correspondingly, as the individuals
of species of fish encountered in large rivers are larger or, on reaching a certain age or
size, migrate from small rivers to the lower reaches or to a higher level river (Jackson et
al., 2001; Kesminas, Virbickas, 2007).

Within the borders of an ecoregion, the structure of the fish community in rivers
should be similar, and it would be expected that Estonias, Latvia’s and Lithuania’s river
fish community structures would be similar. More intensive fish research has been done
in the rivers of Lithuania. The results are comparatively different from those gained from
Latvian rivers. Their fish numbers in various sized rivers were between the borders of
8 specimens / 100 m? in streams, to 45 specimens / 100 m? in large rivers (Kesminas,
Virbickas, 2000). From our research results, these values were 59 and 119 specimens /
100 m* respectively, i.e., they differed by a number of times. The fish biomass was more
similar. In the rivers of Lithuania, depending on the catchment basin, these varied within
the borders from 40-740 g / 100 m? while the results we obtained were significantly
larger 662-1447 g / 100 m*. In the research containing data about 21 Lithuanian rivers
(Virbickas, 1998), the relative number of fish was 3-129 specimens / 100 m? and the
biomass 80-629 g / 100 m* In other research which was conducted in a middle sized
rithral river, the Siesartis, S = 615 km?, the fish number was between the borders of 13-
50 specimens / 100 m? and the biomass 311-1587 g / 100 m? (Civas, Kesminas, 2011).
These results were closer to those obtained in Latvian rivers. Meanwhile, in Estonian
rivers the distribution and reproduction of Baltic salmon was researched, but only data
about the occurrence of the species in them has been published (Kangur, Wahlberg,
2001).

It is possible that the differences could be explained by varying fish sampling
methods, for example, in the choice of the fishing site or the effectiveness of the fishing,
which can be determined by the equipment used, fish catching techniques, the number of
participants fishing and other factors. The estimation of the occurrence of species of fish
in Latvian and Lithuanian rivers is reasonably similar (% of rivers) for widely distributed
species, which are encountered throughout the Baltic Ecoregion. In the research which
collated the data on 21 Lithuanian rivers, the occurrence of such species as the pike,
roach, perch and stone loach was 71, 67, 67 and 86% respectively. In our research, these
indicators were 73, 65, 67 and 95%.

But, the distribution of some species differs significantly. Thus the three — spined
stickleback can be encountered inland in Lithuanian rivers as well, a relatively long
distance from the Baltic Sea. In addition, it has been found in 52% of the rivers surveyed.
In Latvian rivers its incidence is only 16%. They obviously rarely form populations in
inland rivers. Of the 37 rivers in Latvia, where this species has been found, 30 of the
rivers flow directly into the Baltic Sea or the Gulf of Riga, and only in individual cases has
this species of fish been found in inland rivers. The presence of the nine spine stickleback,
as well as the three spine stickleback in the fish community in large numbers is viewed
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as a sign of a river’s degradation (Virbickas, 1998; Kesminas, Virbickas, 2000; Fieseler,
Volter, 2006).

Some species of fish are distributed unevenly in Latvia. The bitterling cannot be found
in eastern Latvia, but is encountered in larger numbers in the rivers of Kurzeme. The
natural distribution area of the grayling is restricted and it is found in the rivers of the
Gauja and Venta basins, and has also been encountered in the Liepna, which belongs
to the Velikaya basin. In the rivers of the Daugava and Lielupe basins there have been
attempts to spread it artificially. The trout is mainly spread through uplands rivers, but
only in the central and western part of Latvia. With rivers connected to the sea, where
there aren’t barriers to fish migration, the trout is represented mainly by its migratory
form. Unfortunately, in Latvia historical data about the distribution of the trout in small
rivers is not available (Birzaks et al., 2011). But it’s possible that it has disappeared from
some of the rivers in the eastern part of Latvia. Publications meant for anglers, which
cannot be considered to be reliable sources of information, mention that the trout has
been encountered in the Indrica (Prieditis, 1960), but they weren't found there in our
research in 2006 and 2007.

But, in accordance with fish species distribution regularity, not only the number of
species of fish, but also their relative numbers and biomass, should increase in a southerly
direction (Waide et al., 1999). It can be deduced that the question of the relative number
and biomass of fish in the rivers of the Baltic Ecoregion remains open. From our research
results, the smallest number of species of fish and their diversity can be observed in small
(S < 100 km?) rithral type cold water rivers, and the largest - in warm water potamal
rivers with a catchment basin larger than 1,000 km?

The previously mentioned results show that even in quite a small territory, like
the Baltic Ecoregion, one can observe significant differences in the distribution and
occurrence of species in geographically close regions.

