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Project resumé

The project “Eastern Baltic cod - new knowledge on growth and mortality is a way to improved
management advice” focused on development and implementation of approaches and methods to
describe growth and natural mortality of Eastern Baltic (EB) cod, to improve the knowledge on stock
status and thereby the basis for fisheries management advice. The project was funded by the
European Maritime and Fisheries Fund and the Danish Fisheries Agency.

The different activities and methods investigated in this project supplement one another and enable to
improve the present stock assessment in short term, and also contribute to development of more longer
term solutions to ensure solid scientific basis for fisheries management advice in future.

The ongoing tagging program is one of such activities directed to developing long term solutions to
growth of EB cod. Good cooperation with fishing industry is essential for the success of the tagging
program to provide the necessary information. Therefore, the present project has supported the tagging
program by focusing on cooperation and communication with the fishing industry to establish best
possible procedures for tagging and ensure return of the recaptured tagged cod.

Molecular-genetic analyses have been conducted that show low expression of growth hormones in EB
cod. Such advanced technics have hitherto not been used in stock assessment context, and the pilot
analyses conducted in this project therefore provide a basis for greater utilization of such innovative
approaches and techniques in fisheries management context in future.

Analyses of the otolith daily rings, together with length distributions in the stock allowed quantifying the
reduction in growth of smaller cod in later years. We also found a connection between growth and
nutritional condition of fish that suggests that growth of EB cod likely has declined in line with reduced
condition. Reduced growth of EB cod in later years is also explainable in a bioenergetics model that
was developed to investigate the biological hypothesis related to condition, feeding and maturation.
Reduced size at maturation, which was histologically confirmed is another factor that is expected to
lower growth. Overall, all of the available investigations exploring cod growth suggest a reduced growth
of EB cod in later years compared to the period in early 2000s or in the 1990s.

Several factors possibly contributing to an increased natural mortality were investigated as well. Seal
predation was found to be important locally, though not explaining a high natural mortality of the entire
EB cod stock. Analyses of stomach data show that cannibalism related mortality was high in years
around 2010, but substantially declined in later years to a low level. Stomach data in combination with
bioenergetic modelling suggest that mortality related to low feeding level and low nutritional condition
occurs. Overall, natural mortality has likely increased in 2000s. Survey index describing stock
development has also been improved.

Stock status in relation to proxy reference points has been estimated and applied in ICES advice using
production model (SPICT), where specific version has been developed for EB cod to accommodate the
change in production in later years. The progress with understanding growth and natural mortality of
EB cod has allowed also for development of a quantitative assessment model (Stock Synthesis).
Overall, the results of the project have contributed to increased understanding of the stock status, which
has enabled establishment of the benchmark process for EB cod in ICES, with the benchmark
assessment meeting scheduled for early 2019.

The work conducted in the project has links to Horizon 2020 PANDORA project that in combination with
another EMFF project will address seal parasite infestation, which is another factor potentially causing
reduced growth and mortality of EB cod.
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Background and structure of the project

Biological advice based on stock assessment is a major input to fisheries management in the Baltic
Sea. Therefore, it is important that stock assessments are based on solid scientific information and
reflect the stock status as correctly as possible.

A number of changes in Eastern Baltic (EB) cod biology have been observed in later years, which
include reduced nutritional condition of fish, maturation at a smaller size and increased parasite
infestation. Also, relative abundance of larger individuals in the population has sharply declined since
2012 (Fig. 1.) This could be due to low growth and/or high mortality, which has not been possible to
disentangle due to lack of reliable age information for cod to determine growth. Lack of reliable age
readings and presumably non-constant natural mortality are the main reasons for lack of analytical stock
assessment for EB cod, presently (Eero et al. 2015). Thus, biological understanding of processes
potentially affecting changes in growth and natural mortality is required to elucidate the likely direction
of change in these variables and possibly quantify the likely magnitude of change.
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Figure 1. Changes in i) mean Fulton’s K condition factor for 40—60cm cod from BITS Q1 survey; the red
bars showing the proportion of cod at condition below 0.8, ii) size at first maturation (L50) for females
and males combined, from BITS Q1 survey; iii) parasite infestation (Eero et al. 2015); and iv) cpue of
larger cod (>45cm in length) from BITS Q1 survey.

The main focus of the present project is producing new information on these two parameters — growth
and natural mortality, using alternative approaches and methods, independent of traditional age
readings. The activities in the project include both exploring methods and approaches that could provide
proxies for these two parameters to improve stock assessment in short term, and also contribute to
methods that can provide validated information on these parameters in a longer term. Schematic
illustration of the main activities in the project is provided in Fig. 2. The chapters below describe the
work conducted and the main results from these different investigations.
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Figure 2. Schematic illustration of the activities and topics covered in the project focusing on providing
new knowledge on growth and natural mortality and implementing this knowledge in stock assessment.




