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THE LONG - TERM STOCKING OF FISH INTO LATVIA'S INLAND
WATERS - SUCCESS OR FAILURE STORY?

Janis BIRZAKS

Institute of Life Sciences and Technology, Vienibas Street 13, Daugavpils LV - 5401, Latvia, e-mail:
janis.birzaks@du.lv

Fish stock restoration is one of the main fisheries management measures, often used to
increase or replenish stocks or compensate for their loss due to fishing, habitat
degradation and/or other human activities that have transformed freshwater ecosystems.
Fishery improvement is usually carried out using stock material raised in hatchery, but
translocated wild fish can also be used. Stocking can also be unauthorized and/or
accidental. Fish release (native or introduced species) is considered one of the oldest
inland water management practices both in the world and in the territory of Latvia
(Andrusaitis 1960; Welcomme 1992; Arlinghaus et al. 2002; Daupagne et al. 2021).
The results of the introduction of alien fish will not be discussed here; its results and
ecological impacts on fish and fisheries in Latvia have already been published
previously (Birzaks&Nitcis 2023).

Objectives and rationales of fish restocking

The restoration of native fish stocks and the introduction of non-native fish species is a
relatively old practice in fisheries management. Fish stocking and translocation are
considered to be one of the most effective resources management tools. As industrial
society developed in the 19th century, the negative anthropogenic impact on the aquatic
environment increased, creating the need to both develop aquaculture and improve
fisheries management (Nielsen, 1999; Welcomme, 2001; Lavkey, 2005; Welcomme et
al., 2014) The release of artificially reared fish, together with fishing regulation and
habitat restoration measures, are the most important inland fisheries management tools
aimed at protecting and maintaining fish resources at desired levels (Welcomme, 2001;
Lorenzen et al., 2012; Arlingahus et al., 2016).

There are several types of restocking, depending on their purpose: 1) stock
enhancement, in cases where the wild population is regularly supplemented with
cultured fish, in water bodies with intensive fishing or degraded habitats; 2) rebuilding
of depleted stocks by temporary releases of hatchery reared fish with aim achieve
recovery effects more quickly as in natural system; 3) stock supplementation with
cultured fish in very small and declining populations with aim to reduce the risk of
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extinction and maintain the genetic diversity, they serves conservation purposes; 4)
reintroduction and translocation are intended to introduce farmed or captured native
fish species with the aim of repopulating or establishing a native population in the
receiving water body for the long term, 5) for cultured fisheries and/or ranching fish
are released to maximize the fishery productivity of waterbody by creating a locally
adapted population that will not reproduce; these waterbodies are exploited intensively

and restocked frequently (Lorenzen, 2012; Lamothe et al. 2019).

Species stocked in Latvian inland waters

In total, 18 species of fish have been stocked and/or translocated in Latvian inland
waters. They represented 40% of the Latvian freshwater fish fauna, which includes 42
fish and lamprey species (Aleksejevs & Birzaks, 2011): bream Abramis brama, eel
Anguilla anguilla, Atlantic sturgeon Acipenser oxyrinchus, pike Esox lucius, roach
Rutilus rutilus, rudd Scardinius erythrophthalmus, tench Tinca tinca, crucian carp
Carassius carassius, ide Leuciscus idus, pike pearch Sander liucioperca, pearch Perca
fluviatilis, burbot Lota lota, catfish Silurus glanis, whitefish Coregonus maraena,
vendace Coregonus albula, salmon Salmo salar, trout/sea trout Salmo trutta un vimba
Vimba vimba, grayling Thymallus thymallus, river lamprey Lampetra fluviatilis.
Atlantic sturgeon are restored from their Canadian populations, in fact through
introductions, but the Pan-European Action Plan for Sturgeons also foresees their
recovery in the Baltic Sea basin (EC 2024).

Fish stocking in Latvia - historical overview and present data

The first fish farm in Latvia was established in 1885, and a system of state-owned fish
farms was set up between 1929 and 1939. After World War Il, fish restocking increased
rapidly, driven by hydropower development in Latvia, which included the construction
of a HPS cascade on the region’s largest river, the Daugava. Until 1974 the Daugava
was transformed into a series of 3 reservoirs. HPS turbines operate during peak hours,
altering the hydrological regime of the river with significant diurnal variations in water
discharge. It has already been predicted that the runoff of nutrients and planktonic
organisms into the Gulf of Riga will decrease significantly (Gaumiga, 1967), and that
the composition of fish communities will change significantly both directly in the river

and in the Gulf of Riga. The Daugava will completely lose spawning grounds for



diadromous fish species, resulting in significant damage to fisheries (Pischula, 1950;
Malikova, 1966; Peslak, Mitans, 1991; Ryapolova, Mitans, 1991).

To prevent and/or mitigate these losses, existing fish farms were reconstructed, and new
ones were built. In total, 8 hatcheries operated in the four largest river basins in Latvia
between the 1980s and 2000s, with the main objective of rearing juvenile diadromous
fish for restocking. As a compensatory measure, HPS reservoirs restocking was also
carried out by pike perch and bream, as well as introduced species. The planned number
of juvenile releases was not achieved, but most of the state-owned hatcheries are still
in operation.

The main scope of fish stocking is determined by the National Fish Stocking Plan
(NFSP), which sets the number of fish to be released by species into publicly available
rivers, lakes and reservoirs. The current plan will release about 19 million fish larvae
and juveniles between 2025 and 2028, at a cost of around €2.3 million per year. The
annual releases are expected to include 0.8 million salmon and sea trout smolts, 0.7
million one summer old vimba and pikeperch, 5 000 juvenile Atlantic sturgeon and 17
million river lamprey larvae and translocation and/or stocking 3 t of adult lamprey.
Glass eel restocking is carried out under the Latvian Eel Stock Management Plan
(https://www.zm.gov.lIv/Iv/latvijas-nacionalais-zusu-krajumu-parvaldibas-plans-2009-
2013gadam) and continued until 2019, with a total of 5.2 million glass eels released
since. It should be noted that the restocking of this species is not intended to support
any fisheries (EK) Nr. 1100/2007).

Some of the juvenile fish for restocking are bought from private fish farms.
Municipalities can receive financial support from the State by submitting projects, for
example, for pike stocking. Fish stocking has been carried out in an unauthorized way,

both intentionally and unintentionally and/or accidentally.

Distribution, catches and abundance of stocked species

From the 1970s onwards, fish stocking increased in Latvia to compensate for losses to
fisheries or to replenish and/or move fish species to water bodies where they were
previously absent to create new stocks. Each year, 10-12 native species were released
into Latvia's inland waters, declining to 6-8 species in recent years. Of these, salmon,
sea trout, pike, river lamprey, vimba and pike perch have been released regularly for at
least 30- 40 years.



