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KOPSAVILKUMS

Baltijas jtiras unikalas fiziskas un ekologiskas ipasibas padara to jutigu pret
dazadu vides un antropogéno faktoru ietekmi, pieméram, tadu ka invazivo sugu
izplatiSanos. Veiksmiga apala jarasgrundula (Neogobius melanostomus) invazija
ir uzskatams piemeérs tam, ka jauna suga pielagojas un attista stabilu populaciju,
ienemot nisu, kas ir svariga vietéjam zivju sabiedribam. Saja pétijuma pirmo reizi
raksturota apalo jurasgrundulu populacijas attistiba Latvijas adenos. Izmantojot
populaciju ilgtermina tendences, analizéta vietéjo bentisko zivju sugu iespéjama
atbildes reakcija, laika periodos pirms un péc invazijas (1979-2021). Baribas
bazes analize apraksta to, ka savstarpéji mijiedarbojas apalais jirasgrundulis
ar vietéjam zivim. Rezultati liecina par izmainam karpveidigo un plésigo zivju
populaciju tendencés péc 2009. gada. Bet akmenplekstu (Scophthalmus maxi-
mus) mazulu pieaugums ievérojami samazinajas péc tam, kad bija sakusies apala
jurasgrundula invazija baribas konkurences ietekmé. Novérota bentisko zivju un
bezmugurkaulnieku sugu biomasas tenden¢u samazinasanas Rigas juras lica at-
klataja dala. Nemot véra iespéjamas izmainas ekosistémas darbiba, ir aprakstitas
iespéjamas turpmakas parvaldibas iezimes, tostarp tie$i piemérojami ieteikumi
attieciba uz piekrastes zivju monitoringu, jo apalais jarasgrundulis turpina ie-
tekmet vietéjo ekosistému un tas ir kluvis par nozimigu zvejas objektu.

Atslegvardi: Baltijas jira, apalais jarasgrundulis, invazija, ietekme uz vieté-
jam zivim, baroSanas analize, piekrastes zivju monitorings
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SAISINAJUMI

Partikas drosibas, dzivnieku veselibas un vides zinatniskais insti-
tats “BIOR”

Baltijas juras starptautiska grunts trala uzskaites
Baltijas jtras ricibas plans

Nozveja uz piepiiles vienibu

Daugavgrivas monitoringa stacija

Uz ekosistému balstita pieeja

Latvijas ekskluziva ekonomiska zona

Eiropas Savieniba

Plekstu mazuli lidz 3,5 cm

Plekstu mazuli 3,5-5 cm

Plekstu mazuli 5,5-9,5 cm

Plekstu mazuli 10-15 cm

Poisona visparinatais linearais jauktais modelis
Baltijas juras vides aizsardzibas komisija
Starptautiska Jaras pétniecibas padome
Integrétie ekosistému novértéjumi

Jurkalnes monitoringa stacija
Monciskes/Butinge monitoringa stacija

Jaras stratégijas pamatdirektiva

Apalie jarasgrunduli 3-5 cm

Apalie jurasgrunduli 7-14 cm

Apalie jarasgrunduli 15-21 cm

Statistiskas tendences un indeksi monitoringa datu analizei
Akmenplekstu mazuli lidz 4 cm

Akmenplekstu mazuli 4-8 cm

Akmenplekstu mazuli 9-18 cm

Vilkoksona rangu summas tests



IEVADS

PétTjuma aktualitate

Baltijas jura ar tas zemo udens apmainu un lielo antropogéno slodzi padara
tas ekosistémas jutigas pret dazadiem ietekméjosiem faktoriem (Dobrzycka-
Krahel & Bogalecka, 2022). Tas jaunais vecums, fiziskas un geografiskas ipat-
nibas ir unikalas, tapéc pasaulé nav daudz pieméru, ar ko salidzinat (Snoeijs-
Leijonmalm et al., 2017). Baltijas juiras iesaliidens tips ir piemérots gan jiras, gan
saldadens sugam, tapéc sugu bagatibas zina daudzveidiba ir liela (Hunt, 2022;
Ojaveer et al., 2010; Plikss & Aleksejevs; 1998) tomér lielaka dala domingjo$o
zivju populaciju ir paklautas zvejas spiedienam, un to krajumus starptautiska
limeni stingri uzrauga atbildigas iestades (Lado, 2016; European Commission,
2007). Tapéc daudz lidzeklu tiek ieguldits parrobezu zinatniska monitoringa
programmas, lai registrétu ta stavokli visa Baltijas jara, pieméram, BONUS
programma (Andrusaitis et al., 2016) un kopéja datu vaksanas sistéma (Eiropas
Komisija 2017; Palialexis et al.,, 2021). Tas padara Baltijas jaru par vienu no
visvairak izpétitajam jiram pasaulé, kura ir identificétas ekologiskas problémas
un jespé&jamie risinajumi (Dobrzycka-Krahel & Bogalecka, 2022; Ojaveer, 2017).
Baltijas jara tiek salidzinata ar laika maginu, lai ieltkotos citu jaru nakotné
(Reusch et al., 2018). Tomér invaziva apala jarasgrundula (Neogobius melanos-
tomus) kolonizacija Baltijas jira un tas veiksmiga integracija vietéja ekosistéma
uzliek par pienakumu risinat jauna veida uzdevumus monitoringa sistémas un
izstradat jaunus aspektus bentisko zivju sabiedribu zivsaimniecibas parvaldibai
nakotné (Ojaveer et al., 2015). Ir Joti svarigi novértét jutigas vietéjo zivju kopie-
nas nacionala limeni, lai padaritu aizsardzibas pasakumus efektivakus (Vullioud,
2016). Latvija ir sava zivsaimniecibas parvaldibas sistéma, kas tiek istenota ar
Zemkopibas ministrijas starpniecibu, kur zinatniska padoma veida vietéjo zivju
populaciju apsaimniekosana tiek istenota, pamatojoties uz zinatniskiem noveéro-
jumiem un rapnieciskas nozvejas datiem (www.zm.gov.lv).

Visparéjais meérkis ir ieviest uz ekosistému balstitu pieeju (EBA) jtras tel-
piskaja plano$ana, monitoringa un zivju krajumu novértésana, jo viena zvejas
apgabala tiek zvejotas vairakas zivju sugas, un dazadas flotes nozvejo atskirigas
dazadu zivju sugu proporcijas, tadéjadi ievérojami palielinot zvejas izraisito
mirstibu (Vinther et al., 2004). Tapéc ir svarigi paplasinat pétijjumus par dazadam
sugam, trofiskajiem limeniem un telpiskajiem apgabaliem Baltijas jara (Eiropas
Komisija, 2021). Integrétie ekosistému noveértéjumi (IEA) ir izstradati, ka for-
mali sintézes instrumenti, lai analizétu informaciju par attiecigajiem dabas un
socialekonomiskajiem faktoriem noteiktiem parvaldibas mérkiem. Ekologiskie
indikatori ir loti svarigi IEA izstradé, kas kalpo ka kvantitativi mérijumi, lai
atspogulotu galvenos ekologiskos procesus, sugu populacijas un vides apstaklus
konkrétaja ekosistéma (Eero et al., 2021). Svarigi ir koncentréties uz IEA pieejas



isteno$anu Baltijas jaras zivju krajumiem, apvienojot taktiskos un stratégiskos
parvaldibas aspektus vienota stratégija, kas atbalsta pasreizéjos ICES veiktos
Baltijas juras zivju krajumu ieteikumus (M6llmann et al., 2014). Kopuma da-
zadu paraugu nemsanas metozu izmanto$ana un datu kombinacija ekologisko
indikatoru izstradé var uzlabot indikatoru efektivitati un lietderibu ekosistému
parvaldiba un lémumu pienemsana (Sparrow et al., 2020). Ekologiskajiem in-
dikatoriem ir iz$kiro$a nozime Juras stratégijas pamatdirektivas (MSFD) (Jaras
stratégijas pamatdirektiva 2008/56/EK, 2008) isteno$ana, kura ietverti Eiropas
Savienibas politikas mérki aizsargat jaras vidi un nodrosinat tas ilgtspéjigu iz-
manto$anu. ICES uztur nozimigas starptautiskas ilgtermina datubazes par jiras
dzivajiem resursiem un juras vidi, kas nepiecieSamas, lai noteiktu MSFD raditaju
mérkus un robezvértibas (Cardoso et al., 2010; Eiropas Komisija, 2008). Latvija,
piedaloties Baltijas juras vides aizsardzibas komisijas (HELCOM) izstradata
Baltijas jtras ricibas plana (BSAP) isteno$ana, ir iesaistita Baltijas juras vides
problému noveértésana. Taja ir izklastiti konkréti pasakumi un meérki piesarno-
juma samazina$anai un juras ekologiskas veselibas atjauno$anai. Plana ir ieklauts
ekologisko indikatoru kopums, lai uzraudzitu progresu meérku sasnieg$ana, un
tos izmanto, lai novértétu veikto pasakumu efektivitati (HELCOM, 2021). Lai
gan MSFD nosaka visparéjus mérkus un principus, BSAP paredz detalizétaku
un pielagotaku pieeju, lai risinatu konkrétas vides problémas, ar kuram saskaras
Baltijas jtras ekosistéma.

Apalo jurasgrundulu apsaimnieko$ana butu jasak ar ticamu novértéjumu
iegtSanu par populacijas pasreizéjo stavokli, pamatojoties uz atbilsto§u moni-
toringa programmu. Turklat butu jaizveido standartizéti turpmaki novérojumi
regionalas parvaldibas iestades, pieméram, HELCOM uzraudziba (Ojaveer
et al,, 2015). Latvijas apala jurasgrundula gadijums ir piemeérots pamats jaunu
vadliniju izstradei plasi piemérojamam apsaimnieko$anas stratégijam, jo sugas
populacija ir lokala un ir pieejamas zina$anas no labi pielagotas zvejas pieredzes
kopa ar neatkarigiem zinatniskiem novérojumiem (Ustups, 2021).

Péttjuma mérkis

Pétijuma mérki ir aprakstit vietéjas ekosistémas kolonizaciju ar invazivu zivju
sugu; novertét grunts zivju sabiedribas izmainas; izstradat metodes turpmakai
zivsaimniecibas parvaldibai, pamatojoties uz iegiitajam jaunajam zina$anam.

Hipotéze
Apala jarasgrundula invazija radija parmainas grunts zivju sabiedriba, kas
izpaudas ka periodiskas izmainas baribas kédes funkcionésana.

PétTjuma galvenie uzdevumi

1. Raksturot apala juarasgrundula populacijas attistibu, apvienojot dazadu
monitoringa metozu datu kopas.



2. Salidzinat zivju populacijas tendencu izmainas pirms un péc apala jurasg-
rundula invazijas.

3. Aprakstit apala jarasgrundula un vietéjo zivju sugu starpsugu mijiedarbibu,
izmantojot baribas ni$as analizi.

4. Izstradat ieteikumus eso$a piekrastes zivju monitoringa uzlabo$anai, lai
labak izprastu apala jurasgrundula populacijas dinamiku.

Aizstavama téze

Veiksmiga apala jurasgrundula invazija neatgriezeniski izmainija vietéjo
bentisko zivju sugu sabiedribu, periodiski ietekméjot populaciju apmeéru un
baribas kédes darbibu.

Rezultatu aprobacija

Petijums ir balstits uz $adam zinatniskajam publikacijam

(I) Kruze, E., Avotins, A., Rozenfelde, L., Putnis, 1., Sics, I.; Briekmane, L.,
Olsson, J. 2023. The Population Development of the Invasive Round Goby
Neogobius Melanostomus in Latvian Waters of the Baltic Sea. Fishes, 8, 305.
IF 3.17 https://doi.org/10.3390/fishes8060305

(II) Kortsch, S., Frelat, R., Pecuchet, L., Olivier, P, Putnis, I., Bonsdorff, E.,
Ojaveer, H., Jurgensone, I, Strake, S., Rubene, G., Kruze, E., Nordstrom, M. C.
2021. Disentangling temporal food web dynamics facilitates understanding of
ecosystem functioning, Journal of Animal Ecology, 90, 1205-1216. IF 5.608
https://doi.org/10.1111/1365-2656.13447

(III) Ustups, D., Bergstrom, L., Florin, A. B., Kruze, E., Zilniece, D., Elferts, D.,
Knospina, E., Uzars, D. 2016. Diet overlap between juvenile flatfish and the
invasive Round Goby in the central Baltic Sea. Journal of Sea Research,
107, 121-129. IF 2.029 https://doi.org/10.1016/j.seares.2015.06.021.

(IV) Bergstrom, L., Heikinheimo, O., Svirgsden, R., Kruze, E., Lozys, L.,
Lappalainen, A., Saks, L., Minde, A., Dainys, J., Jakubaviciute, E., Adjers, K.,
Olsson, J. 2016. Long term changes in the status of coastal fish in the Baltic
Sea. Estuarine, Coastal and Shelf Science, 169, 74-84. IF 3.229 https://doi.org/
10.1016/j.ecss.2015.12.013.

Konferences

Baltijas juras zinatnes kongress, 2015. gada 15.-19. junijs, Riga, Latvija;
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tional waters”; Perkons, V., Kruze E., Strake S.

74. Latvijas Universitates starptautiska zinatniska konference, 2016. gada
1. februaris, Latvijas tdenu vides pétijumi un aizsardziba, “Mencu (Gadus
morhua) baro$anas izmainas Baltijas jiras centralaja dala’; Kruze E.
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ietekme uz Baltijas jaras piekrastes ekosistému”; Putnis I., Briekmane L.,
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BONUS simpozijs, 2017. gada 17.-19. oktobris, Tallina, Igaunija; Science delivery
for sustainable use of the Baltic Sea living resources, Session 3: Ecosystem
internal and external drivers of change affecting biodiversity “The round
goby Neogobius melanostomus colonization and potential impact on the
coastal food web in Latvia”; Knospina E., Putnis 1., Briekmane L., Kruze E.,
Ustups D.

BONUS simpozijs, 2017. gada 17.-19. oktobris, Tallina, Igaunija; Science delivery
for sustainable use of the Baltic Sea living resources, Session 4: Temporal
dynamics in biodiversity “Has climate change affected the body condition of
Baltic cod Gadus morhua L. In the eastern Baltic Sea?” Plikshs M., Amosova
V., Baranova T., Elferts D., Karpushevskaya A., Karpushevskiy I., Kruze E.,
Patokina E, Sics I., Statkus R., Vasilijeva T., Zezera A., Casini M.

BIOR starptautiskais zinatniskais simpozijs, 2020. gada 30.-31. janvaris, Riga,
Latvija; Science to Strengthen Sustainable and Safe Food Systems, “Has
climate change affected feeding and body condition of Baltic cod Gadus
morhua L. in the Gotland basin of the Baltic Sea” Plikshs M., Baranova T.,
Kruze E., Sics 1.

11. Starptautiska biologiskas daudzveidibas pétijjumu konference, 2022. gada
20.-21. oktobris, Daugavpils, Latvija; “Diet, growth and body condition of
Baltic cod (Gadus morhua) in response to ecosystem changes in the Eastern
Baltic Sea”; Kruze E., Baranova T., Sics L., Putnis I., Rozenfelde L., Plikss M.,
Deksne G., Ustups D.

