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Summary

The main wintering area of the North Atlantic herring is in the three fjords Tysfjord,
Ofotfjord and Vestfjord in Northern Norway. The estimated amounts of herring
overwintering in the fjords were 6 million tonnes in 2003 and 7 million tonnes in 2004. The
stock stays in these fjords from mid-October to January. The herring is every year
accompanied by around 1500 killer whales, specialised on the herring as their main prey
species. The killer whales have evolved a fascinating feeding technique, called “carousel
feeding”. During this procedure they circle around a school of herring to get it tight and bring
it to the surface; the surface then acts as a barrier which prevents the herring from escaping.
When the school is tight enough the whales slap their tail flukes through it, to stun or kill the
fish. After that they eat the motionless fish one by one.

Since the beginning of the 1990s, the herring fishery in the fjords has increased a lot,
and it is still expanding each year as the herring biomass increases. When a purse-seiner or a
pair trawler hauls in its net, or when two pair trawlers pull their nets between them to catch a
school of herring, loud sounds are formed which draws killer whales to the place. The whales
know that tired and lethargic fish escape in the processes, and these fish are easy to catch for
them. In previous years the indications have been that the killer whales perform fewer
carousels when the fishing activity is high in the fjord areas. Hunting killer whales have high
oxygen and energy consumption; it is therefore not surprising if the whales take advantage of
fishing boats when they have the chance. The aim of this project was to evaluate if the
presence of fishing boats in the fjords really changes the feeding behaviour of the killer
whales.

Surveys were made in the fjords between the 6th of November and the 14th of
December 2003 and between the 20th of October and 9th of December 2004. All surveys were
performed during daytime and the data regularly collected included position, time, estimated
number of whales seen and behaviour of the whales. Amounts of herring taken per day were
obtained from the Norwegian Fishermen's Sales Organisation for Pelagic Fish.

A negative relationship was found between the amount of herring caught by the
fisheries and the fraction of time the killer whales were seen feeding (not net feeding) the same
day, which indicates that the killer whales are really taking advantage of the fishing boats. The
relationship was strong using only the data from 2003, but there was only a non-significant
trend towards a negative relationship in 2004.

The mean fraction of time the killer whales spent carousel feeding was larger in 2003
than in 2004. This was surprising as the fishing activity in the area also was higher in 2003. A
deeper look into the data for 2004 revealed a difference in feeding fraction during weekdays
and weekends respectively. This might depend on the whale safari industry; in the weekends
many more tourist boats appear in the fjords. The boats may hinder the killer whales from
herding a tight school of herring to the surface; by scattering the school or by not leaving as
much free surface area as the killer whales need.

It is possible that not all killer whale groups feed around fishing boats; there might be
only a few groups that have specialised on this behaviour. So far there have been no accidents
in the study area with killer whales feeding from fishing nets, but this might change if the
fishing activity continues to expand and more whales start to feed around the boats. If the
increasing tourism in the fjords prevents the whales from performing their carousel technique,
this could maybe also lead to a more intense net feeding activity.
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Introduction

The killer whale (Orcinus orca) is among the most widely distributed animal species on earth,
and can be found in all seas from polar to equatorial waters. However, they are most common
in coastal, temperate waters with high productivity; denser concentrations occur for example
along the north-western coast of North America, around Iceland and along the coast of
northern Norway (Ford 2002).

Killer whales have a very diverse diet; species that have been recorded as prey are
several fish, squid and marine mammal species, as well as gulls, penguins and turtles
(Carwardine et al 1998). Despite this, each population is specialised on only one or few kinds
of prey.

In the Norwegian Sea, killer whales move between coastal and offshore waters
following the seasonal movements of the Norwegian spring-spawning herring (NSS herring,
Clupea harengus) (Similä et al 1996). In the late 1960s this herring stock collapsed as a result
of over-fishing (Røttingen 1990). During the recovery, the herring changed its migratory
pattern; they started to spend the winters close to the Norwegian coast instead of offshore
waters between Iceland and Norway. And with them the killer whales followed (Christensen
1988). Since 1987 the wintering area of the North Atlantic herring has been mainly in the
three fjords Tysfjord, Ofotfjord and Vestfjord in Northern Norway (Similä et al 1996). The
estimated amount of herring overwintering in the fjords in 2003 was 6 million tonnes. In 2004
the number was 7 million tonnes (NEFC 2004). The stock stays in these fjords from mid-
October to January, and then migrates southwards to spawn close to the coast of western
Norway. After spawning, the herring moves further north again to spend the summer feeding
on zooplankton in the Norwegian Sea (Røttingen 1990). Around 1500 killer whales followed
the herring into the fjords in 2004 (Similä pers. comm.).

The Norwegian spring-spawning herring and the killer whales
Herring perform diurnal vertical migrations, probably to avoid predators (Blaxter 1985). In
the areas of Tysfjord and Vestfjord the NSS herring is found in dense layers at depth of 0-70
metres during the night. At dawn the whole layers descend to around 150-500 metres depth
(Dommasnes et al 1994). During the downward migration small schools are sometimes
isolated from the layer, these may then stay at shallower depths. This isolation is especially
seen in areas with varying bottom topography (Similä 1998). The killer whales in Norway
seem to prefer feeding on small herring schools at shallow depth (Ugarte 2002).

