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A B S T R A C T

The aim of this behavioural study was to identify potential feeding attractants to be incorporated in an alter-
native longline bait for Atlantic cod. The attractants should be based on low-cost surplus resources that are not
used for human consumption. The food search and feeding responses of wild caught cod to eight attractants
made from products from the fishing and aquaculture industry were compared to traditional squid bait in a
laboratory study. All attractants tested triggered feeding responses in cod, indicating that there are several by-
products from the fishing industry that have potential as an attractant for an artificial longline bait. The three
most effective attractants were herring processing by-products, sand eel hydrolysate and hydrolysate by-pro-
ducts from the shrimp industry, which all elicited stronger food search and feeding responses than squid. Our
results indicate that both free amino acids and other unidentified compounds are important in eliciting feeding
responses in cod. Thus, attempts to identify efficient feeding attractants to be incorporated in alternative baits
should be based on using complete aqueous extracts, rather than isolating a mixture of potent components.

1. Introduction

Annual landings of Atlantic cod (Gadus morhua) by the Norwegian
longline fleet range from 64 000 to 74 000 tons (2014–2017), which is
16 % of the total cod catches (data from the Directorate of Fisheries).
The longline vessels use more than 10 000 tons of bait a year
(Løkkeborg, 2013). Baits commonly used by the Norwegian longliners
comprise squid (Illex spp.), mackerel (Scomber scombrus), herring
(Clupea harengus) and Pacific saury (Cololabis saira). These resources are
also used for human consumption, and there is a growing demand
worldwide for food (FAO et al., 2015), a better and more sustainable
use of marine resources (Frid and Paramor, 2012; FAO, 2018). In ad-
dition to this ethical dilemma, there is an economic problem because
prices for traditional baits have greatly increased in the course of the
last two decades (Løkkeborg, 2013; www.fiskernes-agnforsyning.no).
This price increase is driven by the growing demand for human food
resources. Thus, it is important to find alternative bait products that are
not used for human consumption.

An alternative longline bait attractant should be effective (initiating
food search and feeding behavior), species-selective and based on low-
cost by-products. Such products need to be available in large quantities

to meet the high demand for bait. Based on criteria such as quantity,
availability, price and chemical composition, potential resources that
are not used for human consumption includes species caught in the
Norwegian pelagic fisheries and processed into fish meal and oil:
Norway pout (Trisopterus esmarkii), blue whiting (Micromesistius pou-
tassou), capelin (Mallotus villosus) and sand eel (Ammodytes marinus). In
addition, the fishing and aquaculture industry produces large quantities
of fish by-products. While Norwegian processing plants for landed pe-
lagic species (herring and mackerel) and farmed salmonids utilize
90–100 % of their by-products for different purposes (e.g. animal feed),
only 40–60 % of white fish by-products are utilized (Winther et al.,
2013; www.barentswatch.no). Manufactured longline baits based on
these alternative sources should have a potential for catching cod since
cod is a predatory fish with a broad diet (Klemetsen, 1982, and refer-
ences within).

The marine by-products could be included in the manufactured
baits “as is” or as fish meal or fish oil if stored properly after catch. Low
molecular weight (LMW) compounds from hydrolyzed by-products are
known to stimulate appetite (Carr and Derby, 1986) and could be
preferably produced as attractants in baits. This could either be pro-
duced by the use of exogenous enzymes (hydrolysate) or endogenous
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enzyme in combination with formic acid (silage). The enzymes will
cleave the proteins into smaller and more water-soluble peptides and
free amino acids. The production of fish silage can easily be established
on vessels and appears more cost-efficient due to its utilization of ac-
tivity of tissue degrading enzymes that are naturally present in the fish,
mainly the viscera (Raa and Gildberg, 1982). The silage process usually
requires long hydrolysis time and the products are not suited for human
consumption. On the other hand, the production of protein hydro-
lysates by the use of exogenous enzymes results in higher and more
predictable quality of the end-product, and is the preferred way of
utilizing by-products for human consumption. However, this method is
more costly, mainly due to need for commercial enzymes.