Results of the project

1. Towards a long term solution to growth & mortality —collaboration with fishing
industry to support tagging

By Karin Hussy (DTU Aqua), Henrik Lund (DFPO) and Kim Keer Hansen (DFPO)

Age determination of cod is traditionally conducted by counting annual rings on otoliths. For Eastern
Baltic cod, reliability of this method has long been a subject of discussion (HiUssy et al. 2016). In recent
years, likely due to reduced growth, the rings on otoliths have become increasingly difficult to interpret,
and age determination of EB cod from otoliths is therefore considered unreliable. Therefore, alternative
methods to determine cod growth are needed.

The project TABACOD (funded by Baltic2020) started in 2016 to develop new validated method for
deriving information on cod growth that could inform growth in stock assessment models in future
(http://lwww.tabacod.dtu.dk/).

To achieve this, two interlinked tasks are required:

i) Establishment of a spatially comprehensive sample of cod with “known growth” over a known
time period to understand the present status of the stock;

ii) Development of an objective validated method that continuously allows deriving growth
information in the future.

Two methods that will yield the necessary information are i) tagging of individual fish and ii) analysis of
the chemical composition of their otoliths.

The aims of a tagging program is thus to provide information about size-specific growth of Baltic cod
for stock assessment, but also to serve as validation for otolith chemistry-derived growth estimates. The
chemical analysis of otoliths are expected to provide a cost-efficient tool for estimating growth in future
after the termination of the tagging program.

The success of a tagging program to obtain the necessary information is entirely dependent on
recaptures of the tagged cod in fisheries and return of the recaptured individuals to scientists. Thus,
good cooperation with fishing industry is essential for the success of the tagging program to provide the
necessary information to achieve long term scientifically solid solution to growth determination of EB
cod. For that reason, the present project included a Workpackage (WP1) to support the tagging
conducted in the TABACOD project by focusing on cooperation and communication with fishing
industry. This is to establish best possible procedures for tagging and ensure return of the recaptured
tagged cod. This work was done in collaboration between DFPO (tilsagn J .nr. 33113-B-16-049) and
DTU Aqua.

Specifically, the activities included:

¢ Informing fishing industry about the tagging program and calling for specific attention of tags
when handling the catch, to be able to locate the tags.

e Setting up information posters in habours about the tagging program.

e Distributing brochures to fishermen who could possibly encounter tagged cod in their catches
in the Baltic Sea.

e Contacting larger fishing vessels directly that are fishing in relevant areas in the Baltic Sea to
enhance the understanding of the importance of the tagging project, and the need for increased
attention to discover the tagged cod in catches and return them.


http://www.tabacod.dtu.dk/

Continuous follow-up and contact to the fishermen to exchange information on tagging and
recaptures.

Ensuring that the recaptured tagged cod are returned to the scientists.

Explaining the background and need for the tagging project to the fishermen and how the
results will be used to improve the stock assessment and related basis for fisheries
management advice.

Participating in relevant meetings in the Baltic region, to inform about the project and discuss
the results. This includes participation in DFPO general annual meetings around Denmark.
Publishing frequent updates in Fiskeritidende and on relevant homepages concerning the
tagging.

Contributing to generating an overall positive attitude within fishing industry towards the tagging
project, to increase willingness for an extra effort to look for and return the recaptured tagged
cod to ensure success of the project.

TABACOD project continues until the end of 2019, thus some tagging activities and especially
recaptures of tagged cod will continue also after the end of the present EMFF project. However, the
efforts in terms of collaboration and communication with the fishing industry around tagging during the
present project are expected to continue to have an effect also in the remaining part of the tagging
program.

With the status of June 1, 2018, around 18 000 cod have been tagged in the Baltic Sea within TABACOD
project (Table 1.1).

Table 1.1. Number of cod tagged in the Baltic Sea in TABACOD project by country, with the status of

June 1, 2018.
Ar Land Antal T-bar Antal DST
Danmark 1915 50
Tyskland 1446
2016 Polen 1464
Sverige 1404 100
Danmark 1466 174
Tyskland 3110 127
2017 Polen 2172
Sverige 2193 175
Danmark 940 132
Tyskland 525 142
e Polen 989
Sverige May May
Total 17533 209



2. Molecular-genetic analyses of cod growth

By Jonna Tomkiewicz (DTU Aqua), Jakob Hemmer Hansen (DTU Aqua) and Peter Ravn (Bioneer AS)

The purpose of this WP is to describe the growth of the Baltic cod at the molecular level. Growth and
reproduction are closely linked physiological processes with trade-offs in energy allocation for growth
and reproduction during life history. Here, the marked deterioration of the Baltic cod condition and
sexual maturation led to the hypothesis that the growth rate cod of is reduced and therefore individuals
mature and reproduce at a smaller size, which in turn lead to reduced growth and fitness. As this
hypothesis presently cannot be verified through age determination, we applied molecular methods to
study growth and reproduction in this stock. Thus, we compared cod caught in the Baltic Sea with the
cod caught in Kattegat that show healthy growth and their size of sexual maturation is predictable. The
objective was to analyse the expression of growth and reproduction genes and their receptors in tissue
samples, as well as blood plasma levels of related hormones. By comparing the expression of such
genes and levels of growth hormones in specimens at similar maturational stages in the two stocks, it
will be possible to examine potential differences in growth processes in the two stocks. This may help
an assessment of whether growth processes in Baltic cod contribute to the earlier maturation and
deterioration of fitness in recent time.