Since the 1974, Latvia's most economically important salmon population (in the river
Daugava), which accounted for about 90% of salmon catches, has been of hatchery
origin, as river connectivity was lost. However, in the 1980-90s, the release of reared
salmon smolts compensated for this loss, and salmon catches in coastal fisheries
reached over 100 t/year in 1983-91, but declined several times, and have been only 10
t/year since 2003.

The largest landings of river lamprey were made between 1961 and 1977, before and
shortly after the finalizing construction of the Daugava HPS cascade, reaching 400 t,
most of which were taken in the river Gauja. From 1978 onwards, the lamprey catch
declined several times, reaching a minimum of 8 t in 1980. From 1986 it increased
again and stabilized at 100 t, but in the last decade it is back down to only 50 t per year,
i.e. the lamprey catch in the Gauja has continued to decline. Before the loss of the
Daugava connectivity, 90% of Latvia's river lamprey catches were made in the
neighboring Gauja, but this has now dropped to 30%.

Sea trout is the most widespread diadromous fish species in Latvian rivers. It is found
in all major rivers and their tributaries (except the Lielupe basin and its rivers), as well
as in medium and small rivers and streams flowing into the Gulf of Riga and Baltic Sea
Main Basin and has been recorded in 393 streams so far. Its regular introduction started
in 1985, mainly in the rivers and streams at Daugava, Gauja, Salaca and Venta basins
(27 watercourses in total). Its catches for the long period 1946-2003 were relatively
stable at an average of 9 t/year, but despite stocking efforts, they declined from 2003 to
an average of 6 t/year.

The vimba catches before river Daugava transformation were 56 t/year, they decreased
significantly between 1979 and 1983 and averaged only 22 t. However, afterwards they
stabilized and are around 69 t/year. It should be noted that part of its catch is taken in
the Estonian part of the Gulf of Riga, where catches are approximately the same as in
Latvia (Peslak, Mitans, 1991).

Non-migratory fish stocking activities in lakes and reservoirs peaked in the 1980s, when
they were carried out in water bodies with a total area of 50-80 thousand ha/ year and
have now declined to 30-50 thousand ha/year. However, total non-migratory fish
catches have declined from 600 t in the 1950s-1980s to 260 t from the 1990s onwards.
Reported angling catches have been stable, averaging 135 t/year since 2007, with angler
surveys suggesting catches of around 1600 t/year (61% of the total catch in inland
waters) (Birzaks 2007).



According to fishing, stocking and monitoring data, the distribution of some species in
Latvian inland waters has changed because of stocking efforts. The distribution area of
the pikeperch in Latvia has increased mainly because of translocation since the 1960s
and has continued to increase (Aleksejevs, Birzaks, 2008). Data from introductions,
fishing and monitoring showed that it also spread naturally, migrating along the rivers
linking the lakes. Pikeperch catches have increased several times, reaching 30-40 t/year.
Since the 1980s, they have been caught in 121 lakes and 4 reservoirs, as well as in major
rivers. Stable naturally reproducing pikeperch populations have existed for more than
10 years in 45 lakes and 4 reservoirs covering a total area of 43 and 10 thousand hectares
respectively.

The distribution of catfish, originally found in the Daugava River, has also increased
(Aleksejevs, Birzaks 2011). It is now also found in 11 lakes, some of which have
established small self-reproducing populations. Monitoring data suggests that the
species has also been introduced in an "unauthorized".

Pike are the most widely released fish species in Latvian inland waters. Its natural range
is the whole country, and it can be found in 92% of standing waters - lakes and
reservoirs. Since 1946, its catch has not changed significantly over time and amounts
to 64 t per year. Pikes were released in 310 lakes, 32 reservoirs, covering 78 and 11
thousand hectares respectively, and 12 rivers. Since 2000, pike catches in angling have
increased to 47 t, or 58% of the total. Efforts to supplement pike stocks have not
increased pike catches.

The release of cultured whitefish, grayling and trout has proved ineffective, as no new
self-sustaining populations have developed and/or the distribution of these species has

not increased.

Pros and cons of fish stocking

Fish stocking is one of the main tools for managing inland fisheries, with the aim of
improving the composition and quality of catches to obtain long-term economic and
social benefits.

However, research results show that only a small proportion of stocking programs have
had a tangible long-term expected effect (Cowx, 2004; Arlinghaus et al., 2015).

It can also have multiple negative impacts on native fish species. Cultured fish released
into the wild differs from wild specimens in morphology, behavior, physiological,

genetic and other characteristics. Those that are genetically based can accumulate in a
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population (Brown, Day, 2002; Lorenzen et al., 2012). The reproductive biology of
cultured fish often differs from wild ones, especially in the case of salmonids, creating
risks of interbreeding and loss of genetical integrity and diversity of population.

The precautionary principle should be considered in the planning and implementation
of stocking. However, there are exceptions where fish stock restocking is the only
option for recovery and/or conservation of fish stocks, e.g. to address the effects of
anthropogenic alterations to the River Daugava. It is also necessary to create new
benefits for fisheries and to introduce and exploit fisheries in small water bodies

(Arlinghaus et al., 2003), to restore lost populations of protected fish species (so-called
repatriation) (Lamothe, Drake, 2019), to rebuild fish communities after their extinction
or accidental mass mortality (Bryson et al., 1975).

Success of stocking is mostly determined by size - dependent mortality of stocked fish

(Cucherousset et al., 2007; Haugen et al., 2007). In the 1950s-1970s in Latvia, stocking
was practiced by releasing fertilized eggs, larvae and salmon parr. In contrast, with
improvements in hatchery technology from the 1980s onwards, juveniles for release are
reared to at least one summer old (fingerlings), while salmon and sea trout are reared
to 1- and 2-year-old smolts and condition. Only river lamprey is released at the larval
stage.

However, there are few or no fishery results for the effectiveness of these
improvements. At present, the river Daugava has an artificial salmon and sea trout
populations, its salmon and sea trout populations survival depends on the cultured
smolts release. In two other large Latvian rivers, the Gauja and the Venta, salmon and
sea trout populations have been supplemented in the long term with artificially reared
juvenile salmon. Their numbers substantially exceed than the natural salmon smolt
production in these rivers. As the fin clipping results show, adult salmon and sea trout
broodstock in the rivers Daugava, Gauja and Venta rivers in Latvia is currently mixed
or farmed origin with share of cultured of salmon and sea trout adults accordingly 59-
99 % and 37- 100% (Medne et al., 2019).

