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Introduction

Relevance of the study.The rapid expansion of Great Cormordiftalacrocorax
carbo sinensis populations in Europe during the second part of 2B8th century has
caused many conflicts, mostly with fishing and amltare. Fishermen often consider
cormorants as one of the most important reasonddpleted fish stocks. There is much
documentary evidence showing cormorant damage uadture ponds, as well as
negative impact in small or low productivity wateodies €.g. Davieset al. 2003,
Stewartet al. 2005). However, evaluations of cormorant impacfish populations and
commercial landings in larger water bodies areroéimbiguous, particularly such as the
shallow, highly productive waters of Curonian Lagpalthough fish consumption might
be substantial (Mous 2000, Engstrom 2001). Mogshe$e studies have not shown that
significant changes of fish communities are reldtedncreases in cormorant numbers
(e.g. Eschbaunet al. 2003, Stempniewicet al. 2003a, Zydelis and Kontautas 2008).

The biology of the Great Cormorant is well knows,itas the most studied wild bird
in Europe; it's diet is also known as well as apprate biases in diet study methods.
The International Council for the Exploration ottBea (ICES) reviewed the scientific
literature about the impact of cormorants on fig®in Europe and identified issues
which are important for the further study, quanaéfion and understanding of
cormorant-fishery interactions. ICES noted that theerall impact of predation by
cormorants on their prey populations and the camsaces for fish community
interactions are not well known. There have beety ¥ew studies by fish population
biologists. ICES highlighted the need for populatgiudies of relevant prey species of
cormorants, including research on fish populatigmagnics, particularly the role of
cormorants compared to other factors (ICES 2008h population data based on long-
term time series are often lacking for the assessimiecormorant impact and accurate
measurement of consumption is often complex. Aspeftcormorant diet research
necessary for evaluating the impact on fish popratinclude estimation of qualitative
and quantitative dietary composition, long-term @edsonal changes, species and size
selectivity, and prey fish consumption. Ichthyokmajiresearch is also needed to assess
fish community composition and dynamics, and tavese fish population parameters.

Aim of the study is to asses&reat Cormorant, breeding at the Juodkramaiony,
diet and their impact on fish populations and tkemmunity in the Curonian Lagoon.
Study objectives:

1. to assess Great Cormorant qualitative and quaaétatiet composition at the
Juodkrant colony, including its variation over time, feedirsglectivity and
identifying main prey fish species;

2. to evaluate the reliability of pellet analysis nuathfor quantitative diet
assessment using a stable isotope mixing model;

3. to assess the importance of water bodies for GZeamorant feeding and fish
consumption;

4. to estimate the importance of commercial fish sgea the diet and competition
between fisheries and Great Cormorants;

5. to evaluate Great Cormorants impact on fish pomuiatand their community in
the Curonian Lagoon using spatial ichthyologicatvey and long-term fish
monitoring data.



Scientific novelty of the study.This study is the first evaluation of Great Corardr
impacts on their main prey fish populations in oaithern Baltic region, where one of
the largest cormorant expansions has occurred gluhi@ last two decades. Data from
long-term monitoring of Curonian Lagoon fish pogidas and comprehensive sampling
of Great Cormorant diets were used for the impaatuation. Great Cormorant impact
on spatial fish distribution was also assessedtter first time. These results make
substantial contributions towards evaluating coanbrimpacts, and understanding the
mechanisms of Great Cormorant colony regulatione Tkliability of traditional
analytical methods for quantitative dietary assesgmwas evaluated for the first time
by comparing the results from pellet analysis wMiitbse calculated using a stable isotope
mixing model.

Scientific and practical significance.The results of our study are important for
providing improved assessments of the long-terracesf of Great Cormorants on fish
communities in large, complex, highly productivauatic systems. This study is one of
very few that have been undertaken using long-@yrmorant diet and fish community
data. Aspects of cormorant nutrition, important fvaluating the impact on fish
populations, were determined. These included teatp@ariation in diet composition and
reliability of methods for quantifying the compasit of diets. Importantly, the results
presented identify key aspects for further researtththe impact of cormorants on fish
populations. Cormorant diet selectivity parametdlsw estimation of responses of the
major prey fish species cohorts to selective fargdiy cormorants.

The practical significance of this study is its lenaéion of direct and indirect
competition between cormorants and commercial fralea@. Although the amount of
biomass consumed may not necessarily influence @oiah landings, evaluation of the
extent of competition enables the need for meadoresgulate cormorant populations to
be substantiated. In addition to assessing the dmpacormorants on native species,
future assessments of their impact on invasive RoGoby populations might also
become important.

Defensive statements.

1. Pellet analysis is sufficiently precise as a metfadquantifying cormorant diet
composition;

2. Composition of diets among Great Cormorants atJinedkrant colony differs
among years and spring-summer seasons;

3. The Curonian Lagoon is the main feeding ground oéaB Cormorants at the
Juodkrant colony;

4. Great Cormorant fish consumption in the Juodkraxaiony is both species and
size selective;

5. Great Cormorant impacts are not large enough teecaanticeable changes of fish
abundance within the vicinity of the Juodkraablony;

6. Neither total, nor the most important prey fish@ps biomass of the Curonian
Lagoon did not change significantly during the tim&erval, covering periods of
low Great Cormorant abundance, through an expaéantirease in numbers, to
a stable period of high abundance.



7. Increases observed in the size of the Great Comh@pulation neither caused
changes in the abundance of the most important fisleyspecies, nor in the total
fish biomass of the Curonian Lagoon;

8. Great Cormorants are effectively adapting to change food resources by
changing their foraging strategy. The invasive RbGoby, which is spreading in
the Curonian Lagoon and the Baltic Sea, has be@meef the main fish species
in the cormorant diet within a short period of time
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Literature review

The chapter, comprising six parts, deals with gh@nhomy, main biological features,
and spatial distribution of Great Cormorants. D#éfe aspects of cormorant foraging
biology and diet study methods are extensivelyeweid. Causes of Great Cormorant
population expansion and the consequent conflictstheir patterns across Europe are
also discussed. In-depth consideration is giveresearch about cormorant impacts on
fish populations and investigations of Great Cormnds in Lithuania.

Study area

This study of the Great Cormorant diet took platehie largest Lithuanian colony
located on the Curonian Spit near the Juodkraettlement (Fig. 1). The number of
breeding pairs in the colony varied around 3,000n(f2,362 to 3,367) during the study
period in 2005-2010. The colony is about 200 matis¢ from the Curonian Lagoon and
800 m from the Baltic Sea. Great Cormorant impamts fish populations were
investigated in the Lagoon. The Lagoon is a hightgductive, shallow, eutrophied
freshwater body that is intensively exploited by tommercial fishery. Considering that
Great Cormorants forage up to 35 km from the col@nremilletet al. 1999a, Paillisson
et al. 2004), their feeding area approximately coverseéhtre Lithuanian part of the
Lagoon. Great Cormorants forage up to depth of 20vam Eerderet al. 1995), and
such depths in the Baltic Sea shore zone are @d@ikm offshore from the Curonian
spit. Eighty-two fish and lamprey species are iteged in the Curonian Lagoon and the
Lithuanian economic zone of the Baltic Sea (R&pe2003a, Bacewius and Karalius
2008, Lozys 2008, Bacesius 2009, Bagdonast al. 2011). Nineteen species are
commercially targeted in the Sea and twenty-sengha Lagoon.

Material and methods

Great Cormorant diet composition was studied ufiegconventional pellet analysis
method (Carsst al. 1997).The study was implemented in 2005-2010 at the Jandk
cormorant colony. Pellets were sampled during theeding season from the end of
March until the birds left the colony at the begmgnof August. In total 1032 pellets
were analyzed. Prey fish species were identifiedubyng undigested species-specific
bones and other hard remains — otolitegjiftae); pharyngeal teeth; jaws; and chewing
pads. A reference collection of fish bones as waslpublished morphometric statistics



and images (Harkonen 1986, Leopetdal. 2001) were used for species identification.
Great Cormorant prey fish total length (TL) and geiwere calculated from bone-
length:fish-length and fish-length:weight relatibnss. Parameters for these
relationships were estimated from our referencéectibn in most cases, supplemented
by published relationships for some species (H&k60986, Leopoldet al. 1998,
Leopoldet al. 2001). A visual correction to compensate for thesem of the sampled
otoliths was applied by comparing these with otgliof similar size from our reference
collection. A correction coefficient of 1.1 was dsdor slightly eroded otoliths
(Engstrom and Jonsson 2003). The Great Cormoraagifty ground was determined
according to the ecological category (marine, fneser, diadromous) of the fish
indentified from the pellets and their abundancéhi Curonian Lagoon and the Baltic
Sea (Virbickas 2000, Gaigalas 2001, R#g@e2003a). Crustacean and molluscan shell
remains retrieved from the pellets, specific farsh waters, were also identified.

The proportions by numbers and biomass of the rfian species in the Great
Cormorant diet during the study period were comgdretween years to assess inter-
annual differences. Seasonal variation in diet wasestigated by comparing diet
composition in spring (March — May) and summer @unAugust). The annual and
seasonal variation of marine fish contribution he tdiet was also evaluated. The
proportion by weight and number of each prey festgth-group in the Great Cormorant
diet was estimated for selectivity assessment.|ditgest fish by length and weight in the
diet were identified as well. Contribution by agexgp among the most important prey
fish species in the Great Cormorant diet i.e. RdadHus rutilus, PerchPerca fluviatilis
and Ruffe Gymnocephalus cernuus was estimated using length-at-age data. Great
Cormorant diet species preferences and Roach, RactRuffe length selectivities were
assessed in 2008 —2010 and Jacobs’ selectivitk iwads used (Jacobs 1974). Scientific
fishing during the summer season was implementediei@rmine fish community
composition and fish size distribution using aafedix contiguous gillnets with different
mesh sizes (14-17-21.5-21-30-33 mm, knot-to-kn@teat Cormorant diet composition
data for the same season was used in the selgciisgessment. In order to evaluate
direct and indirect competition between Great Coants and commercial fishermen,
the Perch and Roach size selectivity of 40 — 45 mesh-size gillnets was analyzed
using the scientific fishing data for the Curoniaagoon during 2005 — 2010.

Muscle samples for stable isotope analysis (SIAjewepllected from fish in the
Curonian Lagoon and the Baltic Sea littoral aretleast three samples for each fish
length group were taken, each with three individiish in the sample. In total, 118
samples of 17 fish species were used in the asalysung fledgling wing feathers were
used for Great Cormorant SIA. In total 37 sampleseacollected. Stable isotope ratio
deviations from the standard§’C ands**N, and the amounts of C and N in the samples
were determined using continuous-flow isotope nemsctrometry (ANCA SL 20-20,
PDZ Europa) at the Stable Isotope Facility, UC BauSA. Vienna PeeDee Belemnit
for carbon and atmospheric, Nor nitrogen were used as standard reference rakater
The linear mixing model IsoError was used for cklting isotopically distinctive food
source proportions (Phillips and Gregg 2003). A %A43™C isotopic discrimination
factor in Great Cormorant feathers was used foretiwog (Hobson 2009). C:N ratios
were calculated for evaluation of lipid effect 8C. Diet composition assessed from
pellets (n=75), collected during the feather grow#riod (May — beginning of June),
was used for comparison with the modeling resuitsrmalization of5'*C was not



applied because the estimated mean C:N ratio Inrfiascle was 3.3+0.1 (and did not
exceed 3.5 in any sample) indicative of a low lip@htent with insignificant effect on
81%C (Postet al. 2007, Logaret al. 2008, Abrantest al. 2012).

Total consumption by Great Cormorants was estimagednultiplying daily food
intake from the "bird-day” number (number of cormots per day during all season).
Fish biomass consumption in the Curonian Lagoon thrdBaltic Sea was calculated
according to the proportions of marine and lagdsh in the diet. Consumption of the
most important fish in the diet was estimated tgkimo account seasonal changes in
Great Cormorant abundance and diet composition.ntingber of Great Cormorants was
assessed by counting breeding birds in the Juottkcatony (Lozys and Dagys 2008, J.
Zarankai¢ 2012, Curonian Spit National Parpers. comm.). Average Great Cormorant
fledging success during the study period in thekdare colony was 2.5 fledglings per
nest (Dagyt al. 2007, J. Zarankait2012,pers. comm.). In the assessment of prey fish
species consumption we assumed that the dietsicéschnd adults did not differ. The
Great Cormorants’ diet after leaving the colony wassidered to be the same as it was
in the colony during the summer season. Great Camonumber dynamics and
phenology were evaluated according to bird counts@her monitoring data (Daggs
al. 2004, J. Zarankait2012, pers. comm.). For consumption assessment an estimated
average daily food intake of 494 g for an adulta@ormorant, based on respirometry
conducted under laboratory conditions, was usddgway 2010 Schmidet al. 1995).
Daily food intake was calculated according to recmnded assimilation efficiency 0.8
and an average prey energy density of 5.42%kJ@prsset al. 1997). We used an
average daily food intake of 408 g for a chick dgrthe entire nesting period, estimated
by using nest balance€drpentier and Marion 2003).

Ichthyological survey. Fish community monitoring data from the Curoniaagbon
were used for evaluating of Great Cormorant lomgitémpact on fish populations.
Monitoring was conducted at two sites — near thenil®s River delta and near the
settlement Dreverna (Fig. 1), annually in the secpart of July from 1993 according to
the standard method described by Thoresson (18¥3).abundance and biomass were
expressed using the standardized index - CatcluRieEffort (CPUE) — fish number or
biomass, caught by a standard set of nets per atgbme station. The spatial impact of
Great Cormorants was evaluated using scientifibirfip at 12 stations, located at
different distances from the colony (up to 23 krgng the western coast of Curonian
Lagoon (Fig. 1). Scientific fishing was carried antJuly 2009 and 2010. A set of six
gillnets with different mesh sizes (14-17-21.5-2:38 mm) was used in the scientific
fishing.

Round GobyNegobius melanostomus population expansion in the Curonian Lagoon
was studied from July to September during 2007-20h@ study took place at 17 sites
from the Kiaués Nugaros Island in the northern part of the LagmoRarnidis Cape near
the settlement Nida and at Vér@ape in the south of the Lithuanian territory (Figy A
beach seine was used for scientific fishing. Biosresd number of all fish species were
estimated in the catchment area (106D m

Samples for the population parameters of the nmogortant fish species in the Great
Cormorant diet were taken with a set of 11 gillngtesh sizes: 14-17-21.5-25-30-33-
38-45-50-60-70 mm). Relative abundance (CPUE),tledgstribution and sex ratio were
estimated. Scientific fishing took place at 15 siteetween the settlement Nida and

1C



Nemunas River delta in the south and Kddi Strait in the north of the Lagoon (Fig. 1).
Thirty-one instances of scientific fishing were iemented in 2009, and 23 in 2010.
One thousand two hundred and seventy three (1s&f8ples of Roach, Perch and Ruffe
were taken during 2009, and 932 in 2010 to ags&gslation age structure and growth.
Samples of 25 males and 25 females were arbitrseigcted from length groups (2.5 cm
intervals for Roach end Perch, 1 cm for Ruffe), whavailable. Sagittal otoliths
(sagittae) were used for age determination. Annual ringsramsverse otolith sections
were identified and counted using a transmitteltligicroscope. Ages of individual fish
were assigned according to the number of transtubands alternating with opaque
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Statistical methods. A significance level of p<0.05 was specifiadpriori for all
statistical analyse#lean values are presented with their standard tdeni&SD) unless
noted otherwise. Linear, polynomial and power regiens were used for prey fish
length and weight calculations. T-test, one-facékddOVA, non-parametric Mann-
Whitney U andy” tests were used to test for differences. Jacobiettaty index was
used to calculate size and species preferefizes(r —p) / (r + p— 2p), wherer = the
proportion of the particular species or length grauthe diet, ang = proportion in the
fish community (Jacobs 1974). Spearman correlatimhlinear regression were used for
relationship analyses. Multivariate redundancy ysial (RDA) was applied for linking
fish biomass variation to cormorant abundance amwdneercial landings. Square-root
transformation was applied to fish community pareargedata.

Results

Great Cormorant diet. Thirty-four fish species and two taxa, identifiedly to
genus and family respectively (gobiesmatoschistus sp. and sandeels Ammodytidae),
were identified in the diet of Great Cormorantstta Juodkrart colony (Table 1).
Thirteen prey fish species were found in Great Gwemt pellets annually, comprising
91.9% of the Great Cormorant diet by biomass. @ygsi and percids were the most
important fish in the Great Cormorant diet, compgs21% and 62.1% by numbers, and
47.3% and 38% by biomass respectively. The remaifirfieur crustacean species were
also found in Great Cormorant pellets: Common Sprinangon crangon, the isopod
Saduria entomon, Chinese Mitten Cralieriocheir sinensis, and Spiny-cheek Crayfish
Orconectes limosus.
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Figure 2. Frequency of occurrence of the most itgparspecies and different ecological
groups of Great Cormorant prey found in pellethatJuodkrartcolony in 2005-2010.