Methods and materials

Sampling and categorisation

Cod in southern Kattegat (SD21) and the Baltic Sea (SD25) were collected during four research cruises
in 2016-17. For each stock, sampling was conducted during two regular surveys, one before the onset
of the spawning period (pre-spawning) and one after spawning (post-spawning) (Table 2.1). The cod
were sampled at random from trawl catches to represent population demography and females identified.
Maturity stage was judged visually (Tomkiewicz et al. 2003a) before sampling and later evaluated
histologically in the laboratory. During pre-spawning cruises, sampling focused on female cod in
maturing stages 3 (early ovarian development) and 4 (late ovarian development), while post-spawning
cruises targeted stage 2 (late immature), 8 (spent) and 9 (resting).

Table 2.1. Number of female cod sampled per area, month, period, cruise and maturity stage. Research
cruises included Dana BITS 2017, Alkor 2017, Havfisken December 2016, Havfisken KASU March
2017. Maturity stage refers to histologically validated samples.

Area Month Period Cruise Maturity stage Total
2 3 4 8 9

Baltic March Pre-spawning BITS 1 38 13 51

Baltic August Post-spawning  AL497/AL498 1 45 5 51

Kattegat December Pre-spawning Havfisken 35 15 4 54

Kattegat March Post-spawning  KASU 1 2 6 20 29

Total number of fish sampled 2 73 30 51 29 185

Individual sampling included records of morphometric data (length, total body weight, W5, somatic
weight Ws, ovary weight, Wo, and liver weight, W)), tissue samples for analysis of gene expression
preserved in RNA-later (brain, pituitary, ovary and liver), ovarian sample for histology preserved in
formalin (BiopSafe, Axlab) and blood plasma was obtained for hormone analyses. Morphometric data
included calculation of Fulton’s condition index, K=W /L3*100, somatic condition index, Ks=Ws /L3*100,
the gonadosomatic index (GSI) GSI = W, /Ws *100 and the hepatosomatic (HSI) HSI=W, /W's *100.



The maturity staging at sampling was revisited in the laboratory analysing the formalin preserved
ovarian samples. It often is difficult to separate stages by gross examination alone, as the stages 2, 3,
8 and 9 may appear similar to the naked eye. Therefore, histological analysis that applies microscopy
and staining of the tissue was used to identify structures at the cellular level and correct the maturation
stage, when needed. For this purpose, the formalin-fixed ovarian samples were dehydrated in ethanol
using standard histological procedures, embedded in paraffin, sectioned at 5 um and stained with
hematoxylin and eosin. Histological maturity stages were assessed using the definitions of Tomkiewicz
et al. 2003b. The total number of specimens in the targeted stages was 185 and the numbers per stage
are given in Table 2.1. Due to the low number of specimens (2) obtained for Stage 2, these were not
included in the analyses.

Identification of relevant genes, RNA extraction and gene expression analysis

A literature review formed the basis for selecting relevant candidate genes related to growth and
reproduction. Thirteen candidate genes and three reference genes were selected for gene expression
analyses (Table 2.2). RNA was extracted from pituitary and gonad tissue stored at -80 degrees in RNA-
later buffer. cDNA was synthesised and gene expression analyses were carried out using a BioMark
HD, using triplicate assays for each individual sample. Positive control samples, no-template controls
and no-RT controls were included in each run. Results are reported as levels of detection (Ct),
standardized to one of the reference genes (EF1a). Differences between the Kattegat and the North
Sea were assessed with linear mixed effects models using the R package Ime4 (Bates et al. 2015), and
treating Area and Maturity as fixed effects and Cruise and Individual as random effects.

Analysis of plasma hormone concentrations

The presence of hormones in the blood of the fish was investigated through Western blotting. A Western
blot is an immunological method for detecting small amounts of specific proteins in complex mixtures.
Proteins are separated by gel electrophoresis (SDS-PAGE), transferred to a membrane and detected
using specific antibodies. The complete GH amino acid sequence is known (GenBank ACD46080), and
was used for identifying potential immunogenic regions in GH. A peptide stretching from isoleucine74
to serine87 was selected as immunogenic in collaboration with the antibody subcontractor, Biogenes
(Berlin, Germany). This peptide was synthesised and used to raise antisera in two rabbits. Plasma
samples from cod were analysed in Western blots. Antisera from the two rabbits were combined and
used as primary antibody in the blots. Goat anti-rabbit antibody, coupled to horseradish Peroxidase,
was used as secondary antibody. Plasma samples from two stage 8 cod, A56 from the Baltic Sea and
K36 from Kattegat, were used in the analysis. The Western blotting experiments are aimed at supporting
or challenging these gPCR data.
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Table 2.2. Candidate genes analysed for gene expression. See listed references for details on primer

design for the individual assays.