Chemoreception is of paramount importance for the detection and
location of small, stationary food items such as baits (Løkkeborg, 1998;
Løkkeborg and Fernö, 1999). Thus, feeding attractants comprise an
important component of an efficient longline bait. Studies have de-
monstrated that feeding behavior in fish is stimulated by LMW mole-
cules with high aqueous solubility and amino acids appear to be the
most stimulating group of compounds (Carr and Derby, 1986; Hara,
1992, 2011; Kasumyan and Døving, 2003). Several studies have also
demonstrated that there is great potential for using baits or extract
mixtures to attract specific target species (reviewed by Løkkeborg et al.,
2014). Efforts to develop alternative longline baits to replace traditional
baits have been made in several countries (e.g. Bjordal and Løkkeborg,
1996; Januma et al., 2003; Pol et al., 2008; Henriksen, 2009), but to
date these efforts have generally not been successful because the
catching efficiency of these baits types has proved to be inferior com-
pared to traditional bait types (Løkkeborg et al., 2014). Thus, only
natural and traditional baits are currently used worldwide by com-
mercial longline vessels

Food search behavior is commonly species-specific, and thus there is
a great potential for improved species selectivity in longline fishing by
incorporating species-specific attractants in manufactured baits
(Løkkeborg et al., 2014). The main objective of this study was to test the
behavioral response of cod to attractants made from marine sources not
used for human consumption. Further, to test if the processing method
may enhance the stimulatory capacity of a bait, we tested one bait (sand
eel) as fresh, hydrolysate and silage. These attractants were compared
with an attractant based on squid which is the most common bait used
by Norwegian longline vessels targeting cod (Bjordal and Løkkeborg,
1996; Løkkeborg, 2013). As a first step in an effort to develop an al-
ternative bait, these trials were carried out in large tanks to identify the
most promising attractant sources (better or as good as squid) for later
incorporation in a bait matrix that can be tested under commercial
conditions.

2. Material and methods

2.1. The experimental fish

The cod used in this study were caught by a Danish seiner in the
Barents Sea, south-east of Svalbard (between 77°5´and 78.2´N, 26°4´
and 33.5´E) at depths of 110–230 m (temperature 3 °C). The fish were
caught between 25th and 28th of September 2016 and transported to
the Tromsø aquaculture research station following the procedure for
fish handling in capture-based aquaculture (CBA). This procedure in-
cludes sorting out and slaughtering all fish with positive buoyancy,
visible injuries or reduced vitality (Humborstad et al., 2016;
Humborstad and Mangor-Jensen, 2013; Humborstad et al. 2009), be-
fore transferring the remaining fish to specialized live capture tanks
with perforated double bottoms (Humborstad et al., 2016). At the re-
search station the cod were transferred to an outdoors fiberglass
holding tank (3 m diameter, water depth 1 m ∼ 7 m3 of water), which
had a constant flow of seawater at ambient temperature 9 °C (± 0.6).
The cod (N = 50) had an average length of 73 cm (±5.2 SD). The tank
was covered by a black fine meshed netting (10 mm half mesh) to keep

birds out and still keep the light level natural. The fish were acclima-
tized for two weeks in the holding tank before the experiment began
and were not fed during the experiment to ensure feeding motivation.
According to Norwegian regulations (FOR-2004-12-22-1878, §95) wild-
caught fish can be held for four weeks without feeding, and the toler-
able fasting period for cod at good biological condition is 54 days
(Ageeva et al., 2017). The maximum duration a single cod was held
without feeding was 25 days (range 12–25 days). We observed no
mortality or injury in held fish.