2 pav. Didziojo kormorano raciono svarbiauguw sutinkamumo daznis kormonan
atrajose Juodkraéd kolonijoje 2005-2010 m.

The frequency of occurrence of the three domingeties combined in the Great

Cormorant diet exceeded 60%, comprising Ruffe 8(.&éach 45.9%; and Perch
68.5%. The frequency of occurrence of five otha&ypspecies combined exceeded 10%

12



(Fig. 2). The frequency of occurrence of the Ro@uaby increased considerably during
the study period; identified for the first time2007, it reached 21.6% in 2009-2010.
Overall, 28,180 prey fish items were identifiedtie sample of 1,032 pellets. Numbers
of prey per pellet varied from 1 to 162 (mean 27Three species were the most
abundant by numbers (Fig. 3); Ruffe (40.4%), Pe&f20.5%), and Roach (16.9%),
contributing 77.7% in the diet. Smé&)smerus eperlanus was the more abundant among
the other prey, contributing 8.8% by numbers. Ofirey fish species in the diet reached
4% by number.

Three fish species were the most important by bésn{&ig. 3), Roach (37%), Perch
(16.2%), and Ruffe (17.2%), comprising 70.3% in thet. PikeperctSander lucioperca
was 4.6% in the diet and other species were |ess4P0.

The frequency of occurrence of marine fish remaingellets during the study period
was 20.1%, compared with 94% freshwater and diadusnfish (Fig. 2). Marine feeding
contributed 9.4% by biomass. Marine fish as a prio@o in Great Cormorant diets
during the chick feeding period, was 16.5+4.4% (x8fBen estimated using°C in a
two sources mixing model. Marine fish contributionthe diet by weight, based on
pellet analysis during the same period, was 17.7%.
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80 - - - - —-pmmmmmmmmmmzEEE T == - - B Smelt
B Pikeperch
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60 - & Perch
0 Ruffe

BOt------h -—--

Proportion in the diet, %

Numbers Biomass

Figure 3. Diet composition of the Great Cormoranhbmbers and biomass at the
Juodkrant colony in 2005-2010.

3 pav. Juodkrags kolonijoje peridiy didZiyjy kormoram mitybos svarbiaugiZzuw
dalis racione pagal skau ir mag (2005-2010 m.).
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Table 1. Diet composition of the Great Cormoranthat Juodkramt colony during
2005-2010 (*regurgitated fish).

1 lentet. DidZiojo kormorano raciono setis Juodkranis kolonijoje 2005-2010 m.
(*atrytos zuvys).

Proportion in the

diet, % % 8. Mean Maximum
No Species 5 4 895 .9 €0 g £
' > zf 35859 39 Bebd,
g o & 8 ok £ o g ° 9
g 8§ L3 478 =5 a =
Clupeidae 0.5 15
1  Atlantic herringClupea harengus 0.5 0.8 4.9 15.6£2.6 29.4+13.3 23%/7.4
2 Twaite Shad\osa fallax <0.1 0.6 1.1 29.6+5.8 234.7+127.8 35377.6
3 SpratJrattus sprattus <0.1 <0.1 06 9.4+1.6 6.3#4.1 11.72.6
Salmonidae <0.1 <0.1
4  Sea TrouSalmo trutta trutta <0.1 <0.1 0.6 17.1+3.4 40.5+22 21.70.1
Osmeridae 8.8 2.8
5  SmeltOsmerus eperlanus 8.8 2.8 34 8.7+2.6 4.2+4.6 19.72
Anquilidae <0.1 <0.1
6  European Eéhnquilla anqguilla <0.1 <0.1 0.1 39.1101.5
Esocidae <0.1 <0.1
7  PikeEsox lucius <0.1 <0.1 0.3 17.8+6.6 47.6+41 2499.3
Cyprinidae 21 47.3
8  RoachRutilusrutilus 16.9 37 75.912+5 32.54¢52.1 35.1621.5
9  White BreanBlicca bjoerkna 2 35 27.812.7+3.9 30.7+35.1 32 409
10 BreamAbramisbrama 0.8 2.9 15.816.8+4.9 64.8+60.2 31.867
11  VimbaVimba vimba 0.2 11 3.4 20.6%4.8 98.9+64.6 302834
12 Prussian Car@arassius gibelio 0.1 0.3 1.2 151431 73.8+38.3 20:4.1
13 Ideleuciscusidus 0.2 0.7 4.4 13.9455 46.9457.2 27266.3
14 RuddScardinius erythrophthal mus 0.2 0.1 1.2 9.843.7 17.6%+26.3 20829.5
15 GudgeorGobio gobio 0.3 0.2 24 9.7+1.8 10.3+6.5 16.23
16 TenchTincatinca <0.1 0.4 0.7 24.3+6 263.41204.4 35699.2
17 Common Caryprinus carpio <0.1 0.2 0.4 20.3+2.8 141.1+52.8 23214.8
18 Black Carpvlylopharyngodon piceus <0.1 0.2 0.3 24.1+3.2 146.5+55.3 2828B7.7
19 BleakAlburnus alburnus 0.2 0.1 1.2 9425 6.846.1 15.29.9
20 Common Dackeuciscus leuciscus 0.1 <0.1 0.6 7.2+25 4.4+4.1 12.16
21 AspAspius aspius <0.1 <0.1 0.2 11+10.2 39.7+75.5 26152.8
22 SichelPelecus cultratus 0.1 0.6 1.9 29.5#5 155.3+77.4 34%1.8
Gadidae <0.1 <0.1
23 Atlantic CodGadus morhua <0.1 <0.1 0.1 11+3 13.748.9 14.35.8
Lotidae 0.2 1.3
24  BurbotlLota lota 0.2 1.3 3.2 22.1+7.6 109.8+106.3 40456.3
Zoarcidae 1.6 1.9
25 EelpouiZoarces viviparus 1.6 1.9 5.6 16.3+3.8 21.5+16.3 31 120.7
Gasterosteidae
26 * Three-spined Sticklebackasterosteus 6.3+0.5 1.7+0.6 69 26
aculeatus
Cottidae <0.1 0.3
27 Shorthorn SculpiMyoxocephalus scorpius <0.1 0.3 0.5 15.945.2 110.9497.4 22240
Percidae 62.1 38
28 RuffeGymnocephalus cernuus 40.4 17.2 80.47.8+2.4 7.3%6.3 18.167.6
29 PerchPercafluviatilis 20.5 16.2 68.58.6+3.8 13.5+25.3 30 3875
30 Pikeperctgander lucioperca 1.3 4.6 20.616.5+6.5 56.9+80.6 37.1446
31 Ammodytidae 0.6 0.2 3.5 10.8+#4.5 5.8+12.6 38H16.1
Gobiidae 1.7 3.2
32 Round Goby\eogobius melanostomus 1.2 3.1 9.9 11.843.9 37.9+36.5 23 235
33 Pomatoschistus sp. 0.5 <0.1 42 4.1+0.8 0.7£0.4 7 3
34 Black GobyGobius niger <0.1 <0.1 0.1 12.5+1.8 31.1+14.9 1448.6
Pleuronectidae 31 3.2
35 FlounderPlatichthys flesus 3.1 3.2 12 10.5+3.6 16.1+15.2 2217.5
Scophthalmidae 0.2 0.3
36 TurbotPsetta maxima 0.2 0.3 1.1 10.4+19 23.6%x12.4 14 %7
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The mean total length (TL) of fish found in pelletas 9.4 £ 4.2 cm (TL) and the
mean weight 15.4 £ 31.9 g. Small prey fish domidatee diet of Great Cormorants at
the Juodkrart colony, with 82.8% in the 12 cm or smaller lengttoup, comprising
33.8% of the diet by weight (Figure 4). The largelsntified fishes were Burbdtota
lota of 40.1 cm and 466.3 g, European Babuilla anquilla of 39.1 cm and 101.5 g,
Pikeperch of 37.1 cm and 446 g, and Tefoica tinca of 35.1 cm and 699.2 g (Table
1). The majority of the most important Great Coramdrprey fish were young and from
the smaller length groups. Roach 1-4 years in ag¢he 4-16 cm length group
represented 83.1% of species found in pellets. fibeer growing Perch, identified in
pellets, fish of 2-10 cm length group and 1-2 yedaiscomprised 79.5% by numbers.
Commercial size Perch (>18 cm, TL), three yearsaddr, comprised 2.1% in the diet
by number, commercial size Roach (same size, finkyaars old) — 12.7%. Selectivity
results for Great Cormorant diet and commercia®0mm mesh gillnet fishing showed
little direct competition. Roach eight-years andes| and Perch 5-6 years old that were
more than 25 cm long, dominated catches in gillfeesch of this size comprised 80%
of the perch in catches, whereas in the Great Camaliet only 0.2% by number.
Roach of 25 cm and larger comprised 90.8% of th@cRan the gillnets and 2% in Great
Cormorant diet. Accordingly, the Perch share indlet by biomass was 4.7%, whereas
Roach was more important and shared 17%.

Length distributions of Roach, Perch and Ruffe ire&@ Cormorant diets and
scientific fishing catches differed in most instas@uring 2008—-2010. Generally, small-
sized fish were proportionally more abundant in @eat Cormorant diet than in the
Curonian Lagoon fish community. Great Cormorantssconed a larger proportion of 9—
10 cm Ruffe (except in 2008, when for all lengtlougs up to 15 cm frequencies were
similar), 10-11 and 14-17 cm length Perch, and Raamaller than 18 cm than the
ratios observed in the Lagoon. Scientific fishimgthe Curonian Lagoon showed that
catches and Great Cormorant diet fish species csitio by numbers were different in
2008-2010+(?=27.4, p<0.0001, df=4) (Fig. 5). Perch (except®®, when proportions
were similar), Roach and Pikeperch were more commate Great Cormorant diet
than in scientific catches, while Ruffe and White&mBlicca bjoerkna (except in 2008,
when proportion in the diet was somewhat less) veangght less frequently by Great
Cormorants (Table 2). Great Cormorant prey fishcese from diet preference
investigation, contributed 91.8-96.5% of the digtnnmbers among fish, caught in the
Lagoon, and 93.6—-95.7% in scientific fishing catche
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Figure 4. Distribution by length class (TL) of Gr&ormorant prey fish numbers and
biomass.

4 pav. Didzyjy kormoram atrajose identifikuat Zuw; pasiskirstymas ilgio (TL) gruse
pagal skaiiy ir mas.
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Figure 5. Great Cormorant diet and scientific fghin the Curonian Lagoon catches
composition by numbers in 2008—-2010.

5 pav. Didziojo kormorano raciono ir mokslinivejyby KurSiy mariose laimiki sucktis
pagal skaiiy 2008—-2010 m.
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6 pav. Didziojo kormorano raciono siii$ pagal masJuodkranis kolonijoje 2005—
2010 m.
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Figure 7. Great Cormorant diet composition in spamd summer.
7 pav. DidZiojo kormorano raciono siiid pavasario ir vasaros sezonais

Great Cormorant diet composition varied signifitarduring the study period in
2005-2010 both by numbers and biomass (Fig. 6).pftpeortion of Ruffe ranged from

31.3 to 50.5% by numbers and from 8.2 to 28% bynlaies. Roach proportions in the
diet ranged from 10.5 to 25.1% by numbers and f&312 to 51.3% by biomass. Perch
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comprised 8.7 — 31.6% by numbers and 10.2 — 21 %#dmass in the diet. These three
prey fish species dominated the diet during thé@estudy period and their proportion
when combined ranged from 65.7 to 86.5% by numbed from 61.2 to 81.1% by

biomass. The proportion of marine fish varied aldout-fold, comprising 3 —-11.9% by

numbers and 3.2 —14.3% by biomass. Marine fish poportion of the diet during the

period of 2009-2010 exceeded average values oweretitire study period and

comprised 14.3% by numbers and 12.3% by biomass.ffHyuency of occurrence of
marine fish ranged two-fold — from 13.3 to 26.8%e& Cormorant diet composition in

spring and summer differed significantly both bymhers ¢*=31.7, df=4, p<0.0001) and

biomass §*=12.1, p=0.0164, df=4) during the duration of thedy period, except for the

composition by biomass in 20054, p=0.4, df=4) (Fig. 7).

Table 2. Fish proportions by numbers in Great Coambdiet and scientific fishing
catches and species preferences in the Curoniamoba@008-2010, summer). Jacobs'
selectivity index value 1 shows complete prefererdecomplete avoidance, and O no
preference.

2 lenteé. Zuwy proporcijos pagal sk&iy didZiojo kormorano racione ir mokslini

Zvejyhy laimikiuose ir mitybos selektyvumas pagal guusj KurSiy mariose 2008—2010
m. (vasara). Jacobs selektyvumo indeksas lygusdd wisiSky pasirinkimy, —1 rodo

visiSka vengima, 0 rodo selektyvumo nebuvim

2008 2009 2010 Mean
o S 9% o S 9% v S 9% v S 93
8 & 8¢ & & g O & g8 B & &£

- v - v - v - v
Ruffe 0.22 051 0.57 0.21 0.33 -0.31 0.48 0.68 -041 0.30 0.51 -0.41
Perch 0.09 0.07r 0.16 0.15 0.15 0.00 0.19 0.08 0.48 0.14 0.10 0.22
Roach 050 0.24 052 045 0.32 0.27 0.24 0.12 0.42 0.40 0.23 0.39

White Bream 0.12 0.10 0.08 0.03 0.13 -0.67 0.02 0.07 -0.56 0.06 0.10 -0.30
Pikeperch 0.02 0.01 0.22 0.08 0.01 0.77 0.03 0.01 0.62 0.04 0.01 0.64

Great Cormorant prey fish consumption. The size of the Great Cormorant
breeding population at the Juodkranblony varied from 2,362 to 3,367 pairs during the
study period. One cormorant pair with chicks consdr247.1 kg fish per year. Total
consumption by Great Cormorants in the colony, eangom 583.7 to 824.4 t fish
biomass per year during 2005-2010 (mean 729.24360f which 568.3—-728.6 t (mean
653.3+59.4 t) of fish were taken from the Curonia@goon. Among the most important
prey fish species, the largest biomass consumedoivBsach (270.7 t per year), Ruffe
(121.8 t) and Perch (117.8 t), with the total congtion of these species of 510.3 t per
year accounting for 77.8% of all biomass consumadong the other prey fish species,
considerable consumption of Pikeperch (36.1 t)ufdtter Platichthys flesus (26.9 t),
White Bream (25.7 t) and BreaAbramis brama (20.6 t) occurred. Great Cormorants
also consumed large quantities of Round Goby, atmoyno 36 t per year during the
period after 2007 when it was first discovered he diet. Consumption of other fish
species did not exceed 20 t per year. Commerctaligeted fish species comprised
76.9% (561.9 t) of all consumed biomass, 26.7%heké¢ were of commercial size,
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mostly Roach (18.8%), Perch (4.3%) and smelt (2.4%@st of the fish consumed were
low-priced (average wholesale price for fresh fests than 3.5 Lt/kg (approx. 1 EUR)),
mostly Roach, Perch and White Bream (Fig. 8). Caligw individuals of high value
species e.g. European Eel, and Sea T8almo trutta trutta, were identified in Great
Cormorant pellets, comprising less than 0.05% ofhsomed biomass. Average
consumption of medium- and high-priced fish speciess 63 t per year, mostly
Pikeperch and Smelt. Average fish consumption ftbe Curonian Lagoon by Great
Cormorants from the Juodkrantolony, reached 15.8+1.4 kg during 2005-2010.
Average commercial landings for the same periodew26.9 kg/ha per year in the
Lithuanian part of the Lagoon (Table 3). Comparedcbmmercial catches in the
Lagoon, Great Cormorants consumed more Perch (ll¢@sumption and 47.7 t
average landings), but relatively less White Bre@%.7 and 29.6 t respectively) and
Roach (270.7 and 366.5 t respectively). Biomasshef other fish, taken by Great
Cormorants was much less than commercial landihgisose species. Great Cormorant
took 7.1% of the total fish biomass in the Lithwanipart of the Lagoon during 2008—
2010 (Repe&ka 2009, 2010). Ruffe consumption was the highedtaanounted to 24.9%
of total Ruffe biomass in the Lagoon. Proportiorfsconsumed Perch and Roach
biomass exceeded average levels and were 11.8 Hda@cordingly (Table 3).