Gene

Gene abbreviation

Tissue expression

Reference

Maturation

Gonadotropin releasing hormone 3
GnRH receptor R2a

Gonadotropin

Follicle stimulating hormone
Luteinizing hormone beta
20b-hydroxysteroid dehydrogenase
FSH receptor

LH receptor

P450 aromatase

P450 side chain cleavage

Growth

Growth hormone

Insulin-like growth factor 2
Insulin-like growth factor 1 receptor

Reference genes
Elongation factor 1
Acidic ribosomal protein
Ubiquitin

GnRH3

gmGnRH-R2a

GP

FSH
LH-beta
20b-HSD
FSHr

LHr
CYP19A1
CYP11A1

GH
IGF-2
IGF1-r

EFla
arp
ubi

Pituitary
Pituitary
Pituitary
Pituitary
Pituitary
Gonad
Gonad
Gonad
Gonad
(testis)

Pituitary

Pituitary, gonad

Hildahl et al. 2011
Hildahl et al. 2011b
Mittelholzer et al. 2009
Mittelholzer et al. 2009
Mittelholzer et al. 2009
Breton et al. 2012
Breton et al. 2012
Breton et al. 2012
Breton et al. 2012
Breton et al. 2012

Kortner et al. 2011
Lanes et al. 2012
Lanes et al. 2012

Hildahl et al. 2011
Lanes et al. 2012
Lanes et al. 2012

Results and discussion

Morphometric analyses of samples specimens
The length and weight of the sampled females differed between the Baltic Sea and Kattegat with only
limited overlap in size, although in the same stages of maturation were targeted and fishes were
sampled at random from the trawl catches, with the purpose to obtain a representative sample of the
population (Table 2.3). Stage 2 was not included in the sampled trawl catches, which excluded an
analysis of immature cod prior to sexual maturation.

Table 2.3. Length and weight data for cod sampled during the pre-spawning and post-spawning cruises
in the Baltic Sea and Kattegat incl. average length, standard deviation and minimum and maximum

length and weight.

Length (cm) Weight (g)
avg stdev min max avg stdev min max
Baltic Sea pre-spawning 39 6.1 29 55 641 287 230 1544
Baltic Sea post-spawning 37 6.2 24 49 407 219 98 1038
Kattegat pre-spawning 64 7.8 47 80 2672 961 876 5120
Kattegat post-spawning 62 7.2 43 73 2375 727 682 3986
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The length and weight relationships illustrated in Figure 2.1 show the consistently lower weight at length
of female cod in the Baltic Sea compared to Kattegat with a trend towards lower weight-at-length in
post-spawning Baltic cod.

5000

0 Baltic Sea - pre-spawning
® Baltic Sea - posi-spawning
4000

O Kattegat - pre-spawning

® Kattegat - post-spawning

3000

---=--Power (Kattegat - pre-spawning)
2000

Power (Kattegat - post-spawning)

Body weight (g)

1000

Length (cm)

Figure 2.1. Length-weight relationship from fish collected in the Baltic Sea and Kattegat during pre-
spawning and post-spawning, respectively. Trend lines: Baltic Sea pre-spawning (y = 0.0088x2-9826 R2
=0.9759) and post-spawning (y = 0.0051x39524, R2 = 0.9448); Kattegat pre-spawning (y = 0.0064x3-1041,
R2 = 0.9512) and post-spawning (y = 0.0138x2°127, R2 = 0.9072).

While the sampled pre-spawning specimens distributed evenly on maturation stages 3 and 4, the post-
spawning samples showed more stage 9 than 8 in Kattegat and more stage 9 than 8 in the Baltic Sea.
This reflect the shorter and more concentrated spawning time of Kattegat cod. Condition indices,
gonadosomatic and hepatosomatic indices of the females in relation to maturity stage were compared
for the two areas. Despite the size difference between female from the two stocks, the condition indices
based on body weight (Fulton’s K) and somatic weight (Ks) were similar in stages 3 and 4. After
spawning however, the average condition indices appeared lower in the Baltic than in the Kattegat. In
contrast, the average GSI and HSI was consistently higher in Baltic cod than in Kattegat cod with the
highest difference in pre-spawning stages. Considering the smaller size of cod, the observed pattern
indicates a high investment in reproduction of Baltic cod compared to somatic body weight, but with
substantial variability within stages in both stocks.