2.2. Choice of attractant sources, preparation and composition

Fish meal used by the aquaculture industry in Norway are to a large
extent produced from pelagic fish not used for human consumption
(e.g. sand eel) and by-products from pelagic species such as mackerel
and herring. High quality by-products from the salmon industry and
white fish fisheries, such as heads and backbones, are mainly processed
into fish protein products for pets and humans. Low-quality fish, and
fish by-products, not useable for human consumption are preserved in
formic acid as silage and processed into fish protein concentrates (fat is
separated out) that are cheap and readily available. In the present
study, silage based on salmon (mainly viscera) and whitefish (cod and
haddock; heads, backbone and viscera), manufactured by Scanbio AS
(Trondheim, Norway) were tested. From the fish meal species, sand eel
was chosen to be included in the study, which is a low-priced product
not used for human consumption (Table 1). Moreover, yeast extract,
hydrolysate based on by-products from the Northern shrimp (Panadalus
borealis) industry, and herring processing by-products (after removing
filets) were used. The same shrimp hydrolysate has previously been
tested as a cod attractant and it was found to be superior to hydro-
lysates based on capelin (Mallotus villosus) and blue mussel (Mytilus
edulis) (Siikavuopio et al., 2017). The shrimp hydrolysate was made by
an enzymatic hydrolysis processes described by Kristinsson (2007).
Yeast extract is commonly used as an attractant in leisure fishing, and it
contains high levels of betaine and nucleotides, which is known to
stimulate appetite in marine species (Carr and Derby, 1986). Yeast is
easy to store, highly available and low priced. Further, herring by-
products was chosen, as herring is commonly used in the Norwegian
longline fishery targeting cod (Løkkeborg, 2013). Squid being the most
commonly used longline bait in Norway, was used as a reference bait.

Table 1
Potential bait products. The listed baits are baits already in use (squid, mackerel
and herring) or products that have a potential to be used, based on availability
and price. Volume and prices are given for the period 2012-2017 in Norway.

Species Weight (Tons) Price (NOK/kg) Products

Capelin 76 000–270 000 1.70–2.38 Not human food
Norway pout 3000–47 000 1.70–2.20 Not human food
Blue whiting 20000–399 000 1.45–2.34 Not human food
Sand eel 30 000–108 000 1.70–2.14 Not human food
Copepods 5201 variable Not human food
Krill 93 000–179 000 0.43–0.51 Not human food
Salmon by-products2 30 % of total weight 0.50–1.50 Not human food
Shellfish by-products 119-213 000 6.47–4.40 Not human food
Squid3 25.25 Human food /

bait
Mackerel4 230 000 2.75-3.50 Human food/

bait
Herring4 455 000 2.25 Human food/

bait
Herring by-products4 455 000 2.55 Not human food

1 Norwegian test fishing by Calanus AS, price is depended on quality and
volume.

2 Prices given by the Norwegian salmon slaughterhouses.
3 Prices given by “Fiskernes Agnforsyning”.
4 Prices and weight are from “Norges Sildesalgslag”.
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2.2.1. Production of products based on sand eel
Frozen sand eel (delivered at landing sites in southern Norway) was

ground twice in a kitchen grinder (aperture 7 mm) before being pre-
pared in three different ways to test if the processing method would
enhance the stimulatory capacity of the product: 1) frozen directly at -
20 °C, 2) prepared as a fish silage product and 3) hydrolyzed by exo-
genous enzymes. In the silage process, ground sand eel was mixed with
formic acid (Helm FS+, Hjelle Kjemi, Norway) to pH>4 and kept for
two days at room temperature (22 °C) under continuous mixing. The
final liquid silage was stored in plastic containers in a refrigerated room
(3−5 °C) until use. In the hydrolysis process, ground sand eel was
mixed with distilled water (1:1) and the temperature adjusted to 50 °C.
The enzymes Protamex and Flavourzyme 1000 L (Novozymes,
Bagsværd, Denmark) were added at 0.5 % w/w (dry matter basis) and
the hydrolysis run for two hours. Subsequently, the hydrolysis slurry
was heated to> 90 °C in a microwave oven and kept at this tempera-
ture for 10 min to inactivate the enzyme activity. The resulting hy-
drolysis slurry was cooled down, transferred to plastic containers and
kept frozen (-20 °C) until use.

2.2.2. Preparation of attractants
The shrimp attractant was made by Polybait AS (Tromsø, Norway),

and is a powder made through an enzymatic hydrolysis processes de-
scribed by Kristinsson (2007). The frozen sand eel, frozen gutted squid
and fresh herring head, bone and viscera (HBV), were all ground in a
food processor (shredding disc opening 5 mm). Following, the attrac-
tant solutions were prepared by soaking 1 kg of the ground product in
10 l of filtered seawater for 12 h (see Supplementary Fig. 1). For the
silages, hydrolysates and yeast extract, it was back calculated so that
the same ratio between raw material (1 kg) and distilled water (10 l)
was used (see Supplementary Table 1). After soaking (12 h), the at-
tractant solutions were filtered through an 80 μm plankton filter,
packed in 250 ml portions and frozen (−20 °C) until used in the fish
experiment.