Table 3. Consumption and average landings of thet mgportant fish in the Great
Cormorant diet and commercial fishery in 2005—-28a0 their average biomass in the
Lithuanian part of the Curonian Lagoon in 2008-2(R8pe&ka 2009, 2010).

3 lenteé. Svarbiausi didZiojo kormorano mitybos ir verslpZzuw suvartojimas ir
vidutiniai versliniai laimikiai 2005-2010 m. beidutiné biomag 2008—-2010 m.
(Repe&ka 2009, 2010) Kurgimariy Lietuvos akvatorijoje.

o
ng;?;ﬁﬂ)tn Commercial landings % g Tau '% Biomass % 3 o\°
Species g é— E é E g g
o S3§% 5838
g/ha t kg/ha § © t kg/ha
Roach 270.7 6.5 366.5 8.8 0.7 2964.3 71.8 9.1
Bream 20.6 0.5 350.7 8.4 0.1 2436.7 59 0.8
Vimba 7.7 0.2 105.7 2.5 0.1 517.7 12.5 1.6
Pikeperch 36.1 0.9 84.7 2.0 0.4 619 15 6.0
Perch 117.8 2.8 47.7 1.1 25 982 23.8 11.8
Smelt 17.0 0.4 34.8 0.8 0.5 - - -
White Bream 25.7 0.6 29.6 0.7 0.9 696 16.8 3.6
Ruffe 121.8 2.9 8.7 0.2 14.0 480.7 11.6 24.9
Other 35.9 0.9 87.7 2.1 0.4 421.7 10.2 8.8
Total 653.3 15.7 1115.8 26.9 0.6 9118 220.8 7.1
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Figure 8. Percentage of different commercially ahle fish in the Great Cormorant diet
by biomass at the Juodkrarolony during 2005-2010.

8 pav. Juodkragns kolonijos didzijy kormoram raciono verslini Zuw dalis pagal mas
2005-2010 m.

Great Cormorant impact on spatial fish distribution. Fish abundance and biomass
in the catches from the scientific fishidgd not differ between years 2009 and 2010 (t
test; abundance: t=0.90, p=0.38; biomass: t=0.48,64; d.f.=22). Three fish species
dominated these catches — Ruffe, Roach and Peavoipresing 84.6% (58.6-96.7%) by
numbers and 73.5% (43.5-95.6%) by biomass in 20@Praspectively 88.4% (63.5—
98.5%) and 70.1% (38—-89.1%) in 2010. ProportionRaéch and Ruffe in the catches
changed substantially during the study period:pifogortion of Roach decreased (27.1%
and 10.7% by numbers, 33.4% and 16.8% by biomass)tee proportion of Ruffe —
increased (41.1% and 66.8% by numbers, 14.8% arid®By biomass). The proportion
of Perch varied less (16.3% and 10.8% by numbé&rg%2 and 24.1% by biomass) than
the other species.

Substantial differences between study sites wergerobd in 2009 and 2010,
according to both the total fish abundance and BgsnEven larger differences (up to 1—
2 orders of magnitude) were observed in the abwalahthe most important among the
species, Roach, Ruffe and Perch in the fish comtywufihe total abundance of fish, as
well as the abundance and biomass of the most tanorfish species, differed
significantly between study sites in both yearstal fish biomass at the same site did
not differ between yearg(test;y’=16.43, p=0.126, df=11).

Total fish abundance (CPUE) correlated negativeith wicreasing distance from the
Juodkrant cormorant colony (Table 4). The negative formtos$ trelationship remained
the same in both study years, although it was gagoim 2009 (Spearman correlation,
r=—0.73). Fish biomass in 2009 also correlated tnegg, including Ruffe, Roach and
Perch biomass and abundance. Total fish abundamtebiamass relationships with
distance from the colony were weak in 2010, alttofay Ruffe the negative correlation
remained. The relationship of Perch abundance @&mass with distance changed in
2010 to correlate positively (accordingly r=0.52dan=0.22). Changes in Roach
abundance and biomass were of similar patternoadgh were less pronounced (Fig. 9).
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Correlation of fish abundance and biomass withadist from the Great Cormorant
colony was statistically significant (p<0.05) fonlg three instances — abundance and
biomass of all fish and Roach abundance which taie@ negatively in 2009.
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Figure 9. Abundance of Perch, Roach and Ruffe latiom to the distance from the
Juodkrant cormorant colony in 2009-2010.

9 pav. ESerio, kuojos irggzlio gausumas (CPUE) priklausomai nuo atstumaaistiki
Juodkrants kormoran kolonijos 2009-2010 m.
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Table 4. Spearman’ correlations of the distancenftbe Juodkragtcormorant colony
with fish abundance and biomass in the Curonianobagn 2009-2010. Statistically
significant (p<0.05) values are in bold.

4 lenteé. Spearman‘o koreliacijos tarp atstumo nuo Juodksakormoran kolonijos ir
Zuwy biomasgs bei gausumo Kungi mariose 2009-2010 m. StatistiSkai reikSmingos
reikSmes (p<0,05) paryskintos.

2009 2010
Abundance Biomass Abundance Biomass
Total -0.73 —-0.59 -0.11 -0.09
Perch -0.28 -0.19 0.52 0.22
Roach -0.59 -0.51 0.16 0.27
Ruffe -0.45 -0.36 -0.18 -0.24

Long-term impact of Great Cormorant predation on fish populations and their
community in the Curonian Lagoon. Average fish biomass and abundance in scientific
fishing catches did not change during the entiglh ftommunity monitoring period
(1993-2011) in the Curonian Lagoon (linear regmssbiomass: %=—0.05, F=0.17,
p=0.68; abundance’s-0.05, F=0.13, p=0.73), although it fluctuatedstahtially (Fig.
10). Relative fish biomass (CPUE) differed morenthtéree-fold among the years
ranging from 18.1 to 52.2 kg.
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Figure 10. Fish biomass and abundance (CPUE) irCtirenian Lagoon according to
monitoring catches in 1993-2011.

10 pav. Zuv biomasg ir gausumas (CPUE) Kuigimariose pagal monitoringo laimikius
1993-2011 m.
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Roach, Other_B — other fish irTot_ B - total) in the monitoring catches with Great
Cormorant numbersPfala) and commercial landings dnd — total landingsRutil_L —
Roach landingsPerc L — Pech landings) in the Curonian Lagoon in 199302@s
explanatory variables. Monitoring sitstgtion) and period (1993-2000 and 2001-2011)
used as nominal variables.

11 pav. Zuv biomags (Gymno B - pugzlio, Perca B - eSerio, Rutil_B - kuojos,
Other B - kity Zuw ir Tot B - bendros biomas) (CPUE) kitimo Kurdi mariy
monitoringo akvatorijose 1993-2010 m. rySiai su nkoran; gausumu Rhala) ir
versline Zvejybaland - bendri laimikiai, Rutil L - kuojy laimikiai, Perc L - eSenj
laimikiai). Monitoringo akvatorija gtation) ir periodas (1993-2000 ir 2001-2011)
naudoti kaip kategoriniai kintamieji.

Both fish biomass and abundance were higher aAtheta site (southern part of
Lagoon) than near Dreverna (northern part of Lagoand the differences were
statistically significant (ANOVA; biomass:;ks=573.4, p<0.01, abundance; #618.3,
p<0.01). Fish biomass and abundance at the Atmata B85.6+17.7 kg and 478+230
individuals per unit of effort respectively, and.2512.9 kg and 394+230 at the
Dreverna site. Roach, Perch and Ruffe dominatedrtbeitored catches at both sites.
Their total proportion by biomass was 65.6+17.4%Aamata and 77.1+13.1% at
Dreverna. Total fish, as well as the most importaréat Cormorant prey fish, biomass
and abundance did not change in both monitorires giinear regression; p>0.5). Only
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an increase in Roach biomass at Atmata was statligtisignificant (linear regression;
r’=0.04, F=7.17, p<0.01). The relationship betweeaaGCormorant numbers and fish
biomass was weak and not significant statisticatyboth monitoring sites (linear
regression; p>0.47). Increases in Great Cormorantbers explained less than 1% of
the variation in biomass of the most important aonant prey fish species, Roach, Perch
and Ruffe, at Atmata and Dreverna, although regwasswere not significant
statistically (p>0.19), except Roach at Atmata e@in regression;?+0.03, F=5.63,
p=0.02). Redundancy analysis (RDA) did not showargubstantial impacts by either
cormorants or the commercial fishery on the toth biomass and the biomass of the
most important Great Cormorant prey fish in the iosimg catches (1993-2010) (Fig.
11). These factors explained 17% of fish biomasgtian (p=0.001).

The breeding population of Great Cormorants atJinedkrant colony increased in
size from 195 to 3,808 pairs from 1993 to 2011. SLwnption of fish biomass by
cormorants in the Curonian Lagoon increased front #51993 to 729 t in 2010. The
increase in Great Cormorant consumption (more @ € was similar to that of
commercial catches during the same period (exd@p@-22010). Commercial landings in
the Lithuanian side of the Lagoon increased fro-552 t per year in 1993-1995 to an
average of 1230 t in 2000-2008 and decreased hyadeq from 2009, following a
reduction in fishing effort.

Invasive Round Goby in the Great Cormorant diet.A gradual increase in Round
Goby abundance and its progressive expansion witten Curonian Lagoon in a
southerly direction from Klakzla Port was observed during surveys in 2007-20t6. T
Round Goby was found in beach seine catches nealkiant in 2007 and at Veat
Cape in 2010. Sites with high abundance (>10 iddigis in 1000 1) of Round Goby
were registered further southward during the stoelyod — near Alksnyin(Site No. 3,
Fig. 1) in 2007 and at Avikalnio Cape (Site Noir82010. The highest abundances were
found at Lybio Cape (Site No.5, 75 ind., 0.6 kg @®F) and near the cormorant colony
(Site No. 7, 251 ind., 0.8 kg 1000%min 2009. Round Goby comprised 51.3% and
46.8% of total fish biomass in the respective besihe catches.

Round Goby was found in Great Cormorant diets i®72@or the first time,
comprising 0.6% by number and 0.3% by biomass. ilportance in the Great
Cormorants’ diet increased during the following ngeeRound Goby as a proportion of
the diet was 8.7% by biomass (the fourth dominaely dish) and the total biomass
consumed by Juodkrantcolony cormorants was 70.6 t in 2010 (Fig. 12).eTh
importance of the Round Goby in the Great Cormorhet varied seasonally, with a
greater proportion observed in spring. The proparby biomass in spring 2009 was 9%
and in summer it was 6%; and 10.2% and 7% for élpective seasons in 2010. Most of
the round gobies (73.4-90%), identified in Greatrtmrant pellets, were caught in the
Baltic Sea. The importance of the marine feedirggaased following the Round Goby
population expansion. Marine fishes comprised 7§%biomass in the Great Cormorant
diet during 2005-2008, whereas round gobies inegkdRis proportion to 13.3% in
2009-2010.
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Figure 12. Round Goby in the diet of Great Cormtwat the Juodkraétcolony as a
proportion of biomass and consumption per year (t).

12 pav. Juodazioy grundal; dalis Juodkrars kolonijoje peridiy didZiyju kormoram
racione pagal biomasr suvartojimas per metus (t).

Discussion

Great Cormorant diet. Great Cormorant diet composition, both qualitagivehd
guantitatively, is one of the most important partere for assessing the impact of
cormorants on fish communities. Pellet analysisedusn our study, like other
conventional diet investigation methods, has samgdtions (Carst al. 1997, Barrett
et al. 2007). Compensating for the biases of otolith ierosn fish weight calculations,
and otolith size correction were applied in ourdgtuHowever, alternative quantitative
diet investigation methods are required for evahgatcorrection reliability, such as
stable isotope composition analysis. Proportionssofopically different food sources
can be assessed by applying mixing models (Hob808)2 Great Cormorant prey fish
analysis showed high isotopic variability. Salinigyyadients are among the factors
determining differences in stable isotope compositiBearhopet al. 1999, Fry 2002,
Russelet al. 2003a). Curonian Lagoon and Baltic Sea fisheuitf according t6*°C,
allowing us to use a two sources mixing model falcalating the ratios of these food
components. Marine and freshwater fish proportiomsthe Great Cormorant diet
estimated by the mixing model were very close toresults from pellet analysis. These
results show that pellet analysis can be used tefédg in qualitative cormorant diet
analysis.

The Great Cormorant Juodkrardolony is located close to the Baltic Sea as aell
the Curonian Lagoon, water bodies with high fislvedsity. Those fish species,
considered to be the most common (R&pe2003a) were found in Great Cormorant
diets during this long term study (Table 1). Thesmionportant Great Cormorant prey
fish species, Roach, Ruffe and Perch, dominatestientific fishing catches and diet,
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comprising 70.3% and 71.8% respectively. These sgreeies are dominating the diets
of Great Cormorants feeding in many of the fresth larackish waters of Europe (De Nie
1995, Van Dobben 1995, Suter 1997, Carss 2003,tiEBmg@nd Jonsson 2003, Moes
al. 2003, Stempniewitcet al. 2003a, Carss and Marzano 2005, Lehikoinen 20@6h

et al. 2008). They also often comprise a large propontibthe diets of Great Cormorant
populations engaged in social fishing (Van Eerdad ®oslamber 1995). The main
feeding area for Great Cormorants from the Juodkreolony was Curonian Lagoon.
Fish caught in the Lagoon comprised 90.6+3.8% i @reat Cormorants’ diet by
biomass. Curonian Lagoon is a highly productive ewdiody, with a fish biomass
reaching 200-230 kg/ha (Regea 2007, 2009, 2010). Fish abundance in scientific
catches differed ten-fold, and CPUE in Curoniandagand the Baltic Sea coastal area
adjacent to Curonian Spit were 91.1 and 8.9 rebmdgt(Lozys 2008). Lower fish
abundance can explain less effective feeding in gba. The frequency of pellets
containing the remains of marine fish (togetherhwitixed pellets, containing remains
from both marine and freshwater fish) was 20.1%hcaigh the proportion of marine fish
in the diet was 7.5% by number. Great Cormorared fa shallow coastal waters up to
20 m depth (Van Eerdest al. 1995). The Baltic Sea coastal area that is withis depth
range, rendering it accessible to cormorants fieenJuodkrartcolony, is much smaller
than the accessible area within Curonian Lagoomiabdishing is another factor that
might explain the Lagoon’s importance for Great iBorant feeding. Shallow turbid
water and a large cormorant colony exceeding 10f¥eding pairs are essential
conditions for social fishing (Van Eerden and Vadter 1995). This feeding strategy
allows substantially increased foraging efficielfgran Eerderet al. 2003).

In general, Great Cormorants took small fish irkigproportions than they occurred
within the fish community of Curonian Lagoon. Thee& Cormorants’ diet was
positively selective towards smaller rather thampwercial sized (18 cm TL) Roach and
Perch, and smaller than 11 cm length Ruffe. Altho@yeat Cormorants can swallow
quite large fish, the extent of their direct conmp@t with the commercial fishery in the
Lagoon is low. Contrary selectivity tendencies wielentified in an analogous study at
Lake Ymsen (Sweden): in general, Great Cormoraetected larger fish than in
Curonian Lagoon (Engstrom and Jonsson 2003) anddtitered in their prey species
preferences. The Lake Ymsen and Curonian Lagooe n@any similarities: they are
large, shallow, eutrophic, turbid, water bodies hwisimilar fish community
compositions. Different cormorant feeding strategieay explain the diet selectivity
differences between these water bodies. Althoughneon in Curonian Lagoon, social
fishing is impossible in the Lake Ymsen because Gneat Cormorant colony is too
small to create a large feeding flock, despite otoaditions being suitable (Van Eerden
and Voslamber 1995).