Comparative analysis of the Baltic Sea and Kattegat growth and reproduction physiology

We found highly significant differences in gene expression of the growth hormone gene in pituitary
tissue from cod collected in the Baltic Sea and the Kattegat (P=0.0008). In contrast, we did not find a
significant effect of maturity stage on the gene expression of the growth hormone gene (P=0.55),
suggesting that the expression of this gene is not affected by the maturation trajectories of the fish.
However, the functional consequences of these differences are not known at present.

The expression of the maturation related genes, follicle stimulating hormone (FSH) and luteinizing
hormone (LH), showed less pronounced differences between areas. Thus, the relative gene expression
levels of FSH in pituitaries from fish collected in the Baltic Sea and Kattegat were more closely related
to maturity (P=0.006) than to area (P=0.01) although both were significant. Similarly, the relative gene
expression levels of luteinizing hormone (LH) in pituitaries were more closely related to maturity
(P=0.0006) than to area (P=0.05). The expression of these genes seemed to be more closely related
to maturation schedules, as expected based on known gene function in maturation pathways (see Table
2.2 and associated references). Analyses of gonad tissue showed gene expression signals for relevant
candidate genes. These results are promising for future work investigating these pathways in more
detail.
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Plasma growth hormone concentrations

Preliminary blots were used to identify 1 yL and 3 pL as suitable volumes of samples. A Western blot
from the experiments are shown in Figure 2.2. Ponceau S stain showed that the samples contained
sufficient amounts of protein, that SDS-PAGE were running satisfactory, and that protein transfer to the
membrane worked well. Plasma samples contained aggregates. Centrifugation of plasma samples to
precipitate these aggregates did not affect the result. This is shown in lane 6-9, which can be compared
to lane 2-5. This demonstrates that centrifugation is unnecessary. Furthermore, the identical results in
lane 2-5 compared to lane 6-9 demonstrate the general reproducibility of the method. Antisera
recognized a protein that migrated at 55 kDa. This should be compared to the predicted GH size, which
is only 21 kDa. It is not possible to see any protein bands at 21 kDa. No protein glycosylations or other
modifications, which can explain this size difference, are expected.

T Western blot signal

Western blot overlay

98 kDa
64 kDa
50 kDa
36kDa

22 kDa
16 kDa

6 kDa

Western blotting experiment, using anti-cod GH antisera.

Proteins in cod plasma samples were separated in SDS-PAGE, and blotted onto a nitrocellulose membrane. The above pictures are
showing different treatments of the same blot.

The upper picture shows Ponceau S staining. This is an unspecific protein stain, and it shows that loaded volumes of plasma samples
contain appropriate amounts of protein, and that transfer from gel to membrane was satisfactory.

The centre picture shows the western blot. The Ponceau S stain was washed away, and the blot was hybridised with a mixture of
rabbit anti-cod GH from two rabbits, and subsequently with goat anti-rabbit antibodies coupled to horseradish peroxidase. Finally,
the blot was developed using Supersignal West Dura Extended Substrate.

The lower picture shows an overlay of the processed film from above, and the blot. This shows the position of the markers relative to
the bands, which were recognized by the antisera.

» Lane 1 contains the molecular weight marker SeeBlue Plus2. Weight of marker bands are indicated to the left.

» Lane 2-5 contain raw plasma. Sample volumes is indicated.

= Lane 6-9 contains plasma, which is cleared by centrifugation. Sample volumes is indicated

K36 is blood plasma from fish K36 from the Kasu cruise (Kattegat)

A56 is blood plasma from fish A56 from the Alkor cruise (Baltic Sea)

Figure 2.2. Example of Western blot used to detect the presence of hormones in blood plasma of the
sampled cod. Here, the proteins are separated by gel electrophoresis (SDS-PAGE), transferred to a
membrane and detected using specific antibodies.
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The protein band at 55 kDa can be explained by recognition of an unrelated, but cross-reacting protein,
in cod plasma. This protein could be present in higher concentrations than GH, thereby masking GH
presence. It is also possible that GH forms protein dimers, which are not resolved by SDS-PAGE. A
database search (Entrez peptide blast) with the peptide used in rabbit immunization (GH lle74 to Ser87)
did not reveal any proteins with strong amino acid similarity, except GH from other fish species. The 55
kDa protein is present in higher concentration in A56 samples compared to K36 samples (compare lane
2 to lane 4, lane 3 to lane 5, lane 6 to lane 8 or lane 7 to lane 9). In contrast, a higher level of GH is
expected in K36 (based on qPCR data). Further Western blot optimization is possible:

e Antisera from the two immunized rabbits can be used individually, instead of in combination. It
is possible that only one of the sera recognize the 55 kDa protein, and that the other antiserum
would preferentially recognize GH

e New antibodies, based on peptides from other regions in GH, can be developed. These would
be unlikely to hybridize to the same 55 kDa protein.

e The Western blot membrane region corresponding to the expected GH size (21 kDa) can be
excised and developed using methods that are more sensitive. This might reveal GH bands,
which are obscured by the 55 kDa band in present blots.