The number of species of fish in rivers is determined to a large degree by the
temperature regime. The majority of the fish represented in Latvia’s river ichthyofauna
belong to the cyprinid family, and are warm water species. All together, 40 species of fish
were caught in warm water rivers, but in cold water — 35. But, the data analysis shows
that there is no significant difference in the number of fish species found in middle sized
rivers, between rivers by catchment basin groups with varying temperature regimes
(Birzaks, 2012).

In Lithuanian rivers, fish biomass in cold water conditions is 2.3 times smaller than
in warm water rivers (Virbickas, 1998), though in our research this difference is a little
smaller, around 1.9. Water temperature significantly influences fish distribution and
growth (Magnuson et al., 1979). A lower water temperature in the summer months can
be observed only in small and middle sized Latvian rivers; rivers with a catchment basin
S > 1000 km? are warm water.

The river gradient also influences the number of species in a similar way. In potamal
rivers, 39 species were found and in rithral rivers — 36. The average number of species
in potamal and rithral rivers differs significantly, but such a difference isn’t seen, if the
average number of species in potamal and rithral rivers is compared by catchment basin
size groups. The number of fish in rivers, which is expressed as the number of individuals
per field unit 100 m? changes with a change in the river catchment basin, gradient
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and temperature. It increases with an increase in the area of the catchment basin and
water temperature and decreases, with an increase in a rivers average gradient. These
differences are not statistically significant, if the comparison of the number of fish in
potamal/rithral and cold water/warm water rivers is done by catchment basin area groups
(Birzaks, 2012). This parameter does not differ significantly in river groups with a varying
O, concentration as well.

Oxygen content in water can be considered to be a limiting factor in relation to fish.
But for the majority of the rivers included in our research, the oxygen quantities in water,
by both field measurement data in summer, as well as by surface water monitoring data
exceed 7 mg/l on average for a number of measurements each year. Statistically significant
differences in river groups with varying oxygen content in water were not observed.
Multifactor influence analysis shows that the number of species and biological diversity
are more significantly influenced by the area of the river catchment basin. Meanwhile,
the fish biomass in rivers with a lower oxygen content increases statistically significantly,
which is caused by the increased biomass of ecologically tolerant fish species, especially
individuals of the roach. In Latvian rivers this species of fish, similar to Lithuanian rivers
(Virbickas, 1998), is the dominant species by biomass, which together with the pike,
trout, stone loach and perch form 70% of the fish biomass.

The number of fish, by river groups with varying oxygen content, does not significantly
differ. But the number of ecologically sensitive species in conditions of lower oxygen
decreases manifold compared with rivers, where the O, concentration in summer is
usually within the borders of 7-9 mg/l.

Fish diversity, which is described by the Shannon index H', and biomass, change a
little differently. These parameters increase with an increase in a river’s catchment basin
and water temperature, but decrease, with an increase in a river’s average gradient. But in
a river group with an average sized catchment basin, these parameters differ statistically
significantly both in potamal/rithral, as well as in cold water/warm water rivers (Birzaks,
2012). The results gained show that the number of species of fish, their diversity, the
number of fish and their biomass in rivers is mainly determined by the area of the river
catchment basin. The river gradient, temperature regime and oxygen content in water have
a comparatively smaller influence on this fish community parameter. This is also proved
by the results of multifactor analysis (PCA). In the analysis 3 components were identified,
which explain 84% of the parameters dispersion. In Component I, the river catchment
basin and the length of the river were combined, and this could theoretically be called
the “river size” component, while in Component II the river gradient and temperature
were combined, which could theoretically be called the “potamal/rithral” components.
The third component describes the changes in oxygen content in water. Component I
determines 43% of the parameters dispersion, II - 24% and IIl - 17% (Section 3.7.).
Component I can be considered as describing the river basin, while the second one - as
the local, fish sampling sites’” (biotope) characterizing component.

The factors which most significantly influence the structure of river fish communities
are connected with the size of the river — the area of the catchment basin, the river
length and width, and of the local factors, the most significant are the river gradient and
water temperature regime. The area of the river catchment basin is the most significant
influencing factor determining the species of fish and the number of fish, respectively;
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it influences fish numbers and their biomass both in ecological groups, as well as for
individual species. But it should be taken into account, that various fish ecological groups
and species too have varying reactions to environmental factors, i.e., changes could be
both in the direction of increases as well as decreases. Overall, with an increase in the
area of a river catchment basin, the numbers of individuals of nearly all fish species and
their biomass increase. The exception is the trout, the numbers of which decrease, and
the minnow and burbot, the numbers and biomass of which remain the same.