During the rearing process (selection of broodstock, fertilization of eggs, incubation,
long-term holding of juveniles in rearing facilities, etc.), selection may have been
applied to the reared juveniles in generations, which has a corresponding effect on
broodstock in long- term. In general, the artificial salmon smolt production in Latvian
rivers has been many times higher than the wild salmon smolt production for a long

time. In any case, catches of targeting artificially restocked salmon populations in
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Latvia declined over the years, suggesting that the post smolt survival of cultured smolts
into the wild has declined significantly. Latvia's share of farmed salmon releases into
the Baltic Sea is 16%, while its share of catches is only 1% of the total. This also
confirms our hypothesis about the low efficiency of salmon releases in Latvia. The
situation has not improved since the ban on salmon fishing in the southern Baltic Sea
since 2022. Further stocking of farmed salmon and possibly sea trout in the Baltic Sea
basin may be limited or considered limited and/or undesirable for the protection of their
natural stocks (Palme et al., 2012).

Similarly, data from the river lamprey fishery show a long-term decline of catches. This
change was also due to the increase in cod stocks in the Eastern Baltic. They reduced
lamprey prey stocks (herring, smelt, sprat, and stickleback) and increased the natural
mortality of lamprey during their marine lifetime (Birzaks et al., 2011). From 1986
lamprey stocks in Latvia increased again and catches stabilized at around 100 t/yr, but
in the last decade it has been as low as 50 t/yr, however, in the river Gauja it continues
to decline.

The construction of the Daugava HPP cascade disrupted the river's connectivity, while
the operation changed the hydrological regime. Instead of natural seasonal fluctuations,
the discharge of the river was replaced by drastic diurnal fluctuations, resulting in a
decrease in the number of adult lampreys entering the neighboring river Gauja.
Research has shown that homing in lampreys is not as pronounced and conservative as
in other diadromous species, and that their entry into rivers is largely determined by the
hydrological and meteorological conditions at the time (Ryapolova, 1970, Valtonen,
1980).

In the 1950-1960s, adult river lamprey tagging experiments showed that their mortality
in the Gauja River fishery was 50% of the spawning stock. Based on a simple adult-
progeny relationship model, it was predicted that at least 40 t of adult lamprey (of this
20 t females) would be the optimal amount to ensure productive lamprey generations
in the Gauja (Ryapolova, 1972).

In contrast, experiments with lampreys overwintering in a hatchery show that 100
hatchery females produce 660 000 self- burrowing larvae, compared to three times
fewer during natural spawning (Ryapolova, Mitans, 1991). Accordingly, successful
lamprey restocking in the Gauja River would require at least 7 to 10 times more self-

burrowing larvae than is currently the case for the entire.



The catches of sea trout and vimba are stable, while heir catches are stable, while their
harvest, which was strictly limited or even banned in the 1980s, has increased. This is
an indication of their successful reproduction in neighboring rivers, which largely
compensates for the loss of spawning and nursery areas in the rivers of the Daugava
basin (Peslak, Mitans, 1991).

Pike, the most widespread fish species in lakes and reservoirs (92% of them), have been
released into more than 300 lakes, rivers and reservoirs in Latvia. Pike fingerlings are
released annually into water bodies where pike populations already exist. Scientific
studies have mostly concluded that stocking pike fry or fingerlings as supplement native
pike populations has only short-term effects and not population additive effects. Only
the release of adult pike (> 25 cm) gives a higher yield compared to the release of
smaller pike (fry or fingerlings), but this is also not long- term, pike population densities
are decreasing to the level of ecosystem carrying capacity (Guillerault et al., 2018).

In Latvia, pike stocking is set as an annual action in the NFSP to supplement fish
resources in publicly accessible water bodies. In Latvia, pike stocking is set as a regular
action in the NFSP to supplement fish resources in publicly accessible (most of inland
waters in Latvia) waterbodies. Pike stocking is a popular management measure at
municipalities and anglers NGO's level. Scientific background of these programs
implementation mostly contains only recommendation for number, size and season of
juveniles to be released.

However, this is often driven by a "deeply rooted belief among stakeholders that
stocking elevates stock size and catches” and it does; "it has become a ritualized habit"
(Cowx, 1994; Arlinghaus, 2015; Guillerault et al., 2018). Release is often not
determined by ecological or fishery considerations but by the availability of juveniles
on the market. Juvenile pikes can usually be obtained by rearing them in polyculture in
ponds with carp, their sale yields surplus income. Pike stocking material in Latvia is
relatively readily available.

Scientific studies have in most cases concluded that stocking of pike fry or fingerlings
where native pike populations exist has only short-term effects but no population
additive effects. The usefulness of these measures for fisheries as such is also
questioned (Westman et al., 1982; Daupagne et al., 2021). In contrast, stocking adult
pike (>25 cm) gives an increase in harvest compared to smaller size (fry or fingerlings),
but this is also not long lasting. However, pike population densities later decrease to a

size determined by ecosystem capacity, increasing pike harvest for a short time
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(Guillerault et al., 2018). Vegetation is particularly important for pike in all life stages
(Nilson et al., 2023), which largely determines the carrying capacity of a water body.
In fact, this suggests that stocking has often been carried out without aim and without
hope of success. Introducing pike into water bodies where the species is not present
(quarries, small water bodies in put-and take fisheries, etc.) is often successful
(Johnston et al., 2015).

The alternative of pike stocking is habitat restoration activities, provided availability of
suitable habitat for all life stages (Engstedt et al., 2018).

The pikeperch is the only regularly released native species that has achieved the
management target of establishing new stocks. Both its distribution and catches have
increased. Since 1992, the species has been found in 54 lakes and 5 reservoirs but is
caught and/or fished in 51 lakes (27 lakes in the 1950s). Most of their catches in Latvia
are taken from lakes with artificial populations. In Latvian conditions, the suitable for
pikeperch are about 100 eutrophic lakes with an area S> 70 ha and water transparency
<1 m, as well as potential spawning sites on hard-bottom substrates. Scare populations
have also established in less eutrophic lakes. In hypertrophic lakes, where periodic low
oxygen levels are observed, their stocking has failed (Aleksejevs, Birzaks, 2009;
Aleksejevs, Birzaks, 2011).

Successful stocking pikeperch was driven by a number of factors, but mainly by
increasing eutrophication of inland waters and climate change. There has been a
northward shift in the distribution range of the pikeperch as a result of climate change
(Westman et al., 1982; Karas, Sandstrom, 2002; Pecam- Hekin et al., 2011).