Conclusions and perspectives

The sampling was design was outline to cover the complete length range in catches. However, the size
ranges of females obtained in the two areas differed to an extent that the specimens sampled hardly
showed any overlap in length and weight within the maturity categories targeted in both sampling
periods. This complies with the steady decrease in size-at-first maturity and disappearance of larger
specimens in the Baltic cod stock in recent decades (Koster et al. 2017). The average condition indices
appeared lower in the Baltic than in the Kattegat after spawning, while the average GSI and HSI was
consistently higher in Baltic cod than in Kattegat cod, but with a high variability in both stocks. Further
statistical and lab analyses will be performed on the sampled material addressing potential drivers.
Considering the smaller size of cod, the observed pattern indicates a high investment in reproduction
of Baltic cod compared to somatic weight; however, the relation between food intake, environmental
factors and sexual maturation is still poorly understood, which argue for fundamental analyses of the
mechanisms.

Gene expression analyses of candidate genes revealed different levels for the growth hormone gene
when comparing the Baltic Sea and Kattegat populations. Here, the level was significantly lower for the
Baltic Sea fish. These results indicate that growth processes may differ between the two populations,
although it should be stressed that the functional consequences of the differences in gene expression
are unknown at present. Consequently, the data can be used to further our understanding of the
underlying physiological processes but cannot be directly translated to estimates of growth in any of the
populations. Future work could combine gene expression analyses with experiments under controlled
environmental conditions to obtain a better understanding of potential growth differences between the
populations. Our results also establish gene expression analyses of a range of candidate genes for
growth and maturation as a valuable and efficient tool for future work in cod.

Western blot was used in an attempt to support gPCR data. Anti-cod GH was raised in rabbits and used
in Western blots. The antibodies recognized a protein with a size, which is however not consistent with
cod GH. This protein was less abundant in a cod sample from Kattegat, compared to a sample from the
Baltic Sea. Unfortunately, GH was not recognized. One explanation could be that GH levels in cod
plasma are too low for detection by Western blotting.
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3. Investigations of changes in natural mortality of cod

3.1 Seal predation on cod

3.1.1 Investigations of grey seal diet

By Anne-Mette Kroner (DTU Aqua), Lotte Kindt-Larsen (DTU Aqua), Karl Lundstrém (SLU) and Morten
Tange Olsen (KU)

Introduction

During the past few decades, the Baltic grey seal (Halichoerus grypus grypus) population size has
increased significantly (HELCOM Core Indicator, 2018). The grey seal is a top predator known to
consume a wide range of fish species depending on prey availability, geographical area and season
(Ampela and Ferland, 2006; Lundstrom et al., 2010). An adult seal is estimated to consume
approximately 4.5 kg of fish per day (Hammond and Grellier, 2006). However, the daily intake depends
on both the individual energy requirement and the energetic content of the prey, with on average 4 kg
of high energy sandeel required perday compared to an average of 7 kg of cod (Hammond, Hall and
Prime, 1994).

As seal numbers increase, it has raised concerns over competition with fisheries and grey seals have
been suggested to have a negative impact on cod stocks and hinder recovery of depleted stocks in
other areas (Cook, Holmes and Fryer, 2015; Swain and Benoit, 2015). Therefore, understanding the
diet composition of grey seals is critical to understanding how their predation may influence prey
populations in the Baltic Sea including commercially important species such as Atlantic cod (Gadus
morhua), Atlantic herring (Clupea harengus), and sprat (Sprattus sprattus) (Sparholt, 1994). Furthermore,
improved information on the grey seals’ contribution to the natural mortality of the eastern Baltic cod
stock is important to be able to improve the stock assessment of the cod stock.

The purpose of this work was to provide further data on the prey composition of Baltic grey seals. Scat
content was evaluated from 820 seal scats collected over a four-year period (2014-2017) from four
separate haul-out sites located in the Baltic Sea. Scat analysis is an extremely useful tool for examining
mammalian diets because it is non-invasive, low-cost, and allows for the collection of large sample sizes
(Bowen, 2000). Two methods were used to assess the prey composition — molecular analysis and
otolith analysis of scats. Furthermore, the geographical, seasonal, and yearly differentiation between
the prey species in the diet was examined.

Molecular analysis

Next Generation Sequencing methods have been used extensively in diet studies because they make
it possible to identify numerous species from a large amount of samples using sequencing of DNA
barcodes (Pompanon et al., 2012). The 16S mitochondrial gene is the most commonly used, as multiple
copies are present in each cell and makes it ideal for low-quality samples such as scats (Parsons et al.,
2005). It is especially useful if the otoliths are hard to identify, degraded and/or lacking due to seals only
eating the soft parts of the fish. It has proven possible to find species even though very low
concentrations of DNA was present in the scat (Matejusova et al., 2008).