The area of a river catchment basin does not influence the number of limnophile
(lentic water) fish and their biomass. This fish ecological group is usually small in
number in rivers (average 1.9 specimens / 100 m?) and with a small average biomass
(15 g/ 100 m?). An exception could be rivers in their outlets from lakes or rivers which
join lakes. In these rivers even at a 3 km distance from lakes, limnophile species of fish
dominate (Fieseler, Wolter, 2006). Statistically significant differences cannot be observed
in the ecologically sensitive fish group either, as these are represented by various species
in various sized rivers. If in the ichthyofauna of small and middle sized rivers, the trout
can be encountered in greater numbers and biomass, then in large river rapids, the
salmon, schneider and bullhead can be encountered in greater numbers. Thus, in rivers
with varying catchment basin areas both the number of fish, as well as their biomass,
even out for ecologically sensitive species.

Fish surveys in rivers are usually done in terms of area, in a comparatively small
section of a river, which is usually <0.1% of the river’s area. Only in the smallest rivers,
where fish surveys have been done for a number of consecutive years is it possible to
survey the majority of its area. With the fish survey methods used in our work, the
approach used was that at least two different sites on a river were surveyed. Usually
one of them corresponded to the potamal (river gradient in the section < 1 m/km), the
second - rithral (river gradient in the section > 1 m/km) conditions. These conditions
are determined by such parameters as the speed of the current and the composition of
the riverbed. Whereas, such factors as shadowing and overgrowth which are significant
to fish are mainly determined by the width of the river, which depends on the area of
the river’s catchment basin and the location of the sample field in relation to the river’s
source.

Rithral and potamal biotopes differ statistically significantly according to the majority
of the hydro-morphological parameters. But the overall number of species and the
average number of species found at one site in potamal and rithral biotopes does not
differ significantly. The number of fish and fish biomass in potamal and rithral conditions
changes in differing ways. The average number of fish in the rithral is significantly greater,
whereas in potamal biotopes a significantly larger biomass can be observed. This is
explained by the fact that the individuals of the species of fish encountered in the greatest
numbers in potamal rivers, reach greater sizes (pike, roach, chub), compared to the rithral
species — the stone loach, minnow, bullhead and fingerlings of salmonids.

The shadowing and overgrowing of a site also significantly influences the structure
of fish communities, but the impact is the opposite. In shadowing conditions, the main
fish community parameters — number of species, diversity, number of fish and biomass
decrease, but increase as overgrowth increases. But, both the shadowing of the biotope,
as well as overgrowth is mutually connected, and also connected with the area of the
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river catchment basin. With an increase in shadowing intensity, the degree of overgrowth
in a river decreases. In the large rivers which are wider, the degree of shadowing of fish
habitats decreases. This means that both at the level of the river, as well as at different
parts of it, the factors operating are mutually closely connected, and a close correlation
can be observed between them. Therefore, to analyze the influence of the biotope on the
structure of fish communities, a multifactor analysis is required.

The results of DCA analysis show that Ordination Axis I correlates with potamal
conditions (positively with the average depth and maximum depth, but negatively —
with the average gradient). Correspondingly, with this axis, the fish ecological groups
characteristic of large river potamal biotopes, the tolerant, eurytopic species and
omnivores, have a positive correlation. Lithophile fish, which are typically rithral dwellers
correlate negatively with this axis. Whereas, Ordination Axis II correlates the area of
the river basin, the width of the river and the distance from the river’s upper reaches
negatively, i.e., with an increase in the values of these axis values, the “river decreases”
Ordination Axis I can be considered the potamal axis, but the second - the small river
axis. Ordination Axis III explains only 13% of the parameter dispersion, and correlates
negatively with the number of predatory fish. The trout and minnow correlate negatively
with the first ordination axis, the numbers of which increase with an increase in a river’s
gradient and a reduction in depth, i.e., their numbers increase in rithral conditions.
Meanwhile, species which are typical of large rivers — the salmon and schneider correlate
negatively with Axis II. The minnow, which is encountered more frequently and in
greater numbers in rithral conditions correlates positively with Ordination Axis III, but
the burbot, which lives in slow flowing parts of rivers, negatively.

In the Baltic Ecoregion, multifactor, i.e., evaluation of the basin and the local
influences on fish community parameters has not been done. But, the results of many
studies confirm that the determining factor, which determines the number of species
and diversity in rivers, is the area of the river’s catchment basin, while the order of the
river, and local factors have a secondary significance (Grenouillet et al., 2004). On the
other hand each species of fish prefers and can be found in habitats, which conform to its
ecological requirements. These habitat types can be found in various sized rivers as well
as in varying geographic regions (Lamoroux et al., 1999). Such local factors, as depth and
the speed of the current (they are combined in one - hydraulic factor) are very significant
in the lives of fish. Significant differences in the composition of species, the size of fish
and biomass in various habitats are connected with the influence of this factor (Blanck et
al., 2007).