The attractant solution used in the fish experiment was analyzed for
crude protein by the Kjeldahl method (ISO 5983-2, 2009), total fat
(Folch et al., 1957) and dry matter (ISO 6496-2, 1999). The attractant
solution had dry matter content of 4.3–6.2 %, composed of 0.6–2.1 %
crude protein and 0.1–0.7 % total fat. Yeast extract showed the highest
content of protein, with as much as 82 % being water-soluble. Similar,
processed marine attractants (hydrolysates/silage) had a much higher
content of water-soluble proteins compared to non-processed (herring,
sand eel and squid). The pH in the solutions reflected the processing,
with a lower pH in silage products compared to the other attractants
(Table 2).

The water-soluble fraction of the attractant was analyzed for pep-
tide size distribution (Wang-Andersen and Haugsgjerd, 2011) and
composition of free amino acids (Bidlingmeyer et al., 1987), in addition
to total amino acid composition (Liu et al., 1995). Proteins are being
hydrolyzed during storage and processing to smaller and more water-
soluble peptides, where size of peptides and levels of free amino acids
mostly depend on enzymes present and processing conditions. All the

attractants had high levels of low molecular peptides (< 0.2 kDa)
consisting mainly of free amino acids (Fig. 1a and b). The yeast extract
and processed fish (silage/hydrolysates) demonstrated the highest le-
vels of small peptides (< 1 kDa), while only untreated sand eel, gutted
squid and herring HBV contained significant levels of larger pep-
tides> 1 kDa.

The total amino acid composition in the samples (Table 3) reflected
the protein content (Table 2), with highest content in sand-eel silage
and lowest content in shrimp hydrolysates and squid. The amino acids
were dominated by aspartic and glutamic acids followed by glycine,
alanine, leucine and lysine. The composition of free protein-amino acids
was dominated by glutamate and threonine, followed by leucine that
was particularly high in yeast extract. Yeast extract had the highest
content of free amino acids, followed by sand eel hydrolysate and silage
from salmon and white fish. All four samples had a high content of
threonine and leucine, followed with a mix of different amino acids.
Gutted squid had a low level of free protein-amino acids, but more than
twice the concentration of the non-protein amino acid taurine, com-
pared to the other attractant solutions (Table 3).

2.3. Experimental design and behavior patterns

The experimental tanks were two outdoors fiberglass tanks (3 m
diameter, 7 m3), with a water depth of 1 m. They had a constant flow of
filtered seawater at ambient temperature 9 °C (± 0.6). The experi-
mental tanks were covered by black fine meshed netting (10 mm half
mesh) and a tarpaulin cover on the sunny side (see Fig. 2d). Every
second day, five fish were randomly picked from the holding tank and
transferred to each of the two experimental tanks. The two experi-
mental tanks were placed next to the holding tank, and the fish was
netted and carried to the experimental tanks at an air exposure of less
than 5 s. The seawater entered the tanks through a pipe close to the
tank wall. Perforations along the entire length on one side of the pipe
caused a circular current in the tanks. The water outlet was in the
center of the tanks (see Fig. 2).

After the fish were acclimatized overnight in the experimental
tanks, the nine attractants were presented to the fish in a random order
over two consecutive days: five attractants the first day and four the
second day. The experiment took place outdoors in November at a la-
titude of 69 °N, thus, light hours were limiting. Each attractant was
injected into the tank in a 250 ml portion over a period of 10−12 min
by a peristaltic pump through a silicone hose. The mouth of the hose
was positioned at 0.5 m depth at the opposite side of the seawater inlet,
centered between the outlet and the tank wall. Seawater was always
introduced through the silicon hose for 20–30 min prior to introducing
of an attractant (both before the first attractant was introduced and in
between introductions of attractants). Thus, the time period between
introduction of an attractant was 20−30 min or 24 h. The introduction
of seawater through the silicone hose, together with a high water ex-
change rate (> 40 l/min), made sure that the attractant was flushed out
of the system before a new attractant was introduced. The experimental
period lasted for 10 days, resulting in ten experimental runs (replicates)
for each attractant.