$i disertacija ietver pétijumu rezultatus un finanséjumu no

1) Latvijas Nacionala zivsaimniecibas un akvakultaras datu vak$anas Darba
plana;

2) BIOR parvaldes uzdevuma delegé$anas liguma ar Latvijas Republikas
Zemkopibas ministriju par zivju resursu izpéti, izmanto$anas regulésanu
un atrazo$anu;

3) Latvijas Zinatnes padomes fundamentalo un lietiSko pétijumu projekta
Nr. 1zp-2021/1-0024 “Baltijas mencas (Gadus morhua) kondicija un veseli-
bas stavoklis Austrum Baltijas mainigaja ekosistéma: CODHEALTH”

Zinatniska novitate

Si promocijas darba ietvaros tiek piedavits jauns, originals parskats par
apala jurasgrundula invazijas vésturi Latvijas adenos, ka ari tiek raksturota ta
ietekmi uz vietéjam zivju sabiedribam un demonstréta lidz $im praktiski pielie-
tojama metode dazadu paraugu nemsanas metozu salidzinasanai un statistiskai
izvertésanai, lai raksturotu zivju populaciju izmainu visparéjas tendences.
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Vides politikas aktualitate

Sis pétijums, ka ari visa Baltijas jiras apala jirasgrundula gadijums ir
atbilsto§s MDFD 1. raksturlielumam “Tiek saglabata biologiska daudzveidiba®
(MSFED D1); 2. raksturlielumam “Cilvéka darbibas rezultata ieviesto sve§zemju
sugu daudzums ir tads, kas negativi nemaina ekosistémas” (MSFD D2), 3. rak-
sturlielumam “Visu komerciali izmantojamo zivju un gliemju populacijas ir
drosas biologiskas robezas” (MSFD D3); 4. raksturlielumam “Visi jiras baribas
kédes elementi, ciktal tie ir zinami, sastopami normala daudzuma un daudz-
veidiba” (MSFD D4) un 6. raksturlielumam “Jaras gultnes integritate tada
limeni, kas nodrosina, ka bentosa ekosistémas netiek nelabveéligi ietekmétas”
(MSFD D6) (Behrens et al., 2019).

Sis promocijas darbs sniedz recenzétus metodiskos noradijumus rezultatu
novértésanai un turpmaka bentisko zivju monitoringa planosanai kopuma, ka ari
var tikt nemta véra lémumu pienemsana nacionala limeni Partikas drosibas, dziv-
nieku veselibas un vides zinatniska institiita “BIOR” rekomendaciju veida par zivju
resursu ilgtspéjigu izmanto$anu Latvijas tidenos, un ir paredzéta izmantosanai,
izstradajot Baltijas jiras apala jurasgrundula pirmreizéju krajuma novértéjumu.
Si promocijas darba saturs tiks integréts HELCOM 4. starptautiskaja Baltijas jiras
piekrastes zivju tematiskaja novértéjuma 2023. gada novembri (HELCOM FISH-
PRO IIT 2018-2023), kas dos ieguldijumu jaunu indikatoru (pieméram, apala
jurasgrundula populacijas tendences) izstradé, aizpildot triiksto$as zinasanas par
$o sugu un aktualiz&jot piekrastes zivju monitoringa vadlinijas.

Praktiskais pielietojums
1. Izstradati plasi piemeérojami parrékina koeficienti starp “Standarta pie-
krastes” tipa (“Coastal net series”) un “Nordic” tipa daudzsienu (“Nordic
multi-mesh gillnets”) piekrastes monitoringa tiklu datiem, kas lauj izmantot
apala jurasgrundula vésturiskos datus.
2. Viegli lietojams statistikas riks, kas radits savvalas dzivnieku monitoringa
datiem, pirmo reizi tiek pielietots zivsaimniecibas joma.
3. Izstradati konkréti ieteikumi, ka nakotné labak veikt piekrastes zivju sugu
monitoringu, lai labak ieklautu ari apalo jurasgrunduli.
4. Si pétijuma rezultati tiks iestradati:
o INTERREG zinatniska projekta “Promoting commercial fishing of round
goby in the Baltic Sea”, 2024;
o Papildinas praktiskas zinasanas Sobrid notiekosa (2020-2025) projekta
LIFE19 NAT/LV/000973 REEF “Research of marine protected habitats in
EEZ and determination of the necessary conservation status in Latvia”.
Aktivitaté C2: “Dabas aizsardzibas plana izstrade aizsargajamam jaras
teritorijam’, aktivitaté C3: “Ricibas plana izstrade invazivo jiras sugu sa-
mazina$anai un pasakumu plana izstrade putnu un ziditaju piezvejas ma-
zina$anai” un aktivitaté C4: “Piekrastes zvejas parvaldibas plana izstrade”
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1. MATERIALI UN METODES

1.1. PétTjuma teritorija un datu aptveérums laika

Sis pétijums tika veikts Latvijas EEZ iidenos, kas aptver Baltijas jiiras cen-
tralo dalu, Gotlandes austrumu apaksbaseinu un Rigas juras lici. Tika apsekotas
gan Rigas jiras lica piekrastes un atklatas jaras piekrastes zonas, gan atkraste
(1. attels).

Saja pétijuma tika izmantotas Cetras atikirigas zivju paraugu nemsanas
metodes: piekrastes zivju monitorings (1995-2021); Rigas jaras li¢a grunts
tralésana (1980-2021); grunts tralésana atklata jura Baltijas jiras starptautiska
grunts trala uzskaites (BITS) ietvaros (2015-2021); ikgadéja piekrastes zivju
mazulu uzskaite ar velkamajiem vadiem (1998-2014).

1. attéls. Pétijuma teritorijas karte: melnie rombi — piekrastes velkamo vadu
stacijas (A) (III publikacija); baltie punkti — piekrastes zivju monitoringa stacijas,
krustini — Rigas jaras lica tralé$anas vietas; X - atklatas juras traléSanas
vietas (B) (I, IT un IV publikacija)

1.2. Grunts zivju paraugu nemsanas metodes

1.2.1. Piekrastes zivju mazulu uzskaite ar velkamajiem vadiem
1998-2014 (Ill publikacija)

Piekrastes zivju mazulu uzskaites pétijjums tika veikts katru gadu pavasara
beigas vai vasaras sakuma Baltijas juras central-austrumu dalas Latvijas piekras-
tes dienvidrietumu stari (1.A attéls). Katra paraugu nemsanas reizé, katra vieta
perpendikulari krasta linijai veiktas piecas paraugosanas reizes, izmantojot vadu
ar 10 mm lielu linuma acu izmeéru sparnos un 5 mm lielu linuma acu izméru
ami. Sparnu platums bija 12,5 m, vertikalais atvérums - 1,5 m. Visas nokertas
zivis un bezmugurkaulniekus saskiroja pa sugam, saskaitija, nosvéra (katras

12



sugas kopéjais svars) un fikséja etanola (80%) turpmakai detalizétai analizei un
kunga satura parbaudei laboratorija. Paraugos iegutie Skeltkajvézu un desmitkaj-
vézu daudzumi tika registréti ka piezveja.

1.2.2. Piekrastes zivju monitorings 1991-2021
(I un 1V publikacija)

Piekrastes zivju monitorings tika veikts no 1991. lidz 2013. gadam, izmanto-
jot, tikai “Standarta piekrastes” tipa monitoringa tiklus Daugavgriva (DAU) un
Jarkalné (JUR) (1.B attéls), bet apalo jarasgrundulu populacijas attistibas péti-
jumam tika izmantoti papildu piekrastes monitoringa dati no Liepajas, Papes,
Kesterciema, Plienciema un Salacgrivas no 2005. lidz 2021. gadam. “Standarta
piekrastes” tipa tiklu linums bija izgatavots no daudzpavedienu auklas (“Capron”
vai “Nylon-67), un tam bija sesi 30 m gari paneli ar linuma acu izmériem seciba
17; 22; 25; 30; 33; 38 mm Péc 2016. gada tika izmantoti “Nordic” tipa tikli, kas
sastav no deviniem 5 m gariem paneliem ar acu izmériem 30; 15; 38; 10; 48;
12; 24; 60; 19 mm, un kuru linums ir izgatavots no neilona monopavediena
auklas. Abas metodes tika savstarpéji kalibrétas un “Nordic” tipa tikliem tika
izstradati koeficienti (1. pielikums). Lai kalibrétu nozvejas starp abiem zvejas
rikiem, 2014.-2016. gada tika izmantota vienlaiciga $o metoZzu piemérosana.

1.2.3. Rigas jiiras lica bentisko zivju uzskaite 1979-2021
(I un 1l publikacija)

Rigas jaras lica grunts tralésanas apsekojumus veica katru gadu maija,
augusta un oktobrl Rigas jiras lica ICES 28.1. apaksrajona (1.B attéls) saskana
ar standarta BITS rokasgramatu. Paraugu nemsanu veica ar specialu grunts
trali, kura platums ir 18 m, augstums - 1,5 m un linuma acs izmérs ami ir no
6 mm lidz 17 mm (publikacija I). Lai raksturotu bentisko zivju un zoobentosa
sugu populaciju tendences Rigas jiras lici, analizés tika ieklauti pétijjumi, kas
tika veikti maija un stacijas dzilak par 20 m, ieskaitot Rigas jaras lica ziemelu
dalas paraugu nemsanas stacijas pirms 1991. gada, kad pétijumi tika veikti ari
Igaunijas EEZ (publikacija II)

1.2.4. Baltijas jiras starptautiska grunts trala uzskaites 2015-2021
(I publikacija)

Apsekojumi tika veikti katru gadu marta un decembri Baltijas jiras Latvijas
udenu atklata jaras akvatorija (1.B attéls) péc nejausas stratificétas staciju atla-
ses principa apgabalos ar traléjamiem grunts tipiem. Papildus biologiskajiem
meérjjumiem saskana ar starptautisko protokolu (ICES, 2017) tika registréta
detalizéta informacija par traléSanas vietu un vides parametriem.
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1.3. Datu apstrade un statistiska analize pétijuma uzdevumu
izpildei

1.3.1. Apala jurasgrundula populacijas attistibas analize
(I publikacija)

Sakotnéji, lai raksturotu apalo jarasgrundulu populacijas izmainas, tika
veikta divu lidzigu piekrastes paraugu nemsanas metozu datu kopu savstarpéja
kalibrésana. Septinas monitoringa vietas 2014.-2016. gada vienlaikus tika izman-
toti vésturiski pielietotie “Standarta piekrastes” tipa tiklu sérijas (1995-2013) un
veélak lietotie “Nordic” tipa (2014-2021) pétnieciskie tikli. Tika iegati parrékina
koeficienti (1. pielikums) pa 1 cm garuma grupam 5-26 cm gariem apalajiem
jurasgrunduliem, lai tos talak reizinatu ar “Nordic” tipa tiklu nozvejojamibas
vértibam. Otrkart, no piekrastes zivju monitoringa iegiitas jaunas apalo jirasg-
rundulu nozvejas tendences tika apvienotas ar tendencém, kas iegitas no divam
tie$i nesalidzinamam atkrastes monitoringa metodém, izmantojot statistisko
monitoringa datu tendenc¢u un indeksu (TRIM) analizi (Bogaart et al., 2020).
Gada indeksi tika aprékinati no vienas vértibas katra monitoringa vieta un gada,
kur talak iegutas tendences tika apvienotas, izmantojot modela dispersijas—ko-
varian¢u matricas. legiita apvienota apala jurasgrundula populacijas tendence
talak tika izmantota turpmakaja populacijas attistibas raksturojuma.

1.3.2. Vietéjo zivju populacijas izmainas pirms un péc invazijas (Il, 1l
un 1V publikacija)

Salidzinot seklidens velkamo vadu monitoringa zivju daudzumu, dati
tika iedaliti divos periodos: pirms (1998-2008) un péc (2009-2014) apala ji-
rasgrundula kolonizacijas pétamaja teritorija. Vietéjo plekstveidigo zivju sugu
skaita izmainas starp periodiem tika novértétas, izmantojot Poisona visparinato
linearo jaukto modeli (GLMM), kura gads tika pievienots ka nejauss faktors.
(III publikacija).

Lai novértétu piekrastes zivju kopienu visparéjo stavokli, tika izmantoti divi
indikatori: Piscivores (pléséji) un Cyprinids (karpveidigas zivju sugas). So radi-
taju tendences tika novértétas desmit gadu intervalos DAU un JUR. Nozveju
uz zvejas piepilles vienibu (CPUE) aprékinaja ka vidéjo biomasu uz vienu tiklu
un zvejas dienu, talak vértibas, pamatojoties uz kopéjo gada nozveju un zvejas
intensitati, tika apkopotas uz apaksbaseina apgabala limeni. Tendences tika
noteiktas, aprakstot relativas izmainas, kas laika gaita notikusas katra apgabala,
izmantojot slidosa loga metodi, kas aptver 10 gadus. Lai analizétu tendences,
tika izmantota lineara regresija, izmantojot kvadratsaknes transformétus un
normalizétus datus. Turklat novéroto tenden¢u biezums tika noveértéts, izman-
tojot chi-kvadrata testu. Pléséju indikatora ieklautas sugas bija asaris (Perca
fluviatilis), menca (Gadus morhua), lidaka (Esox lucius) un zandarts (Sander
lucioperca), akmenplekste, lasis (Salmo salar), véjzivs (Belone belone), niglin$
(Hyperoplus lanceolatus) un salate (Aspius aspius). Karpveidigo zivju indikatoru
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parstavéja Cyprinidae taksonomiskas dzimtas sugas, no kuram galvenas analizé
ieklautas sugas bija raudas (Rutilus rutilus) un plauzi (Abramis spp.). Abi radi-
taji tika izveéléti neatkarigi no sugu identitates, lai nodrosinatu salidzinamibu
geografiskajos apgabalos, neraugoties uz iespéjamam dabiskam at$kiribam sugu
sastava (IV publikacija). Grunts zivju sugu tendences Rigas jaras lica atklataja
dala tika iegitas no Rigas li¢a bentisko zivju uzskaites (sk. 2.2.3. sadalu). Laika
rindu dati tika iegiti 38 gadu laika no 1979. lidz 2016. gadam. Lai gan pétijuma
(IT publikacija) tika veikta Rigas juras lica baribas tikla kompleksa modelésana,
$aja promocijas darba tika raksturotas tikai bentisko zivju un zoobentosa bio-
masas tendences.