Substantial seasonal variation in Great Cormor&titabmposition was observed in
the Juodkrant colony during the study. Proportions of the maapaortant prey fish
species in the spring and summer diet differed byenthan two-fold (more than 15-fold
for smelt). The intensity of cormorant pressurefish populations may fluctuate during
the year because of variation in diet compositiod aeasonal dynamics in cormorant
abundance. In addition, young-of-the-year fish cosgpa substantial proportion in the
cormorant diet from the middle of summer. For exeeng80% of Perch identified in
pellets in the end of July—beginning of August 20d€re young-of-the-year up to 6 cm
length.
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Great Cormorant prey fish consumption. The daily food intake of 494 g used in
our study for adult Great Cormorants, based onin@setry (Schmidet al. 1995,
Ridgway 2010 is close to maximum values. Notably, the measHreveight of fish,
identified in one pellet at the Juodkramplony, was similar — 459.1+73.1 g. Average
fish consumption in 2005-2010 from the Lithuaniantf Curonian Lagoon amounted
a somewhat more than half of the commercial larglif@uronian Lagoon is a highly
productive water body where fish biomass excee@skgtha (Rep&ka 2009,2010). Fish
production may exceed 100 kg/ha per year (Meiua. 2003). Thus Great Cormorants
consume approximately one sixth of the total fisbdpiction in the northern part of the
Lagoon. Perch consumption was in contrast to theeroimportant commercial fish
species. Consumption of this species exceeded cmiaheatches more than two-fold.
Although commercially targeted fish species congatia major proportion in the Great
Cormorant diet, the direct competition with fishamwas low. Commercial-sized fish
comprised more than one quarter of the diet by eigredominantly of low market-
value Roach. Only a small extent of overlap in celdy was found between Great
Cormorants and 40-45 mm mesh size commercial tgliitash larger than 25 cm (TL)
dominated (80-90.8%) the commercial net catchesuoyber, whereas these sizes were
sparse in the cormorant diet (0.2-2%). Only oneopean Eel, the most valuable
commercial fish in Curonian Lagoon, was identifiaehong Great Cormorant pellets
during the study period. Only a few regurgitatedsHeave been found in the Juodkkant
colony since 1998, although the colony was visdédeast a few times per month (J.
Zarankai¢ 2012,pers. comm.).

Great Cormorant impact on spatial fish distribution. The Great Cormorant colony
near Juodkragf re-established in 1989 (Stangus and Paltanavius 1997) after an
exponential growth period, has stabilized and liisralance has been fluctuating around
3000 breeding pairs since 2003 (Lozys and Dagys8,200 Zarankadt 2012, pers.
comm.). Little is known about the mechanisms determinggstable colony size.
Ashmole (1963) raised a hypothesis that large seh dwlonies might be regulated
during their breeding season by depleting fish ueses close to their colonies. Evidence
supporting this hypothesis has only been foundaféew bird species (Birtt al. 1987,
Gastonet al. 2007). Only a few studies have found that cormopsaedation can create
Ashmole’s halo - zone of food depletion in the mity of their breeding colonies (Biet
al. 1987, Stempniewicet al. 2003a). There is no evidence, however, that sechedses
in fish density can regulate cormorant colonies.rédwer, cormorants are a most
effective marine predator and their colonies aghlyi productive, even in arctic regions
with scarce fish resources (Gremilkttal. 2004). Ichthyological surveys in Curonian
Lagoon during 2009—-2010 did not reveal any deceeasfsh abundance and biomass in
the vicinity to the Great Cormorant colony. Moreguhe largest fish abundances were
observed in those study sites that were locatedeclo the colony, and remained
consistently so throughout the study period (Fig. Spatial fish distribution survey
results suggest that food resources are not argnfactor for the Juodkradtcolony
cormorants. High fledging success rates, 2.5 flagglper nest (Dagys and Lozys 2007,
J. Zarankait 2012,pers. comm.), indicate that food resources were plentiful.
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Long-term impact of Great Cormorant predation on fish populations and their
community in the Curonian Lagoon.Long-term fish community monitoring data were
used for Great Cormorant impact assessment. Thetoriag was implemented during
1993, the early Juodkrantcolony establishment period, when cormorant pdmria
abundance was low. Hence, monitoring data shouldctepossible long-term Great
Cormorant predation effects on fish community cosifian and population abundance.
Substantial fluctuations (up to three-fold) in fisibomass and abundance were observed
during this monitoring period. Total fish abundareed biomass decreased slightly
overall, but the changes were not significant stiglly. Long-term changes in the
abundance and biomass of the most important Greanh@ant prey fish i.e. Roach,
Perch and Ruffe, were also negligible.

Curonian Lagoon is a complex open water system.ngihg anthropogenic and
natural factors influence the fish community in th@goon and may cause long-term
changes in biomass and community structure. Thenwngial fishery is one of the
strongest anthropogenic factors influencing theh fisommunity in the Lagoon.
Commercial landings in Curonian Lagoon have inadaguring the monitoring period
at a similar rate to that of fish consumption by growing Great Cormorant population
from the Juodkragt colony. Despite their similarity in the rate ofacige in impact
intensity, the effects of the fishery and cormosathffer. The commercial fishery targets
large, mature fish, decreasing the spawning staoknd&ss which may reduce future
stock recruitment. Cormorants mostly prey on spuaknile fish, for which mortality is
largely density dependant. Hence, mortality caubgdpredators, is likely to be
compensatory for small young fish and additiveléwge fish (Allenet al. 1998). Many
studies have demonstrated that mortality cause@régtators, or other factors, can be
compensated to a particular level. Compensationham@sms might be an important
factor for the population regulation of cormorantey fish (Daltonet al. 2009).
Eutrophication is another important anthropogeaictdr influencing fish biomass and
population structure (De Nie 1995, Engstrom 20QBgppalainen 2002 arpentieret al.
2003). Decreasing eutrophication is alleged asafrtbe factors inducing fish biomass
decreases in Curonian Lagoon (Adjetrsl. 2006).

Predation on protected fish species is anothercasgfecormorant impact on fish
communities. Cormorants are basically opportunigéeders, so protected species
usually comprise only a small proportion in thetdiecause they are in low abundance.
Three fish species of community importance, that iacluded in Habitats Directive
Annex I, were identified among Great Cormorantgisl Twaite Shadlosa fallax, asp
Aspius aspius and SichePelecus cultratus. They comprised 1.3% by biomass in the diet
which is a negligible portion.

Invasive Round Goby in the Great Cormorant diet.Round gobies were identified
in the Great Cormorant pellets for the first time2007, and in just a few years became
one of the most important prey fish species (F&). The Round Goby, originating from
the Ponto-Caspian region, is rapidly expandindhe Morth American Great Lakes and
in the European Baltic Sea regions (Corkenal. 2004). Cormorants are perceived as
problem in all of these regions. The Round Gobw ieelatively small, up to 25 cm
length, slow moving, benthic fish, that is easigught by cormorants and is becoming
one of their most important prey (Johnsbmal. 2000, Bzoma and Meissner 2005, Bur
al. 2007, Johnson and McCullough 2008). In Lithuartitee Round Goby was first
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discovered in the Baltic Sea near the Kddigp Strait during 2002, (Baceuis 2003,
Zolubas 2003). It later spread rapidly northwatmscoming a dominant fish species in
some locations (D. Daunys 2011, Klaa University,pers. comm.; R. Repéka 2011,
Nature Research Centgrs. comm.). Expansion was slower southwards in the Baltic
Sea coastal waters and in the Curonian Lagoon,enfoeind gobies were observed in the
Russian part of the Lagoon during the latter ydarsGolubkova 2011, AtlantNIRO,
pers. comm.). Considerable changes in the feeding of Greatm@oants from the
Juodkrant colony might be related to the Round Goby popatatexpansion. Most
round gobies that were identified in Great Cormoragilets were caught in the Baltic
Sea. The importance of marine feeding increasedlynéao-fold, approximately in
proportion to the increase in the abundance of dogobies. Cormorant foraging
efficiency in the sea also increased during theespariod. Changes in the frequency of
pellets containing marine fish were insignificamith 20.6% in 2005-2007 and 19.5% in
2008-2010, whereas the proportion of marine fisthépellets nearly doubled, from 6.9
to 12% between these respective periods. Thisaserén foraging efficiency in the sea
is doubtless related to the Round Goby spreadmm the Klaigda port area toward the
Juodkrant cormorant colony and indicates that the goby isttmractive food source for
Great Cormorants. Great Cormorants showed theiityalbdo adapt effectively to a
changing environment and to exploit new fish resesr Increasing importance of
invasive fish species in the cormorant diet mayngeatheir ecological role. There is no
evidence however, that cormorants are having ataois impact on Round Goby
populations despite their considerable consumptiothis invader. On the other hand,
abundant alien fish populations may have a posdféect on cormorants. For example,
increases in the numbers of Great Cormorants vimgien the Gulf of Gdansk is related
to the high abundance of round gobies that nowt éxithe Gulf (Bzoma and Meissner
2005).

Conclusions

1. Substantial diversity was characteristic of Greatn@rants’ diet at the Juodkrant
colony. Thirty-four fish species and two taxa tbauld not be identified to species
were found in the diet. Three fish species werentbst important by biomass, Roach
(37%), Ruffe (17.2%) and Perch (16.2%), comprisirigtal of 70.3% of the diet.

2. Great Cormorant diet composition differed betweearg and seasons (spring and
summer). The most important fish proportionallytie diet differed two—threefold
between years, with the proportion of marine fisd eound gobies increasing during
the study period. Weights of smelt and Ruffe in det were larger during spring,
whereas Perch, Roach and Pikeperch were highemmer.

3. The most important foraging area for Great Cormtzrdrom the Juodkraétcolony
is Curonian Lagoon. Fish caught in the Lagoon casegdr 90.6% in the cormorant
diet by biomass.

4. The pellet analysis method is accurate enough tantgative analysis of diet
composition. The contribution of marine fish to @r€ormorant diet composition as
calculated by applying a stable isotope mixing nhodas 16.5+4.4% by weight,
which confirmed the value of 17.7% estimated bygbelnalysis.

5. Great Cormorant feeding on fish was size and spesgtective for their prey. Small
fish dominated the diet, with 77.9% up to 12.5 @ngth. Mean length (TL) of fish
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identified in pellets was 9.4+4.2 cm and mean weiglas 15.4+31.9 g. The
proportions of Perch, Roach and Pikeperch in theaGCormorant diet were greater
than in the Curonian Lagoon fish community. Jacaatéctivity index was 0.2, 0.4
and 0.6 accordingly. Negative selectivity indexwes were estimated for White
Bream and Ruffe, being —0.3 and —0.4 respectively.

. Commercially targeted fish species dominated theaGiCormorant diet. These
species comprised 76.9% of the total biomass coedur@ommercial size fish
comprised 26.4% of total consumption, among whi6#% (mostly Roach, 18.8%)
were of commercially harvestable size. Great Coamis and 40-45 mm mesh size
commercial gillnet fishing exploit fish of differeengths, to the extent that direct
competition is negligible. Great Cormorants frone thuodkrarit colony consumed
729.2+86.1 t of fish per year in 2005-2010, of wih&53.3£59.4 t (14.5+£1.4 kg / ha)
came from Curonian Lagoon.

. Spatial analysis fish abundance in Curonian Lag@ould not confirm the
assumption that Great Cormorant predation can eegoey fish abundance near the
colony.

. Analysis of the Curonian Lagoon fish community ntoring data from 1993-2011
showed no significant change in fish biomass. Neitotal, nor the most important
prey fish species biomass did not change statilstiszggnificant during the time
interval, covering periods of low Great Cormoraltiadance, through an exponential
increase in humbers, to a stable period of higmdance.

. Great Cormorants are effectively adapting to changdood resources by changing
their foraging strategy. Since its first detectiancormorant pellets in 2007, during
the following three years the invasive Round Gobgdme one of the most important
species in the diet and comprised 8.7% by biomasX10. The majority of round
gobies identified in pellets, 80.6% by weight, weaaught in the Baltic Sea. The
importance of marine feeding increased subsequéntihe gobies expansion. The
proportion of marine species by biomass in the mlieteased from 7.5% in 2005—
2008 to 13.3% in 2009-2010. The increasing impaeanf gobies in the diet appears
to have changed the role of Great Cormorants iretlosystem.
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Jvadas

Temos aktualumas.XX amziaus antroje pége didZiyju kormoram (Phalacrocorax
carbo sinensis) populiacijos Europoje staigus augimas &éleile konflikty, daugiausia
Su zvejais ir zuy augintojais. Kormoranus zvejai daznai vadina viehsvarbiausi
mazjarciy zuw, iStekliy kaltininku. Paskelbta nemazai tytinrodargiy kormoram zah
akvakultrai, taip pat mazesniuose ar mazo produktyvumo emasidelkiniuose (pvz.,
Daviesir kt. 2003, Stewarir kt. 2005). T&iau dideliuose vandens telkiniuose, ypa
tokiuose, kaip seklios, produktyvios KuwSimarios, kormoram poveikis zuw
populiacijoms ir versliniams laimikiams vertinamasvienareikSmiskai, nors jie gali
suvartoti didelius kiekius Zwyv(Mous 2000, Engstrom 2001). Dauguma tokgrimy
neparod ichtiocenozi Zymesni pokyiy, susijusi su kormoran skatiaus dicjimu
(pvz., Eschbaurir kt. 2003, Stempniewicir kt. 2003a, Zydelis ir Kontautas 2008).

Kormoran biologija yra gerai Zinoma, tai gatibgeriausiai istirta laukini pauk€iy
raSis Europoje; mityba taip pat zinoma, kaip ir jgsrho metod; paklaidos. 2009 m.
Tarptautires jury tyrimo tarybos ICES atliktoje literatos apie kormoran poveik
zuvininkystei apzvalgoje, skirtoje pétd identifikuoti tolesniy tyrimy ir ziniy poreil,
pazymima, kad poveikis Zyvpopuliacijoms istirtas nepakankamai, taip pat maza
Zinoma apie poveikvisai Zuw bendrijai.. Konstatuota, jog tik nedaugedkiy tyrimy
vykdé ekspertai — Zuy populiacip biologai. Apzvalgoje pabriama, kad tolesniems
tyrimams reikalingi Zuy, kuriomis daugiausia minta kormoranai, populiaairnyrimai,
apimantys populiaalj dinamilq, ir kormoram poveik lyginant su kitais veiksniais
(ICES 2009). Daznai kormoranpoveikio vertinimui tiksta patikiny ilgalaikiais
stekzjimais pagisty duomem apie Zuw populiacijas, neretai yra sétthga tiksliau
jvertinti suvartojim.

Kormoranm poveikio Zuwy populiacijoms vertinimui #tinas j3 mitybos tyrimas,
jvertinant ji raciono kokybig ir kiekybine sucktj, ilgalaiki ir sezonim Kkitima,
selektyvum pagal Zuv ra§ ir dydj, Zuw suvartojimy. Taip pat [atini ir ichtiologiniai
tyrimai, siekiant nustatyti Zuy raSing sucktj, Zuw bendrijos dinamik, Zuw
populiacinius parametrus.

Darbo tikslas - nustatyti Juodkraas kolonijoje peridiy kormoram raciono suétj ir
poveiki Zzuw; populiacijoms beiy bendrijai Kursiy mariose.

Darbo uzdaviniai:

1. Istirti kiekybine ir kokybing Juodkrants kolonijoje peridiu kormoram
raciono sudtj, jvertinant svarbiausias Zavasis, Kitimg laike, selektyvurg

2. Naudojant stabitjy izotopy sudtties maiSymo modeglivertinti atraj; analizs
metodo patikimung;

3. lvertinti vandens telkimi svartay kormoram mitybai ir Zuw suvartojina juose;

4. lvertinti verslinp zuw svarly kormoram racione, verslies zvejybos ir
kormoram konkurencig;

5. Remiantis erdvinio ichtiologinio tyrimo ir daugiatie KurSiy marip Zuw
bendrijos monitoringo ir erdvinio ichtiologinio tyno duomenimisjvertinti
kormoram poveil§ KurSiy mary Zuw populiacijoms ir y bendrijai KurSi
mariose.
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Darbo naujumas. Siame darbe pirmkarty jvertintas didijy kormoram poveikis
populiacijoms @ Zuw; raSiy, kuriomis daugiausia jie minta, Baltijosrs piet; regione,
kuri pastaruosius perdeSimtmeiy apima viena i$ pagrindigpikormoram populiacijos
ekspansijos krypy. Siam tyrimui buvo naudoti Kum$i mariy Zuw bendrijos ir
kormoram mitybos ilgalaikiy tyrimy duomenys. Pirmkarg buvo vertinamas did@jy
kormoram poveikis erdviniam Zuy pasiskirstymui. Sio tyrimo rezultatai yra svasb
tiek vertinant kormorap poveik zZuw populiacijoms, tiek ir suvokiant didju
kormoram kolonijy reguliavimo mechanizmus. Taip pat parkarty buvo jvertintas
kormoram mitybos tyrimuose dazniausiai naudojamo atragnalizs metodo
patikimumas raciono saties kiekybiniam vertinimui palyginant staljly izotopy
suckties maiSymo modeliu ir atnapnalizs metodu gautus rezultatus.