It should be noted that as an open water predator, the pikeperch exploits an ecological
niche in the pelagic zone of lakes, where it has no food competitors and predators. It
can affect fisheries by predating juveniles of other fish species perch, smelt, and
vendace (protected species by 92/43 EEC), vector of fish diseases and parasites spread
(Kangur et al., 2007; Kangur et al., 2020). In Latvia, the translocation of pikeperch has
resulted in the establishment of pikeperch populations in four lakes (S=12.5 thousand
ha) with natural populations of vendace representing 72% of their distribution area.
Both pike and pikeperch have been widely used (alone and together) in
biomanipulations to improve water quality in lakes by reducing planktivorous fish
stocks. However, the effectiveness of these stockings has rarely had the desired effect

or has been obtained for a short period of time. It is more successful when carried out
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simultaneously with nutrient loads reduction and ameliorative removal of undesirable

species (Lappalainen et al., 2013; Bennes et al., 2015).

Conclusions

Stocking within the NFSP, was created and performs tasks whose scientific rationale
was already formulated in the 1970s. The introduction of diadromous species has been
stable over a period of 40 years, the quality of size at age related stocked fish has been
improved. While, the stocking effect in fisheries is currently negligible or cannot be
demonstrated using fishery data.

The effectiveness of introductions of native non-migratory species has also not been
successful and the economic viability and potential negative impacts another fish
stocks, protected species, etc. have not been assessed.

It is important to note that the Daugava, the largest river in Latvia, is blocked by the
HPP cascade and restoring connectivity is not feasible in the near future. The potential
of the other rivers (in terms of reproductive area and potential production of juveniles
and smolts) can only partially compensate for the damage to fisheries.

In our view, the management of stocking needs to be improved, especially in terms of
decision-making and overall strategy, as well as data collection (especially angling

data), monitoring of results and scientific efforts.
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EFEKTIVO NOKRISNU IZMAINU TENDENCES SAISTIBA AR
POTENCIALO BIOGENO VIELU NOTECI NO IPASI JUTIGAJAM
TERITORIJAM

Agrita BRIEDE?, Lita Kore]ska?

1Geografijas nodala, LU Eksakto zinatnu un tehnologiju fakultate, e-pasts: agrita.briede@Iu.lv

% Rigas Pardaugavas pamatskola, e-pasts: Ikorelska@edu.riga.lv

Nozimigakie dabiskie faktori, kas nosaka baribas vielu noteci no lauksaimnieciba

izmantojamam zemém ir topografija, augsnes 1IpaSibas, nokriSpu daudzums un
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vegetacija, savukart antropogénie faktori galvenokart ir saistiti ar lauksaimniecibas
praksi, pieméram, méslojuma lietoSanu, zemes lietojuma veida izmainam, augsnes
eroziju u.c. So abu faktoru mijiedarbiba, un bieZi vien cilvéka darbiba pastiprina
baribas vielu noteci no lauksamnieciba izmantojamam zemé&m. Lidz ar to efektivai
zemes apsaimniekoSanas praksei visbiezak ir izskiroSa nozime baribas vielu noteces
samazinasana un tidens kvalitates uzlaboSana.

Pétljuma uzdevums - izvértét efektivo nokrisnu raksturu Latvijas IpaSi jutigajas
teritorijas, par pamatu nemot ilggadigos vidgjos raditajus 30 gadu perioda (1990.-
2019.) no meteorologisko novérojumu datus, kas atspogulo patreiz&jo situaciju.
Efektivie nokri$ni (anglu val. ,,precipitation surplus”) ir uz zemes nonako$o nokrisnu
dala, kas potenciali noteces rezultata var aizpliist no teritorijas un ietekm@t nitratu un
sulfatu ieskaloSanu tidenstec€s (Farming practices in relation to water pollution risks
..., 2011). Efektivo nokri$nu lielumu pozitiva vértiba nozimé, ka izkritu$o nokrisnu ir
vairak par to nokriSnu dalu, kas pie dotajiem klimatiskajiem apstakliem var iztvaikot
vai var tikt uznemts ar augiem. Savukart efektivo nokri$nu negativas vertibas nozimé,
ka potenciala iztvaikoSana un ar augiem uznemtais nokrisSnu daudzums ir lielaks par
faktiski izkritusajiem nokrispiem. Lidz ar to pie pozitivam efektivo nokrisnu vértibam
pastav risks, ka no teritorijas kopa ar nokrisSnu parpalikumu tiks aizskaloti nitrati un
fosfati, bet pie negativam vertibam — §ads risks nepastav. lepriek§ min&taja p&tjjuma
atziméts, ka aprekinatie efektivo nokriSnu lielumi var kalpot ka sakotn€jais indikators,
nosakot slégtos periodus attieciba par lauku mésloSanu. Ari tajos gadijumos, kad
nokri$nu daudzums neparsniedz evapotranspiraciju, pastav noskaloSanas risks. Tas ir
saistits ar zemam gaisa temperatiiram ziema, kad izkrituSie nokriSni uzkrajas sniega
veida un pavasari, straujas kuSanas rezultata, tiek noskaloti idenstec€s, ka arT sausuma
periodos vasara.

Péc EK Vides generaldirektorata veikta pétijuma (Review and further
differentiation...2011) Eiropas teritorija sadalita 13 zonas péc klimatiskajiem
apstakliem. Saskana ar o p€tijumu Latvijas teritorija atrodas nemoralaja klimatiskaja
zona, kura ietilpst Skandinavijas dienvidu dala, Baltijas valstis un Baltkrievija. Par
pamatu $adu klimatisko zonu izdaliSanai tiek nemti teritorijas klimatiskie faktori —gaisa
temperatira un atmosféras nokri$ni, ka ari teritorijas geografiskais novietojums.
Informacija par katras zonas klimatiskajiem apstakliem tiek izmantota, lai noteiktu
nitratu un fosfatu izskalosanas un noteces no lauksaimniecibas zemém riskus

attiecigajas zonas, ka ar1 sniegtu rekomendacijas zemkopiba izmantojamajam metodém
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§7 riska mazinasanai. Saja metodika (Farming practices in... 2011) lielaka dala Latvijas
teritorijas ieklauta viena klimatiskaja apaks$zona un ménesu efektivo nokri$nu lielumi
tiek noteikti ka vidgjais raditajs visai teritorijai kopuma. Tomér Latvijas teritorija
raksturigas atskiribas gan gaisa temperatiiras, gan atmosferas nokri$nu sadalijuma, lidz
ar to ir iesp&jamas efektivo nokri$nu novirzes no vidéja raditaja regionala griezuma un
visai teritorijai kopuma. Turklat janem veéra, ka katras teritorijas klimatiskajiem
faktoriem iesp&jamas ieverojamas variacijas ne tikai telpa, bet art laika. Viena un taja
pasa vieta atsevisku meneSu, sezonu un gadu klimatiskie apstakli var ievérojami
atsSkirties. Vera nemams ar1 apstaklis, ka [idz ar globalajam klimata parmainam, mainas
ar1 regionalu teritoriju klimatiskie apstakli.