1.3.3. Starpsugu mijiedarbiba, izmantojot baribas niSas analizi
(Il un 1l publikacija)

Papildus bentisko zivju populaciju novérojumiem tika analizéti devinu
dazadu zivju sugu (apalais jarasgrundulu, plekstu (Platichthys flesus), akmen-
plekstu, trisadatu stagaru (Gasterosteus aculeatus), niglinu, tabisu (Ammodytes
tobianus), asaru (Perca fluviatilis), mazo jurasgrundulu (Pomatoschistus spp.) un
salaku (Osmerus eperlanus) kungu saturs, kopa 2793 ipatnu kungi. Zivju baribas
sastava analize veikta divos laika periodos: pirms apala jurasgrundula invazijas
(1998-2004) un faktiskas invazijas laika (2013-2014). Apalie jarasgrunduli,
plekstes un akmenplekstes tika iedaliti izméra grupas: plekstes — 3,5 cm (FL1),
3,5-5 cm (FL2), 5,5-9,5 cm (FL3) un 10-15 cm (FL4); akmenplekstu mazuli -
4 cm (TUL), 4-8 cm (TU2) un 9-18 cm (TU3); apalie jarasgrunduli lidz 5 cm
(RG1), 7-14 cm (RG2) un 15-21 cm (RG3). Katra baribas objekta sastopami-
bas biezums tika izteikts ka procentuala dala no kungu skaita viena nozveja. Lai
novértétu plekstu, akmenplekstu un apalo jirasgrundulu baro§anas paradumus
un savstarpéjo konkurenci, tika novértéts tuk$o kungu ipatsvars. Baribas ob-
jekti tika identificéti un iedaliti devinas grupas: sanpeldvézi Amphipoda, pera-
Mysis sp., daudzsarutarpi Polychaete, zooplanktons un neidentificéti baribas
objekti. Lai analizétu partikas sastava atskiribas starp plekstém un akmen-
plekstém pa garuma grupam, tika izmantots Vilkoksona rangu summas tests
(WRS), un, ta ka katrai grupai tika veikti vairaki testi, p-vértibas tika korigétas,
izmantojot Bonferroni korekciju. Lai aprakstitu ar bentosu barojo$os zivju
sugu baribas bazi, piekrastes velkamo vadu pétijuma, ka piezveja tika registréta
makrozoobentosa organismu sastopamiba (III publikacija). Rigas jaras li¢a
atklataja dala (119. stacija) bentosa biomasa (g/m?) tika registréta nacionala
monitoringa programmas ietvaros (https://latmare.lheilv/). No 1979. lidz
2016. gadam paraugi tika vakti katru gadu pavasari no februara lidz janijam,
un velak tika salidzinatas zoobentosa organismu attistibas tendences periodos
pirms un péc apala jarasgrundula invazijas (II publikacija).
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1.3.4. leteikumu izstrade eso$a piekrastes zivju monitoringa
uzlabo3anai (I publikacija)

Lai raksturotu apalo jirasgrundulu aktivitati un nozvejas iespéjas pasivajos
zvejas rikos visa gada garuma, no piekrastes monitoringa datiem tika iegats to
vidéjas relativas nozvejas sadalijums pa ménesiem no 2005. lidz 2021. gadam.
Kopuma pétijuma tika ieklautas 42 stacijas, kas izvietotas septinos Latvijas
piekrastes rajonos. Nemot véra maksimalo zvejas reizu skaitu katra vietd un
meénes, talakai analizei kopuma bija pieejami 1141 datu punkti (2. pielikums).

Lai noteiktu ar dazadiem zvejas rikiem nozvejoto Ipatnu daudzumu at-
sevi$kas garuma grupas, tika izmantotas 1 cm garuma grupas ipatniem, kuru
garums parsniedz 10 cm. Mazakam apalo jurasgrundulu garuma grupam un
zivim, kas lielakas par 21 cm, tika aprékinats vidéjais svértais kermena garums,
pamatojoties uz skaitu.
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2. REZULTATI

2.1. Apala jurasgrundula populacijas attistiba (I publikacija)

Pirmo reizi apalais jurasgrundulis Latvijas piekrasté registréts 2004. gada
Liepajas tuvuma (Minde, 2007). Tomér §is sugas pirmie novérojumi piekrastes
ripnieciskaja zveja paradijas divus gadus vélak, kad tika registréti 6,3 kg gada.
Turpmakajos gados novérots populacijas lieluma pieaugums, un zvejas Zurnala
ieraksti liecina, ka nozvejas apjoms palielinajas no mazak neka vienas tonnas
2011. gada lidz vairak neka 1112 tonnam 2018. gada, toties péc $1 gada turpmak
registréts neliels nozvejas samazinajums (2. attéls). Savukart pédéja laika nove-
rots komercialas nozvejas apjoma palielindjums Rigas jaras lica austrumu dala
(3. pielikums).

2. attéls. Apala jarasgrundula (Neogobius melanostomus) ikgadéja komerciala nozveja
Latvijas piekrastes iidenos (I publikacija)

3. attéls. Kopéja populacijas attistibas tendence (gada indeksi ar standartkladu uz
logaritmiskas skalas) apalajiem jirasgrunduliem (Neogobius melanostomus) Latvijas
EEZ.Y ass attélo populacijas lielumu attieciba pret populaciju 2021. gada. Ar punktéto
liniju attélots relativais populacijas lielums bazes 2021. gada. (I publikacija)
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Apvienojot tris dazadu zinatniska monitoringa metozu datus Latvijas EEZ,
kombinéta TRIM modela rezultati liecina par populacijas pieaugumu lidz
2017. gadam, kam sekoja strauj$ apalo jurasgrundulu populacijas samazinajums,
(3. attéls). Apléstais populacijas lielums 2021. gada bija aptuveni 7,6 reizes lie-
laks neka 2006. gada, bet 30 reizu mazaks salidzinajuma ar 2017. gada registréto.
(I publikacija).

2.2. Zivju populacijas izmainas pirms un péc invazijas
(11, 1l un IV publikacijas)

Plekstes bija domingjo$a zivju suga ar velkamo vadu nozvejotajos paraugos
visa pétijuma perioda, iznemot 2014. gadu, kad tika novérots apala jarasgrun-
dula skaita pieaugums. Apala jarasgrundula biomasa ievérojami palielinajas
kops$ §is sugas pirmas paradi$anas pétijuma teritorija 2009. gada. Visos gados
akmenplekste bija otra vai tre$a biezak sastopama zivju suga. Paréjas biezak
sastopamas zivju sugas bija tiibites, salakas, vimbas (Vimba vimba), raudas un
niglini (4. attéls).

4. attels. Vidéja plekstu (Platichthys flesus), akmenplekstu (Scophthalmus maximus),
apalo jaragrundulu (Neogobius melanostomus) un citu zivju sugu biomasa (g/vada)
apkopoti no 1998. lidz 2014. gadam. (III publikacija)

Apala jurasgrundula invazija butiski negativi ietekméja akmenplekstes
mazulu skaitu (GLMM, p = 0,003). Sakotnéji ik péc 2-3 gadiem bija novéro-
jams salidzinosi liels akmenplekstu mazulu papildinajums, bet vélakaja perioda
tikai 2009. gada bija vérojams mérens skaita pieaugums, bet visas turpmakajas
paaudzés to skaits bija salidzinosi neliels (5. attéls). Savukart plekstu mazulu
daudzumam starp abiem laika periodiem netika novérota butiska atskiriba
(GLMM, p = 0,441) (III publikacija), un pat 2013.-2014. gada bija vérojams
neliels skaita pieaugums.
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5. attéls. Viengadigu plekstu (Platichthys flesus) (A) un akmenplekstu (Scophthalmus

maximus) mazulu (B) skaits uz 10 novilktiem vadiem. Pilnas kolonas rada periodu

pirms apala jarasgrundula invazijas (1998-2008), bet tuksas — periodu péc invazijas

(2009-2014). Aprékinatie daudzumi ir vidéjie raditaji no apkopotajiem paraugiem,

kas veidoti, apvienojot pavasara un vasaras uzskaites. Ar punktétam linijam attéloti
ilgtermina vidéjie raditaji (III publikacija)

Rezultati liecinaja, ka pétijuma laika galvenokart samazinajas plésigo zivju
skaits un palielinajas karpveidigo zivju skaits. Abi novérojumi liecina par eko-
sistémas visparéja stavokla vai veselibas pasliktinaganos. Plésigo zivju skaita
samazina$anas tendences dominéja visos laika periodos, lielaks samazinajums
bija vérojams no 1999. lidz 2008. gadam lidz 2002. lidz 2011. gadam. Savukart
2012.-2013. gados, kas ir pédéjie pétijuma gadi, ipasi Latvijas EEZ, tendence
bija pretéja. Kamér Rigas juras lica DAU dienvidu dala plésigo zivju skaita
tendence ir salidzino$i nemainiga, Gotlandes baseina austrumu dalas atklatas
juras stacijas JUR péc 2008. gada novérots neliels (p > 0,05) plésigo zivju
daudzuma pieaugums (IV publikacija). Attieciba uz karpveidigajam zivim gan
DAU, gan JUR stacijas tika novérota vienmeérigaka tendence ar maksimumu
2011. gada.

Kopuma Rigas jiras lica piekrasté 2000. gados palielinajas vairaku zivju tak-
sonu sastopamibas biezums un biomasa visas funkcionalajas grupas. Pieméram,
tadas pelagisko zivju sugas ka trissadatu stagari un brétlinas (Sprattus sprattus),
ka ari tadas bentosa-édaju sugas ka pluksnzivis (Liparis liparis) un Cetrragu
bullzivis (Myoxocephalus quadricornis), visam tam bija augsta biomasa. Péc
2009. gada novérojumos saka paradities apalais jarasgrundulis. Laika posma no
2009. lidz 2014. gadam bija vérojama tradicionalo bentisko zivju sugu, piemeé-
ram, plaksnuzivju, luciSu (Zoarces viviparusi), ziemelu bullzivju (Myoxocephalus
scorpius), plekstu un mazo jurasgrundulu, biomasas samazinasanas. Savukart
sigu (Coregonus spp.), Cetrragu bullzivju un apalo jurasgrundulu populacijas
pieauga (6. attéls).
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6. attéls. Zivju biomasas (g/m?) laikrindas pétijuma perioda no 1979. lidz 2016. gadam:
rengém (Clupea harengus) (balstoties uz krajuma novértéjuma datiem), luci$iem
(Zoarces viviparus), salakam (Osmerus eperlanus), mencam (Gadus morhua),
brétlinam (Sprattus sprattus), éetrragu bullzivim (Myoxocephalus quadricornis),
zandartiem (Sander lucioperca), ziemelu bullzivim (Myoxocephalus scorpius), kisSiem
(Gymnocephalus cernua), trisadatu stagariem (Gasterosteus aculeatus), plekstém
(Platichthys flesus), sigam (Coregonus spp.), pluk$nzivim (Liparis liparis), mazajiem
jurasgrunduliem (Pomatoschistus spp.), un apalajiem jurasgrunduliem (Neogobius
melanostomus). Y ass skalas atskiras taksonu atskirigas biomasas dél. Taksoni sakartoti
no auggas pa kreisi uz leju pa labi samazinoties biomasai. Ar treknrakstu ir vidéja
biomasa 1000 atkartojumu pastavigas paraugu nemsanas reizés (nejausi izvélétas astonas
stacijas 5 gadu perioda). Tumsi un gaisi peléki laukumi ir attiecigi starpceturksnu
diapazons un 95 % intervals (II publikacija)

20



2.3. Starpsugu mijiedarbiba starp apalo jarasgrunduli un
vietéjam zivju sugam, izmantojot baribas niSas analizi
(11 un 11l publikacija)

Analizéjot apalo jurasgrundulu baro$anas paradumus sekla piekrastes
zona, ar velkamo vadu, tika novérots, ka mazaka apalo jurasgrundulu garuma
grupa (RG1) barojas tikai ar zooplanktonu un izcelas uz paréjo garuma grupu
fona. Lielakas atsevi$kas grupas (RG2 un RG3) galvenie baribas objekti bija
kungos samazinajas desmitkajvézu skaits, un pakapeniski palielinajas gliemju
daudzums. (7. attéls).

7. attéls. Apalo jarasgrundulu (Neobobobius melanostomus) baribas sastavs garuma
grupas RG1 (3-5 cm), RG2 (7-14 cm) un RG3 (15-21 cm) (IIT publikacija)

Baribas analizes rezultati liecina, ka akmenplekstei (TU2 un TU3) pirms
attiecigi 92% un 67%. Péc invazijas $a baribas elementa sastopamiba samazinajas
lidz 67% TU2 (WRS tests, p = 0,08) un lidz 50% TU3 (p = 0,06). Otraja perioda
(TU2, WRS tests, p = 0,005) ievérojami palielinajas desmitkajvézu (galveno-
kart smil$u garneles Crangon crangon) nozime. Plekstei (FL2 un FL3) pirmaja
perioda svarigakais baribas objekts bija sanpeldvézi Bathiporeia pilosa, otradi,
2013.-2014. gada pétijuma otraja perioda sanpeldvézu daudzums plekstu uztura
samazinajas. Turklat mazako plekstu FL1 un mazako apalo jarasgrundulu RG1
uzturs pilniba parklajas, jo tie barojas ar zooplanktonu (8. attéls).

Piekrastes velkamajos vados nozvejoto $keltkajvézu skaits katru gadu bija
atskirigs, sasniedzot maksimumu 2002. gada, kad vidéji viena vilk§anas reizé
tika nozvejoti 6956 Ipatni (1. tabula). Pirmaja perioda viena vada vidéji tika

_____

samazinajas, un tikai 2013. gada viena nozveja bija tikai 1,4 ipatni.
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8. attéls. Piekrastes zivju sugu baribas sastavs piekrastes velkamo vadu uzskaités
no 1998.-2004. lidz gadiem (1. periods — pirms apala jiarasgrundula invazijas)
augsa un 2013.-2014. (2. periods - péc apala jurasgrundula invazijas) apaksa.

RG1-3 ir tris apala jarasgrundula (Neogobius melanostomus) garuma grupas
(detalizéti 7. attéla). FL1-4 ir Cetras plekstu (Platichthys flesus) mazulu garuma
grupas < 3,5 cm (FL1), 3,5-5 cm (FL2), 5,5-9,5 cm (FL3), 10-15 cm (FL4),
un TU2-3 ir divas akmenplekstu (Scophthalmus maximus) mazulu garuma
grupas (4-8 cm (TU2) un 9-18 cm (TU3)). Sugas, kas nav sadalitas pa garuma
grupam, ir trisadatu stagari (Gasterosteus aculeatus) (3ST), niglini (Hyperoplus
lanceolatus) (GSA), tubites (Ammodytes tobianus) (LSA), asari (Perca fluviatilis)
(PER), mazie jurasgrunduli (Pomatoschistus spp.) (SGA) un salakas (Osmerus
eperlanus) (SMA) (III publikacija)

1. tabula. Vidgjais Ipatnu skaits ka piezveja viena piekrastes velkamja
vada ar + standartkladu smil$u garnelém Crangon crangon un

_____

Gads Periods C. crangon Mysis sp.
1999 1 78,4 + 32 1120 £351
2000 1 35+ 12 469 + 157
2001 1 32+£19 69 £ 53
2002 1 19+ 13 6956 * 6777
2003 1 25+5 161 + 47
2004 1 115 + 28 1219 £ 973
2005 1 13+7 301
2013 2 70 £ 11 29+1,9
2014 2 351 * 206 0+0
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Atgkiriba skeltkajvézu skaita zina starp abiem periodiem bija loti nozimiga
(GLMM, p < 0,001). Turpreti smil$u garneles (Crangon crangon) pédéja perioda
salidzinajuma ar periodu pirms apala jarasgrundula invazijas ievérojami palieli-
najas (GLMM, p = 0,01). Vidgjais smil$u garnelu daudzums pédéja perioda bija
269 ipatni viena vada, salidzinot ar vidéji 49 ipatniem pirmaja pétijuma perioda
(1. tabula) (IIT publikacija).