Otolith analysis

Scat content analysis based on visual identification of prey remains has been a popular method for
analyzing and reconstructing the diets of seals and it has been used in numerous studies (Harkénen,
1987; Ampela and Ferland, 2006; Lundstrom et al., 2007; Lundstrom et al., 2010). While this method can
be used to analyze any hard parts of prey remains (e.g. sagittal otoliths, vertebrae, cranial bones and
other skeletal parts) most studies — including ours — focus on the identification of fish otoliths, which can
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be used to reconstruct not just the prey species, but also number of prey consumed, their age, length
and biomass.

The analysis contained following:

e Extraction of all otoliths and bony parts.

e Species identification of all otoliths.

e Photos, length and width measurements of all otoliths by use of Leica microscope and image
analyzer.

e Evaluation of the level of erosion for each otolith and calculations of original otolith size.

e Calculation of weight and size of the fish belonging each otolith. For cod the size correction was
based on cod from area 24 and 25 with in the same years of the scat collection. For other
species, correction factors were collected from the available literature.

Results

A total of 820 grey seal scats were collected across four study sites (Table 3.1.1). This include
Maklappen (Falsterbo), Sweden in 2014-2017 (N = 366), Tat (Christiansg), Denmark in 2015-2017 (N
= 184), Rgdsand, Denmark in 2017 (N = 159) and finally Utklippan, Sweden in 2016-2017 (N = 111).
Of these samples, 300 contained otoliths, while DNA was extracted from 331 scats. Of these, 145
samples have been analyzed, and the rest is still in progress. The DNA analysis suggests that cod,
garfish, herring, sprat, flatfishes and sandeel comprise a major part of the grey seal diet when estimated
as frequency of occurrence (Table 3.1.2). Cod was also found to be the most frequently occurring
species in the otolith analysis, followed by flatfishes, sandeel, unidentified codfishes (Gadidae), herring
and whiting. However, in terms of biomass, cod comprised 83% of the total consumption by grey seals
— more than ten times more than flatfishes (8%) as the second most abundant prey (Fig. 3.1.1; Table
3.1.3).The length of the cod consumed by grey seals varied from 129 cm and up to 909 cm. The most
common length is between 550 and 650 cm as seen in figure 3.1.2.
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Table 3.1.1. The number of scats collected from each location and month. The humbers in
parentheses are the number of samples successfully analyzed for DNA and the number in brackets
are the number of samples containing hard parts. Samples from Utklippan 2017 have not yet been
analyzed for hard parts. Not included in this table is 178 samples that has been DNA sequenced, and
are in the process of being analyzed for fish species composition.

Jan Feb | Mar Apr Maj Jun | Jul | Aug Sep | Okt Nov Dec | Total
16 32 6 2 4 16 76
(9) | (15) (5) (2) (7) (38)
MAK 2014 [7] [6] [1] [1] [2] [3] [20]
66 30 4 24 124
(30) | (12) | (1) (53)
MAK 2015 [12] [5] [2] [4] [23]
17 30 32 16 16 111
MAK 2016 (8] [6] [6] [6] [3] [29]
3 47 5 55
MAK 2017 [10] [2] [12]
5 10 10 5 19 49
@ ® | (6| (12 (34)
TAT 2015 [4] [4] [1] [4] [4] [17]
18 18 18 28 6 5 3 30 126
(13)| (®) 9) (30)
TAT 2016 [11] [8] [8] | [15] 211 [2] [2] [18] [66]
9 9
TAT 2017 [2] [2]
32 21 6 76 24 159
R@D 2017 [9] [1] [ | [74] [8] [93]
4 29 1 5 2 39
UTK 2016 [41 | [27] [1] [4] [2] [38]
UTK 2017 17 17 24 5 2 5 70
38 18 76 161 218 47 19 117 11 67 46 820
(23)| (9| (B2)| (#3)| (75) | (26) | (16) | (28) | (9) | (24) | (20) (145)
Total [19] [8] [19] | [44] [59] | [17] [4] [85] [8] | [16] [21] 0 [300]
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Table 3.1.2. Diet composition of the samples analyzed by DNA and otolith extraction. FO is the
frequency of occurrence calculated by dividing the number of samples containing the species with the
total number of samples containing prey. The total number of analyzed DNA samples is 145. The total
number of analyzed otolith samples is 218.