Aprekinu veikSanai tika izmantoti ilggadigie (1991.-2019.) LVGMC novérojumu
staciju Dobele, Bauska, Mezotne, Jelgava, Kalnciems, Riga, Riga-Universitate un
Skulte dati: diennakts maksimala gaisa temperatira, diennakts minimala gaisa
temperatiira, ménesu nokrisnu summa (septembra, oktobra un novembra ménesiem ar1
dekades nokrisnu summa). Efektivie nokrisni tika aprékinati pec aprakstitas metodikas
(Farming practices in relation to water pollution risks ..., 2011; FAO, 2011).

legititie rezultati paradija, ka zalajiem stabili negativas efektivo nokrisnu vertibas visa
pasi jutigaja teritorija ir no februara lidz novembra 1. dekadei ieskaitot, bet teritorijas
dienvidu dala (Bauskas NS un Dobeles NS) arT novembra 2. un 3.dekadei ir negativas
vertibas. Savukart pozitivas efektivo nokriSnu vertibas teritorija uz ziemeliem no
Jelgavas ir no novembra 2. dekades 11dz janvarim ieskaitot.

Laukaugiem stabilas pozitivas efektivo nokrisnu vertibas ir no septembra lidz februarim
ieskaitot. Tapat tika konstatéts, ka pie efektivo nokriSnu nelielam pozitivam vai
negativam vertibam iesp&jamas ievérojamas $o lielumu starpgadu svarstibas pozitivo
vai negativo lielumu virziena.

legiitie rezultati paradija, ka atseviSkos méneSos ir iesp€jamas ievérojamas efektivo
nokris$nu starpgadu svarstibas, 11dz ar to, nosakot mesloSanas aizlieguma periodus, biitu

nepiecieSsams nemt véra katra atseviska gada meteorologisko apstaklu ipatnibas.
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VEGETACIJAS DAUDZVEIDIBAS ILGTERMINA IZMAINAS RANDU
PLAVAS APSAIMNIEKOSANAS IETEKME

Krista Gabriela LIELNORA! (LU EZTF), Viesturs MELECIS? (LU MDzZF
BI), Solvita Riisina! (LU EZTF), Inese SILAMIKELE! (LU EZTF)
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Ipasi aizsargajamas dabas teritorijas ir platibas, kas atrodas Tpa3a valsts aizsardziba, lai
saglabatu dabas daudzveidibu un uzturtu to laba aizsardzibas stavokli.
Randu plavas ir Latvijas méroga unikala teritorija, kas izcelas ar izcilu biotopu un sugu
daudzveidibu. Ta ir atzita par Eiropas nozimes aizsargajamu teritoriju, jo Seit konstateti
vairaki Eiropas Savienibas aizsargajamie biotopi un sugas. Sis Tpa$ds nozimes dg]
teritorija  ir ieklauta Natura 2000 aizsargajamo teritoriju  saraksta.
Viens no galvenajiem Randu plavu biotopiem ir 1630 Piejuiras zalaji*, kas Latvija
aiznem 180 ha.

Lidz ar So unikalitati rodas nepiecieSamiba ilgstosi saglabat So teritoriju, jo, tapat ka
jebkura zalaja ekosistéma, arT piejiiras plavu veidoSanas un pastavésana ir atkariga no
lauksaimnieciskas darbibas. Tas norada, ka sekmigs teritorijas labas aizsardzibas
stavokla  uzturéSanas  priekSnoteikums ir  merktieciga  apsaimniekoSana.
Balstoties uz esoSajiem pétjjumiem, ekosistema konstatétas izmainas, tostarp attieciba
uz augu un kukainu sugam, to sastopamibas bieZumu un sugu daudzveidibu. Kops
2013. gada Randu plavu monitoringa ir bijis parravums, tacu 2024. gada veiktas
atkartotas uzskaites.

Lai novertétu, ka lidzSingja apsaimniekoSana ir ietekm&jusi biotopu daudzveidibu,
veikts vegetacijas monitorings, salidzinot datus no 1997. gada lidz 2024. gadam.
Pirmie rezultati liecina, ka sugu skaits samazinas, savukart ekspansivo sugu skaits dala
parauglaukumu pieaug un dala samazinas. Spriezot péc Ellenberga veértibu izmainam,

§1s parmainas saistas ar vides eitrofikaciju un nepietiekamu apsaimniekoSanu.
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EIROPAS ILGTERMINA EKOLOGISKO PETIJUMU PROJEKTI FINISA
TAISNE
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Gunta.Springe@lu.lv

Sogad oficiali noslégsies 2020. gada uzsaktie HORIZON2000 projekti eLTER PPP

“eLTER Preparatory Phase Project” un eLTER PLUS “European long-term

ecosystem, critical zone and socio-ecological systems research infrastructure”, kuru

ievaros tika veikti priekSdarbi vienota Eiropas Ilgtermina ekologisko pétijumu tikla
eLTER ERIC izveido$anai. Saja darba bija iesaistitas 23 Eiropas valstu (plus Izragla)
universitates un pétniecibas institiicijas. Projektu gaitai regulari sekoja argjie eksperti

Projekta pagaidu padomes (Interim Council) ietvaros un Sobrid, kad projekti ir iegajusi

finiSa taisn&, vini devusi visnota] pozitivu veért€§jumu sasniegtajiem rezultatiem.

1. Izstradati eLTER ERIC statti, struktiiras un darbibas principi, vadibas strukttra
un datu centru struktiira. eLTER ERIC ietvers galveno biroju (Head Office), kas
nodro$ina infrastruktiiras koordinaciju un vadibu, un atradisies Vacija. eLTER
ERIC galvenie struktiras komponenti ir generala asambleja (GA),
generaldirektors, izpildkomiteja un galvenais birojs. Pakalpojumu portals (Topic
center) organizé€s novértejumu datu ievakSanu, ka ari sniegs pakalpojumus
lietotajiem.

2. lzstradati principi eLTER ERIC dalibvalstu iemaksu lieluma noteiksanai. lemaksu
lielums tiek aprékinats péc formulas, nemot véra valsts ieks§zemes kopproduktu
(GDP) un pétijumu vietu skaitu. Latvijai prognozétais ikgad€jas iemaksas lielums
pé&c Siem aprekiniem varétu bt robezas no 100 000 — 135 000 EUR.