Rigas lica zoobentosa biomasas tendences norada, ka laika posma no
2009. lidz 2014. gadam kopuma samazinajies sanpeldvézu Monoporeia affinis
un Pontoporeia femorata daudzums. Salidzinot biomasas apjomus starp sugam,
M. affinis ar aptuveni 10 g/m? bija otra lielaka grupa aiz grévjiem Saduria ento-
mon 2000.-2010. gados (9. attéls).

9. attéls. Bentosa biomasas (g/m?) laika rinda Rigas lica 119. stacija no 1979. lidz
2016. gadam: grévji Saduria entomon, sanpeldvézi Monoporeia affinis un Pontoporeia
femorata, invazivais daudzsarutarps Marenzelleria sp, gliemji Limecola balthica un
mazsartarpi Oligochaeta. Y ass skalas atskiras taksonu atskirigas biomasas dé]. Taksoni
sakartoti no augsas pa kreisi uz leju pa labi péc samazinoties biomasai. Ar treknrakstu
iegramatota linija ir vidéja biomasa 1000 atkartojumu pastavigas paraugu nemsanas
reizés (vienas stacijas nejausa izvéle 5 gadu perioda). Tumsi un gaisi peléki laukumi ir
attiecigi starpceturksnu diapazons un 95% intervals (Publikacija IT)
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2.4. Pamatojums ieteikumiem par apala jurasgrundula turpmako
monitoringu (I publikacija)

Salidzinot apalo jurasgrundulu ikménesa nozvejas raditdjus piekrastes
monitoringa, vislielakas nozvejas tika novérotas maija, kas bija aptuveni 10
reizes lielakas neka vasaras beigas un rudeni registrétas nozvejas. Aprili un
junija nozvejas bija aptuveni uz pusi mazakas neka maija registréta maksimala
nozveja. Aukstadens perioda (februari-marta) apalo jurasgrundulu praktiski
netika nozvejoti (10. attéls).

Ar “Nordic” tipa tikliem vairak tika nozvejotas mazizmeéra zivis un, sakot
no 12 cm garuma grupas, bija vérojama ievérojama to daudzuma palielinasanas
arl “standarta piekrastes” tipa tiklos (11. attéls).

10. attéls. Apala jaras grundula (Neogobius melanostomus) keramibas multiplikativie
koeficienti logaritmiska skala (references ménesis ir februaris) piekrastes zivju
monitoringa 2006.-2021. gada. Attélotas ménesa vidéjas vértibas ar standartkladu (SE).
Punktu linija attélo relativo nozvejojamibu bazes ménesi februari (I publikacija)

11. attéls. Kopéjais apalo jurasgrundulu (Neogobius melanostomus) ipatnu skaits katra
garuma grupa (cm), kas nozvejoti ar diviem dazadiem zinatniskajiem zvejas tikliem
(I publikacija)
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Nozvejojamibu, sakot ar 12 cm garam zivim, var uzskatit par relativi stabilu
(ticamibas intervala robeZas), un ta ir aptuveni 5,35 reizes lielaka “Standarta
piekrastes” tipa tiklu sérijas neka “Nordic” tipa tiklos (11. attéls). “Standarta
piekrastes” tipa tikliem garums ir 180 m, kas veido Cetras reizes lielaku zvejas
laukumu ka “Nordic” tipa rikos ar garumu 45 m. Ta ka analitiski novérotais
sadalijums bija >5 reizém (virs 12 cm garam zivim), keramibas zina ir vérojama
rika preference (tomér ticamibas intervala robezas) “Standarta piekrastes” tipa
tikliem. Tomer $i zvejas riku garuma attieciba bija korekcijas vértibu ticamibas
intervala robezas.
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3. DISKUSIJA

3.1. Apala jurasgrundula (Neogobius melanostomus) invazija
Latvijas EEZ

St pétijuma rezultati liecina, ka, noliekot robezu ilgtermina datu rindas no
apala jurasgrundula invazijas sakuma 2009. gada, iespéjams noteikt bazes liniju
lidz $im neietekmétai ekosistémai, un, novértéjot izmainas dazadas ilgtermina
monitoringa tendencés, péc apala jarasgrundula paradisanas vidé klast redza-
mas vides parmainas.

Pirmie signali par apala jurasgrundula invaziju paradijas nacionalajos mo-
nitoringa apsekojumos, un vélak tiem sekoja zinojumi komercialajos piekrastes
zvejas zurnalos (Minde, 2007). Turpmakais straujais populacijas pieaugums, par
ko liecina gan zinatniskie novérojumi, gan zvejas zurnali, liek uzdot jautajumu
par to, ka tika ietekmeéta vietéja ekosistéma un vai ir kadas netieSas norades, kas
konstatéjamas vietéjo grunts zivju un zoobentosa ilgtermina tendencés.

Balstoties uz zinatniskajiem novérojumiem, péc maksimuma sasniegSanas
2017. gada apala jurasgrundula populacija piedzivoja kritumu, ka rezultata lidz
2021. gadam ta jevérojami samazinajas — trisdesmit reizes (I publikacija), pat ja
ripnieciskas zvejas raditaji palika relativi nemainigi (2. attéls.) (Behrens et al.,
2022a). Rodas jautajums par iespéjamiem céloniem $adai divu dazadu tendencu
attistibai. Lielaka dala rapnieciskas zvejas tiek veikta konsekventas piekrastes
teritorijas (3. pielikums) ar sugam labvéligiem piekrastes biotopiem. Turpreti
gan piekrastes, gan jlras apvienotajas populacijas tendencés tika novérots
populacijas pieaugums un vélak samazinajums (3. attéls), kas liecina par apala
jurasgrundula visparéju izplatibu un no ta izrieto$o parejas efektu uz citam
dzives vietam, populacijai pieaugot. Pietieko$s dabisko pléséju daudzums eko-
sistéma, ka arl progreséjosa zvejniecibas pielagosanas jaunajiem resursiem tiek
uzskatiti par galvenajiem sugu ierobeZojosiem faktoriem (Ojaveer et al., 2015).
Neraugoties uz konstatéto apala jurasgrundula populacijas samazinasanos péc
2017. gada, sekojosais komercialas zvejas samazindgjums nebija izteikts, kas
varétu bat saistits ar nevienmeérigi sadalito piekrastes specializéto zveju un tas
ierobezoto spéju pilniba nozvejot apalo jurasgrunduli populacijas maksimuma
perioda 2017. gada. Populacijai turpinot samazinaties ir aizdomas par zvejas
sekmju pasliktinasanos bridi, kad flotes kapacitate nozvejos apalos jurasgrun-
dulus ta briza populacijas maksimalaja apjoma. Ka ari, krajjumam samazinoties,
sagaidama turpmaka apala jurasgrundula populacijas mozaikveida telpiska
izkliedésanas Latvijas EEZ. Lai gan ar zvejas intensitati potenciali varétu sama-
zinat apala jarasgrundula populaciju lielakaja dala Baltijas jaras valstu, $1 suga
pagaidam netiek uzskatita par vértigu cilvéku uzturam. Lai efektivi parvalditu
un kontrolétu apala jarasgrundula populacijas daudzumu, klist batiski atbalstit
dabiskas vides noturibu, nodrosinot $is zivs pléséju klatbatni pietiekama skaita
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(Behrens et al., 2019; Ojaveer et al., 2015). Pagaidam Latvijas EEZ apzinatas pleé-
bet Rigas juras lica piekrastes zona — galvenokart asaris (D. Ustups, personigs
komentars, E. Kriize nepublicéti dati). Ta ka apalais jarasgrundulis migré starp
piekrastes un atklatas jaras nis$am (Andres et al. 2020), arvien butiskak ir novér-
tét populaciju abas zonas vienlaikus. Lidz §im novértéjumi tika koncentréti tikai
uz piekrastes teritorijam (Behrens et al., 2022b). Sis pétijums pirmreizéji aptver
gan piekrastes, gan atkrastes tdenus. Aplikojot $is invazivas sugas iespéjamo
atskirigo populacijas dinamiku abos biotopos, ir iespéjams izstradat visaptve-
ro$akas un efektivakas parvaldibas stratégijas, lai mazinatu apala jarasgrundula
ietekmi un saglabatu lidzsvarotu ekosistému Baltijas jura.

3.2. Izmainas vietéjo zivju populaciju tendencés

Salidzinot periodus pirms un péc apald jurasgrundula invazijas, bija ie-
spéjams gut vertigu ieskatu par $is invazivas sugas ekologisko ietekmi un tas
mijiedarbibu ar vietéjam zivim. Baltijas juras centralaja dala, analizéjot tenden-
ces, galvena uzmaniba tiek pievérsta dominéjosajam un komerciali vértigajam
pelagisko zivju populacijam - brétlinam, rengém un mencam (ICES 2012). Saja
pétijuma tiek analizétas ari citu pieejamo piekrastes zivju sugu populaciju ten-
dences. Piekrastes zivju populaciju tendences attiecas uz visparéjo virzienu vai
modeli, kada noteikta laika posma mainas zivju populacijas bagatiba vai lielums,
kas norada, vai populacija palielinas, samazinas vai paliek stabila (IV publika-
cija). Trukst visaptvero$a parskata par rezultatiem, kas ieguti ar dazadam ilgter-
mina monitoringa metodém, lai sniegtu zinatniski pamatotu ieskatu pasreizéja
situacija no apala jurasgrundula invazijas viedokla.

Baltijas jaras piekrastes zivju sabiedribu indikatoru izstrades mérkis ir
novertét antropogéno un dabisko vides faktoru iespéjamo ietekmi. Latvijas ga-
dijuma Rigas jaras lica DAU stacija parstav teritoriju ar lielu antropogéno slodzi,
savukart JUR stacija atklata jara ir relativi minimali traucéta vide (Neuman
et al., 1999). Karpveidigo zivju sugu Cyprinids indikators galvenokart ir eitrofi-
kacijas indikators, jo to labvéligi ietekmé tidens caurredzamibas samazinasanas,
savukart plésigo zivju Piscivore indikatoru galvenokart parstav komercialajai vai
atpttas zvejai loti nozimigas sugas. (IV publikacija). Dominéjosas pieauguma
tendences, kas novérojamas karpveidigo zivju indikatoram, bet nedaudz mazaka
meéra neka 2000. gadu sakuma, saskan ar veiktajiem eitrofikacijas novértéjumiem
un baribas vielu monitoringa datu analizi (Snoeijs-Leijonmalm et al., 2017),
noradot, ka eitrofikacija ir pastaviga probléma visos Baltijas jiras apgabalos.
Abi raditaji ir potenciali jutigi pret biotopu zudumu un vides kvalitates izmai-
nam, tacu tie ietver ari dabiskus vides faktorus, pieméram, pléséju klatbatni un
visparéjas klimata parmainas. Turpreti, ja galvenas parmainas piekrastes zivju
sabiedribas butu saistitas ar temperatiiras paaugstinasanos, sagaidams, ka laika
gaita abos raditajos bis lidziga tendence, tacu plésigo zivju un karpveidigo zivju
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nozveja kopuma nebija savstarpéji saistita, kas nozimé, ka pasreizéja pétijjuma
meéroga katru raditaju nozimigak ietekmeé kadi atskirigi faktori (IV publikacija).

Izmainas abu indikatoru tendencu attistiba 2008. gada (7. un 8. attéls) tiesi
sakrit ar laika periodu, kad Baltijas jaras Gotlandes baseina austrumu regiona
pastiprindjas apala jarasgrundula invazija (Rakauskas et al., 2008). Kameér tika
novérota visparéja pléséju skaita samazinasanas visa Baltijas jira péc 2008. gada,
JUR stacija bija vérojams pieaugums, kas sakrit ar apalo jarasgrundulu invazijas
izplatiSanas virzienu (Puntila et al., 2018) un sugas ripnieciskas zvejas aktivitasu
pieauguma vietu (3. pielikums). Bet vienigais nozimigs (p < 0,05) plésigo zivju
skaita pieaugums tika novérots nakamaja dienvidu virziena Lietuvas monito-
ringa stacija MBU (IV publikacija), kuru invazija skara jau iepriekséjos gados
(Rakauskas et al., 2013).

Sekladens piekrastes zonas, kuras paraugi tika nemti ar velkamajiem
vadiem, visa perioda piekrastes zivju kopéja biomasa bitiski nemainijas. Péc
apala jurasgrundula iecelosanas ievérojami samazinajas akmenplekstes mazulu
skaits, savukart plekstes mazulu skaita acimredzamas izmainas netika noveérotas.
Jautajums paliek par akmenplekstu produktivitates svarstibam, vai saglabajas ne-
produktivas akmenplekstes paaudzes, vai ari §i suga ir pielagojusies, reagéjot uz
ekosistémas stavokla izmainam (III publikacija). Apskatot grunts zivju biomasas
tendences Rigas juras lica piekrasté (6. attéls) ar apala jarasgrundula paradiSanas
periodu, vietéjo grunts zivju biomasas samazina$anos varétu skaidrot ar daza-
diem vides faktoriem, kas nav tiesi saistiti ar invaziju. Gan antropogénie faktori,
kas ietver eitrofikaciju, zvejas intensitati, biotopu izzu$anu un biotopu kvalitates
izmainas, gan dabiskie faktori, kas ietver plésonibu un klimata parmainas, butu
janoverté ka faktori, kas var atseviski vai sinergiski ietekmét $o bentisko zivju
sabiedribas. Apvienojot §is zinasanas ar periodu, kad notika tendenc¢u maina
un cik taksonomiskos un trofiskos limenos ta koeksisté, ir iespéjams diskutét,
vai Baltijas jura ir notikusi rezima maina. Pieméram, lielo pléséju dominances
maina uz mazo trisadatu stagaru dominanci Zviedrijas piekrastes seklos li¢os
2000. gados (Eklof et al., 2020). Klimata parmainas un temperatiiras paaugstina-
$anas izraisa visparéju aukstadens jaras grunts zivju sugu samazinasanos, vien-
laikus paatrinot tadu invazivu sugu ka apala jarasgrundula, izplatibu ta lielas
termiskas noturibas dé] (Christensen et al., 2021), ka ari samazinot piekrastes
zivju sabiedribas kopéjo sugu bagatibu (Bowser et al., 2022).