In our research on the division of numbers of individuals of fish species by various
biotopes depending on their number, the cluster analysis results for 36 species provided
9 main fish community types, which have been found in certain biotopes, which differ
both by river characterizing parameters, like the area of the catchment basin above the
biotope and the length of the river from its source to the specific site, as well as local
factors like the width of the river, the average depth, the composition of the riverbed, the
speed of the current, water temperature and the oxygen content. Only 14 of the species of
fish encountered in Latvia’s river fauna can be considered as dominating (their number
exceeds 5% of the overall numbers of fish) in the corresponding biotopes (conditions),
19 can be considered as site (site types) specific (their number is within the boundaries
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of 1-5%), but the occurrence of others in rivers is obviously circumstantial. The most
widespread species of fish in Latvia’s rivers, the stone loach, dominates 8 in number, i.e.,
in practically all of the fish community types developed, with their characteristic habitats.

The structure of fish communities is determined by factors at two levels — both
regional, as well as local. Regional factors in a large river basin, bio-geographic region or
at an ecoregion level are: the area of a river’s catchment basin, geomorphology and climate
of the region. These factors mainly influence species diversity and the composition of
the fish community. Whereas, fish community parameters at each specific site on a river
are also determined by local conditions - the depth of the river, speed of the current,
the temperature regime and the substrata of the riverbed. The dimension of the site
has significance - the area of the catchment basin above the specific site on the river,
the discharge at the site, the order of the river and its location in the river network and
others. These factors influence not only species diversity, but also the community’s trophic
structure (Oberdorff et al., 2001). The majority of the species of fish and varying sized fish
individuals choose the conditions best suited to them depending on the depth of the
habitat, the speed of the current at the habitat and the heterogeneity of the riverbed. The
greatest number of individuals and biomass are in habitats, which are optimal for the
species (Lamoroux et al.1999). Contemporary conclusions shows that the fish community
at a specific location develops as a result of selective factors (stressors), and their influence
is expressed starting from the regional level to the level of different individuals (Ostrand,
Wild, 2002).

Nowadays, anthropogenic activity, which has changed and transformed fish
communities, both reducing the number of fish species which can be found in a region’s
rivers, or increasing them by introducing new species uncharacteristic of the region,
as well as spreading local species which have a high market value due to economic
considerations, is just as significant as natural factors (Boryuxas, Haceka, 2004).
Significant and large structural transformations have been done in Latvias rivers, as a
result of anthropogenic activity. According to our calculations, about 60% of Latvias
territory, with the rivers flowing within it, are nowadays not accessible to migratory fish
as a result of the building of dams. In 2011, it was established that there are more than
700 dams on rivers (Birzaks et al., 2011).

There have been 11 fish species acclimatisation attempts made in Latvia’s internal
waters. Two of them - the Amur sleeper and Prussian carp have developed self-
sustainable populations. The most intensive introduction of fish was done commencing
from the 1960, but the first attempts at it already took place at the end of the 19" century
(Andrusaitis, 1960; Kaiipos, Koctprnukuna, 1970; Pummi, 1977; Aleksejevs, 2011, Birzaks
et al., 2011). Supplementation of the stocks of economically valuable fish - salmon,
sea trout, river lamprey and others is undertaken regularly, by introducing fish fry and
fingerlings of various ages into rivers from local species, which are also encountered in
rivers. In Latvia, the pike perch, eel, grayling, salmon, rainbow trout, trout and whitefish
have been spread artificially. Starting from 2011, the introduction of up to 3-4 million
glass eels is planned in Latvian river basins, where there aren’t barriers to fish migration in
the form of HPS dams. This introduction is being done in accordance with EC Regulation
No. 1100/2007 and Latvia’s National Eel Management Plan for 2009-2012. The renewal
of the sturgeon has commenced in the rivers of the Baltic Sea Basin in Germany and
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Poland, through the introduction of fingerlings of American Atlantic Sturgeon (Acipenser
oxyrinchus). It's possible that the reintroduction of this species will be undertaken in
Latvian rivers as well.

It should be mentioned that since the 1990%, the unsanctioned introduction and
releasing of fish into Latvia’s inland waters has increased and as a result an increase in the
spread of such fish diseases as Aeromonosis has been observed (Briede, Medne, 2005).
Starting from the 1980’, a nematode from Asia, Anguillicolla crasus, which is an eel
parasite and could cause their mass extinction, has, with the intercession of aquaculture
companies, been spread on a European level.