Fish behavior was recorded by a GoPro camera that was submerged
on the opposite side of the tank from where the attractant was in-
troduced. We recorded behavior from 5 min before the attractant was
injected until all attractant was introduced (a total recording time of
15−17 min). For the behavioral analysis we used the 5 min periods
before (control) and after attractant injection started.

Based on the video recordings, five behavior responses were quan-
tified:

Food search behavior:

1) Search; the number of times a fish turned with its barbel touching
the bottom of the tank (this is the same behavioral response used in
Ellingsen and Døving, 1986).

Table 2
Dry matter, crude protein, total fat and pH in solutions of attractants.

Samples Dry matter (%) Crude protein (%) Total fat (%) pH

Sand eel hydrolysate 4.8 1.1 0.74 6
Herring 4.7 1.0 0.47 6
Shrimp hydrolysate 4.4 0.6 0.09 8
Squid (gutted) 4.3 0.7 0.09 7
Salmon silage 4.3 0.8 0.26 4
Sand eel silage 5.2 1.2 0.74 4
Sand eel 4.5 0.8 0.48 6
Yeast extract 6.2 2.1 0.07 7
White fish silage 4.4 0.7 0.08 4
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2) Plume; the number of times a fish entered the attractant plume.
Plume being defined as the near (within two body lengths) down-
stream area to the attractant outlet.

3) Approach; the number of times a fish swam upstream towards the
attractant outlet approaching the hose at a distance of< 10 cm.

Feeding behavior:

1) Touch; the number of times a fish touched the end of the hose (the
last 10−15 cm) with its mouth, nose or its barbel.

2) Bite; the number of times a fish bit or opened its mouth to grasp the
end of the hose (the last 10−15 cm).

These behaviors were intended to describe a gradient of interest in
the attractant. The fish were not tagged in order to minimize potential
stressors.

2.4. Statistical analyses

Cod were expected to respond to all tested attractants, given that
only known baits and attractant products for cod were tested.
Therefore, the aim of the study was to reveal the most efficient of the
attractants in terms of triggering food search and feeding behavior. The
experimental fish were not individual marked, and we could therefore
not control for multiple observations of the same fish. Thus our sample
size was 10, one for each groups of fish, and not the individual fish. A
paired t-test was used to compare the mean behavioral responses be-
tween control period (seawater introduced trough the silicone hose)
and attractant period (attractant introduced trough the silicone hose).
Ranking was used to differentiate between the different attractants. The
larger the increase in responses (search, plume, approach, touch, bite)
for an attractant compared to during the control period, the better rank

(best rank is 1, lowest rank is 9). In addition, we conducted a one-way
analysis of variance (ANOVA) with time as a covariate to compare the
five behavior responses among the nine attractants (Box et al., 1978).
Time was used as covariate since the experiment was conducted over a
ten-day period and the cod were not fed until the end of the experiment.
The Least Significant Difference (LSD) method was used to form likely
homogeneous groups of attractants, i.e. to group attractants that had
similar average behavioral responses.

3. Results

In general, search, approach and in plume behavior increased when
comparing the 5-min before (control period) and after introduction of
an attractant (Fig. 3, paired t-test, P ≤ 0.001, Supplementary Table 2).
The greatest increase was observed for approach towards the attractant.
Fish biting or touching the hose with the mouth were only observed
after attractant was introduced, never during the control periods. The
average number of times that approach, search, in plume, touch and
bite were observed during the 5-min period after introduction of a given
attractant is presented as added bars in Fig. 4, with the according rank
presented as white numbers inside the bars (see also Supplementary
Table 3). Further, calculation of mean rank (x¯ Rank) of each attractant
revealed the most stimulating attractants to be sand eel hydrolysate,
herring and shrimp hydrolysate (Fig. 4, Supplementary Table 3). These
three attractants scored best for approach, bite and touch.