3.3. letekme uz vietéjo zivju sugu baroSanos

Pekstu mazulu uztura notika pareja no skeltkajvéziem Mysidae sp. uz des-
mitkajvéziem smilSu garnelém Crangon crangon, kas, iespé&jams, bija saistits ar
Mysidae sp. skaita samazinasanos un C. crangon skaita palielinaanos biotopa
(1. tabula). Tomeér tika novérots sanpeldvézu (tostarp Bathiporeia) samazina-
jums plekstu kungos (8. attéls), kas sakrita ar to pasu laika posmu Rigas jiras licl
(9. attéls). Arl otraja novérojumu perioda tika novérots ievérojams akmenplekstu
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mazulu skaita samazinajums (III publikacija). Plekstu mazuli, kuriem bija vis-
plasakais bariba objektu spektrs no pétitajam sugam, palielindja zooplanktona
uznemsanu, kad samazinajas to primara baribas avota (Bathyporeia pilosa) pie-
ejamiba. Plekstu un akmenplekstu atrazo$anas apléses péc apala jurasgrundula
invazijas uzradija pieaugo$u kopvariaciju, kas liecina, ka abu sugu atrazo$anos
var regulét procesi kopigaja mazulu dzivotné seklos (< 2 m) piekrastes idenos.
Vai ari, istenojot spiedienu uz plekstes kopéjo dzives telpu apala juarasgrundula
narsta laika, kad tie ir sastopami loti liela skaita. Ka tika konstatéts, apalo ji-
rasgrundulu narsta laika pieauguso plekstes izplatiba dziluma no 3-7 m lidz
10-13 m parvietojas uz dzilakam vietam, bet, kad apalo jurasgrundulu dau-
dzums bija neliels, ka tas bija jalija, plekstes tika atrastas visos paraugu nemsanas
zonas dzilumos (Karlson et al., 2007). Akmenplekstu mazuli, kuru dominéjosais
baribas objekts pirms apalo jarasgrundulu invazijas bija $keltkajvézi, parorien-
téjas uz smil$u garnelém, kas norada uz iespéjamu baribas pieejamibas mainu.
Attieciba uz akmenpleksti ka sugu ir zinams, ka to mazuli konkuré par baribu,
bet pieaugusie ipatni veiksmigi barojas ar apalajiem jurasgrunduliem (D. Ustups
nepublicéti dati), tadéjadi veidojas neskaidra situacija starp $im sugam attieciba
uz uztura novértéjumiem un energétisko apriti trofisko limenu ietvaros. Apalais
jurasgrundulis papildus bentosa bezmugurkaulniekiem barojas ari ar vairakam
dazadam ekologiski un komerciali nozimigam zivju sugu mazuliem un ikriem.
Lidz ar to pastav pléséju un upuru mainas potencials un invaziva apala jaras-
grundula negativa ietekme uz lielam plésigam zivim (Wallin Kihlberg et al.,
2023). Garuma grupas virs 7 cm apala jarasgrundula uztura sak paradities zivis
(7. attéls) gan ikru, gan zivju mazulu veida (E. Krazes nepublicétie dati, kas bals-
titi uz III publikacijas pétijjuma datiem), tostarp apalo jurasgrundulu mazuli,
lucisi un trisadatu stagari Rigas juras lica atkrastes paraugos (L. Rozenfeldes
nepublicétie dati, 2018-2022). Abiotisko faktoru izmainas, konkréti, tempera-
taras paaugstinasanas noteiktos periodos, bija saistitas ar ekosistémas kopéjas
struktiiras izmainam, ko ieziméja detritédaju organismu skaita samazinaganas
un fito- un zooplanktotrofo taksonu grupu skaita palielinaganas (II publikacija).
Turpretl pédéja pétijuma novérojumu perioda (2009.-2014. gada) butu janem
véra jauna dalibnieka ietekme uz baribas kédi, pieméram, ka jauna apala jaras-
grundula paradisanas, un ir japievér$ uzmaniba, ja ir kadas pazimes, kas liecina
par ekosistéma novérojamam visparéjam funkcionésanas izmainam laika.

3.4. Rekomendacijas talakam monitoringam

Salidzinot pasivas metodes piekrastes tiklu monitoringa apalo jarasgrundulu
nozvejas apjomus ar aktivas-zinatniskas traléSanas sekmém atklajas, ka piekras-
tes idenos nozvejas apjoms ir daudz lielaks, jo ipasi narsta migracijas laika pa-
vasari un vasaras sakuma (I publikacija). Lai gan aktivie paraugu nemsanas riki
nodrosina labakus kvantitativos datus par zivju daudzumu uz platibas vienibu,
§1 metode saskaras ar ierobeZojumiem akmenaina grunts tipos, seklos tidenos,
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ka ari kopuma lielakiem izdevumiem (Franco et al., 2022). Tomér apalais ji-
rasgrundulis sezonali migré starp ekologiskajam ni$am piekrastes teritorijas un
atkrastes teritorijas (Andres et al. 2020; Behrens et al., 2022b), tapéc piekrastes
paraugu nemsana varétu noradit ari uz ietekmi uz tuvéjiem dziltidens biotopiem,
kur aktivo paraugu nemsanas riku izmanto$ana ir sarezgita. Lidz $im saskana ar
HELCOM vadlinijam no zvejniecibas neatkarigu piekrastes zivju monitoringu
veic vasaras beigas (Neuman et al., 1999), kad apala jurasgrundula aktivitate ir
neliela un ta keramiba ar pasivajiem zvejas rikiem ir zema (10. attéls). Maija no-
vérota apalo jarasgrundulu nozveja bija aptuveni 10 reizes lielaka neka vasaras
beigas un rudeni. Tapéc apalo jurasgrundulu monitoringam piekrastes teritorijas
butu jakoncentréjas uz plasaku periodu no aprila beigam lidz junija sakumam,
jo nozvejas pa gadiem var zinama méra atskirties (I publikacija). “Nordic” tipa
tikli nodrosina plasaku apalo jurasgrundulu garuma grupu diapazonu it ipasi
nokerot mazakus individus, ka ari ar mazaku vidé&ja lieluma zivju (12-20 cm)
kopéjo nozvejas apjomu, padarot mérijjumus lauka darbos efektivakus un mazak
darbietilpigus. Parrékinot “Nordic” tipa tiklu datus uz vésturiskajam “Standarta
piekrastes” tipa vértibam (1. pielikums), pieejamo datu nepietiekamibas dé]
ieteicams piesardzigi izmantot korekcijas vértibas Ipatniem, kas mazaki par
9 cm vai lielaki par 22 cm. Metode ir labi izstradata un aprakstita, lai to varétu
izmantot dazadam zivju sugam, ja to daudzums ir pietiekams (I publikacija).
Vél viens “Nordic” tipa tiklu paraugu nemsanas metodes piemeérosanas aspekts
ir iespéjami atraka maksimalas nozvejojamibas sasnieg$ana zvejas rikiem rak-
sturigaja linuma acu izméra paneli, ja zivju koncentracija ir liela. Lai ierobezotu
§is nianses iespéjamibu un iegutu reprezentativas CPUE vértibas, varétu tikt
veikti atkartojumi ar dazadiem zvejas ilgumiem (Rotherdam et al., 2006). Ar
“Nordic” tipa tikliem parasti netiek reprezentativi panemti paraugi no mazam
zivju sugam un zivju mazuliem (lidz 5 cm), un, lai aptvertu visu meérka zivju sa-
biedribas izméru spektru, batu jaizmanto kombinétas metodes, kuras vienlaicigi
izmantojami abi aktivie un pasivie zvejas riki.

Ja ir mérkis samazinat sveSzemju zivju sugu izplatibu un tiek izveidota
specializéta zvejniecibas nozare, ir loti svarigi nozares attistibas sakuma izveidot
nepiecieSamo zina$anu bazi. Zveja japilnveido, ievérojot sezonalos terminus un
zvejas riku tehniskos ierobeZojumus, lai nepielautu nepietiekama izméra veértigu,
aizsargdjamu un apdraudétu zivju sugu piezveju un visparéju kaitéjumu videi.
Specializétaja zveja obligati javeic arl piezvejas uzraudziba, izmantojot novérota-
jus. No otras puses, zvejniecibas nozare péta potenciali ienesigas tirgus iespéjas,
un, ka liecina Latvijas scenarijs, §is iespé&jas galvenokart atrodas arpus Eiropas
Savienibas robezam (Behrens et al, 2022a). Tad&jadi batu atbalstama apalo
jurasgrundulu rapnieciskas zvejas nozares veicinasana un progresiva augstas
vértibas produktu paraugrazo$anas attistiba vietéjiem tirgiem. Lai vai ka, apala
jurasgrundula turpmaka loma vides un zvejniecibas joma ir neskaidra, tapéc
ir loti svarigi izstradat Baltijas jaras apala jurasgrundula krajumu novértéjuma
pionieru novértéjumu. Baltijas jaras regiona trukst piekrastes nekto-zoobentosa
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novérojumu un izstradatu monitoringa programmu, kas ir batiskas, lai rakstu-
rotu piekrastes un grunts zivju sabiedribas lomu piekrastes baribas tiklos.
Baltijas juras regiona buatu jaapsver jauna apala jurasgrundula ekologiska in-
dikatora izstrade (MARMONI 2014; Olsson et al., 2018) ar lidz $im nezinamam
sasniedzamajam mérka vértibam, jo ta loma ekosistéma ir neskaidra, ka ari dé]
bio-ekonomiskais paradoksa, ka invaziva zivju suga ir komerciali vértiga.
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SECINAJUMI

Lidz 2009. gadam piekrastes zonas izveidojas stabila apala jirasgrundula
populacija, kas strauji palielinajas un izplatijas jara lidz 2017. gadam, bet
péc tam tika novérots ievérojams populacijas zinatnisko noveértéjumu
samazinajums, kas skaidrojams ar mérktiecigas apala jarasgrundula zvejas
parvaldibas pasakumiem (I publikacija).

Baltijas juras centralaja dala péc 2009. gada tika registréts ievérojams
karpveidigo zivju populaciju pieaugums, kas saistits ar eitrofikaciju, bet tika
noveérotas netie$as izmainas karpveidigo zivju un plésigo zivju populaciju
tendencés (IV publikacija). Péc apala jurasgrundula invazijas tika novérots
ievérojams akmenplekstu mazulu daudzuma sarukums (III publikacija).
Péc 2010. gada Rigas juras lici samazinajas bentisko zivju sugu biomasa
(IT publikacija).

plekstu mazulu baribas izvéles stratégija péc invazijas (III publikacija). Péc
2009. gada Rigas lici novérots sanpezvézu Monoporeia affinis un Pontoporeia
femorata biomasas samazinajums (II publikacija).

Lai novértétu apala jurasgrundula populacijas tendences, piekrastes zivju
monitorings butu javeic maija—janija apala jurasgrundula pirms narsta mig-
racijas laika, izmantojot “Nordic” tipa tiklus, vélams veikt eksperimentus ar
dazadiem zvejas ilgumiem (I publikacija).
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ABSTRACT

The Baltic Sea unique physical and ecological characteristics makes it very
vulnerable to various environmental and anthropogenic pressures, such as
invasive species. The successful invasion of the round goby (Neogobius melanos-
tomus) gives a considered example of how a new species adopts and develops
a stable population by occupying a niche of great importance for the local fish
communities. In this study, the spatiotemporal development of the round goby
population in Latvian waters is characterized for the first time. Native demersal
fish response via population long-year trends are analyzed in periods before
and after the advancement of the invasion (1979-2021). Aspects of the potential
interspecific interactions of the round goby with the native fish are described
through food basis analysis. The results describe shifts in cyprinid and piscivore
population trends after 2009. While turbot (Scophthalmus maximus) juvenile
recruitment significantly decreased following the invasion of round goby
through food competition, along with decreasing biomass trends of benthic fish
and invertebrate species that appeared in the Gulf of Riga offshore. Considering
a possible shift in the ecosystem functioning, possible further management
features are included which could be directly applicable for monitoring recom-
mendations for the round goby as its role in the local ecosystem persists and
becomes significant for the local fisheries.

Key words: Baltic Sea, round goby, invasion, impact on native fish, feeding
analysis, coastal fish monitoring
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INTRODUCTION

Actuality of the research

The Baltic Sea with its low water exchange and high anthropogenic pres-
sures makes its ecosystems vulnerable to various impacting factors (Dobrzycka-
Krahel & Bogalecka, 2022). Its young age, physical and geographical charac-
teristics are unique, so there are not many examples in the World to compare
(Snoeijs-Leijonmalm et al., 2017). The brackish water type of the Baltic Sea is
suitable for both marine and freshwater species, so the diversity is high in terms
of species richness (Hunt, 2022; Ojaveer et al., 2010; Plikss & Aleksejevs, 1998),
nevertheless, most of the dominant fish populations are under heavy fishing
pressure and their stocks are strictly supervised by the responsible authorities at
the international level (Lado, 2016; European Commission, 2007). Therefore, lots
of funding is invested in cross-border scientific monitoring programs to record
its condition across the whole Baltic Sea, for example, the BONUS program
(Andrusaitis et al., 2016) and the common data collection framework (European
Commission 2017; Palialexis et al., 2021). This makes the Baltic Sea one of
the most explored Seas in the world with predominantly identified ecological
challenges and possible actions for solutions (Dobrzycka-Krahel & Bogalecka,
2022; Ojaveer, 2017). The Baltic Sea is compared with a time machine to look
into the future of other Seas (Reusch et al., 2018). However, the colonization
of the invasive round goby (Neogobius melanostomus) in the Baltic Sea and its
successful integration into the local ecosystem obliges new kind of challenges in
monitoring systems and the development of new aspects for the future fisheries
management of the demersal fish communities (Ojaveer et al., 2015).

It is important to assess the sensitive local fish communities at the national
level to make the conservation measures more efficient (Vullioud, 2016). Latvia
has its own fisheries management system, which is implemented through the
Ministry of Agriculture. In the form of scientific advice, management of local
fish populations is performed based on scientific observations and commercial
log-book records (www.zm.gov.lv).

A mixed-type species approach should be developed because multiple fish
species are caught in the same area, and different fleets catch differing propor-
tions of the different fish species therefore significantly increasing the fishing
mortality (Vinther et al., 2004). The overall aim is to implement an ecosystem-
based approach (EBA) in Maritime Spatial Planning, monitoring, and fish stock
assessment thus it is important to expand the research in different species,
trophic levels, and spatial areas in the Baltic Sea (European Commission, 2021).
Integrated ecosystem assessments (IEAs) have been developed as formal synthe-
sis tools to analyze information on relevant natural and socio-economic factors
for specified management objectives. Ecological indicators are crucial to develop
IEAs which serve as quantitative measures to capture key ecological processes,
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species populations, and environmental conditions within a given ecosystem
(Eero et al., 2021). It is important to focus on implementing the IEA approach
for the Baltic Sea fish stocks, combining tactical and strategic management as-
pects into a single strategy that supports the present Baltic Sea fish stock advice
conducted by the ICES (Mollmann et al., 2014). Overall, the use of multiple
sampling methods and a combination of data in ecological indicator develop-
ment can enhance the effectiveness and usefulness of indicators for ecosystem
management and decision-making (Sparrow et al., 2020). Ecological indicators
play a crucial role in the implementation of the Marine Strategy Framework
Directive (MSFD) (Marine Strategy Framework Directive 2008/56/EC, 2008)
which holds the European Union policy aims to protect the marine environ-
ment and ensure its sustainable use. ICES maintains substantial international
long-term databases on marine living resources and the marine environment re-
quired for defining targets and setting thresholds for MSFD indicators (Cardoso
et al., 2010; European Commission 2008).