It is known that anthropogenic barriers in rivers reduce the spread of migratory fish
species, in this way decreasing the number of species in a river. But in our research the
largest number of species of fish was found in rivers on which dams have been built
or which were connected to lakes. Similar results were also obtained in Lithuanian
rivers (Virbickas, 1998). The number of potadromous fish increase in rivers with dams,
which shows that the division of rivers into sections in Latvian rivers has not negatively
influenced species, which undertake local migrations (potadromous fishes) — the roach,
perch, burbot and pike. Artificial water bodies, in the same way as lakes, increase the
relative number of fish and their biomass by about 30%. This can usually be explained by
changes in the temperature regime. The number and biomass of ecologically tolerant fish —
the roach and perch increase, but the relative number of trout decrease. Our research
results show that in rivers with dams, the water temperature in the summer months is on
average 1 °C higher, and larger maximum water temperature values can also be observed
in these rivers. But significant differences in the average amount of O, in the water,
between rivers with or without dams, was not observed. However, the view shouldn’t be
permitted that the building of dams and artificial reservoirs in Latvia’s rivers should be
unequivocally supported. Already existing fish resources in inland waters are not being
tully utilized, plus, this tendency will obviously be continued (Birzaks, 2008b). That’s why
it's important to maintain the existing rivers accessible to fish in a natural condition, and
not increase their biological productivity by building reservoirs. If possible, action should
be planned to renew fish migration routes, by removing dams or by building fishpasses.

From Ministry of Environment data (Anonymous, 2009) 55 of 203, or 27.1% of
Latvian river water objects have been significantly morphologically transformed by their
straightening. A large number of the small potamal rivers in Latvia nowadays practically
don't exist, and have become a part of the reclamation system. The natural type of this
rivers practically doesn't exist anymore in Latvia (Birzaks, 2012).

Our results show that the hydro-morphological transformation of Latvian rivers
has had little influence on the number of species and their diversity. In potamal warm
water rivers, both the number of species as well as their diversity decrease. Meanwhile, in
cold water rithral water courses, medium intensity morphological transformations have
increased the number and diversity of fish species observed in rivers. But, when these
transformations exceed 50% of a river’s total length, both the number of species as well as
their diversity decrease.

Morphological transformations in Latvian rivers have not significantly changed the
average number of fish and their biomass overall. But, individual fish ecological groups
and species react to this stressor. The number of individuals of ecologically tolerant
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species and their biomass increase by 30-40%, but the number of ecologically sensitive
fish decrease manifold. The trout and bullhead are particularly sensitive species, the
number and biomass of which, per field unit in 75-100% of transformed rivers, decrease
2-4 times. It’s possible that the individuals of this species react more sensitively to a
reduction in oxygen content in river water which in morphologically transformed rivers
is on average 1.5 mg/l less when compared with rivers untouched or little touched by
anthropogenic transformation.

The overall results obtained allow the deduction that river straightening has
influenced the number of species and their biological diversity influenced only a little.
This can obviously be explained by the fact that river straightening and reclamation was
undertaken at different times. Many of the biotopes lost from the rivers have to a large
degree renewed themselves, as a long time has passed since their regulation. In individual
cases the fish are able to adapt themselves to a river’s morphological transformations.
In such, almost fully, to their entire length reclaimed rivers like the UZzava and Riva,
ecologically sensitive species like — salmon, trout and river lamprey can be found. In small
cold water rivers, which have been completely reclaimed, for example, trout populations
have been retained in the Kausupe, KiSupe (a tributary of the Ramata) and the Pieténupe.
A lot of examples are known of successful renewal of brown trout populations (Fieseler,
Walter, 2006).

With an increase in the proportion of anthropogenically transformed areas of land in
a river’s catchment basin, the total number of fish and their biomass increase. The biomass
of ecologically tolerant species like pike, roach, gudgeon, bleak and perch increases, but
the biomass of bullhead decreases. The biomass of such species of fish as the minnow and
burbot don't react to the method of land use in the river catchment basin. Our research
shows that the number of species and their diversity react weakly to land use in the river
catchment basin. There is a statistically significantly larger number of species in rivers
with an average level of transformation in the catchment basin, but this doesn't influence
diversity H’.

It is a characteristic of Latvian rivers the pollution by dangerous substances cannot be
observed, and overall a significant reduction in pH and an O, deficit also cannot be found.
The leakage of toxic substances into Latvian rivers, thereby killing fish, or the registration
of mass deaths of fish in individual rivers or in sections of them, has been rare. However,
in summer conditions, the oxygen content in water can decrease to 1-2 mg/l in individual
small rivers. This can be observed in heavily shadowed potamal sections of small rivers.
In hot summers, the upper reaches of individual small rivers or middle-sized rivers can
dry up, splitting up into a series of puddles.