One-way analysis of variance with time as a covariate, showed that
average number of approaches combined with number of touches, were
more varied than any other (single - or combinations) responses to the
nine attractants. In other words, the largest variation between attrac-
tants was found in relation to the cod’s attraction and touch activity.
This was found when controlling for time (using time as a covariant).
The probability was P = 0.056 that the average number of approaches

Fig. 1. Molecular weight distribution of peptides in water-soluble
fraction of attractants. Distribution of different peptides sizes (a)
and correlation between the relative content of small peptides
(< 200 daltons (Da)) and free amino acids (g/100 g attractant
solution) (b). Herring HBV: herring by-products of head, bone and
visceral.
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and touches combined - versus attractants were equal. The probability
that time had no effect was P = 0.038. Further, LSD method (at the 80
% level) showed that the three attractants with the highest LS mean
were sand eel hydrolysate, herring and shrimp hydrolysate (Table 4). In
other words, the cod were showing the highest attraction and touch
activity towards sand eel hydrolysate, herring HBV and shrimp hy-
drolysate. These were the same three attractants that came out best in
the rank analysis (Fig. 4).

The three products made from sand eel showed that processing of
the raw material to silage and hydrolysates increased the content of free
amino acids and stimulated a higher frequency of approach, bite and
touch towards the attractant (R2 = 0.99, Fig. 5a). However, no such
correlation (R2 = 0.34) was found for the other attractants (Fig. 5b).
Herring and shrimp hydrolysate, which were overall the best-ranked
attractants, had the lowest content of free amino acids (Fig. 5b). Shrimp
hydrolysate, however, had the highest content (35 %) of small peptides
(200−1000 Da), while herring had the second highest content of
taurine after squid (Table 3), which indicate that also small peptides
and taurine may be important for attractants.

4. Discussion

This study showed that all attractants tested triggered wild Atlantic
cod to increase their food search (approach, plume and search) and
feeding behavior (bite and touch). The results indicate that there are
several by-products from the aquaculture and fisheries industries that
have a potential as an attractant for artificial longline and pot baits for
cod. The three most effective attractants were herring, sand eel hy-
drolysate and shrimp hydrolysate, which all elicited a higher food
search and feeding behavior than squid that was used as reference.
Thus, these three attractants should have the greatest potential for in-
corporation in a bait matrix (manufactured bait) to be tested in com-
mercial fishing.

Many studies have attempted to identify the chemical nature of
feeding attractants and stimulants in teleost fishes (see review by Hara,
1992, 2011; Kasumyan and Døving, 2003). These studies have de-
monstrated that amino acids or water-soluble extracts have the most
stimulatory capacity to elicit feeding behavior in fish (Marui and
Caprio, 1992; Friedrich, 2006; Hara, 2011), and studies have shown
that food extracts lose their stimulating effects when their amino acids
have been eliminated (Carr and Derby, 1986). However, each fish
species selectively responds to a specific mixture of compounds, and
synthetic mixtures of amino acids seldom attain the effectiveness of the
extracts from natural foods (Carr and Derby, 1986; Ellingsen and
Døving, 1986; Jones, 1992; Hara, 2011). Thus, we tested aqueous ex-
tracts of natural marine resources. Our study demonstrated a relation-
ship between stimulatory capacity and concentration of free amino
acids for the three attractants based on sand eel, indicating that free
amino acids are important feeding attractants for cod (Fig. 5a). Studies
designed to identify the active components in natural shrimp and squid
extracts confirmed that amino acids were the major feeding stimulants
for cod (Ellingsen and Døving, 1986; Johnstone and Mackie, 1990).

However, a relationship between stimulatory capacity and con-
centration of amino acids was not seen for the other attractants tested in
this study (Fig. 5b). Although amino acids are shown to be important
feeding attractants for cod (Ellingsen and Døving, 1986), these findings
demonstrate that other compounds than single amino acids are im-
portant in eliciting feeding responses in cod. Furthermore, the com-
plexity of protein/peptide composition of amino acids make it difficult
to determine the effect of single amino acids in aqueous extracts. Thus,
attempts to identify efficient feeding attractants to be incorporated in
alternative baits should be based on using complete aqueous extracts,
rather than incorporating a mixture of single components that are
shown to play a major role in stimulating feeding behavior.