3. lzstradats ilgtermina pétijumu vietu Klasifikators. Klasifikators balstas uz Whole
System Approach (WEILS) principiem, kas nozimé&, ka visas pétijumu vietas
mérijumi veicami 4 galvenajos ekosistémas blokos Atmosphere, Hydrosphere,
Biosphere un Geosphere, bet socioekologisko pétijumu platformas papildus
Sociosphere bloka. eLTER ERIC ietvers tikai 1. un 2. kategorijas pétijumu vietas
un LTSER platformas. Lai pétijumu vieta atbilstu kadai no §tm kategorijam, to
verté péc mérijumu saraksta. Latvija pétijumu tikls kop$ pétijumu uzsakSanas
pagajusa gs. beigas ir bijis orientéts pamata uz Biosphere bloku, bet tikpat ka nav

veikti abiotiskas vides mérijumi Atmosphere, Hydrosphere un Geosphere blokos.
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Lai Latvijas pétijumu vietas atbilstu 1. vai 2. kategorijai, galvenais uzdevums ir
nodroSinat tas ar nepiecieSamo aparatiiru lauka mérjjumiem.

4. lzveidots ilgtermina ekologisko un socioekologisko pétijumu standarta parametru
saraksts un mérjjumu metodikas aprakstu rokasgramata. Projekta ietvaros ir
izstradata 1pasa datorprogramma, kas dod iesp&ju sastadit Katrai konkrétajai
DEIMS SDR datu bazg parstavétajai pétijumu vietai obligati realizéjamo mérfjumu
sarakstu, lai ta varétu pretend@t uz 1. vai 2. kategorijas statusu. Programma aprékina
nepiecieSamas aparatiiras iegades izmaksas un uzturéSanas aptuvenas izmaksas,
paraugu ievakSanas un laboratorijas analizu izmaksas, ka ari darba laiku, kas
nepiecieSsams mérijumu veikSanai. Visas pétijumu vietas péc ekosistému veidiem,
kurus tas parstav, iedalitas 9 kategorijas: 1) Wetlands (galvenokart purvi), 2)
Grasslands and lands dominated by forbs, mosses and lichenes, 3) Heathlands,
shrub and tundra, 4) Forests and other wooded land, 5) Vegetated man-made
habitats, 6) Inland surface standing waters,7) Inland surface runing waters, 8)
Coastal (transitional) waters including coastal littoral zones, 9) Sparsely vegetated
habitats and deserts. Latvijas pétijumu vietas atbilst 2., 4., 6., 7. un 8. kategorijai.
Lai uzsaktu Latvijas LTER infrastruktiiras transformé&Sanu atbilsto§i eLTER
prasibam, sagatavots un IZM akceptéts “Nacionalais partneribas plans un ricibas
plans dalibai Eiropas ilgtermina ekosisttmu pétijumu tikla eLTER konsorcija
Eiropas Pé&tniecibas infrastruktiru stratégiska foruma ESFRI un Eiropas
Pétniecibas infrastruktiiru konsorcija ERIC ietvaros”. S1 plana ietvaros
turpmakajos piecos gados paredzets izveidot un nostiprinat Latvijas nacionala tikla
struktiiru, iesaistot taja jaunus dalibniekus, veikt personala apmacibu darba ar
jaunajam metodém. Paraléli izveidots saraksts ar pétijjumiem nepiecieSamajam

lauka pétijumu iekartam, kuru iegadei tiks lugts atbalsts IZM.

KLIMATA PARMAINAS LATVIJA: KO ZINAM PAR TO IETEKMI UZ
SALDUDENU BIOTU?

Gunta SPRINGE?!, Elga APSITE?, Agrita BRIEDE?, llga KOKORITE?
LU MDzZF Biologijas institiits, e-pasts: Gunta.Springe@Iu.lv, 2LU EZTF, e-pasts
Elga.Apsite@Iu.lv;Agrita.Briede@Iu.lv, 3LVGMC, e-pasts llga.Kokorite@Ivgmc.lv

Klimata parmainu ietekme ir jiitama visa pasaul€, un 1pasi jutigas pret STm parmainam

ir hidroekosistémas. Lidz §im veiktie pétijumi liecina, ka Latvija pieaug gaisa un tidens
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temperatiira (Lizuma et al., 2007; Lizuma, 2008; Apsite et al., 2014; Apsite, 2018;
Briede et al., 2018), pieaug dienu skaits ar ekstrémi augstam temperatiram un
samazinas dienu skaits ar ekstrémi zemam temperatiram (Klavin$ et al., 2011),
samazinas ar ledu klato dienu skaits (Apsite et al., 2014; Latkovska, Apsite, Elferts,
2016), palielinas dienu skaits ar sp&cigiem un |oti spécigiem nokrispiem (Klavins et al.,
2011) Upju hidrologiskajam reZimam raksturigs ziemas caurplidumu picaugums un
pavasara caurplidumu samazinaSanas (Apsite et al., 2013).

Mainoties Siem apstakliem, izmainas fident1 domin&joso jonu notece (Klavin$ et al.,
2001), ka arT biogéno elementu notece ekstrémo nokrisnu ietekmé (Lagzdins et al.,
2015), notiek organiska oglekla koncentracijas un tdens krasainibas pieaugums
(Kokorite et al., 2012).

Augsmingtas fizikalas un ktmiskas parmainas ietekme upju un ezeru biotu.

Ir zinams, ka, palielinoties temperatirai, pieaug producentu biomasa tdeni. Tas
konstatéts arT Latvija, kur Salacas upg, kas ir ilgtermina ekologisko pétijjumu vieta
(pettjumi kops 1982. g.), konstatéts a]gu biomasas picaugums (Springe et al., 2012).
Laika, kad Latvija sociali ekonomisko parmainu rezultatd bija izteikti samazinata
ekonomiska darbiba sateces baseina, tika noveérota aizauguma palielinaSanas Salaca
(Grinberga, Springe, 2008).

Konstatéts, ka 50 gadu laika temperatiiras izmainas skarusas Daugavas zooplanktonu
(Deksne et al., 2011).