Moksliné ir praktin é reikdmeé. Sio tyrimo rezultatai leidzia geriavertinti didZiyju
kormoram ilgalaiki poveilj Zuw; bendrijoms dideise sudtingose auksto produktyvumo
vandens sistemose. Sis darbas yra vienas i§ ndiakgemoran poveikio tyrimy,
kuriame panaudoti tiek kormoranmitybos, tiek Zuy bendrijos ilgalaiki tyrimy
duomenys. Darbe buvo nustatyti sv@bkormoran poveikio vertinimui mitybos
aspektai — raciono seiis ir jos kitimas laike, mitybos selektyvumas,ptgpat buvo
ivertintas kiekybinio raciono suties tyrimo metod patikimumas. Sio darbo rezultatai
paroc ir svarbius ateities tyrimaspektus, siekiant tiksliairertinti kormoram poveil§
Zuwy populiacijoms. Mitybos selektyvumo parametrai Bad jvertinti svarbiausi
raciono zuv kohortos atsaki selektyw; kormoram poveik.

Praktire verte Siame darbe turi kormoranir Zvejy verslininky tiesiogires ir
netiesiogiks konkurencijosivertinimas. Nors suvartojamos biomaskiekis neltinai
itakoja versling laimikiy dydi, konkurencijosjvertinimas leidZia pagsti kormoram
populiacijos reguliavimo priemouitikslinguma. Svarba praktire reikSme gali tusti ir
kormoram poveikio invazinio juodazi©io grundalo populiacijajvertinimas.

Ginamieji teiginiai.

1. Atrajy analiz yra pakankamai tikslus kormonamaciono sudties kiekybires
tyrimo metodas;

2. Juodkranis kolonijoje peridiu kormoram raciono suétis skiriasi tiek
lyginant skirtingus metus, tiek pavasario ir vasasezonais;

3. KurSiy marios yra svarbiausia Juodkramtkolonijoje peridiy kormoram
maitinimosi akvatorija;

4. Juodkrants kolonijoje peridiy kormoram mityba yra selektyvi tiek pagal
Zzuw ra§j, tiek pagal zuy dydi;

5. Kormoran; poveikis rera pakankamai stiprus, kad sukelftymesn zZuw
gausumo pokytarti Juodkranis kolonijos esatiose akvatorijose;

6. Per laikotarp apimani didziyju kormoram Juodkranis kolonijos augimo ir
stabilizacijos periodus, nei svarbiaydiormoram raciono f@iSiy, nei bendra
Zuwy biomag KurSiy mariose nekito;

7. Didieji kormoranai, keisdami mitybos strategijefektyviai prisitaiko prie
kintarciy maisto iSteklj. KurSiy mariose ir Baltijosiroje plintantis invazinis
juodaziotis grundalas per trumfaika tapo viena svarbiauszuw, kormoram
racione.
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Rezultaty pristatymas ir aprobavimas. Disertacinio darbo tematika paskelbtos 4
mokslires publikacijos. Darbo rezultatai pristatyti 7 tagptincse konferencijose.

Disertacijos struktira ir apimtis. Disertacijos rankragsudaro Sie skyriaitvadas,
Literatiros apzvalga, Tyrimo vieta, Medziaga ir metodai,zli@atai, Rezultat
aptarimas, ISvados, Mokslinis pagrindimas, Literas sraSas. Disertacijos medziaga ir
rezultatai pateikti 151 puslapiuose, 37 paveikstuosll lentely. Literairos sra%
sudaro 302 Saltinis, autoriaus publikacgarase — 4 straipsniai. Disertacija paraSyta
lietuviy kalba.

Padekos. NuosSirdziai dkoju savo darbo vadovui dr. Linui Loziui uz pasifikng
pakvigtiant dirbtij Jiros ekologijos laboratotjir visokeriop pagalla rengiant §darh.
Dékoju konsultantui dr. Harry Gorfine uz pagaltengiant publikacijas ir disertagij
taip pat ir pagalp lauko tyrimy metu. Esu ékingas diros ekologijos laboratorijos
bendradarbiams uz pagalbbenkant medziag lauko tyrimy metu, atliekant anakz
laboratorijoje, rengiant publikacijas ir disertacipe kuriy Si disertacija bty sunkiai
isivaizduojama: dr. Rimui Repleai uz pagalh renkant medziagir rengiant disertacij
Eglei Jakubaviiitei uz pagalp lauko darbuose, didelatlikta darky analizuojant
méginius, pagalb ruoSiant § disertacig; Justui Dainiui uz nepamainanpagalla lauko
darbuose, dr. Vidai Ziliukienei ir dr. Valdui Zilkwi uz vertingas pastabas ra3ant
disertaciy; dr. Gintui Vaitoniui uz Sio darbo skaitynvertingas dalykines pastabas bei
redagavim; kapitonui Remigijui Rimkui uz pagalbpraktiSkai visose ekspedicijoge
KurSiy marias ir Baltijos iirg; Daliai Levickienei uz pagatbvykdant lauko darbus;
Sandrai Pabrinkytei uz pagalba lauko darbuose lailpana, Rasai Bukontaitei uz
pagalla rengiant disertacij Jaratei MaZeikytei uZz pagadb lauko darbuose ir
analizuojant raginius, dr. Svajnui Stankui uz pagadpekspedicijose. Siame darbe taip
buvo naudojami ilgam#@o Jiros ekologijos laboratorijos vykdomo KugSimariy
monitoringo duomenys. Taip pat estkithgas uz vertingas pastabas rengiant disestacij
ir uz visokeriop pagall, susijusi su kormoran tyrimais, dr. Mindaugui Dagiui; dr.
Ramtinui Zydeliui ir dr. Tomui Virbickui uz vertingus koentarus ir paglymus. Dekoju
dr. Petrui Prakui ir dr. Vidmantui Daugirdui uz tiagus patarimus ir pagallruoSiant
Sio darbo pristatym Ypatingai @koju KurSiy Nerijos nacionalinio parko biologei
Jaratei Zarankaitei uz pagaillvenkant kormorapmitybos ngginius, be kurios nuoseklus
ir platus tyrimas Bty sunkiai jmanomas, taip pat ir uz vertingas pastabas rengiant
disertacij. Dr. Kestwiui Arbaciauskui, dr. dratei Lesutienei ir Vytautui Rakauskui esu
dékingas uz pagalbvykdant stabilijy izotopy analiZs meginiy paruoSim ir duomem
analiz. Dékoju ornitologams Vaidui VySniauskui ir Egidijui Adhatiui uz pagall
vykdant lauko darbus, Valentui Pabrinkiui, VytautBareigiui ir Rasai Uznytei uz
pagalla, renkant SIA mginius. Kestuiui Skrupskeliui irCeslovui Koreivai esu ¢kingas
uz alpinistirg jrang ir konsultacijas. Taip patédoju Mokslo ir enciklopedij leidybos
centro redaktorei Danutei RimSienei uz kalbos tais)ir pastabas. Atskirai noriu
pactkoti Vytui Karnakauskui uz palaikymr pagalla, studiy metu.

Esu a@kingas Valstybiniam mokslo ir studifondui (nuo 2010 m. Valstybinis studlij
fondas) uz suteiktparama doktorantiros studij laikotarpiu. Finansig param tyrimy
vykdymui suteikk Valstybinis mokslo ir study fondas, Tarptautini mokslo ir
technologijp plétros program agentira, Lietuvos mokslo taryba (grantas Nr. LEK-
24/2010).
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Literat @ros apzvalga

Siame skyriuje pateikta didZiojo kormorano sistekest biologijos, paplitimo
apzvalga. Pldai apzvelgiamijvairais kormoran mitybos aspektai bei tyrimo metodai.
Taip pat nagrigjamos kormorap populiacinio sprogimo priezastys igldo kylantys
konfliktai, populiacijos Europoje gausumo tendeoij Didelis d@mesys skiriamas
apibendrinant kormoranpoveikio Zuw; bendrijoms tyrimus. Taip pat apzvelgiami su
disertacijos tematika susijtyrimai Lietuvoje. Literairos apzvalgos skyi sudaro 6
dalys.

Tyrimo vieta

DidZiojo kormorano mityba buvo tiriama didZiausidjgetuvos kolonijoje Kurgj
nerijoje (1 pav.). Tyrimo laikotarpiu 2005-2010 perirciy pon skatius kolonijoje
svyravo apie 3000 (nuo 2362 iki 3367). Nuo kolosijki KurSiy mary yra apie 200 m,
atstumas iki Baltijosiros siekia apie 800 m. Kormonampoveikis Zuy populiacijoms
buvo tiriamas Kur§i mariose. Marios yra didelio produktyvumo sekli refiné
gélavandeg lagina, veikiama intensyvios versti® zvejybos. Laikant, kad kormoranai
maitinasi iki 35 km atstumu nuo kolonijos (Grentillekt. 1999a, Paillissorr kt. 2004),
maitinimosi teritorija apima mazdaug Lietuvai pallkagia mariy daf. Kormoranai
maitindamiesi paprastai neria iki 20 m. gylio (V&erdenir kt. 1995), tokio gylio
akvatorija Baltijos {iros priekrantje ties KurSy nerija apima iki 2—-3 km pldo
priekranés zonos juost Lietuvos Baltijos jiros ekonomigje zonoje ir Kur&i mariose
uZregistruotos 82 Zuvir négiy raSys (Repe&ka 2003a, Bacevius ir Karalius 2008,
Lozys 2008, Bacevius 2009, Bagdonais kt. 2011). Verslig reikSne turi 19 jaroje ir
27 mariose sugaunamos #uv négiy rasys.

Medziaga ir metodai

Mitybos tyrimas. Kormoran raciono suétis buvo tiriama analizuojant kormongan
atrajas pagal standargimetodilq (Carssir kt. 1997). Tyrimas buvo vykdomas 2005—
2010 m. Juodkrads kormoram kolonijoje nuo pejjimo laikotarpio pradzios kovo
ménesio pabaigoje iki rugp§io ménesio pradzios, kol paukiai palieka koloni. IS viso
buvo iSanalizuotos 1032 atrajos. Mitybos @usiSys buvo identifikuojamos pagal
iSlikusias nesuvirskintas adingas skeleto dalis — otolitussafjittae), Zandikaulius,
kramtomuosius gumbgifus bei rykkdartius. RiSys buvo identifikuotos naudojantis
surinkta lidingy Zuw skeleto dali kolekcija, taip pat buvo naudojami litefieds
Saltiniai (Harkonen 1986, Leopold kt. 2001). Kormoran maistui suvartat zuw, ilgis
ir mag buvo paskaiuoti pagal skeleto daji (otolity, kramtomyju gumbuéliy,
ryklédartiy ir Zandikauly) ir Zuvies ilgio bei svorio alometrines priklausgines. Buvo
naudotos pagal turim kolekcijp nustatytos bei literatos Saltiniuose nurodytos
alometrires priklausomybs (Harkonen 1986, Leopoid kt. 1998, Leopoldr kt. 2001).
Siekiant kompensuoti otolitilgio sumazjima dél apvirskinimo, buvojvertinamas jo
suirimas lyginant su panaSaus dydZio otolitais #intos kolekcijos. Mazai
apvirskintiems otolitams buvo taikomas ilgio korgs koeficientas 1,1 (Engstrom ir
Jonsson 2003). Vandens telkinys, kuriame maitikosinoranai, buvo nustatomas pagal
atrajose identifikuat zuwy ekologire grup (jarinés, glavandegs, diadromigs) ir ju
gausum KurSiy mariose bei Baltijostyoje (Virbickas 2000, Gaigalas 2001, Rekee
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2003a). Taip pat buvo identifikuojamogdingy Siems vandens telkiniamsgaragyviy ir
moliusky kriaukliy liekanos, aptiktos atrajose.

Kormoran; raciono suéties kitimui laike buvo palyginta raciono svarbiauguw
dalis pagal skaiy ir mag 2005-2010 m., taip pat raciono stisl pavasario (kovo —
geguzs nen.) ir vasaros (birzelio — rugpjio meén.) sezonais. Taip pat buvo palyginta
jariniy zuwy dalis mityboje skirtingais metais bei sezonais.rif@ran; mitybos
selektyvumo pagal zuvdyd vertinimui buvo palyginta skirtingilgio grupiy svarba
racione pagal sk&iy bei mag. Taip pat buvo nustatytos didziausios pagal ilgnas
kormoram atrajose identifikuotos zuvys. Pagal svarbiausbrmoram raciono zuw
raSiy, kuojos Rutilus rutilus), eSerio Perca fluviatilis) ir pugzlio (Gymnocephalus
cernuus), augimo tyrimo duomenis, buvivertintas § pasiskirstymas racione pagal
amzines grupes. Kormoramitybos selektyvumas pagal auvis ir kuojos, eSerio bei
pugzlio ilgi buvo vertinamas 2008-2010 metais naudojant Jaselektyvumo indeks
(Jacobs 1974). Siam tyrimui Zybendrijos Kurdj mariose sugis buvo tiriama vasaros
laikotarpiu moksligse 2zvejybose naudojant selektyvinius 14-17-21,3@B3 mm
akies dydzio statomuosius tinkiais. Kormoram raciono suétis analizuota tuo pu
laikotarpiu. Tiesiogias kormoran ir verslines zvejybos konkurencijosertinimui buvo
analizuotas Zvejybos 40 ir 45 mm tinklais selektyas pagal kuaj ir eSery ilgj
remiantis 2005 — 2010 m. Kugdinariose vykdwi ichtiologiniy tyrimy duomenimis.

Stabiliyju izotopy analizs (SIA) Zuwy; raumens rginiai buvo renkami Kursi
mariose ir Baltijos §jros priekrantje. Kiekvienos Zuviesusies vienoje ilgio gruge
buvo imami ne maziau kaip 3éginiai po 3 Zuvis kiekviename. IS viso buvo anatizu
17 Zuw raSiy 118 neginiy. Kormoram SIA buvo naudojamos jaunilgli sparno
dengiamosios plunksnos. IS viso buvo surinkti 3tk méginiai. Stabilijy izotopy
santykio pokytis lyginant su standadtfC ir 8'°N, taip pat C ir N kiekis @giniuose
buvo nustatyti nuolatinio srauto izotpgantykio maégs spektrometrijos metodu (ANCA
SL 20-20, PDZ Europa) Kalifornijos universitete, Mg (Stable 1zotope Facility, UC
Davis, USA). Kaip standartas angliai naudotas VsenBeeDee Belemnitas ir
atmosferinis N azotui. lzotopiSkai skirting kormoram mitybos Saltini proporcijy
apskatiavimui naudotas linijinis maiSymo modelis IsoErm@hillips ir Gregg 2003).
Modeliavimui buvo naudotas 1,4 %6°C izotopires diskriminacijos faktorius
plunksnose (Hobson 2009). Lipicpoveikio 8'*C vertinimui buvo apskaiuotas C:N
masi; santykis. Nustatytas zywvaumens reginiy C:N masi; santykis g vieno ngginio
nevirsijo 3,5, vidutinidkai siek3,3+0,1.5'*C normalizuotas nebuvo, kadangi toks C:N
santykis atitinka nedidglipidy kieki meginyje (<5 %) ir poveikiss**C yra nezymus
(Postir kt. 2007, Loganr kt. 2008, Abrantesr kt. 2012). Palyginimui su atrgjanalizs
rezultatais buvo naudoti gegisz meneg ir birzelio meén. pradzioje surinkti gginiai
(n=75).

Bendras kormoransuvartojimas buvo vertinamas padauginusyvartojam dienos
maisto kiek iS ,pauksiy dieny” skaiciaus (kormoran skatius kiekviery diery per vis
sezon). Pagal {irinés ir mitybos mariose dgl buvo jvertintas suvartojimas Baltijos
jaroje ir KurSy mariose. Taip pat, atsizvelgiaptsezonig mitybos kait, ivertintas
kormorano raciono svarbiauszuw suvartojimas. Kormoranskatius vertintas pagal
Juodkrants kolonijoje peridiy pauksiy apskaitas (Lozys ir Dagys 2008, J. Zarargkait
2012, KurSy nerijos nacionalinis parkagsm. pr.). Ivertintas per tyrimo laikotaip
kormoram pegjimo vidutinis £kmingumas Juodkraég kolonijoje siek 2,5 iSaugintus
jauniklius lizde (Dagysr kt. 2007, J. Zarankait2012,asm. pr.). Vertinant suvartojira
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pagal atskiras ZuyraSis ir dyd, buvo laikoma, kad jaunik]i maisto suétis nesiskyé
nuo suaugusi pauk$iy. Kormoram maisto suétis iSskridus iS kolonijos buvo
vertinama kaip es&n kolonijoje vasaros laikotarpiu. Kormongarskatiaus dinamika
sezono eigoje ir fenologija vertinti pagal patikSapskaitas ir daugiansiels steljimus
(Dagys ir kt. 2004, J. Zarankait2012, asm. pr.). Suvartojimo vertinimui naudotas
vidutinis suaugusio kormorano dienos maisto suyiaras 494 g Ridgway 2010,
Schmidir kt. 1995), nustatytas respirometriniu metodu laboija®rsaalygomis pagal
rekomenduojamus asimiliacijos efektyvumo koeficiet8 ir vidutire Zuw energig
verk 5,42 kJ-g (Carssir kt. 1997). Jaunikli suvartojimo vertinimui naudotas vidutinis
dienos maisto suvartojimas per asibuvimo lizde laikotarp nustatytas naudojant po
lizdu sumontuotas svarstykles, sield08 g Carpentier ir Marion 2003).