Latvia as the engaged party of a regional agreement — The Baltic Sea Action
Plan (BSAP), developed by the Baltic Marine Environment Protection Commission
(HELCOM) is involved in assessing the environmental issues facing the Baltic
Sea. This outlines specific measures and targets for reducing pollution and restor-
ing the ecological health of the sea. The plan includes a set of ecological indicators
to monitor progress toward the targets, which are used to assess the effectiveness
of the measures taken (HELCOM, 2021). While the MSFD sets overarching goals
and principles, the BSAP provides a more detailed and tailored approach to ad-
dress the specific environmental challenges faced by the Baltic Sea ecosystem.

The round goby management should be started with attaining validated
estimates of the current status of the population based on an appropriate
monitoring program. Additionally, standardized further observations should
be established under supervision at a regional management body level such
as HELCOM (Ojaveer et al., 2015). The Latvian round goby case is a suitable
basis for the development of new guidelines for widely applicable management
strategies due to the local population size of the species and the availability of
knowledge from well-adapted targeted fisheries experience together with inde-
pendent scientific observations (Ustups, 2021).

The Aim of the Study

The aims of this study are: to describe the colonization of the local ecosys-
tem by an invasive fish species; to assess the demersal fish community changes;
to develop methods for further fisheries management based on gained new
knowledge.

Research hypothesis

The invasion of the round goby triggered a shift in the demersal fish com-
munity, through temporal changes in the food web functioning.
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The main tasks of the study are to:

1. To characterize population development of the round goby by combining
data sets from different monitoring methods.

2. To compare the fish population trend changes before and after the invasion
of round goby.

3. To describe the interspecific interactions between the round goby and native
fish species via food niche analysis.

4. To develop recommendations on the improvement of the existing coastal
fish monitoring to better understand the round goby population dynamics.

Thesis for defence

The successful invasion of the round goby irreversibly changed the native
demersal fish species community by affecting the population’s temporal size and
the food web functioning.

Approbation of the research results

The thesis is based on the following Papers:

(I) Kruze, E., Avotins, A., Rozenfelde, L., Putnis, I., Sics, I.; Briekmane, L.,
Olsson, J. 2023. The Population Development of the Invasive Round Goby
Neogobius Melanostomus in Latvian Waters of the Baltic Sea. Fishes, 8, 305.
IF 3.17 https://doi.org/10.3390/fishes8060305

(IT) Kortsch, S., Frelat, R., Pecuchet, L., Olivier, P, Putnis, 1., Bonsdorff,
E., Ojaveer, H., Jurgensone, I., Strake, S., Rubene, G., Kruze, E.,
Nordstrom, M. C. 2021. Disentangling temporal food web dynamics facili-
tates understanding of ecosystem functioning, Journal of Animal Ecology,
90, 1205-1216. IF 5.608 https://doi.org/10.1111/1365-2656.13447

(III) Ustups, D., Bergstrom, L., Florin, A. B., Kruze, E., Zilniece, D., Elferts, D.,
Knospina, E., Uzars, D. 2016. Diet overlap between juvenile flatfish and the
invasive Round Goby in the central Baltic Sea. Journal of Sea Research,
107, 121-129. IF 2.029 https://doi.org/10.1016/j.seares.2015.06.021.

(IV) Bergstrom, L., Heikinheimo, O., Svirgsden, R., Kruze, E., Lozys, L.,
Lappalainen, A., Saks, L., Minde, A., Dainys, J., Jakubaviciute, E., Adjers, K.,
Olsson, J. 2016. Long term changes in the status of coastal fish in the Baltic
Sea. Estuarine, Coastal and Shelf Science, 169, 74-84. IF 3.229 https://doi.
org/10.1016/j.ecss.2015.12.013.

Conferences

Baltic Sea Science Congress, 15-19 June 2015, Riga, Latvia; “Transitional fish
classification index (TFCI) adaptation for Latvian transitional waters’;
Perkons V., Kruze E., Strake S.

74th International Scientific conference of the University of Latvia, 1. February
2016, Latvijas iidenu vides pétijumi un aizsardziba, “Mencu (Gadus mor-
hua) baro$anas izmainas Baltijas juras centralaja dala”; Kruze E.
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https://doi.org/10.1016/j.seares.2015.06.021
https://doi.org/10.1016/j.ecss.2015.12.013
https://doi.org/10.1016/j.ecss.2015.12.013

75th International Scientific conference of the University of Latvia, 2 February
2017, Latvijas Gdenu vides pétijumi un aizsardziba, “Apala jurasgrundula
ietekme uz Baltijas juras piekrastes ekosistému”; Putnis I., Briekmane L.,
Jermakovs V., Knospina E., Kruze E., Strake S., Ustups D.

BONUS Symposium, 17-19 October 2017, Tallinn, Estonia; Science delivery
for sustainable use of the Baltic Sea living resources, Session 3: Ecosystem
internal and external drivers of change affecting biodiversity “The round
goby Neogobius melanostomus colonization and potential impact on the
coastal food web in Latvia”; Knospina E., Putnis I., Briekmane L., Kruze E.,
Ustups D.

BONUS Symposium, 17-19 October 2017, Tallinn, Estonia; Science delivery
for sustainable use of the Baltic Sea living resources, Session 4: Temporal
dynamics in biodiversity “Has climate change affected the body condition of
Baltic cod Gadus morhua L. In the eastern Baltic Sea?” Plikshs M., Amosova
V., Baranova T., Elferts D., Karpushevskaya A., Karpushevskiy I., Kruze E.,
Patokina FE, Sics I., Statkus R., Vasilijeva T., Zezera A., Casini M.

BIOR International Scientific Symposium, 30-31 January 2020, Riga, Latvia;
Science to Strengthen Sustainable and Safe Food Systems,” Has climate
change affected feeding and body condition of Baltic cod Gadus morhua L.
in the Gotland basin of the Baltic Sea” Plikshs M., Baranova T., Kruze E.,
Sics 1.

11th International Conference on Biodiversity Research, 20-21 October 2022,
Daugavpils, Latvia; “Diet, growth and body condition of Baltic cod (Gadus
morhua) in response to ecosystem changes in the Eastern Baltic Sea” Kruze
E., Baranova T, Sics I, Putnis I, Rozenfelde L., Plikss M., Deksne G.,
Ustups D.

This dissertation includes research results and funding

1) The Latvian Work Plan for data collection in the Fisheries and aquaculture
sector;

2) Annual Contract with the Ministry of Agriculture the Republic of Latvia on
research, regulation of use, and reproduction of fish resources;

3) The Fundamental and Applied Research program project “Baltic cod (Gadus
morhua) condition and health status in the changing ecosystem of Eastern
Baltic: CODHEALTH” (Izp-2021/1-0024).

Scientific novelty

This dissertation offers a new original overdue per-viewed reference on
the round goby invasion history in Latvian waters as well as characterizes its
impact on local fish communities as well as demonstrates a so far overseen
practically applicable method of comparison and statistical evaluation of dif-
ferent sampling methods for characterization of overall trends in changes in
fish populations.
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Aspects of environmental policy

This study, as well as the whole round goby case in the Baltic Sea, is
relevant to the assessment of the MDFD Descriptor 1 “Biological diversity is
maintained” (MSFD D1); Descriptor 2 “Non-indigenous species introduced by
human activities are at levels that do not adversely alter the ecosystems” (MSFD
D2), Descriptor 3 “Populations of all commercially exploited fish and shellfish
are within safe biological limits” (MSFD D3); Descriptor 4 “All elements of the
marine food webs, to the extent that they are known, occur at normal abundance
and diversity” (MSFD D4) and Descriptor 6 “The sea floor integrity at a level
ensuring benthic ecosystems not adversely effected” (MSFD D6) (Behrens et al.,
2019).

This dissertation provides peer-reviewed methodological guidance on as-
sessing results and planning for future monitoring of demersal fish altogether
as well as can be considered in decision-making at the National level in the
form of the Institute of Food Safety, Animal Health and Environment “BIOR”
recommendations on sustainable use of fish resources in the Latvian waters
and is intended to be used in developing a pioneering stock assessment for the
round goby in The Baltic Sea. The content of this dissertation will be integrated
into the HELCOM 4th International Baltic Sea thematic assessment of coastal
fish in November 2023 (HELCOM FISH- PRO III 2018-2023) serving in the
development of new indicators (like the round goby population trend), filling
knowledge gaps on the species and in updating the coastal fish monitoring
guidelines.

Practical significance

1. Widely applicable recalculation coefficients between “Coastal net series”
and “Nordic Coastal Multi-mesh” type monitoring nets data are provided
allowing the use of the historical data of the round goby.

2. An easy-to-use statistical tool that has been created for wildlife monitoring
data, is introduced first time in the field of fisheries.

3. Specific recommendations on better future monitoring design for the coas-
tal fish communities are developed to include the round goby.

4. The results of this study will be integrated into:

o anew INTERREG project “Promoting commercial fishing of round goby
in the Baltic Sea” in 2024 and

+ adds practical knowledge in an ongoing (2020-2025) Project LIFE19
NAT/LV/000973 REEF “Research of marine protected habitats in EEZ
and determination of the necessary conservation status in Latvia”

45



1. MATERIALS AND METHODS

1.1. Study area and the temporal coverage of the data

This study was performed in the Latvian EEZ waters, encompassing the
Central Baltic Sea, the Eastern Gotland subbasin, and the Gulf of Riga. Both
offshore and coastal areas of the Gulf of Riga and the open sea were surveyed
(Figure 1).

Four distinct fish sampling methods were employed in this study: coastal
fish monitoring (1995-2021); Gulf of Riga bottom trawling (1980-2021); open
sea bottom trawling as part of the Baltic International Benthic Trawl Survey
(BITS) (2015-2021); an annual beach-seine survey (1998-2014).

Figure 1. Map of the study area: black diamonds- beach seine stations (A) (Paper III);
white dots - coastal fish monitoring stations, crosses — Gulf of Riga, X — open Sea
trawling sites (B) (Papers I, I and IV)

1.2. Demersal fish sampling methods
1.2.1. Beach-seine survey 1998-2014 (Paper III)

The beach-seine study was conducted annually in late spring or early
summer at the southwestern corner of the Latvian coast of the eastern-central
Baltic Sea (Figure 1A). Each sampling occasion involved five hauls per location
perpendicularly to the shoreline using a seine with a mesh size of 10 mm in
the wings and 5 mm in the cod-end. The wings had a width of 12.5 m, with
a vertical opening of 1.5 m. All captured fish and invertebrates were sorted by
species, counted, weighed (total weight per species), and immediately preserved
in ethanol (80%) for further detailed analysis and stomach content examination
in the laboratory. Mysid and decapod abundance obtained in the samples were
encountered as bycatch.
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1.2.2. Coastal fish monitoring 1991-2021 (Papers | and IV)

The coastal fish monitoring from 1991 to 2013 was performed using only
“Coastal net series” in Daugavgriva (DAU) and Jurkalne (JUR) (Figure 1B), but
for the round goby population development study additional coastal monitor-
ing data from Liepaja, Pape, Kesterciems, Plienciems and Salacgriva was used
from 2005-2021. For the standard “Coastal net series”, the gillnets linen was
made of multifilament twine (“Capron” or “nylon-6”) and it has six 30 m long
panels with mesh sizes in order 17; 22; 25; 30; 33; 38 mm. After 2016 “Nordic
Coastal Multi-mesh” was applied which consists of nine 5 m long panels with
mesh sizes in order 30; 15; 38; 10; 48; 12; 24; 60; 19 mm whose linen is made of
nylon monofilament twine. Both methods were intercalibrated and coefficients
were developed for “Nordic Coastal Multi-mesh” nets (Annex 1). Simultaneous
application of the methods was used in 2014-2016 for calibration of the catches
between the two gears.

1.2.3. Gulf of Riga bottom trawling 1979-2021 (Papers | and Il)

The Gulf of Riga bottom Trawl surveys were performed annually in May,
August, and October in the Gulf of Riga ICES Sub-division 28.1 (Figure 1B)
according to the standard BITS manual. Sampling was performed with a special
demersal trawl that is 18 m wide and 1.5 m high and has a mesh size that ranges
from 6mm to 17 mm in the cod-end (Paper I). To characterize the benthic
fish and zoobenthos species population trends in the Gulf of Riga, surveys that
were performed in May and in stations deeper than 20 m were involved in the
analyses including sampling stations of the northern part of the Gulf of Riga
before the year 1991 when surveys were performed also in the Estonian EEZ
(Paper II).

1.2.4. Baltic International Benthic Trawl Survey 2015-2021 (Paper I)

The surveys were conducted annually in March and December in the
open sea area of Latvian waters of the Baltic Sea (Figure 1B), following a ran-
dom stratified station selection design in areas with trawlable bottom types.
Besides biological measurements, detailed information on the hauling site
and environmental parameters were recorded according to the international
protocol (ICES, 2017).

1.3. Data processing and statistical analysis for achieving the
tasks of the study
1.3.1. Population development estimates of the round goby (Paper I)

To characterize changes in the round goby population inter-calibration
between data sets from two similar coastal sampling methods was performed.
The historically applied “Coastal net series” (1995-2013) and newly adopted
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“Nordic Coastal Multi-mesh” nets (2014-2021) were used simultaneously in
2014-2016 in seven monitoring sites. The recalculation coefficients (Annex 1)
were obtained per 1 cm length groups for 5-26 cm long round goby to be
further multiplicated with “Nordic Coastal Multi-mesh” catchability values.
Secondly, the newly obtained round goby trends from coastal fish monitoring
were combined with trends from two directly incomparable offshore monitoring
methods using the statistical Trends & Indices for Monitoring Data (TRIM)
analysis (Bogaart et al., 2020). Yearly indices were calculated from one value
per monitoring site per year and obtained trends were combined using model
variance-covariance matrices. The combined round goby population trend was
used in further characterization of the population development.

1.3.2. Native fish population changes before and after the invasion
(Papers lll, IV, and 11)

While comparing shallow-water beach seine monitoring fish abundance, the
data were divided into two periods: before (1998-2008) and after (2009-2014)
the round goby colonization in the study area. Changes in the abundance of na-
tive fish species between the periods were assessed using a Poisson generalized
linear mixed model (GLMM) where the year was added as a random factor
(Paper III).

There were two indicators used to assess the overall status of the coastal
fish communities: Piscivores (predators) and Cyprinids (predominating mid-
trophic level group). The indicators were assessed for trends within ten-year
intervals in DAU and JUR. The Catch per Unit Efforts (CPUE) were calculated
as the mean biomass per net and fishing day, based on total annual landings
and gillnet efforts, and further aggregated to the level of the sub-basin area.
The trends were developed by describing the relative changes occurring over
time in each area, employing a sliding window approach spanning 10 years.
To analyze the trends, linear regression was applied utilizing square-root
transformed and normalized data. Additionally, the frequency of observed
trends was assessed through a chi-square test. Species included in the pisci-
vore indicator were perch (Perca fluviatilis), cod (Gadus morhua), pike (Esox
lucius) and pikeperch (Sander lucioperca), turbot, salmon (Salmo salar), gar-
fish (Belone belone), greater sandeel (Hyperoplus lanceolatus) and asp (Aspius
aspius). The Cyprinids indicator represented species within the taxonomic
family Cyprinidae of which the main species included in the analysis were
roaches (Rutilus rutilus) and breams (Abramis spp.). Both indicators were
selected to be independent of species identity to ensure comparability across
geographical areas despite potential natural differences in species composition
(Paper IV). Trends of demersal fish species in the open part of the Gulf of
Riga were achieved from the Gulf of Riga bottom trawling surveys (see section
2.2.3). Times series data were obtained over 38 years from 1979 to 2016 for
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benthic fish. Although complex modelling of the Gulf of Riga food web was
performed in the study (Paper II) only benthic fish and zoobenthos biomass
trends were characterized in this doctoral thesis.