Illgtermina pétjjumi par bentisko bezmugurkaulnieku izmainam Eiropas upgs, t.sk.
Salaca, liecina, ka, lidz ar geografiska novietojuma un lokalo vietas apstaklu ietekmi,
nozime ir art [idzsingjiem klimatiskajiem apstakliem. Ir konstatétas izmainas taksonu
sastava un baroSanas grupu raksturojuma (Jourdan et al., 2018). llgtermina izmainu
datu analize par Eiropas saldiidenu bezmugurkaulnieku kopienam ietver art datus par
izmainam Salaca. Kopuma pétijuma novérots kopgjo taksonu skaita, funkcionalas
daudzveidibas un organismu daudzuma pieaugums, tacu tas noticis galvenokart pirms
2010.g., un kops ta laika ir samazinajies (Haase et al., 2023). Plasa pétijjuma,
izmantojot Eiropas datu kopu par ~ 6200 juras, saldiidens (t.sk. Salacas) un sauszemes
taksoniem, atklats, ka butiska nozime procesiem lokala limeni, kas atSkiras starp
biogeoregioniem un taksonomiskam grupam. Tomér vispariga tendence ir, ka lielakaja
dala Ziemeleiropas un Austrumeiropas biogeoregionu konstatéts sugu skaita un

sastopamibas pieaugums, palielinoties temperatiirai (Pilotto et al., 2020).
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Vairakos ihtiofaunas pétijumos Latvija paradas klimata parmainu ietekme uz saldiidenu
zivju sabiedribam: pieaugusi silto tidenu sugu izplatiba, savukart aukstiidens sugu,
izplatiba ir samazinajusies (Aleksejevs, Birzaks, 2011), notiek jaunu sugu ienakSana
Latvija (Aleksejevs, Birzaks, 2011; Birzaks, Aleksejevs, Striigis, 2011). Ilgtermina
petijumos Salaca novérots, ka zivju fauna ir pieaudzis toleranto zivju sugu 1patsvars,
tostarp izteikta pieauguma tendence ir fitofilajam un visédajam zivim (Springe et al.,
2012). Izteikta atzina, ka dazu sugu gadijuma ir iesp&jams formul&t hipotézi par klimata
parmainu ietekmi.

Savukart tidensputnu pétijumi liecina, ka Engures ezera un ta apkaimes ligzdojosSo
putnu fauna 50 gadu laika vérojamas izmainas — jaunpienacgji ir galvenokart dienvidu

izcelsmes sugas, bet izzudusas galvenokart ziemelu izcelsmes sugas (Viksne, 2000).

Izmantota literatiira:

Aleksejevs E., Birzaks J. (2011) Long-term changes in the ichthyofauna of Latvia's
inland waters. Environmental and Climate Technologies 7(1): 9 - 18.

Apstte E. Virszemes tdeni (2018) Nikodemus, O., Klavins, M., Kri§jane, Z., ZelCs, V.
(zin.red.) Latvija. Zeme, daba, tauta, valsts. 274.-313.1pp.

Apsite E., Elferts D., Zubani¢s A.,Latkovska I. (2014) Long-term changes in
hydrological regime of the lakes in Latvia. Hydrol. Res. 45(3): 308 - 321.
Apsite E., Rudlapa 1., Latkovska I., Elferts D. (2013) Changes in Latvian river
discharge regime at the turn of the century. Hydrol. Res. 44(3): 554 - 569.
Birzaks J., Aleksejevs E., Striigis M. (2011) Occurrence and distribution of fish in rivers

of Latvia. Proc. Latvian Acad. Sci., Sect, B 65(3/4): 57 - 66.

Briede, A., Korelska, L., Avotniece, Z., Klavins, M. (2018) Atmosféra. Nikodemus, O.,
Klavins, M., Krisjane, Z., Zel¢s, V. (zin.red.) Latvija. Zeme, daba, tauta, valsts.
225.-267.1pp

Deksne R., Skute A., Gruberts D., Paidere J. (2011) Effects of climate change on
zooplankton community structure of the middle stretch of the Daugava River over
the last 50 years. Ecohydrology and hydrobiology 11(1-2): 79-96.

Grinberga L., Springe G. (2008) Potential impact of climate change on aquatic
vegetation of River Salaca, Latvia. Proc. Latvian Acad. Sci., Sect. B 62(1/2): 34-
39.

Haase P., Bowler D. E., Baker N. J., Bonada N., Domisch S., Garcia Marquez J. R., ...
Ozolins D., ..Skuja A.,...Welti E. A. (2023) The recovery of European freshwater
biodiversity has come to a halt. Nature, 620(7974), 582 - 588.

Jourdan J., O'Hara R.B., Bottarin R., Huttunen K.-L, Kuemmerlen M., Monteith D.,
Muotka T., Ozolins D., Paavola R., Pilotto F., Springe G., Skuja A., Sundermann
A., Tonkin J.D., Haase P. (2018) Effects of changing climate on European stream
invertebrate communities: A long-term data analysis. Science of the Total
Environment 621: 588 - 599.

Klavins M., Kokorite I., Rodinovs V., Avotniece Z., Springe G. & Briede A. (2011)
Hydrometeorological parameters and aquatic chemistry of Lake Engure: Trends

22



of changes due to human impact and natural variability. Proc. Latvian Acad. Sci.,
Sect. B 65(5/6): 138 - 145.

Latkovska I., Apsite E., Elferts D. (2016) Long-term changes of the ice regime of rivers
in Latvia. Hydrol. Res. nh2016012., DOI: 10.2166/nh.2016.012.

Lagzdin$ A., Jansons V., Sudars R., Grinberga L., Veinbergs A., Abramenko K. (2015)
Nutrient losses from subsurface drainage systems in Latvia. Acta Agric. Scand.,
Sect. B 65(sup. 1): 66 - 79.

Lizuma L. (2008) Gaisa temperatiiras un atmosféras nokri$nu mainibas raksturs Riga.
Promocijas darbs. [The character of variations in the air temperature and
precipitation in Riga. PhD thesis] LU Akadémiskais apgads, Riga [in Latvian
with English summary].

Lizuma L., Klavin§ M., Briede A. & Rodinovs V. (2007) Long-term changes of air
temperature in Latvia. In: Klavin§ M. (ed), Climate change in Latvia, LU, Riga,
pp. 11 - 20.

Klavins M., Kokorite 1., Rodinovs V., Avotniece Z., Springe G., Briede A. (2011)
Hydrometeorological parameters and aquatic chemistry of Lake Engure: Trends
of changes due to human impact and natural variability. Proc. Latvian Acad. Sci.,
Sect. B 65(5/6): 138 - 145.

Klavins M., Rodinov V., Kokorite 1., Klavipa I. & Apsite E. (2001) Long-term and
seasonal changes in chemical composition of surface waters in Latvia. Environ.
Monit. Assess. 66: 233 - 251.