Ichtiologinis tyrimas. Kormoran, ilgalaikio poveikio Zuv populiacijoms vertinimui
naudoti Kurdi mariy Zuw bendrijos monitoringo duomenys. Monitoringas buvo
vykdomas kasmet nuo 1993 m. pagal standarmetodiky, (Thoresson 1993) dviejose
akvatorijose prieSais Atmatos ziotis ir ties Drenger(1l pav.) liepos émesio antroje
pussje. Zuw gausumui ir biomasei idreiksti naudojamas staimlaras rodiklis —
laimikiai pastangai — standartiniu timktinkiniu per naki vienoje stotyje sugawtzuw
skatius arba biomas(angl. Catch Per Unit Effort, CPUE). Tiriant kormorgapoveik
erdviniam Zuw pasiskirstymui, vykdytos moksks Zvejybos Kur§j mariy vakariniame
pakrastyje 12-oje skirtingu atstumu (iki 23 km) @lusiy nuo kormoran kolonijos
akvatoriy (1 pav.). Tyrimas vykdytas 2009 m. (lieposmrm10-31 d.) ir 2010 m. (liepos
mén. 22-25 d.). Zvejybose buvo naudotas §eskirtingos akies dydzio kapronini
Ziaunini tinklaic¢iy rinkinys — 14-17-21,5-25-30-33 mm.

Juodazisiy grundalh (Negobius melanostomus) plitimas KurSiyy mariose buvo
tilamas 2007-2010 m.. liepos — ragsmen. Tyrimas buvo vykdomas 17-oje akvatorij
nuo Kiauks nugaros salos marBiaurireje dalyje iki Parnidzio rago pteau Nidos bei
Vents rago Lietuvai priklaus&ros teritorijos pietigje dalyje (1 pav.). Mokslis
?vejybos buvo vykdomos jaunikliniu bradiniu. ApZejgimas plotas buvo 1000°m
Buvo jvertinta kiekvienos ZuyraSies biomasir skatius.

Kormoran raciono svarbiaugiZzuw populiaciniy paramety tyrimui buvo vykdomos
mokslines Zvejybos naudojant selektyvinius statomuosiuklditius (tinklo akytumo
dydziai: 14-17-21,5-25-30-33-38-45-50-60-70 mm). vBujvertinamas santykinis
gausumas, ilgio klasi pasiskirstymas, iy santykis. Zvejybos buvo vykdomi 15-oje
akvatoriy, esadiy tarp Nidos ir Nemuno avandeltos Kur3nariy pietincje dalyje iki
Alksnyreés Siaurirje dalyje 1 pav.). IS viso 2009 m. buvo zvejojamakart, 2010 m. -
23 kartus. Populiaajj amzZiaus strukirai nustatyti ir augimui vertinti 2009 m. buvo
paimta 1273, 2010 m. — 932 kupgSeny ir pagzliy. Kiekvienoje ilgio grupje (kuojos ir
eSerio 2,5 cm, Imzlio — 1 cm ilgio intervaluose) buvo imama po Z&ipus ir pateles.
Zuvy amZiaus nustatymui buvo naudojami otolitaagfttae). Metiniai Ziedai buvo
identifikuojamos ir skaiuojamos skersiniame otolito ipjyje. Zuvies amzius buvo
nustatomas kaip skaiis skaidny juosty, besikaitaliojatiy su neskaidriomis tamsiomis
zonomis.

Statistiniai metodai. Statistireje duomen analizje naudotas kritinis p lygmuo 0,05.
Vidurkiai pateikti nurodant standarfimuokryp (£SD), jei nenurodyta kitaip. Raciono
zuwy dydzio bei mass apskaiiavimui naudotos tiesin polinomire ir laipsnire
regresijos. Skirtunp analizei naudoti t testas, vienfakt@ridNOVA, neparametriniai
Mann-Whitney U ir ° testai. Mitybos selektyvumui vertinti naudotas Jeco
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selektyvumo indeksa® = (r —p) / (r + p — 2p), kur r = atitinkamosSies arba ilgio
grupes proporcija racione, ir p = proporcija zuwendrijoje (Jacobs 1974). RySi
analizei naudota Spearman koreliacija, tiésiregresija. llgalaiki Zuw bendrip
veikiartiy veiksnip vertinimui taikyta daugiamat perteklire analiz (redundancy
analysis, RDA), bendrijos parameir duomenims taikyta kvadratim Saknies
transformacija.

Rezultatai

Didziyjy kormorany mityba. Juodkrants kolonijoje peridiy didziyju kormoram
racione identifikuotos 34 ZuwaSys bei du neidentifikuoti ikiaSies taksonai (grundalai
Pomatoschistus sp. ir tobiai (Ammodytidae)jl lent.). 13 @Siy Zuvys buvo aptinkamos
kormoram atrajose kiekvienais metais, jos suwd&1,9 % kormoram raciono pagal
mag. Svarbiausios kormorarracione buvo karpini (Cyprinidae) ir eSerini (Percidae)
Seimy zuvys, sudariusios atitinkamai 21 % ir 62,1 % oaoi pagal sk&iy bei 47,3 % ir
38 % pagal mas Be Zuw, kormoram atrajose buvo aptikta 4i3iy véZiagyviy liekany:
smelinés krevegs (Crangon crangon), jiry tarakono(Saduria entomon), apzeltkojo
krabo(Eriocheir sinensis) ir rainuotojo ¥Zio (Orconectes limaosus).

Trijy kormorano raciono ZuyvraSiy vidutinis sutinkamumo daZnis atrajose pemvis
mitybos tyrimo laikotarp buvo didesnis nei 60 %:agzlio 80,4 %, kuojos 75,9 % ir
eSerio 68,5 %, dar Si%iy Zuvys buvo aptiktos dazniau nei 10 % airéd pav.). Per
tyrimo laikotarp didéjo juodazi@io grundalo sutinkamumo atrajose daznis. Jis
vidutiniSkai buvo 9,9 %, o0 2009 — 2010 m. sutinkamaudaznis siek21,6 %.

Analizuojant atrajas, i$ viso buvo identifikuotal®8® Zuw. Identifikuoyy Zuw; skatius
vienoje atrajoje buvo nuo 1 iki 162, vidutiniSka¥,2 Zuvys. Pagal skag (3 pav.)
kormorano racione gausiausios buvoaS8iy Zuvys: mgzlys — 40,4 %, eSerys — 20,5 % ir
kuoja — 16,9 %,y bendra dalis racione sudaf7,7 %. IS likusi Zuw kiek gausesnbuvo
tik stinta Osmerus eperlanus), jos dalis racione pagal skaj buvo 8,8 %. Kii mitybos
Zuw, tarpe nei vienodiBies dalis pagal skai nesiek 4 %.

Pagal mas (3 pav.) kormorano racione didZiayslal sudaé 3 raSiy Zuvys: kuoja
sudaé 37 %, eSerys — 16,2 %ngrlys — 17,2 %. Bendragizuw dalis racione sudar
70,3 %. Tarp kit mitybos Zuw riSiy sterko Gander lucioperca) dalis pagal massieke
4,6 %, kit raSiy buvo mazesnnei 4 %.

Juodkrants kolonijoje peridiy kormoram atrajose griniy Zuw liekany vidutinis
sutinkamumo daznis per tyrimo laikotargieke 20,1 %, glavandeni bei diadromini
Zuwy — 94 % (2 pav.).atiniy Zuw vidutine dalis kormoran racione pagal massieke
9,4 %. Dviej $altinp maiSymo modeliu naudojari*C nustatyta griniy Zuw dalis
kormoram racione jaunikly maitinimo laikotarpiu gegus meneg ir birzelio menesio
pradzioje siek 16,5+4,4 % (+xSE). Tuo pa laikotarpiu pagal atrgjanalize nustatyt
kormoram raciono suétj pagal masjuriniy zuw; dalis siek 17,7 %.

Per vig tyrimo laikotarp didziojo kormorano atrajose identifikup#uw vidutinis
ilgis (TL) buvo 9,4+4,2 cm, vidutthmas 15,4+31,9 g. Juodkraig kolonijoje peridiy
kormoram racione vyravo nedid&d Zuvys, 82,8 % pagal skai priklaug 12 cm ir
mazesnio ilgio grugms, p dalis racione pagal masudaé 33,8 % (4 pav.). Didziausios
atrajose identifikuotos zuvys buvo 40,1 cm ilgiod46,3 g svorio &gélé (Lota lota),
39,1 cm ir 101,5 g Europinis ungurydnQuilla anquilla), 37,1 cm ir 446 g sterkas, 35,1
cm ir 699,2 g lynasTinca tinca) (1 lent.). Dauguma Zuwy kuriomis mito kormoranai,
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buvo jaunos, priklaus&ms mazoms ilgio grupns. 83,1 % vig atrajose identifikuat
kuoju priklaug 4-16 cm ilgio grupms (1-4 mef amziaus). Spdiau nei kuojos
augariy eSenj tarpe kormoram racione 2-10 cm ilgio grgms priklausatios, 1-2
mety amziaus zuvys sudai79,5 % vig atrajose identifikuat eSery. Verslinio dydzio
(>18 cm, TL) trip met ir didesnio amziaus eSeriai kormogamityboje sudar 2,1 %
raciono pagal skaiy, atitinkamai verslinio dydzio kuojos (tokio pagih, 5 ir daugiau
mety) sudaé 12,7 %. Verslias zvejybos 40 ir 45 mm tinklais ir kormoramitybos
eksploatuojam iStekliy persidengimas pagal ilgbuvo nezymus. Versliniuose
laimikiuose vyravo nuo 25 cm ilgio, 8 m. ir didesnamziaus kuojos bei 25 cm ir
didesni, 5-6 m. amziaus e3eriai. Signkiais sugautuose edefaimikiuose dides#s
nei 25 cm ilgio Zuvys sudamB0 %, tuo tarpu kormoransuvartojam esSerny tarpe — tik
0,2 % pagal skaiy, 4,7 % pagal mas Atitinkamai tokio paties dydZio kuojos sudar
90,8 % Siais tinklais sugautuose kwdaimikiuose, o kormoranracione — 2 % pagal
skatiy, tatiau buvo svarbios pagal massudaé 17 %.

Kuojos, eSerio ir pgzlio skirtingy ilgio klasiy daznis 2008-2010 m. kormoran
atrajose ir mokslinj Zvejyby laimikiuose daugeliu atvejskyrsi. Kormoram mityba
buvo teigiamai selektyvi mazesnilgio klasiy zuw atzvilgiu. Kormoran atrajose
daZniau nei moksliniuose laimikiuose pasita-10 cm ilgio pgZzliai (iSskyrus 2008
m., kai vig; mazesnio nei 15 cm ilgio klasdaznis buvo panasus), 10-11 ir 14-17 cm
ilgio eSeriai, mazesis nei 18 cm ilgio kuojos. Kormorarracione ir mokslini zvejyhy
KurSiy mariose laimiki Zuw rasine sucktis pagal ska&iy 2008—2010 m. patikimai
skyrsi (x*=27,4, p<0,0001, df=4) (5 pav.). Kormoraraciono svarbiaugiZzuw tarpe
didesniu dazniu nei mokslipizvejyby KurSiy mariose laimikiuose pasitaikeSeriai
(i8skyrus 2009 m., kai daZnis nesisKyrkuojos ir sterkai, neigiamas selektyvumo
indeksas buvo plaki (Blicca bjoerkna) (iSskyrus 2008 m., kai racione daznis buvo
nezymiai didesnis) irmzliy (2 lent.). Kormoran mitybos Zuvys, kuti atZvilgiu buvo
jvertintas mitybos selektyvumas, raciono &y pagal skaiy tarp KurSip mariose
sugaut; Zuw sudaé 91,8-96,5 %, moksliniZvejyhy laimikiuose j; bendra dalis sudar
93,6-95,7 %.

Per vig didZiyjuy kormoram mitybos tyring Juodkranis kolonijoje 2005-2010 m.
raciono sudtis Zymiai kito tiek pagal skaiy, tiek pagal mas (6 pav.). Rgzliy dalis
kormoram racione kito nuo 31,3 iki 50,5 % pagal skaiir nuo 8,2 iki 28 % pagal mas
Kuoju dalis racione buvo nuo 10,5 iki 25,1 % pagal &lkair nuo 23,2 iki 51,3 % pagal
masg. ESeri dalis kito nuo 8,7 iki 31,6 % pagal s&ai ir nuo 10,2 iki 21,6 % pagal
mas. Siy svarbiausi kormoram raciono Zuy bendra dalis vyravo per wistyrimo
laikotarg ir svyravo nuo 65,7 iki 86,5 % pagal skaiir nuo 61,2 iki 81,1 % pagal mas
Jariniy Zuw; dalis kormoran racione skysi apie 4 kartus, pagal skaj ju buvo nuo 3
iki 11,9 %, pagal mas— nuo 3,2 iki 14,3 %. Per tyrimo laikotandsiskye 2009-2010
m. periodas, kaitriniy Zuw dalis kormoran racione virSijo vidurk ir sieke 14,3 %
pagal skaiiy bei 12,3 % pagal masJiriniy zuw pasitaikymo atrajose daznis s&sir
apie du kartus — nuo 13,3 iki 26,8 %. Kormaraaciono suétis pavasario ir vasaros
sezonais patikimai skysi tiek pagal skaiy (;°=31,7, df=4, p<0,0001), tiek pagal raas
(x’=12,1, p=0,0164, df=4) per vigyrimo period 2005-2010 m., i§skyrus sitflpagal
masg 2005 m. ¢°=4, p=0,4, df=4) (7 pav.).

Didziyjy kormorany suvartota zuw masé. Didziyjy kormoram perirtiy pomn
skatius Juodkraris kolonijoje mitybos tyrimo laikotarpiu 2005-201Q Bvyravo nuo
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2362 iki 3367. Vienos kormoranporos suvartet Zuwy mase (kartu su iSaugintais
jaunikliais) siek 247,1 kg. Juodkraés$ kolonijoje peridiy kormoram bendra suvartota
Zuw; mag 2005-2010 m. sieknuo 583,7t iki 824,4 t (vidutiniSkai 729,2+86,1trp
KurSiy mariose buvo suvartota nuo 568,3 t iki 728,6 dtiniSkai 653,3159,4 t). Tarp
svarbiausai zuw raSiy daugiausia suvartojo kupj(vidutiniSkai 270,7 t per metus),
pugzliy (121,8 t), eSeni (117,8 t), di raSiy bendra suvartota masieke 510,2 t, 77,8 %
visos suvartotos Zuvmass. IS kily Zuw rasiy didesni suvartoti kiekiai buvo sterk
(36,1 t), upini pleksSny (Platichthys flesus) (26,9 t) plaki (25,7 t) ir karsy (Abramis
brama) (20,6 t). Tai pat daug buvo suvartota juodéizjogrundatl;; laikotarpiu nuo
pirmo aptikimo kormoram mityboje 2007 m. vidutiniSkai suvartojimas sieB6 t per
metus. Likusi raSiy per metus suvartota viduéirmag nesiek 20 t. Verslies Zuw
rasys vidutiniSkai sudar76,9 % (561,9 t) visos suvarpofuw mass, verslinio dydzio
zuwy buvo 26,7 %, daugiausia kuo{18,8 %) ir eSeu (4,3 %), taip pat stint(2,4 %).
DidZiaja dali suvartoty versliny Zuw (88,4 %) sudar mazos rinkos veis (vidutire
didmenire rinkos vert iki 3,5 Lt/kg Sviezios zuvies) zuvys (8 pav.), dawusia kuojos,
eSeriai ir plakiai. Didels verts versling Zuw (europinis ungurys, Slakissglmo trutta
trutta)) kormoram racione identifikuotos buvo vos kelios Zuvys, Juvartotos mas
dalis buvo mazesgnnei 0,05 %. Vidutias ir didebs verts Zuw kormoranai per metus
vidutiniSkai suvartodavo 63 t, daugiausia sterkstinty. Juodkraris kolonijoje peridiy
kormoram suvartot Zuw vidutiné biomag KurSiy mariy viename hektare 2005-2010
m. siek 15,8+1,4 kg. Pagal verstia Zvejybos laimiki statistilq tuo pa&iu laikotarpiu
versliniai laimikiai Lietuvai priklausanoje KurSiy mariy dalyje siek 26,9 kg/ha (3
lent.). Palyginus su verskia Zvejybos laimikiais Kur§i mariose, kormoranai suvartojo
daugiau eSeui (atitinkamai kormoraup suvartojimas 117,8 t, versliniai laimikiai 47,7 t)
santykinai dideli suvartoti kiekiai buvo plak{25,7 t ir 29,6 t) ir kuaj (270,7 t ir 366,5
t). Kity versliny Zuw kormoram suvartoti kiekiai buvo Zymiai maZesni nei versini
laimikiai. Kormoran vidutiniSkai suvartota Zuy biomag sudaé 7,1 % visos Zuy
biomasgs Lietuvai priklausatioje KurSiy mariy dalyje pagal 2008-2010 m. vertirim
(Repe&ka 2009, 2010). ®Zliy suvartotos biomas dalis didZiausia buvo ir sieR4,9 %
visos j1 biomasgs. Vidurlj taip pat virSijo eSeui ir kuoju suvartojimas ir siek
atitinkamai 11,8 ir 9,1 % (3 lent.).