According to our results, the overall increase in the biogenic elements N and P has not
influenced such fish community parameters as the number of species and their diversity
in the rivers surveyed. The average number of fish increases, with the amount of N,
increasing to 3 mg/l, but after this they decrease to numbers which are characteristic of
rivers with a minimal nitrogen compound content in water. None of the fish community
parameters change significantly with an increase in the amount of P,,. This result is
in contrast with the findings obtained in other research. Thus, in Lithuanian rivers an
increase in fish biomass has been observed with an increase in concentrations of both
P and N (Virbickas, 1998). Biogenic indicators are often used to predict fish biomass
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(kg/h) and production (kg/ha/per year) (Randall et al., 1995). But, usually the literature
has either not indicated what the specific biogenic concentrations were, or they have also
been comparatively high. Whereas, from the 199 rivers included in our research, there is
no data about the content of biogenic elements in the water in 91 rivers. It is thought that
the data material about the concentrations of biogenic substances in rivers is incomplete.
Surface water quality monitoring has been organized by water object, the catchment basin
area of which is usually larger than 100 km?. Accordingly, our data is more descriptive
of rivers with medium and large biogenic concentrations, i.e., the data contains a bias
(modal values Ny, and Py, are 2.65 and 0.088 mg/I respectively), which does not allow
for the establishment of any common regularity.

The character of both the impact of natural and anthropogenic factors is complex
and mutually interactive, and therefore anthropogenic influence was combined into one
theoretical value. Initially we used the “ecological quality” ranks prescribed in River Basin
Regional Management Plans for analysis. It turns out that the number of species and their
diversity are not considered to be sensitive indicators. The greatest number of species
and the largest biological diversity was found in rivers which were anthropogenically
influenced to a medium degree, ie., in rivers with an average ecological quality. The
overall number of fish and their biomass in rivers increase with a deterioration in their
ecological quality. This takes place at the expense of an increase in ecologically tolerant
species — the roach, pike, perch and chub. Only two species — the trout and bullhead-
decrease (bullhead) or disappear (the trout cannot be found in rivers which conform to
the very poor quality category) with a reduction in the ecological quality.

In our research we discovered the fact that the schneider, which has been allocated the
status of being an ecologically sensitive species (Kesminas, Virbickas, 2000), practically
doesn’t react to anthropogenic impact factors. Its number and biomass decrease only in
very poor quality rivers, and in average quality rivers its number and biomass show the
highest values, just like tolerant species.

Similar results were obtained, by grouping rivers according to anthropogenic
influence classes, which were calculated from the sum of individual anthropogenic
influence factors. The results obtained in the analysis show that the number of species
and their diversity are the lowest in rivers which are little affected by anthropogenic
activity. Whereas, the number of fish and their biomass doesn’t significantly differ in
any of the classes of influence. The results obtained show that the influence of natural
factors determines a much greater part of the fish community parameter dispersion than
anthropogenic activity. According to PCA analysis results, factors which describe a river’s
size explain 36%, and anthropogenic activity factors together with the rivers gradient,
an equally large part of the parameter dispersion - 36%. Combining anthropogenic
influence into one factor, we obtained the result that the proportion of components split
up as 42:21:19, of these the smallest part —19% of the dispersion being determined by
anthropogenic activity.

It has to be deduced that an analysis of the influence of anthropogenic activity
obviously has to be done by river types, as the proportion of influence of natural factors
in the overall mass of data is significantly larger than the anthropogenic influence.

It should be noted that the impact of natural and anthropogenic activity factors on the
structure of fish communities is quite similar. Overall, with an increase in the area of the
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river catchment basin, the gradient decreases and water temperature increases in Latvian
rivers. At the same time, biotope diversity increases in large rivers. This can be observed,
for example, in salmon rivers, where varying fish communities can be encountered in
rithral and potamal sections. The resulting influence of this factor is that the number
of species and their diversity increases in rivers, as well as the relative number and
biomass of individual fish. In a similar way, as a result of anthropogenic activity, with an
increase in biogenic content, the number of anthropogenic barriers and morphological
transformations in rivers, as well as changes in land use in the river catchment basin,
eurytopic and ecologically tolerant species and the number of their individuals and
biomass increase. In actual fact, covariance exists between anthropogenic and natural
influence factors (Allan, 2004). But their partial influence significantly reduce biological
diversity and the number of individuals and biomass of species of ecologically sensitive
fish. Cold water rivers are an exception, where biological diversity increases as a result
of anthropogenic activity changing the natural conditions. In a similar way, for example,
great diversity was observed in small German rivers as a result of anthropogenic influence,
and more than 70% of the species occurring in the region’s ichthyofauna were found in
them (Feiseler, Wolter, 2006). It's possible that the overall anthropogenic influence in
Latvian rivers is comparatively small, and that’s why a reduction in the number of fish
and their biomass has not been observed, like can be observed in industrially developed
countries (Poff et al., 1997). But, as shown by the results of the work, in the last 50 years
the distribution of species in individual Latvian rivers has changed significantly, with a
reduction in the part of the territory accessible to migratory fish, and with an increase in
the spread and number of individuals of some local and invasive species. This has been
determined by both natural and anthropogenic factors. However, with the exception of
the sturgeon, no species of fish has disappeared from Latvia’s river ichthyofauna in the
20" century (Birzaks, Aleksejevs, 2011).