The most potent attractant solutions tested were herring, sand eel
hydrolysate and shrimp hydrolysate, which were more efficient inTa
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eliciting feeding responses in cod compared to the attractant based on
squid. In a hydrolysis process, proteins are cleaved into smaller and
more water-soluble peptides and free amino acids, and in this form,
they are more likely to stimulate the feeding behavior in fish, as com-
pared to the non-processed protein substrate. In this study, this was
shown for the sand eel substrate with best response given for the hy-
drolysis process, followed by silage and non-processed. The free amino

acids content was high for the sand eel hydrolysate, but low for the
shrimp hydrolysate and herring. Thus, also this result indicates that
compounds other than the free amino acids are important in eliciting
feeding responses in cod. However, for shrimp hydrolysate, the high
content of small peptides (200−500 Da) with two or more amino acids
could have similar stimulatory effect as free amino acids, while for
herring a high content of taurine was observed. Squid with the highest

Fig. 2. Experimental design. The be-
havioral study was conducted in two
fiberglass tanks (3 m diameter, water
depth 1 m ∼ 7 m3 of water) (A).
Seawater entered the tanks through a
perforated pipe close to the tank wall.
The water outlet was in the in the
center of the tanks. The attractants
were introduced to the tanks by a
peristaltic pump (C) through a silicone
hose, which outlet was positioned at
0.5 m depth at the opposite side of the
seawater inlet (A and B). Picture (C)
shows the peristaltic pumps (two as two
experiments were run parallelly in the
two tanks) pumping the attractant from
250 ml measuring cylinders. Picture
(D) shows the two experimental tanks

during the experiment, when they were all covered with netting (10 mm half mash) and tarpaulin shading on the sunny side.

Fig. 3. Results from all attractants combined. Behavioral response
of cod during control (gray bars) and after introduction of at-
tractant (dark grey bars). The cod never bit or touched the in-
troducing hose during the control periods. Arrow bars represents
standard variation, and star (*) pairwise t-test with a significance
of P ≤ 0.001.

Fig. 4. The responsiveness of cod to the different attractants.
This figure shows the average number of times the five be-
havioral responses (approach; search; bite; touch and in
plume) were observed during introduction of the different
attractant as added on bar values. The attractants are ranked
for which caused the highest average response. Rank number
is given as white numbers within the bar. The highest average
is ranked 1, lowest 9. The average rank (x¯ Rank) for each
attractant across the five behavioral responses is presented in
a column to the right. This average rank is used as a measure
of the responsiveness of the cod to the different attractants.
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content of taurine showed moderate behavioral responses.

5. Conclusions

The main objective of this bioassay study was to identify potent
marine resources to be incorporated in a manufactured bait that can
replace traditional baits used to target cod. Our approach is cost-ef-
fective compared to full-scale fishing experiments that require vessel

time and the challenging process of formulating a bait matrix (binder)
to hold and effectively release the attractants. All attractants tested
triggered feeding responses in cod, indicating that there are several by-
products from the fishing industry that has potential as an attractant for
an artificial longline bait. Although our results did not produce pro-
nounced and significantly different behavioral responses in cod towards
the attractant solutions tested, the three products that ranked highest
(herring processing by-products, sand eel hydrolysate and shrimp hy-
drolysate) were at least as efficient as squid which fishermen claim to
be the best bait for catching cod. These products are available in large
quantities, at relative low prices and not used for human consumption.
Thus, we have identified potential marine resources that may prove to
form the basis as attractants for an efficient manufactured bait.
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Table 4
The least-square mean of the number of approaches and touches by cod for each
attractant. The estimates were based on an ANOVA with time as a covariate.
The grouping of the attractants was based on the LSD method, where different
letters indicate statistical difference at the 80 % level.

Attractant LS Mean Homogeneous Groups

Sand eel hydrolysate 10.6 A
Herring 8.9 AB
Shrimp hydrolysate 8.1 AB
Squid 7.3 BC
Salmon silage 7.2 BC
Sand eel silage 6.7 BC
Sand eel 6.3 BC
Yeast extract 4.8 CD
White fish silage 3.1 D

Fig. 5. Responsiveness of fish related to amount of free amino acids in attractant. These two figures are comparing amount of free amino acids in an attractant - with
the cods' average responsiveness to the same attractant. The correlation for the sand eel attractants is shown in (a) and for the rest of the attractants in (b). As a
measure of the cods’ responsiveness we have used the average rank values given in last column in Figure 4, thus, Average rank response on the y-axis. The lower the
rank number the higher response to the attractant.
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