1.3.3. Interspecific interactions via food niche analysis
(Papers Il and IlI)

Besides spatiotemporal observations of demersal fish populations stom-
ach contents of nine different fish species (round goby, flounder (Platichthys
flesus), turbot, three-spined stickleback (Gasterosteus aculeatus), greater sandeel
(Hyperoplus lanceolatus), lesser sandeel (Ammodytes tobianus), perch, sand goby
(Pomatoschistus spp.) and the European smelt (Osmerus eperlanus)) and in total
2793 individual stomachs were analysed. The analysis of fish diet composition
was performed for two time periods: before the invasion of round goby in the
area (1998-2004) and during the actual invasion (2013-2014). Round goby,
flounders, and turbots were assigned in size groups: for flounder to 3.5 cm (FL1),
3.5-5 cm (FL2), 5.5-9.5 cm (FL3), and 10-15 cm (FL4); for turbot juveniles to
4 cm (TU1), 4-8 cm (TU2), and 9-18 cm (TU3); for round goby to 5 cm (RG1),
7-14 cm (RG2), and 15-21 cm (RG3). The frequency of occurrence of each
food item was expressed as a percentage of stomachs per haul. For flounder,
turbot, and round goby feeding success was assessed by the proportion of empty
stomachs to understand the feeding patterns and competition among fish spe-
cies. Food items were identified and categorized into nine groups: Amphipods,
Bathyporeia, Decapods, Fish, Molluscs, Mysids, Polychaetes, Zooplankton, and
unidentified food items. Wilcoxon rank-sum test (WRS) was used to analyze the
differences in food composition among length groups of flounder and turbot
and as multiple tests per group were performed, p-values were adjusted using
the Bonferroni correction. To describe the food niche of the benthos-eating fish
species the environmental data of macro zoobenthos organisms were obtained
in the beach seine survey as bycatch (Paper III). In the open part of the Gulf
of Riga (Station 119) benthos biomass (g/m?) was recorded within the national
monitoring program (https://latmare.lhei.lv/). From 1979 to 2016 samples were
collected annually in the spring from February to June and later trends of zoo-
benthos organisms were compared in the periods before and after the round
goby invasion (Paper II).

1.3.4. Developing recommendations for the improvement of the
existing coastal fish monitoring (Paper I)

Monthly distribution of the average relative catches across years 2005 to
2021 for the round goby were obtained from the coastal monitoring data to
describe their activity and catchability in passive fishing gears across the whole
year. A total of 42 stations distributed within seven areas across the Latvian
coastline were included in the study. After accounting for the maximum number
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of fishing occasions per site and month, a total of 1141 data points were avail-
able for further analysis (Annex 2).

To determine the abundance of individuals caught in different fishing gears
at separate length groups, lcm length categories were employed for individuals
measuring above 10 cm. For smaller fish length groups and fish larger than
21 cm, the weighted mean body length based on counts was calculated.
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2. RESULTS

2.1. Population development of the round goby Neogobius
melanostomus (Paper I)

The first record of round goby on the Latvian coast was made in 2004 near
Liepaja (Minde, 2007). However, the first coastal commercial catches of the spe-
cies appeared two years later, when the total annual catch was registered as 6.3
kg. In the coming years, an increase in the population size occurred, and logbook
records from the fishery showed a rise from less than one ton in 2011 to over
1112 tons in 2018, recording a slight decrease after this year (Figure 2). Recently,
commercial landings increased in the eastern part of the Gulf of Riga (Annex 3.

Figure 2. Annual commercial catches of the round goby (Neogobius melanostomus)
in Latvian coastal waters (Paper I)

Figure 3. The combined trend of the round goby (Neogobius melanostomus)
population development (yearly indices with standard error) of the round goby
in Latvian EEZ. Y-axis represents population size relative to the population in 2021
on a logarithmic scale. The dotted line represents the relative population size
at the base year (2021) (Paper I)
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Tough a combined TRIM model results show a population increase until
2017, followed by a rapid decline for round goby population estimates within
three different scientific monitoring methods in the Latvian EEZ (Figure 3). The
estimated population size in 2021 was about 7.6 times higher than that of 2006,
but 30 times lower compared to that recorded in 2017 (Paper I).

2.2. Fish population changes before and after the invasion
(Papers Il, 1l and IV)

Flounder were the dominant fish species in the samples caught with the
beach seine in the period of the study, except in 2014 when an increase in the
abundance of the round goby was observed. Round goby biomass has signifi-
cantly increased since this species first appeared in the study area in 2009. The
turbot was the second or third most common fish species in all years. Other
abundant fish species were lesser sandeel, smelt, vimba (Vimba vimba), roach,
and greater sandeel (Figure 4).

Figure 4. Average biomass (g/haul) of flounders (Platichthys flesus), turbots
(Scophthalmus maximus), round goby (Neogobius melanostomus), and other fish species
combined in the study area from 1998 to 2014 (Paper III)

The invasion of round goby had a significant negative impact on the abun-
dance of juvenile turbot (GLMM, p = 0.003). Furthermore, in the earlier part of
the time series, there were relatively high abundances observed every 2-3 years,
but in the later period, only the year 2009 showed moderate abundance, while
all subsequent generations exhibited relatively weaker numbers (Figure 5).
Nevertheless, for flounder no significant difference was observed between the
two time periods (GLMM, p = 0.441) (Paper III) and a slight increase in the
abundance was observed in 2013-2014.
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Figure 5. The number of one-year-old flounder (Platichthys flesus) (A) and juvenile
turbot (Scophthalmus maximus) (B) per 10 hauls of beach-seine. The solid bars show the
period before the invasion of the round goby (Neogobius melanostomus) (1998-2008)
and the open bars represent the period after the invasion (2009-2014). The calculated
abundances are means of aggregated samples formed by combining spring and summer
surveys. The dotted lines represent the long-term averages (Paper III)

The results showed predominantly declining trends in Piscivores and in-
crease in Cyprinids during the study time. Both observations indicate a decline
in the overall condition or health of the ecosystem. The decreasing trends in
Piscivores prevailed in all time windows between 1994-2003 and 2002-2011
and a stronger decrease was observed in the period 1999-2008 to 2002-2011.
The pattern was however reversed in the most recent years of the study
2012-2013 particularly in the Latvian EEZ. While in the Southern part of the
Gulf of Riga DAU, the Piscivore trend is relatively unchanged; in the Eastern
Gotland basin open sea stations JUR a minor (p > 0.05) increase of piscivorous
fish abundance was observed after 2008 (Paper IV). As for the Cyprinid trend
in both DAU and JUR stations, there was a hump-shaped trend observed with
a similar peak in 2011

Generally, in the Gulf of Riga offshore, the frequency of occurrence and
biomasses of several taxa across functional groups increased in the 2000s. For
example, pelagic fish species such as three-spined stickleback and sprat (Sprattus
sprattus), and benthivorous fish species such as the common seasnail (Liparis
liparis) and fourhorn sculpin (Myoxocephalus quadricornis) all had high bio-
masses. By 2009, the presence of round goby became evident in the observa-
tions. In the period 2009-2014 there was a decrease in biomass trends observed
for traditional demersal fish species like the common seasnail, eelpout (Zoarces
viviparus), shorthorn sculpin (Myoxocephalus scorpius), flounder and sand goby.
While trends of whitefish (Coregonus spp.), fourhorn sculpin, and round goby
were increasing (Figure 6).
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Figure 6. Time series of fish biomass (g/m?) for the study period 1979-2016: Herring
(Clupea harengus) (based on stock assessment data), eelpout (Zoarces viviparus),
European smelt (Osmerus eperlanus), cod (Gadus morhua), sprat (Sprattus sprattus),
fourhorn sculpin (Myoxocephalus quadricornis), zander (Sander lucioperca), shorthorn
sculpin (Myoxocephalus Scorpius), ruffe (Gymnocephalus cernua), three-spined
stickleback (Gasterosteus aculeatus), flounder (Platichthys flesus), whitefish (Coregonus
spp.), common seasnail (Liparis liparis), sand goby (Pomatoschistus spp.), and round
goby (Neogobius melanostomus). The scales on the Y-axes differ due to the different
biomasses of taxa. Taxa are sorted from top left to bottom right by decreasing biomass.
The bold line is the mean biomass over the 1000 repetitions of constant sampling
(random selection of eight stations over the 5-year window). The dark and light grey
areas represent the interquartile range and 95% interval, respectively (Paper II)
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2.3. Interspecific interactions between the round goby and
native fish species via food niche analysis (Papers Il and IlI)

When analyzing the feeding patterns of the round goby in shallow coastal
areas caught with the beach seine it was observed that the smallest round goby
length group (RG1) was exclusively feeding on zooplankton and was standing
out from the other length groups. For the larger individual groups (RG2 and
RG3), the primary food items were mysids and decapods. As the round goby
length increased, the number of decapods in their stomachs decreased, and
there was a gradual shift towards an increased abundance of molluscs instead
(Figure 7).

Figure 7. Feeding composition of round goby (Neobobius melanostomus) in size groups
RG1 (3-5cm), RG2 (7-14cm) and RG3 (15-21 cm) (Paper III)

The feeding analysis results elucidate that for turbots (TU2 and TU3) the
most important food item before the invasion of round goby was mysids, 92% and
67%, respectively. After the invasion, the occurrence of this food item decreased
to 67% for TU2 (WRS test, p = 0.08) and to 50% for TU3 (p = 0.06). The im-
portance of decapods (mostly the common shrimp Crangon crangon) increased
significantly in the second period (TU2, WRS, p = 0.005). For flounder (FL2
and FL3) the most important food item in the first period was the amphipod
Bathiporeia pilosa, conversely, in the second period of the study 2013-2014, the
abundance of amphipods in the flounder diet decreased. Furthermore, there was
a full diet overlap between the smallest flounders FL1 and the smallest round
gobies RG1 by feeding on zooplankton (Figure 8).

The number of mysids caught in the beach seine hauls varied from year
to year, reaching its peak in 2002, with an average of 6956 individuals per
haul (Table 1). In the first period, there were, on average, 1392 mysids caught
per beach seine haul. Conversely, in the second period, the mysid abundance
dropped significantly by three levels of magnitude, with only 1.4 individuals per
haul only in 2013. The difference in mysid abundance between the two periods
was highly significant (GLMM, p < 0.001).
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Figure 8. Food composition for the main coastal fish species caught in the shallow
coastal beach seine sampling during 1998-2004 (Period 1 - before the invasion
of round gaby) top and 2013-2014 (Period 2 - after the invasion of round goby)

bottom. RG1-3 are three length groups of round goby (Neogobius melanostomus) as

in Figure 7. FL1-4 are four length groups of flounder (Platichthys flesus) juveniles
< 3.5 cm (FL1), 3.5-5 cm (FL2), 5.5-9.5 cm (FL3), 10-15 cm (FL4), and TU2-3 are
two length groups of turbot (Scophthalmus maximus) juveniles (4-8 cm (TU2) and

9-18 cm (TU3)). The species not disaggregated by length group are three-spined
stickleback (Gasterosteus aculeatus) (3ST), greater sandeel (Hyperoplus lanceolatus)

(GSA), lesser sandeel (Ammodytes tobianus) (LSA), perch (Perca fluviatilis) (PER),
sand goby (Pomatoschistus spp.) (SGA), and smelt (Osmerus eperlanus) (SMA)

(Paper III)

Table 1. The average abundance of individuals per haul with + standard error of the
common shrimp Crangon crangon and Mysids in beach-seine survey as bycatch

Year Period C. crangon Mysid
1999 1 78.4 £+ 32 1120 £351
2000 1 35+ 12 469 + 157
2001 1 32+£19 69 £ 53
2002 1 19+ 13 6956 + 6777
2003 1 25+5 161 + 47
2004 1 115 + 28 1219 + 973
2005 1 13+7 301
2013 2 70 £ 11 29+19
2014 2 351 + 206 00
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In contrast, the common shrimp (Crangon crangon) showed a significant
increase in abundance during the latter period compared to the period before
the round goby invasion (GLMM, p = 0.01). The mean abundance of the com-
mon shrimp was 269 individuals per haul in the latter period, compared to an
average of 49 in the first period of the study (Table 1) (Paper III).

The zoobenthos biomass trends in the Gulf of Riga showed an overall de-
crease in Amphipods Monoporeia affinis and Pontoporeia femorata in the period
from 2009 to 2014. When comparing the biomass volumes between species
M. affinis with approximately 10 g/m* was the second largest group after Saduria
entomon in the 2000s (Figure 9).

Figure 9. Time series of benthos biomass (g/m?) in station 119 in Gulf of Riga from
1979 to 2016: Isopods Saduria entomon, amphipods Monoporeia affinis, and Pontoporeia
femorata, the invasive bristle worm Marenzelleria sp, Molluscs Limecola balthica and
earthworms Oligochaeta. The scales on the Y-axes differ due to the different biomasses
of taxa. Taxa are sorted from top left to bottom right by decreasing biomass. The bold
line is the mean biomass over the 000 repetitions of constant sampling (random
selection of one station over the 5-year window). The dark and light grey areas
represent the interquartile range and 95% interval, respectively (Paper II)
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2.4. Reasoning for recommendations on further monitoring of
the round goby (Paper I)

When comparing the monthly catch rate of round goby in coastal monitor-
ing the highest catches were observed in May, being approximately 10 times
higher than those recorded in late summer and autumn. The values in April and
June were about half of the peak catches recorded in May. In the cold-water pe-
riod (February-March) there were practically no round goby caught (Figure 10).

There was a strong catchability preference in “Nordic Coastal Multi-mesh”
nets for smaller fish, and a noticeable shift was referenced towards “Coastal net
series” starting from the 12 cm length group (Figure 11).

Figure 10. Multiplicative coefficients (base month is February) of the round goby
(Neogobius melanostomus) catchability in coastal fisheries monitoring stations during
the years 2006-2021 on a logarithmic scale. For each month, the average relative catches
across years were plotted with a standard error bar (SE). The dotted line represents
relative catchability at the base month of February (Paper I)

Figure 11. Total number of round goby (Neogobius melanostomus) individuals per
length group (cm) captured for two different monitoring fishing gears (Paper I)
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Catchability, beginning with a fish body length of 12 c¢m, can be con-
sidered relatively stable (within confidence interval), being approximately
5.35 times higher in “Coastal net series” than in “Nordic Coastal Multi-mesh”
nets (Figure 11). As the “Coastal net series” are 180 m long, while the “Nordic
Coastal Multi-mesh” nets are 45 m, this results in making a catching surface
ratio of 4, which was lower than the observed proportion (>5 timers at sizes
12 cm), suggesting a clear preference for catchability. This gear length ratio was,
however, well within the confidence interval of correction values.
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3. DISCUSSION

3.1. The round goby (Neogobius melanostomus) invasion
in Latvian EEZ

The results of this study suggest that by demarcating a boundary at the onset
of the round goby invasion in 2009 a baseline for an unaffected ecosystem is de-
fined and further by assessing changes in various long-term monitoring trends,
shifts become apparent after the emergence of round goby in the environment.