Change in global climate has to be isolated as an individual influential factor on
the structure of fish communities. This factor obviously has both a natural as well as
an anthropogenic component. An increase in the number of such ecologically tolerant
species of fish as the roach, perch, pike and burbot can be seen in Latvia’s rivers. However,
the existing level of data at our disposal is too little to evaluate the significance of the
change and the connection with climate changes.

Climate changes have to be evaluated in a complex fashion, together with other
anthropogenic influences. Changes are being analyzed in relation to the last 100-150
years, but this period coincides with an increase in overall anthropogenic activity in its
most diverse expressions (boryikas et al., 1978).

Rivers are heterogeneous ecosystems, in their flow, rapidly flowing sections and slow
flowing sections are located randomly. But it’s understood that transitional biotopes also
exist next to a river’s rithral and potamal sections. A biotope classification was undertaken
before the commencement of the river typology according to fish communities and
their characteristic parameters. The results of cluster analysis show that it is possible to
isolate 9 fish biotopes with their characteristic fish communities. Each of them has their
characteristic fish species complex with their dominant and typical species. Thus, small
cold water river rithral and potamal sections with a species complex, in which the trout,
stone loach and minnow dominate, is a significant trout biotope, where the number of
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the individuals of this species reach the relatively largest number per field unit. Large
river slow flowing sections are significant cyprinid family fish biotopes, which have the
greatest biological diversity as a characteristic. All together, 13 fish species are dominant in
various biotopes, which are obviously significant habitats for these species and determine
their relative number and biomass in Latvian rivers. Lithuanias rivers are divided into
6 biotopes, which are classified mainly based on the area of the river’s catchment basin,
the substrata of the riverbed, the depth and speed of the current, but also by their overall
structure and location in rivers: the upper reaches of the rivers, reclaimed sections of
rivers, rapids and others (Virbickas, 1998).

Our results show that of the 9 types it is possible to divide up 5 fish biotope primary
types, which could theoretically be called:

« small potamal rivers (Type I);

o middle size rithral rivers (Type III) - middle size trout rivers, the typical large

rithral river fish, the salmon can also be found;

» middle size and large potamal rivers (Type II);

o small cold water rithral rivers (VII) — small trout rivers;

o large rithral rivers (IX) - salmon rivers.

Meanwhile, biotopes IV, V, VI and VIII can obviously be considered to be transitional
biotopes between primary types. There actually aren’t any large rithral rivers in Latvia,
and rithral biotopes can only be found in parts of them, where they traverse moraines,
creating rapids with hard riverbed substrata. They are warm water rivers, and therefore,
together with salmonid fish, comparatively many cyprinids can be encountered in the
rapids sections.

Latvias river typology is to a large degree similar to the biotope typology. Thus,
River Type I identified by us actually corresponds with Biotope Type III, the rithral cold
water River Type II corresponds with Biotope VII, and River Type VII corresponds with
biotopes V, VI and IX. Only in rithral and cold water conditions does the dominating
biotope simultaneously also correspond to the respective river type. In the case of middle
sized and large potamal rivers, the fish communities in them form potamal and rithral
fish communities, which differ significantly in terms of the composition of the species.
In our research we established that a very important factor which creates the structure
of fish communities, is the river temperature regime, but this isn’t taken into account in
Latvia’s official river typology. That’s why the situation develops, that two fish community
types correspond to each small and middle size rithral river - a fish community
characteristic of cold water rivers with the trout as the dominating species, and warm
water fish communities, in which the stone loach and gudgeon dominate (Fish Type
V), and the trout together with the pike, roach and perch (Fish Type VI). It should be
emphasized that in lowland river conditions, the temperature factor has a very large role
in the creation of the structure of fish communities (Fieseler, Wolter, 2006).

At the same time as natural factors, anthropogenic activity influences the structure
of fish communities. Its influence is diverse, but often, taking into account the lack of
historical data, it’s not possible to define to what degree it or some other river conforms
to its natural condition. In this research one has to obviously take into account that
the large rivers are anthropogenically influenced and their status corresponds with a
“possibly little influenced condition” or a “possibly better condition” The rivers of the
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Lielupe basin cannot actually be included in the typology, as they don't correspond with
an anthropogenically little influenced river category by their water quality and their level
of morphological transformation.