Didziyjy kormorany poveikis erdviniam Zzuw pasiskirstymui. Vykdant
kormoram poveikio erdviniam Zuy pasiskirstymui tyrim 12-oje akvatorii, Zuw
moksliniai laimikiai 2009 ir 2010 m. nesiskystatistiSkai patikimai nei pagal zwv
gausum, nei pagal sugavimus pastangai (t testas; t=0;90,38 pagal gausumt=0,48,
p=0,64 pagal biomasd.f.=22). DidZaja moksliniy laimikiy daf sudaé 3 raSiy zuvys —
pugzlys, kuoja ir eSerysyjbendra dalis pagal gausarbuvo 84,6 % (58,6—-96,7 %) ir
pagal mas 73,5 % (43,5-95,6 %) 2009 m. ir atitinkamai 88,4(68,5-98,5 %) bei
70,1 % (38-89,1 %) 2010 m. Tyrimo laikotarpiu zymikito kuojy ir pugzliy dalis
moksliniuose laimikiuose: kugjlaimikiai sumazjo (27,1 % ir 10,7 % pagal sKi,
33,4 % ir 16,8 % pagal mgs pugzliy padictjo (41,1 % ir 66,8 % pagal skai, 14,8 %
ir 29,1 % pagal ma3. ESerq dalis kito maziau (16,3 % ir 10,8 % pagal skai25,4 %
ir 24,1 % pagal ma3.

Tyrimo metu tiek 2009, tiek 2010 m. buvo stebdideli skirtumai tarp atskir
moksliniy Zvejyhy akvatorij tiek pagal bendrzuw gausum, tiek pagal biomas Dar
didesni skirtumai (iki keli deSin¢iy karty) tarp akvatorip buvo pagal svarbiausi
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bendrijos Zuy, kuojos, mgZlio ir eSerio santykin gausum. Palyginus mokslinj
zvejyby sugavimus tarp skirtingakvatorijy, abejus tyrimo metus statistiSkai patikimi
skyresi tiek bendras Zuyvgausumas, tiek svarbiaystuw; raSiy gausumas ir sugavimai
pastangai. Vig zuw sugavimai pastangai skirtingais metais tos&gsa akvatorijose
nesiskye (i° testasy’=16,43, p=0,126, df=11).

Standartizuotas vis Zuwy gausumas (CPUE) neigiamai koreliavo su atstumu nuo
Juodkrants kormoran kolonijos (4 lent.). Neigiamas rysSio patis iSliko abejus tyrimo
metus, bet 2009 m. buvo stipresnis (Spearman‘olikcia, r=-0,73). 2009 m. su
atstumu nuo kolonijos neigiamai koreliavo ir sugaai pastangai, taip pat imigzlio,
eSerio bei kuojos gausumas ir sugavimai pasta2§di0 m. bendro Zuygausumo ir
sugavim pastangai rySys su atstumu nuo kolonijos buvaagppigzlio isliko neigiama
koreliacija kaip ir 2009 m. ESerio gausumo ir sugayrySio su atstumu nuo kolonijos
pobidis 2010 pakito ir koreliavo teigiamai (atitinkam@&0,52 bei r=0,22). Panasiali,
taCiau silpniau, pakito kugj gausumas ir biomas (9 pav.). Tiriant Zuy gausumo ir
biomass ry§ su atstumu nuo kormorarkolonijos, tik trim atvejais koreliacija buvo
statistiSkai reikSminga (p<0,05) — 2009 m. neigiak@eliavo vig) Zuw gausumas ir
biomasg, taip pat neigiamai koreliavo kupgausumas.

llgalaikis kormorany poveikis zuw populiacijoms ir jy bendrijai KurSi g
mariose. Per vig zuw bendrijos Kurdi mariose monitoringo laikotayd993-2011 m.
Zuw biomag ir gausumas moksliniuose laimikiuose nepakito s{tie regresija;
biomas: r’=—0,05, F=0,17, p=0,68; gausumas:—0,05, F=0,13, p=0,73), &au buvo
Zymas svyravimai (10 pav.). BiomagCPUE) per laikotarg skirtingais metais skysi
daugiau nei 3 kartus ir varijavo nuo 18,1 kg iki,5Xg. Tiek Zuw biomas, tiek
gausumas monitoringo Atmatos akvatorijoje buvo sinlenei Drevernos ir skysi
statistiSkai patikimai (ANOVA; biomas F,35=573,4, p<0,01, gausumas; #618,3,
p<0,01). Atmatos akvatorijoje Zuvbiomag ir gausumas Zvejybos pastangai buvo
atitinkamai 35,6+£17,7 kg ir 478+230 vnt., Drevernakvatorijoje atitinkamai siek
25,9+12,9 kg ir 394+230 vnt. Abiejose monitoringo/atorijose kuoja, eSerys itgzlys
sudaé didZiaja biomasgs dal laimikiuose, ties Atmata giraSiy dalis buvo 65,6+17,4 %,
ties Dreverna — 77,1+£13,1 %. Bendra glbiomag ir gausumas Atmatos ir Drevernos
akvatorijose taip pat nekito (tiegimegresija; p>0,5). Taip pat nekito ir svarbiausiiv
raSiy biomas, iSskyrus kuaj biomas ties Atmata — ji didjo, tatiau nezymiai (tiesié
regresija; ¥=0,04, F=7,17, p<0,01). Kormorarskatiaus ir Zuy biomass ir gausumo
rysys buvo silpnas ir statistiSkai nereikSmingasj@de monitoringo akvatorijose (tiegin
regresija; p>0,47). Bendros ir kormotamnaciono svarbiausi Zuw biomags kitimo
KurSiy maripg monitoringo laimikiuose 1993—-2010 m. ir rySio sarforam gausumu bei
verslines Z2vejybos poveikiu pertekiis analizs (RDA) rezultatai parad kad nei
kormoram skatius, nei verslias Zvejybos intensyvumas netjr Zymesnio poveikio
(11 pav.). Kartu Sie veiksniai paaiskino 17 % w@ubiomass kitimo monitoringo
laimikiuose (p=0,001).

Perirtiy kormoram pomn; skatius Juodkraris kolonijoje nuo 1993 iki 2011 m.
iSaugo nuo 195 iki 3808. Kormorarsuvartojam Zuw biomag KurSiy mariose didjo
nuo 45 t 1993 m. iki 729 t 2010 m. Kormouasuvartojamos zuvies kiekis kito panaSiai
kaip ir verslirts zvejybos laimikiai (iSskyrus 2009-2010 m.) ir i per & paf
laikotarp daugiau kaip 600 t. Tuo pia laikotarpiu versligs zvejybos laimikiai Siuo
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laikotarpiu di&jo nuo 549-652 t 1993-1995 m. iki vidutiniSkai 1232000-2008 m.,
nuo 2009 m. suma&p mazdaug ketvirtadaliu.

Invazinis juodaziotis grundalas didziyjy kormorany mityboje. 2007-2010 m.
tiriant invazinio juodazitio grundalo gausum KurSiy mariose, buvo stebimas
laipsniSkasy plitimas bei gausumo difimas piet; kryptimi nuo Klaigdos uosto. 2007
m. juodazidiai grundalai buvo pagauti ties Juodkrante, 2010 buvo bradini
laimikiuose ties Vente. Akvatorijos su didesniu mptal; gausumu (daugiau nei 10
individy 1000 nf) taip pat buvo registruojamos vis toliau pi&ryptimi — 2007 m. ties
Alksnyne, 2010 m. ties Avikalnio ragu. Didziausgeisumas buvo stétias 2009 m. ties
Lybio ragu (75 individai, 0,6 kg 1000 %nir ties Juodkraris kormoran kolonija (251
individas, 0,8 kg 1000 fjy Siuose taskuose juodadia grundalai sudar atitinkamai
51,3 % ir 46,8 % visos zuvbiomass jaunikliniame bradinyje.

DidZiojo kormorano racione juodaziotis grundalasmpi karta buvo identifikuotas
2007 m. ir sudar 0,6 % mitybos pagal skay bei 0,3 % pagal masVéliau ju svarba
racione didjo ir 2010 m. juodaziotis grundalas sugl87 % kormoran raciono suéties
pagal svor, o bendra Juodkratd kolonijos kormorai suvartojama biomasper metus
sieke 70,6 t (12 pav.). JuodaZio grundalo svarba kormoramacione kito priklausomai
nuo sezono, didesndali pagal mas sudaé pavasar 2009 m. atitinkamai pavagar
vasas buvo 9 % ir 6 %, 2010 m. 10,2 % ir 7 %. Didziogld pagal mas(73,4-90 %)
kormoram atrajose identifikuat grundal; buvo pagauti Baltijos tyoje. Gausgjant
grundalams, kito mitybos Baltijogiroje svarba. 2005-2008irjnés zZuvys kormoran
racione pagal masvidutiniSkai sudar 7,5 %, 2009-2010 m. kartu sirgje sugautais
juodaZia@iais grundalais — 13,3 %.

Rezultaty aptarimas

DidZiyjy kormorany mityba. Kormoram raciono suétis, tiek kokybirg, tiek
kiekybirg, yra vienas svarbiausiparamety vertinant poveik Zuw; bendrijoms. Siame
darbe naudotas atrgpnalizs metodas, kaip ir kiti tradiciniai mitybos tyrimaiiri savo
trakumy bei apribojimy (Carssr kt. 1997, Barretir k. 2007). Siekiant sumazinti otalit
apvirskinimo jtaka, vertinant Zuy mag, Siame tyrime buvo atliekama otalidydzio
korekcija. Ta&iau metodo patikimumavertinimui reikalingi alternatyss kiekybires
maisto suéties tyrimo metodai. Vienas iS takimetod; — stabilijjy izotopy suckties
analiz. Naudojant maiSymo modelius, galinigertinti izotopiSkai skirting maisto
komponeng santyk (Hobson 2009). Kormoranmitybos Zuw analiz parod didek
izotopirg juy jvairow. Vienas iS veiksmi, lemiartiy izotopires sudties skirtumus, yra
druskingumo gradientas (Bearhapkt. 1999, Fry 2002, Russé kt. 2003a). Kursi
mariy ir Baltijos jiros Zzuvys skysi izotopiskai pagab™>C, tai leido dviej Saltiniy
maiSymo modeliu apskauoti Siy maisto komponent santyk. Pagal izotopi@ suctj
apskatiuota jariniy ir gélavandeni Zuw dalis kormoran racione buvo labai artima
nustatytai atraj analiZzs metodu. Tokius rezultatus galima vertinti kaipajt analizs
metodo tinkamumo kiekybiniams kormoramitybos tyrimams patvirtinim

DidZiyju kormoram Juodkranis kolonija yrajsikirusi greta Baltijosiros ir Kursiy
mariy, vanden, pasizymigiy didele Zzuy jvairove (1 pav.). Sio ilgalaikio, 2005-2010
m. vykusio tyrimo metu kormoranmityboje buvo identifikuota daugumirastomis
laikomy zuw rasSiy (Repeka 2003a) (1 lent.). Per wdisyrimo laikotarp kormoram
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racione buvo trys svarbiausios juwiSys — kuoja, pgZlys ir eSerys, jos vyravo tiek
racione, tiek mokslinj Zvejyhy laimikiuose ir atitinkamai sudar70,3 % ir 71,8 % pagal
masg. Sios 68ys dominuoja didhjy kormoran, kurie maitinasi gluose ir drusktuose
vandenyse, maisto sttgfje didziojoje Europos dalyje (De Nie 1995, Vanliben 1995,
Suter 1997, Carss 2003, Engstrom ir Jonsson 2008sM kt. 2003, Stempniewitca
kt. 2003, Carss ir Marzano 2005, Lehikoinen 2008chir kt. 2008), taip pat 3ios Zuvys
daznai sudaro grupiniuidu besimaitina¢iy kormoram didek maisto dgl (Van Eerden
ir Voslamber 1995). Juodkraist kolonijoje perintys didieji kormoranai maitinosi
daugiausia Kur§i mariose. Siame vandens telkinyje sugautos Zuvglarswidutiniskai
90,6%3,8 % kormoran raciono pagal svor KurSiy marios yra didelio produktyvumo
vandens telkinys, Zuybiomag jose siekia iki 200-230 kg/ha (Reéga 2007, 2009,
2010). Zuwy gausumas moksliniuose laimikiuose sigyrapie 10 kart, CPUE Kursi
mariose ir Baltijos gros priekrantje ties KurSy nerija buvo atitinkamai 91,1 ir 8,9
(LoZzys 2008). Zuy gausumo skirtumu galima paaiSkinti maZesmaitinimosi firoje
efektyvumy — atrajos suiroje sugaut zuw liekanomis sudar20,1 % vig atraj, (kartu
su miSriomis atrajomis, kuriose buvo identifikuotosvys iS abiaj telkiniy), tuo tarpu
jariniy Zuw dalis kormoran mityboje pagal skdiy sudaé 7,5 %. Be to, kormoranai
maitinasi sekliuose, iki 20 m gylio pakkan vandenyse (Van Eerdenkt. 1995). Tokio
gylio Baltijos joros priekrant, pasiekiama Juodkrast kolonijoje perintiems
kormoranams, uzima zZymiai mazeglota, nei atitinkama Kur& mariy dalis. Kitas
svarbus veiksnys, taip pat lemiantis Kuyr§nariy svarla kormoram mitybai, — tai
galimybke maitintis grupiniu adu. Mazas vandens skaidrumas, nedidelis gylis,|d&ide
kormoram kolonija, virSijanti 1000 peri¢iy pauk&iy pon, yra hitinos tokiam
maitinimuisi @lygos (Van Eerden ir Voslamber 1995). Toks maitioginbidas leidZia
Zymiai padidinti maitinimosi efektyvug(Van Eerdenr kt. 2003).

llgio selektyvumo pagal kormoranraciono svarbiausi Zuw ilgi analiz parod
bendy teigiamo maZesni Zuw selektyvumo tendenaij Kormoram mityba buvo
teigiamai selektyvi mazeapnei minimalus verslinis dydis (18 cm ilgio) kudy eSeriy
bei mazesni nei 11 cm ilgio pgZliy atzvilgiu. Nors didysis kormoranas gali praryti
pakankamai dideles Zuvis, tiesiogikkonkurencija su versline Zvejyba yra nedidel
AnalogiSkame tyrime Ymseno eZere (Svedija) buvdaty®s priedingos tendencijos -
kormoranai rinkosi vidutiniSkai didesnes nei Kurgiariose Zuvis (Engstrém ir Jonsson
2003). Nustatytas mitybos selektyvumas pagaljzagis Siuose tyrimuose irgi skigi.
Sie vandens telkiniai turi daug panasumo, yra didedekiis, eutrofiniai,
drumstavandeniai, panaSi Zulendrijos suétis. Kormoram mitybos skirtumus galima
buty paaiskinti skirtingomis mitybimis strategijomis Siuose vandens telkiniuose.
Iprastas Kurj mariose grupinis maitinimosiidas ngmanomas Ymseno eZere kadangi
kormoram kolonija yra per maza, nors kitoglygyos yra tinkamos (Van Eerden ir
Voslamber 1995).