Kokorite 1., Klavins M., Rodinov V., Springe G. (2012) Trends of natural organic
matter concentrations in river waters of Latvia. Environ. Monit. Assess. 184(8):
4999 - 5008.

Pilotto F., Kiihn I., Adrian R., Alber R., Alignier A., Andrews C., ...Ozolin$ D.,... Skuja
A.,...Springe G.,.. Haase P. (2020) Meta-analysis of multidecadal biodiversity
trends in Europe. Nature communications, 11(1), 3486.

Springe G., Birzaks J., Briede A., Druvietis 1., Grinberga L., Konosonoka 1., Parele E.,
Rodinovs V., Skuja A. (2012) Climate change indicators for large temperate
river: case study of the Salaca River. In: Klavins M.(ed.), Climate change in
Latvia and adaptation to it. University of Latvia Press, Riga, pp. 79 - 94.

Viksne J. (2000) Changes of nesting bird fauna at the Engure Ramsar site, Latvia,
during the last 50 years. Proc. Latvian Acad. Sci., Sect. B 54(5/6): 213 - 220.

AUGSNES EHHITREIDU (CLITELLATA, ENCHYTRAEIDAE)
POPULACIJU ILGTERMINA IZMAINAS LATVIJAS LTER
PARAUGLAUKUMOS PRIEZU LANA ZIEMELVIDZEMES

BIOSFERAS REZERVATA
Janis VENTINS! un Viesturs MELECIS?
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Enhitreidas (Enchytraeidae) ir viens no nozimigakajiem borealo priezu mezu augsnes

faunas parstavjiem. Ka piemérots indikatororganisms enhitreidas tika ieklautas Latvijas
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ilgtermina ekologisko pétijumu (LTER) tikla novérojumu vietas Ziemelvidzemes
biosféras rezervata. Izmainas to sugu sastava vai blivuma var noradit uz globalo klimata
parmainu ietekmi uz borealo mezu ekosisteémam.

Zinojuma ir analiz&ti dati par enhitreidu skaita izmainam 19 gadu novérojumu perioda
(1994.- 2012.9.) tris dazada vecuma priezu audzes: 30-40 gadus (jaunaudze), 50-70
gadus (vidgja vecuma audze) un 150-200 gadus (vecaudze) vecas audzes. P&tijuma tika
konstat€tas astonas enhitreidu sugas ar Cognettia sphagnetorum ka domingjoso (19
109-22 598 ind/m™). Lielaka blivuma tika konstat&tas arl izméros mazas Achaeta gints
enhitreidas (3,158-27,468 ind/m2), tomér to telpiskais sadalfjums augsné ir loti
nevienmerigs, kas apgriitina to izmantoSanu augsnes stavokla bioindikacija.

Saskana ar vietgjas meteorologiskas stacijas datiem 1994. —2012. gados statistiski
butiskas tendences netika konstatétas ne dekazu pozitivo temperatiiru summas (> 4 °
C), ne gada nokrisnu daudzuma. Tom&r augsnes mitrums visas petijumu vietas uzradija
statistiski butisku pieauguma trendu, it ipasi periodos no 1997. — 2001. un 2006. — 2012.
gadam, ka arf statistiski nozimigu korelaciju ar gada nokrisniem novérojumu vietas (Y:
R = 0,648, P = 0,003; M: R = 0,538, P = 0,018; O: R = 0,553, 7,49, P = 0,014). C.
sphagnetorum blivuma izmainam konstatéta statistiski batiska korelacija ar augsnes
mitrumu (Y: R?=0.446, F117 = 13,663, P = 0,002; M: R?=0,540, F117 = 19,917, P <
0,001; O: R?=0.450, F1,17 = 13,90, P = 0,002). Jasecina, ka augsnes mitrumam ir biitiska

nozime enhitreidu populaciju blivuma regulacija borealo meZu augsnés.

LONG-TERM STUDY OF FIELD ECOSYSTEMS IN PRIEKULI
Livija ZARINA

The institute of Agricultural Resources and Economics, e-mail: livija.zarina@arei.lv

Agricultural-induced environmental changes influence a wide range of ecosystem
services, including biodiversity and habitat dynamics (Dale & Polasky, 2007). Field
ecosystems, as human-modified agroecosystems dominated by cultivated crops, are
largely shaped by agricultural practices. Their structure and functioning are determined
by species diversity, ecological processes, and interactions between biotic and abiotic
factors (Power et al., 2009).

Weeds are an integral component of field ecosystems, competing with crops for
nutrients, water, and light, which directly impacts productivity. Long-term agricultural

management can lead to the development of distinct weed communities, shaped by the
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prevailing cultivation and weed control practices (Horvath et al., 2023).
The diversity of weed species over extended periods reflects the cumulative effects of
soil management practices, fertilization strategies, and crop rotation systems. Changes
in weed flora composition can indicate shifts in soil fertility, disturbance regimes, and
competitive interactions within agroecosystems. Over decades, certain weed species
may become dominant due to repeated cultivation techniques, while others may decline
as a result of targeted weed control measures or alterations in nutrient availability.
Understanding these dynamics provides valuable insights into the sustainability of
different farming systems and their influence on weed suppression, biodiversity
conservation, and overall agroecosystem stability.
Weed dynamics were also studied during the long-term stationary experiment on crop
rotation fertilization systems at the Priekuli Research Center of the Institute of
Agricultural Resources and Economics from 1958 to 2006. The findings confirmed that
weeds serve as reliable indicators for assessing the effectiveness of applied agronomic
practices (farming systems). The long-term diversity of weed species changed

markedly.

References:

Dale, V.H., Polasky, S. (2007). Measures of the effects of agricultural practices on
ecosystem services. Ecological Economics, doi:10.1016/j.ecolecon.2007.05.009

Horvath, D.P., Clay, S.A..Clarence J. Swanton, James V. Anderson, Wun S.
Chao,(2023). Weed-induced crop vyield loss: a new paradigm and new
challenges,Trends in Plant Science,Volume 28, Issue 5,Pages 567-582,ISSN
1360-1385,https://doi.org/10.1016/j.tplants.2022.12.014.

Power, A.G., O’Rourke, M. and Drinkwater, L.E. "VI.4 Human-Dominated Systems:
Agroecosystems". The Princeton Guide to Ecology, edited by Simon A. Levin,
Stephen R. Carpenter, H. Charles J. Godfray, Ann P. Kinzig, Michel Loreau,
Jonathan B. Losos, Brian Walker and David S. Wilcove, Princeton: Princeton
University Press, 2009, pp. 597-605.
https://doi.org/10.1515/9781400833023.597

25