The first signals of the round goby invasion appeared in national monitor-
ing surveys and later were followed by reports in commercial coastal logbooks
(Minde, 2007). The further rapid increase in the population, evidenced by both
the scientific observations and fisheries log books leads to the question of how
the local ecosystem was affected and can there be any indirect indications de-
tected in local demersal fish and zoobenthos trends.

After its peak in 2017, the round goby population experienced a decline,
resulting in a notable reduction that was thirty times lower by 2021 (Paper I),
even as commercial fishing landings remained relatively unchanged (Figure 2)
(Behrens et al., 2022a), inquiring possible causes of such development of the two
different trends. Nevertheless, most of the commercial fishing is carried out in
consistent coastal areas (Annex 3 with favourable coastal habitats for the spe-
cies. Conversely, the population growth and later decline were observed in both
coastal and offshore combined population trends (Figure 3), showing a general
prevalence and arising spillover effect of the round goby to other living spaces
as the population grew. The abundance of natural predators, as well as the pro-
gressing fisheries’ adaptation to the new resource, are major limitation factors of
the species (Ojaveer et al., 2015). Despite the identified round goby population
decline after 2017, the following decline in commercial fishery landings was less
pronounced which could be related to unevenly distributed coastal specialized
fishery and its limited capacity in catching round goby to the full extent at the
population peak period in 2017. According to the scientifically observed popu-
lation decline detrimental changes in commercial catch success are suspected at
the point where the capacity of the fleet catches up to the maximum population
level of the round goby. However, as the stock decreases further mosaic spatial
dispersal is expected for the round goby population in the Latvian EEZ. While
fishing efforts could potentially be used to reduce round goby abundance in
most of the Baltic Sea countries, this species is not yet considered a valued spe-
cies for human consumption. To effectively manage and control the abundance
of round goby, it becomes crucial to support natural resilience by ensuring that
the predators of this fish are present in adequate numbers (Behrens et al., 2019;
Ojaveer et al,, 2015). For the moment in the EEZ, the conscious predatory fish
species on the round goby in the open part of the sea are cod and turbot and
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mostly perch in the Gulf of Riga coastal zone (D. Ustups personal communica-
tion, E. Kruze unpublished data). Since round goby migrates between coastal
and offshore niches (Andres et al. 2020), it becomes essential to assess the
population in both areas simultaneously. So far assessments were focused only
on the coastal areas (Behrens et al.,, 2022b), while the present study initially
covers both coastal and offshore waters. By considering the possible different
population dynamics of this invasive species in both habitats, there is a potential
to develop more comprehensive and effective management strategies to mitigate
round goby impact and maintain a balanced ecosystem in the Baltic Sea.

3.2. Changes in local fish population trends

By comparing the periods before and after the invasion of the round goby,
it was possible to gain valuable insights into the ecological consequences of this
invasive species and its interactions with native fish communities in the region.
In the central Baltic Sea, the focus in analyzing trends is based on the dominant
and commercially valuable pelagic fish populations for Sprat, Herring, and
Cod (ICES 2012). In this study, other available coastal fish species population
trends are analyzed. Coastal fish population trends refer to the general direc-
tion or pattern in which the abundance or size of a fish population is changing
over a specific period, which indicates whether the population is increasing,
decreasing, or remaining stable (Paper IV). There is a lack of a comprehensive
cross-study overview of the results achieved by different monitoring methods of
long-term changes to provide a scientifically approvable insight into the current
situation through the round goby invasion perspective.

The aim of developing indicators for coastal fish communities in the Baltic
Sea is to assess the potential impacts of anthropogenic and natural environ-
mental factors. In the Latvian case the Gulf of Riga DAU station represents
an area with high anthropogenic pressure and in contrast the Open Sea JUR
station is a relatively minimal disturbed environment (Neuman et al., 1999). The
Cyprinids indicator is mainly an indicator of eutrophication as it is benefited
from decreased water transparency, whereas the Piscivore indicator is primarily
represented by species of high interest for commercial or recreational fisheries.
(Paper IV). A continued predominance of increasing trends in Cyprinids but to
a slightly lesser extent than in the early 2000s agree with recent eutrophication
assessments and analyses of nutrient monitoring data (Snoeijs-Leijonmalm et al.,
2017), which elucidate that eutrophication is a persisting issue in all areas of the
Baltic Sea. Both indicators are potentially sensitive to habitat loss and changes
in the quality of the environment but also involve natural environmental factors
such as predation and overall climate change. Conversely, if the main changes
in coastal fish communities were linked to rising temperatures, it would expect
a similar pattern over time in both indicators, but the catches of Piscivores and
Cyprinids were generally not correlated, implying that some different factors
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were influencing each indicator more significantly at the current scale of the
study (Paper IV).

A possible shift in population trend development in the eastern Gotland
basin region of the Baltic Sea for Piscivores and Cyprinids is observed in 2008
(Figures 7 and 8) exactly matching the same time when the round goby invasion
accelerated in this region (Rakauskas et al., 2008). During an overall piscivore
decrease in the Baltic Sea an increase in station JUR after 2008 was observed
that overlaps with the round goby invasion spread direction area (Puntila
et al., 2018) and increasing commercial fishing activity location of the species
(Annex 3). But the only significant (p < 0.05) increase of piscivores was observed
in the next south Lithuanian station MBU (Paper IV) which was affected by the
invasion in the earlier years (Rakauskas et al., 2013).

In the shallow water coastal areas sampled with beach seine, across the whole
period, the total biomass of coastal fish did not change significantly. Following
the arrival of the round goby, there was a noticeable decline in the abundance
of juvenile turbot, while no obvious change was observed in the abundance of
juvenile flounders. The inquiry pertains to the fluctuations in the productivity
of turbot and it addresses whether unproductive generations of turbot persist or
if the species has undergone adaptations in response to the altered state of the
ecosystem (Paper III). When comparing demersal fish biomass trends in the
Gulf of Riga offshore (Figure 6) with the appearance period of the round goby,
the declines of the native demersal fish biomass could be explained by various
environmental factors not directly related to the invasion. Anthropogenic fac-
tors that encompass eutrophication, fishing intensity, habitat loss, and changes
in habitat quality and natural factors that involve predation and climate change,
should both be assessed as factors that may act individually or in a synergy to
impact those demersal fish communities. By combining this knowledge with
when shifts in trends happened and on how many taxonomical and trophic
levels it coexists it is possible to discuss if the regime shift happened in the
Baltic Sea. For example, the shifting of the dominance of large predators to the
small three-spined sticklebacks in the shallow bays of the Swedish coastline in
the 2000s (EkIof et al., 2020). Climate change and temperature increase cause an
overall coldwater marine demersal fish species decline meanwhile accelerating
the spread of invasive species like the round goby due to its high thermal resil-
ience (Christensen et al., 2021) as well as decrease the overall species richness
the coastal fish community (Bowser et al., 2022).

3.3. The impact on local fish communities’ food web

The diet of juvenile turbot shifted from mysids to common shrimp, likely
due to a decrease in mysids and an increase in common shrimp abundance
in the habitat (Table 1). Nevertheless, a decrease in amphipods (including
Bathiporeia) in the stomachs of flounders (Figure 8) was observed coinciding
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with a decrease in the Gulf of Riga (Figure 9) in the same period. A significant
decrease in turbot recruitment was observed in the second observation period
as well (Paper III). Juvenile flounder, which had the widest food spectrum of
the studied species, increased their intake of zooplankton when the availability
of their primary food item, Bathyporeia pilosa, decreased. Although, the recruit-
ment estimates of flounder and turbot showed increasing co-variation after the
round goby invasion, suggesting that the recruitment of the two species may
be regulated by processes in the common nursery habitat in shallow (<2 m)
waters. Or implementing pressure on the overall living space of flounders dur-
ing the round goby spawning season with a presence in very high numbers. As
it was found that for adult flounder’s depth distribution was shifted to deeper
areas from 3-7 m to 10-13 m during round goby spawning time, but when
round goby abundance was low, as in July, flounders were found at all depths
of the sampling area (Karlson et al., 2007). The juvenile turbots, whose domi-
nant food item before the round goby invasion was mysids, shifted their diet
towards the common shrimp, indicating a potential shift in food availability. As
for the turbot as species, it is known that the juveniles compete over food, but
the adults successfully feed on the round goby (D. Ustups unpublished data)
so developing a situation of unclear interspecific relations in terms of nutrition
estimates and energetic circulations within trophic levels. Round goby, in addi-
tion to benthic invertebrates, preys also on several different fish species juveniles
or eggs of ecological and commercial importance. Thus, there is potential for
predator-prey reversal and negative effects of the invasive round goby on large,
predatory fishes (Wallin Kihlberg et al., 2023). Within the length groups above
7 cm fish start to appear in the diet of round goby (Figure 7) whether in the
form of fish eggs or juveniles (E. Kruze unpublished data based on Paper III
study) including round goby, eelpout, and three-spined sticklebacks in the Gulf
of Riga offshore samples (L. Rozenfelde unpublished data, 2018-2022). Changes
in abiotic factors, specifically the temperature increases during certain periods,
were associated with variations in the overall structure of the ecosystem, marked
by decreases in detritivorous organisms and increases in phyto- and zoo plank-
tivorous taxon groups (Paper II). Conversely, in the last observation period of
the study (2009-2014) the effects of a new contributor on the food web, like the
appearance of the new round goby should be considered and attention drawn
if there are some indications of an overall temporal shift in the functioning
observable in the ecosystem.

3.4. Recommendations for further monitoring

Relatively the comparison of round goby catch volumes between passive
coastal gillnet monitoring and active offshore scientific trawling results eluci-
dates much higher catchability in the coastal waters, especially during spawn-
ing migration in spring-early summer (Paper I). While active sampling gears
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provide better quantitative data on fish abundance per area unit this method
faces limitations on rocky ground types, shallow waters as well as generally
higher expenses (Franco et al., 2022). However round goby seasonally migrates
between ecological niches in the coastal areas and offshore areas (Andres et al.
2020; Behrens et al., 2022b) so coastal sampling could also indicate effects on
nearby deepwater biotopes where the use of active sampling gears is challenging.
So far according to the HELCOM guidelines fisheries independent coastal fish
monitoring is conducted in late summer (Neuman et al., 1999) when round goby
activity is little and its catchability with passive gears is low (Figure 10). Catches
of round goby observed in May were approximately 10 times higher than those
recorded in late summer and autumn. Therefore, monitoring of round goby
in coastal areas should be focused on the period between late April and early
June, as the catches between years may vary to some extent (Paper I). “Nordic
Coastal Multi-mesh” nets provide a wider range of round goby length groups,
especially the smaller ones with lower total catch volume of the middle-sized
fish (12-20 cm) making the measurements more efficient and less laborious on
the field. When recalculating “Nordic Coastal Multi-mesh” nets data to historic
“Coastal net series” values (Annex 1), it is suggested that cautious use of the
correction values in individuals smaller than 9 cm or larger than 22 cm due to
the scarcity of the available data. The method is well developed and described
to be used for different fish species where the quantity is sufficient (Paper I).
Another aspect of the application of the “Nordic Coastal Multi-mesh” nets
sampling method is the possible faster attainment of the maximum catchability
of the gears-specific mesh size panel in high fish concentrations. To limit the
possibility of this feature and achieve representative CPUE values, repetitions
with different soak times could be performed to reduce this risk (Rotherdam
et al,, 2006). Nevertheless, small fish species and juveniles (below 5 cm) usually
were not representatively sampled by the “Nordic Coastal Multi-mesh” nets, and
a combination of methods (active and passive fishing gears) should be used to
cover the whole size spectrum of the targeted fish community.

If there is an aim to reduce the spread of non-indigenous fish species and
a specialized fishery sector is established it is crucial to embed an advantageous
knowledge basis at the beginning of the industry’s development. The fishery
should be improved within seasonal terms and gear technical restrictions to
exclude undersize valuable, protected, and endangered fish bycatch species and
damage to the environment. Also, observer-based surveillance of bycatch in spe-
cialized fishing is obligatory. On the other hand, the fishing industry is exploring
potentially profitable market avenues, and as illustrated by the Latvian scenario,
these opportunities are primarily situated beyond the borders of the European
Union (Behrens et al., 2022a). So, the promotion of the round goby commercial
fishing sector and advanced showcase production of high-value products for lo-
cal markets would be supportable. Anyway, the future role of the round goby on
the environment and fisheries is unclear and therefore, developing a pioneering
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stock assessment for the round goby in the Baltic Sea is crucial. In the Baltic Sea
region, there is a lack of coastal necto-zoobenthos observations performed and
developed monitoring programs that are crucial for characterizing coastal and
demersal fish community’s role in the coastal food webs.

The development of a new round goby ecological indicator should be con-
sidered in the Baltic Sea region (MARMONI 2014; Olsson et al., 2018) with so
far unknown preferable target values because of its unclear role in the ecosystem
and the bioeconomic paradox of an invasive fish species being commercially
valuable.
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CONCLUSIONS

The round goby established a stable population in the coastal areas by 2009
that rapidly increased and spread offshore until 2017 and after that a remar-
kable decrease in the scientific population assessments was observed that is
attributed to targeted round goby fishing management actions (Paper I).

A significant increase in cyprinid populations that are linked to eutrophica-
tion was registered but indirect shifts in cyprinid and piscivore population
trends were observed after 2009 in the central Baltic Sea (Paper IV). A sig-
nificant decrease in turbot recruitment was observed after the invasion of
round goby (Paper III). The biomass of benthic fish species decreased in the
Gulf of Riga after 2010 (Paper II).

The competition over mysids influences the food selection strategy of
turbot juveniles after the invasion (Paper III). A decrease in the amphipod
Monoporeia affinis and Pontoporeia femorata biomass was observed after
2009 in the Gulf of Riga (Paper II).

For round goby population trend assessment coastal fish monitoring should
be conducted in May-June during the pre-spawning migration of round
goby by using “Nordic multi-mesh gillnets” preferably applying experiments
with different soak times (Paper I).
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1. pielikums / Annex 1
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tipa tiklu sériju) koeficienti un to 95% ticamibas intervali (I publikacija) /
Recalculation (from “Nordic Coastal Multi-mesh” nets to “Coastal net series”)
coefficients and their 95% confidence intervals (Paper I)

72
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Piekrastes zivju monitoringa staciju skaita sadalijums laika pa piekrastes
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fish monitoring stations (Paper I)
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Spatial distribution of the commercial landings of round goby in Latvian
coastal waters (Paper I)
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