Juodkrants kolonijoje peridiy kormoram mitybos tyrime nustatyti zyfis maisto
sucktties sezoniniai skirtumai, svarbiausiuw dalis pavasarir vasag skyrsi daugiau
nei 2 kartus (stint daugiau nei 15 kaygj. D¢l to ir dél kormoram gausumo dinamikos
mety eigoje poveikio stiprumas atskiroms mitybos gu&Sims kito. Be to, nuo vasaros
vidurio kormoram maisto suétyje nemaz da sudaro paaug zuw jaunikliai,
pavyzdziui, 2010 m. liepos én. pabaigoje — rugp§io meén.pradzioje net 80 % wis
atrajose identifikuat eSery buvo mazesni nei 6 cm ilgio Siumetukai.
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DidZiyjy kormorany suvartota Zuw mast. Juodkrants kolonijoje perigiy
kormoram suvartojimui vertinti buvo naudojamas respirommetribiidu nustatytas 494 g
maisto suvartojimas per dign(Schmid ir kt. 1995, Ridgway 2010 yra artimas
maksimalioms nustatytoms véms. Pazyrdtina, jog panaSi buvo ir apskaiota
vidutiniSka vienoje atrajoje, surinktoje Juodkkznkolonijoje, identifikuog zuw mas ir
sieke 459,1+73,1 g. Vidutié@ kormoram Lietuvai priklausasioje KurSiy maruy dalyje
suvartot; zuw; biomag 2005-2010 m. sudakiek daugiau nei pgsoficialiy versliniy
laimikio dydzio. KurSi marios yra eutrofikuotas didelio produktyvumo vans
telkinys, Zuwy biomag jose virSija 200 kg/ha (Replea 2009, 2010). Produktyvumas
tokiuose vandens telkiniuose gali virSyti 100 kgffea metus (Mous kt. 2003). Taigi,
kormoranai Kurdj mariy Siauriréje dalyje suvartoja apie SeStadalsos metigs Zuw
biomags produkcijos. Svarhi versliniy Zuw tarpe iSsiskyr eSerys. y kormoranai
vidutiniSkai suvartojo daugiau nei dvigubai didefimomasg nei siekk metiniai versliniai
laimikiai. Tafiau, nors verslies Zuvys kormoram maisto suédtyje suda¢ didek dalj,
tiesiogire konkurencija su versline zvejyba buvo nedideVerslinio dydzio zuvys
sudaé daugiau nei ketvirtadalkormoram raciono pagal mas daugiausia tai buvo
mazos rinkos vets kuojos. Kuayj ir eSerip selektyvumo versligs Zvejybos 40 ir 45 mm
akies dydzio tinklais laimikiuose ir kormonamacione palyginimas parédik nedide]
eksploatuojam iStekliy persidengim. Versliniuose laimikiuose vyravo (80-90,8 %)
didesrs nei 25 cm ilgio zuvys, negausios kormaraacione (0,2-2 %). Vertingiausios
KurSiy mariy verslines Zuvies - Europinio ungurio - kormoraratrajose per tyrimo
laikotarp buvo identifikuotas tik vienas individas. Nuo 1998 Juodkraris kormoran
kolonijoje atryty unguriy aptikta buvo tik keli individai, nors kolonija bavankoma bent
kelis kartus per gneg (J. Zarankai 2012,asm. pr.).

DidZiyjy kormorany poveikis erdviniam Zuw pasiskirstymui. 1989 m. atsikrusi
Juodkranis kormoran kolonija (Stanewiius ir Paltanavius 1997) po greito
eksponentinio augimo stadijos nuo 2003 m. stalbzair svyravo apie 3000 petiiy
pory (Lozys ir Dagys 2008, J. Zarankait2012, asm. pr.). Apie reguliavimo
mechanizmus, nulemigius stabilios kolonijos dyidyra Zinoma nedaug. Ashmole
(1963) iskl¢ hipotez, kad didets jariniy pauk€iuy kolonijos gali iti reguliuojamos
dauginimosi periodu pereikvojus auvsteklius greta kolonijos es&nose vandenyse.
Véliau Si hipotez buvo patvirtinta kai kut pauksiy atveju (Birtir kt. 1987, Gastoir
kt. 2007). Yra mazairodymy, kad @&l kormoran; poveikio gali susiformuoti Ashmole
halas — sumausiy mitybos Zuv iStekliy zona arti kolonijos es@muose vandenyse (Birt
ir kt. 1987, Stempniewicir kt. 2003a). Té&iau rera jrodymy, kad toks Zuy gausumo
mazjimas gaéjo reguliuoti kormoran kolonijas. Tuo labiau, kad kormoranai yra
efektyviausi zinomi vandens gdlrinai ir netgi maitindamiesi skurdziuose poliariniaos
vandenyse pasizymi dideliu kologiproduktyvumu (Gremilletr kt. 2004). 2009-2010
m. vykdytas zuy bendrijos ichtiologinis tyrimas skirtingu atstunmwo Juodkrars
kolonijos nutolusiose akvatorijose (nuo 0,5 iki RB) neparod Zuw gausumo ar
biomasgs sumagjimo ariau kolonijos. Pazysgtina, kad didziausias Zyvgausumas
buvo stebtas netoli kolonijos es#&se akvatorijose, o panaSios tendencijos iSliko
abejus tyrimo metus (9 pav.). Sio tyrimo rezultdéadZia teigti, kad maisto kiekiscra
kormoram kolonijos dyd reguliuojantis veiksnys. Pazytna, kad Juodkraas
kolonijai yra mdingas auksStas pgimo stkmingumas — 2,5 iSauginto jauniklio lizde
(Dagysir kt. 2007, J. Zarankait2012,asm. pr.), tai irgi rodo, kad maisto pakanka.
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llgalaikis kormorany poveikis Zuw populiacijoms ir jy bendrijai KurSiy
mariose. Poveikis buvo tiriamas analizuojant Zubendrijos monitoringo duomenis.
Monitoringas vyko nuo 1993 m., Juodkréntkolonijos gyvavimo ankstyvojo periodo,
kai kormoram populiacija buvo nedidél taigi jo duomenys téty atspindti ilgalaiki
poveiki zuw populiacijoms iry bendrijai. Per Slaikotarp buvo idingi dideli biomass
(iki 3 karty) ir gausumo svyravimai (iki 4 kart Bendras vig zuw gausumas ir biomas
monitoringo laimikiuose per jSlaikotarg nezymiai mago ir Sis pokytis nebuvo
statistiSkai patikimas. Kormoranmitybos svarbiaugi Zuw rasSiy - kuojos, eSerio ir
pugzlio - gausumas ir biomasaip pat kito nezymiai.

KurSiy marios yra sugtinga atvira glavandeg sistema. Marti Zuw bendrija yra
veikiama tiek antropogenimi tiek gamting veiksni, kuriy kitimas gali sukelti
ilgalaikius biomags ar bendrijos struitos pokyius. Verslie Zvejyba yra vienas
stipriausiai veikiatiy zuw bendrip antropogeninj veiksniy. Per monitoringo vykdymo
laikotarg versliniai laimikiai Kursy mariose didjo mazdaug tiek pat, kiek ir augaos
Juodkranits kolonijos kormoramm suvartojama Kur§i mariose Zuy biomag. Nors
poveikio stiprumas kito panaSiai, Zzvejybos ir koramm poveikiai skiriasi. Verslia
zvejyba veikia stambias subrendusias Zzuvis, émai nerSiadiy Zuw biomas
atitinkamai gali paveikti iStekii pasipildym. Tuo tarpu kormoranai minta daugiausia
smulkiomis Zuvimis, nemazalalj ju tarpe sudaro jaunikliai, kurimirtingumas yra labiau
priklausomas nuo tankio nei didelzuw, t.y., mazoms zZuvims Zvejybos.éiiny ar
kitu poveiky sukeltas mirtingumas gali Gb kompensuojamas, 0 stambioms -—
papildantis (Allenir kt. 1998). Yra daug tyrinp pademonstravusj kad péSriny ar Kity
poveikiy sukeltas mirtingumas iki tam tikro lygio galiaib kompensuojamas,
kompensaciniai mechanizmai galitb svarbus veiksnys ir kormoranveikiamy Zuw
populiaciy reguliavime (Dalton ir kt. 2009). Eutrofikacija yra kitas svarbus
antropogeninis veiksnys, veikiantis tiek huliomas, tiek bendrijos strukirag (De Nie
1995, Engstrom 200l1a, Lappalainen 20Q@2arppentier ir kt. 2003). Mazjanti
eutrofikacija yra laikoma vienu i$ veikspigakjusiy lemti KurSiy mariy Zuw; biomasgs
mazjima (Adjersir kt. 2006).

Dar vienas kormoran poveikio aspektas — mityba saugomomis @uasimis.
Kormoranai didzja dalimi yra péSrinai oportunistai, togl paprastai retos Zuvrisys
sudaro nedidel ju raciono dal Bendrijos svarbos ZuvraSiy, jtraukiy i Buveiniy
direktyvos Il pried, 3 buvo identifikuotos kormoranatrajose — perp&l(Alosa fallax),
salatis Aspius aspius) ir ozka Pelecus cultratus). Sios Zuvys sudarlabai nedide
raciono dal, suvartotay biomag sudaé 1,3 % raciono.

Invazinis juodaziotis grundalas didziojo kormorano mityboje. Juodaziotis
grundalas nuo 2007 m., kai buvo pirtkarty identifikuotas kormoran atrajose, tik per
keleh met tapo viena svarbiausiZzuw kormoram racione (12 pav.). JuodaZiai
grundalai, ki¢ iS Ponto-Kaspijos regiono, pastaruosiusapbeSimtmeiy spatiai plinta
Siauks Amerikos DidZiuosiuose eZeruose ir Europoje Raitiiros regione (Corkunr
kt. 2004). Tuose p@uose regionuose aktuali yra ir kormoygoroblema. Sios nedidts,
siekiartios iki 25 cm ilgio, étai judartios dugnirs Zuvys yra lengvai pagaunamas
laimikis ir neretai tampa vienu svarbiawdiormoram maisto objeki (Johnsonir kt.
2000, Bzoma ir Meissner 2005, Buarkt. 2007, Johnson ir McCullough 2008). Lietuvoje
juodaziotis grundalas pimnkarty aptiktas Baltijos groje ties Klaigda 2002 m.
(Bacevtius 2003, Zolubas 2003),¢éNau ypa spatiai plito Siaugs kryptimi ir
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pastaraisiais metais vietomis sudaro vyratijpiduw; bendrijos dal (D. Daunys 2011,
Klaipédos universitetasasm. pr., R. Repé&ka 2011, Gamtos tyritncentras,asm. pr.).
Léciau plitimas vyko vyko Lietuvai priklauséioje Baltijos jiros pietirtje priekrangje

ir KurSiy mariose, kur pastaraisiais metais jau aptinkansijRiupriklausagioje mari;
dalyje (T. Golubkova 2011, AtlantNIRGasm. pr.). Su juodazitiy grundal plitimu
galima sieti Juodkraas kolonijoje peridiy kormoram mitybos Zymius poksius.
Didzioji dalis kormoran atrajose identifikuat grundal; buvo pagauti Baltijosiyoje, o
jaros, kaip mitybos telkinio, svarba iSaugo beveik kdutus, t.y. mazdaug tiek, kiek
padictjo grundal dalis racione. Tuo g&u laikotarpiu padidjo kormoram mitybos
juroje efektyvumas. Atraj kuriose buvo aptiktosijiniy zuw liekanos, pasitaikymo
daznis kito nezymiai — 2005-2007 m.guvo 20,6 %, 2008-2010 m. — 19,5 %, tuo tarpu
jariniy Zuw dalis kormoran racione padiéfo beveik du kartus ir atitinkamai siel,9 ir
12 %. Toks mitybos iroje efektyvumo diéjimas sietinas su juodagim grundai
plitimu akvatorijose nuo Klagdos link Juodkrars kolonijos ir rodo, kad grundalas yra
labai patrauklus kormoranmaisto objektas. Kormoranai geba greitai prisitailprie
kintartiy aplinkos slygu ir efektyviai iSnaudoti Zuy bendrijy pokyCius. Invazini Zuw
isivyravimas kormoran racione gali keisti kormoranvaidmen ekosistemose. &a
duomen, ar kormoranai daro Zymegpoveiki juodaZi@iy grundal; populiacijoms, nors
gali suvartoti Zymius y biomasgs kiekius. IS kitos pus, gausios invazini Zuw
populiacijos gali palankiai veikti kormorarpopuliacijas. Gdanskipankoje Zziemoja&iy
kormoram skatiaus digjimas yra siejamas su dideliu juodaiip grundal; gausumu
(Bzoma ir Meissner 2005).

ISvados

1. Juodkraris kolonijoje peridiy didZiyjy kormoram racionui mdinga didet rasine
jvairove. Buvo identifikuotos 34 Zuyrasys ir du iki GSies neidentifikuoti taksonai.
Svarbiausios racione pagal mabuvo 3 @Sy Zuvys — kuoja (37 %), quzlys
(17,2 %) ir eSerys (16,2 %) pbendra dalis buvo 70,3 %.

2. Kormoram raciono suétis skyesi tiek lyginant skirtingus metus, tiek pavasarmo i
vasaros sezonus. Svarbiausiciono zuy dalis lyginant skirtingus metus skgr 2—
3 kartus, tyrimo laikotarpiu dijo jariniy Zuw ir juodaZi&iy grundai; dalis.
Pavasar svarbesés racione buvo stintos iragZliai, vasag didéjo eSery, kuojy ir
sterky dalis racione.

3. Svarbiausia Juodkraist kolonijoje peridiy kormoram mitybos akvatorija buvo
KurSiy marios. Jose pagautos Zuvys sad),6 % raciono suties pagal mas

4. Atrajy analizs metodas yra tinkamas metodas kiekybiniam racsuabties tyrimui.
Stabiliyjy izotopy suctties maiSymo modeliu nustatyta kormaga@aciono kiekybig
sucttis patvirtino atraj analizs rezultatus, to paties laikotarpidripiy Zuw dalis
mityboje atitinkamai buvo 16,5+4,4 % ir 17,7 %.

5. Kormoram mityba buvo selektyvi tiek pagal zgwdydj, tiek pagal @Sj. Racione
vyravo smulkios zuvys, 77,9 % jbuvo mazests nei 12,5 cm ilgio. Vidutinis
atrajose identifikuat Zuw ilgis (TL) buvo 9,4+4,2 cm, vidutthmas 15,4+31,9 g.
ESeriai, kuojos ir sterkai atrajose buvo aptinkadainiau nei Kur$i mariose, Jacobs
selektyvumo indeksas atitinkamai buvo 0,2, 0,4 6. OPlakiams ir pgzliams
nustatytas neigiamas selektyvumo indeksas, atitnaka0,3 ir —0,4.
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6. Kormoram racione vyravo verslis Zuw rasys. Jos sudar76,9 % visos suvartot
zuwy biomass, 26,4 % zuy buvo verslinio dydzio, daugiausia kuojos (18,8 %).
Kormoranai ir verslia zvejyba Kurdy mariose (40-45 mm tinklais) eksploatuoja
skirtingo dydzio zuvis, tiesiogin konkurencija yra nezymi. Bendra Juodkesnt
kolonijoje perirgiy kormoram suvartot Zuw; biomag per metus (2005-2010) siek
729,2+86,1 t, iS4 653,3+59,4 t (14,5+1,4 kg/ha) Kuydnariose.

7. Erdvinis Zuw gausumo tyrimas Kungi mariose nepatvirtino prielaidos, kacld
kormoram poveikio arti kolonijos esdinse akvatorijose gali sumgéZ Zuwy
gausumas.

8. 1993-2011 m. Kurgimariy Zuw; bendrijos monitoringo duomeranalizs rezultatai
neparod Zuw biomass pokyio. Per § laikotarg, apimant Juodkranis kolonijos
kormoram nedidelio gausumo, eksponentinio augimo ir stakildidelio gausumo
periodus, statistiSkai patikimai nekito nei bendraj svarbiausi kormorano raciono
KurSiy mariy Zuw riaSiy biomas.

9. Didieji kormoranai efektyviai prisitaiko prieriiartiy maisto iStekk. 2007 m. pirm
karta kormoram atrajose aptiktas invazinis juodaZiotis grundaes,sekagius trejus
metus tapo viena svarbiausiuw; raSiy racione ir 2010 m. sudaB,7 % pagal mas
80,6 % pagal maskormoram atrajose identifikuat juodazi@iuy grundal; buvo
sugauti Baltijosijroje, tocl, jiems gaugjant, dictjo mitybos Baltijos jiroje svarba:
nuo 7,5% 2005-2008 m. iki 13,3 % 2009-2010 m. @alin svarbos racione
didéjimas ketia kormoram vaidmern ekosistemoje.
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