In developing Latvia’s rivers typology according to the structure of fish communities,
the following problems were found:

o the material was not collected for the development of the typology and the fish
survey was undertaken within the framework of projects and contract work. That’s
why not all types of rivers were surveyed with the same effort as, for example, rivers
connecting lakes, small potamal rivers and small rivers flowing into the Baltic Sea
and the Gulf of Riga;

« in the official typology of Latvian rivers, one river type is represented by one river,
i.e., it doesn’t reflect the division of rivers by the parameters of basin area and
average gradient;

o the official typology doesn’t take into account a river’s temperature regime, for
example, in Latvia there are rivers which in certain sections belong to both cold
water, as well as warm water courses.

The variation to Latvias river typology provided by us cannot be considered to be
completely exhaustive and complete. On the other hand, its development is important for
the development of the ecological quality of rivers by biological indicators (including for
fish) evaluation system in accordance with the Water Framework Directive’s requirements.
In the near future, significantly broader and more focussed research is required for the
achievement of this goal. The variation to river typology provided by us can be considered
as an initial variation towards the development of a more complete system.
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4. CONCLUSIONS

Forty fish and lamprey species have been found in Latvian rivers; the minnow, stone
loach, roach, gudgeon, trout, perch and bullhead dominate, making up 80% of the
total number of fish. The roach, pike, trout, stone loach and perch form 70% of the
fish biomass in rivers. It has been estimated that the fish biomass in Latvian rivers
fluctuates between the borders of 34 to 5689 g / 100 m? and the number of fish from
8 to 316 specimens / 100 m>*

The influence of natural factors is determinative in the creation of the structure of
fish communities in Latvian rivers. The results of multifactor analysis show that 42%
of the parameter dispersion of fish communities is explained by factors, which are
connected with the size of a river, 21% - the river temperature regime and oxygen
content in the water and only 19% with the total anthropogenic influence.

The most important factor determining the structure of fish communities in Latvian
rivers is the area of a river’s catchment basin. A river’s catchment basin is an integral
factor, which characterizes a river’s size. With an increase in the area of a river’s
catchment basin, a river’s average gradient decreases, but the water temperature in the
river increases. With a change in the size of the river, local ecological factors change -
the degree of overgrowth in a river and shadowing, the average width, depth and speed
of the current, which influences biological productivity and the diversity of places in
which fish live. In this way, in the large rivers, the average number of fish species
and their diversity increase, as well as the relative number of fish and their biomass,
which is mainly determined by an increased number of eurytopic and ecologically
tolerant species of fish. This determines 43%, but the river’s gradient, temperature and
oxygen together — 41% of the parameter dispersion characterizing fish communities.
Only one of the species of fish — the trout is specialized for life in small rivers, and its
numbers in middle size and large rivers decrease manifold, compared to rivers with
catchment basin areas of S<100 km?.

The influence of anthropogenic activity factors is similar to the influence of natural
factors in relation to the number of fish and their biomass - with an increase in
anthropogenic influence, the numbers of eurytopic and ecologically tolerant fish and
their biomass increase in rivers. At the same time a possible reduction of biological
diversity can be caused by it, which is exhibited by a reduction in the ecologically
sensitive species and the number of their individuals in fish communities.

The number of fish and their biomass increases in rivers with anthropogenic barriers.
In these rivers the structure of fish communities is similar to rivers which flow through
lakes. A significantly higher water temperature (by 1.0-1.5 °C), has been established
in rivers with dams and HPS, compared to rivers without dams.

The straightening of rivers influences the total number of fish and their biomass,
as well as biological diversity to a comparatively small degree. However, if the
transformations exceed 50-75% of a river’s total length, a reduction in the number
and biomass of ecologically sensitive species — the trout and bullhead can be observed.
With an increase in anthropogenic land use in a river’s catchment basin, the number
of fish and their biomass increase. The largest number of species of fish and diversity
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are in rivers with an medium level of anthropogenic land use. The number of fish have
a tendency to increase with N, increasing to 3 mg/l. But in rivers where N, exceeds
this value, the number of fish decrease. In Latvia’s rivers the effect of a concentration
of phosphorous Py, on the number of species of fish and diversity in rivers has not
been established. With an increase, the number of individuals of the bullhead, an
ecologically sensitive species, significantly decreases.

As a result of cluster analysis, Latvia’s rivers have been divided up into 9 biotope types,
of which 5 can be considered as primary types with structured fish communities, and
4 as transitional biotopes, which have, as a characteristic, fish communities which are
typical for mixed conditions (potamal/rithral and cold water/warm water);

Seven river types with their characteristic fish communities can be encountered in
Latvia: 2 rithral cold water rivers types with dominant salmon-type fish, 2 rithral
warm water river types with carp family-salmon-type fish communities, small rithral
warm water and cold water rivers with a dominant species - the stone loach and large
potamal rivers with carp family fish communities in the potamal and carp family fish-
salmon communities in the rithral.
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