Family Species Common name FObna FOortoliths
Gadidae Gadus morhua Atlantic cod 64.83 65.60
Belonidae Belone belone Garfish 38.62

Clupeidae Clupea harengus Atlantic herring 37.24 10.55
Clupeidae Sprattus sprattus European sprat 33.79 4.13
Pleuronectidae Pleuronectes/Platichthys Flatfishes 18.62 21.10
Ammodytidae Hyperoplus lanceolatus Great sand eel 11.03

Zoarcidae Zoarces viviparus Viviparous eelpout 7.59

Lotidae Enchelyopus cimbrius Fourbeard rockling 5.52 3.21
Gadidae Merlangius merlangus Whiting 414 10.09
Cyclopteridae Cyclopterus lumpus Lumpsucker 3.45
Ammodytidae Ammodytes tobianus Lesser sand eel 3.45
Scophthalmidae Scophthalmus rhombus Brill 2.07

Anguillidae Anguilla anguilla European eel 2.07

Salmonidae Salmo salar Atlantic salmon 2.07

Salmonidae Salmo trutta Brown trout 1.38
Gasterosteidae Gasterosteus aculeatus Three-spined stickleback 1.38

Gobiidae Pomatoschistus minutus Sand goby 1.38

Gadidae Pollachius virens Saithe 0.69

Gobiidae Neogobius melanostomus Round goby 0.69

Esocidae Esox lucius Northern Pike 0.69

Percidae Perca fluviatilis European Perch 0.69

Gobiidae Gobiusculus flavescens Two-spotted goby 0.69

Gobiidae Gobius niger Black goby 069
Ammodytidae Hyperoplus/Ammodytes Sandeel 13.76
Gadidae Gadus/Merlangius Cod or whiting 12.84
Clupeidae Clupea/Sprattus Herring or sprat 7.34
Gobiidae Gobius/Neogobius Goby 5.05
Pleuronectidae Limanda limanda Common dab 1.83
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Figure 3.1.1. Mean weight proportion of fish species in all samples analyzed for otoliths. Cod contributes
to 83.4 % of the total biomass found in the seal scat samples. Numerical correction factors have been
applied. Garfish consumption could not be measured because of the absence of otoliths.
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Table 3.1.3. Total biomass of the primary prey species consumed by an individual grey seal in the
southwestern Baltic Sea.

Daily consumption | Annual consumption
Prey species (kg) per seal (kg)
Cod 3.753 1369.8
Flatfish 0.366 133.6
Goby 0.139 50.7
Herring 0.077 28.1
Sandeel 0.068 24.8
Clupeidae 0.039 14.2
Whiting 0.026 9.5
Sprat 0.017 6.2
Dab 0.009 33
Cod/Whiting 0.004 15
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Figure 3.1.2. Length proportion of the consumed cod in the southwestern Baltic Sea. The histogram is
calculated from non-size corrected otoliths.
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Discussion and conclusions on seal diet analyses

The recovery of the grey seal population throughout much of the Baltic signifies a conservation success
story, but introduces new challenges because of the increase in interactions with fisheries (Kénigson et
al., 2007). The overall findings demonstrate a relatively varied diet of grey seals in the Southern Baltic
Sea. A total of 23 species were identified from the molecular method, which for some has not been
found in grey seal diet before. The most common prey species was cod, which confirms the competition
that occurs between grey seals and fisheries.

The advantage of the molecular method is that it provides results that are independent of any visually
identifiable prey remains (Lundstrom, 2012). The major drawback of this method is the absence of
information about the sizes of consumed prey items and the difficulty to accurately relate the number
of prey DNA molecules identified in dietary studies to the relative biomass of different prey items
consumed (Matejusova et al., 2008).

The hard part identification method has been widely used, but a large source of bias is the erosion
caused by digestion in the stomach, which especially affects small and fragile otoliths (Harkénen, 1987;
Lundstrom et al., 2010). In addition, prey species without otoliths or very small otoliths will be under-
represented. Thus, due to the differing rates of digestion among the prey species, scat analysis may be
biased towards species with large and robust hard parts (Bowen, 2000). Garfish does not leave behind
any otoliths and therefore needs to be identified from other hard parts. The data from this study has not
yet been analyzed for other hard parts and therefore the number and biomass of garfish in seal diet
cannot be estimated. As seen in the molecular analysis, garfish are present in 38.62 % of the seal scats,
so the biomass of garfish is potentially also substantial. The total consumption of cod is therefore
overestimated, because of the absence of the garfish biomass.

In all, this work has proved promising conditions of dietary monitoring of grey seals by collection and
analysis of scats from a number of haul outs. The results in this report are preliminary and have to be
interpreted with caution. The hard part data from Utklippan 2017 as well as the DNA results from
Rgdsand and Utklippan is missing. Nevertheless, the data based on more than 300 samples suggest
that Atlantic cod contributes to a substantial part of the diet of grey seals from the south-western Baltic
Sea. This estimated high proportion of cod in the diet of grey seals in the south-western Baltic calls for
further assessments of the impact of the seals on cod.
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3.1.2 Approximate predation mortality on cod from grey seals
By Margit Eero (DTU Aqua)

Mortality rate of cod due to seal predation depends on i) seal abundance in the area overlapping with
cod, ii) cod abundance, iii) daily consumption of an individual seal, and iv) the proportion of cod in seal
diet.

The investigations of seal diet described in the section above have mainly focused on elucidating the
proportion of cod in seal diet where information has been scares, especially for the southern Baltic Sea