The whales are unable to catch herring without stunning it first. Perhaps they can not
distinguish individual fish, or the herring is to fast for them (Similä and Ugarte 1993).
Therefore the killer whales have evolved a fascinating feeding technique, called “carousel
feeding”, in which they try to herd a school of suitable size (dependent on the number of
whales present) to the surface. This could be done in several ways; by taking an already
existing small school, by splitting a large school into smaller ones, or by (in rare occasions)
isolating a school from the thick layer of herring (Nöttestad and Similä 2001). When the
whales have a suitable school they circle around it to get it tight and bring it to the surface;
showing their white bellies and blowing bubbles. The surface acts as a barrier which prevents
the herring from escaping. When the school is tight enough the whales slap their tail flukes
through it, to stun or kill the fish. After that they eat the motionless fish one by one. The
whales take turns in herding, tail slapping and eating (Similä and Ugarte 1993).
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The herring fishery and the killer whales
Since the beginning of the 1990s, the herring fishery in the fjords has increased a lot, and it is
still expanding each year as the herring biomass increases (Stenersen and Similä 2004). The
total quota for the NSS herring fisheries was 710 000 tonnes in 2003. In 2004 the quota was
825 000 tonnes (NEAFC 2004).

When a purse-seiner or a pair trawler hauls in its net it uses a large pump to get the
fish onboard. The sound of this pump can be heard by killer whales from a distance of at least
18 km (Similä pers. comm.), and they know that during the pumping some fish slip out of the
net. This fish is probably both tired and lethargic and therefore easy to catch for the whales
(Stenersen and Similä 2004). From pair trawlers loud sounds are also formed already when
they pull their nets between them to catch a school of herring, and during this procedure worn
fish might escape (Geoff Magee pers. comm.). Other kinds of discards from fishing boats can
also be utilised as food by the killer whales, for example damaged, small fish and non-target
species that are sorted out on the working deck; or fish that are stuck in the net and released
when the net is let down again (Couperus 1994).

Killer whales have been reported feeding from fishing boats in several places all over
the world; studies have been performed for example in Chile (Hucke-Gaete et al 2004) and the
Shetland islands (Couperus 1994). It appears that killer whales have a great ability to learn
new behaviours and utilise a new situation (Baird 2002).

In previous years the indications have been that the killer whales perform fewer carousels
when the fishing activity is high in the fjord area (Similä, pers. comm.). An adult killer whale
needs around 100 kg of fish each day, which equalises 350 herrings (Forså 2004). It is not an
easy task to surround a school of herring; feeding killer whales have a high respiration rate
(Turunen 2001), which means high oxygen and energy consumption. It is therefore not
surprising that the whales take advantage of fishing boats when they have the chance. In this
article I will try to evaluate if the presence of fishing boats in the fjords really changes the
feeding behaviour of the killer whales. I will also discuss what effect the increasing killer
whale watching tourism may have on the behaviour of the whales.

Material and methods

Study area
The study area was the waters of Vestfjord and Tysfjord in northern Norway (Fig 1).
Vestfjord is around 200 km long and the greatest width is 90 km. It is an open, unprotected
fjord and has depths between 200 and 900 m from the mouth and inwards. Tysfjord is smaller
(70 km long and 2 km at the widest part), but the deepest depth is still 900 m. The bottom
topography is more complex in Tysfjord than in Vestfjord.

Observations
I was collecting data from the whale watching vessel MS Leonora the 6th of November to the
14th of December 2003. In 2004 the research boat SV Iolaire was also used, between the 20th
of October and 16th of November. After that I continued on Leonora until the 9th of
December. All data was collected during daytime. Data included position (via GPS), time,
estimated number of whales seen (and how many males, females and calves) and behaviour of
the whales. On Iolaire I also registered the depth and estimated the density of herring present
using a Furuno FCV-581 echosounder. When whales were encountered notes were taken
every ten minutes, but when going to and from encounters the intervals were longer (around



5

15 minutes).
Behaviours recorded were travelling, resting, socialising and feeding. If different

behaviours were seen at the same time in the observed group, the dominating behaviour
(performed by most individuals) was chosen. Travelling was defined as all animals in the
group moving in the same and in a constant direction. During resting the whole group swims
slowly and synchronously but as opposed to travelling they are not heading in any particular
direction. Socialising was associated with milling, breaching, spyhops (lifting the head out of
the water), headstands, lobtailing (hitting the surface with the tail fluke) and flipper slaps.
The whales often had physical contact with each other and sexual interactions occurred.
Feeding whales were heading in different directions when surfacing, and moved back and forth
in the same area. Porpoising (rapid swimming), lobtailing, spyhops and arch diving were
frequently seen. A good sign of feeding whales was also all the birds following them and
picking up fish from the water surface. Fish scales, fish pieces and stunned fish could also be
seen at the surface.

Analysis
To analyse my data I, for each day, summarised both the total time I saw the whales, and the
amount of time the whales where feeding. This allowed me to calculate the fraction of time I
saw the whales spend on feeding every day.

I chose only one of my noted GPS-positions each day to work with; for days with
recorded feeding behaviour I used the position where I first found them feeding, the remaining
days I chose the position where I spent the longest time with the whales.

To be able to compare the fraction of time spent feeding to the amount of herring
caught in the vicinity the same day I obtained data from Norges Sildesalgslag (Norwegian
Fishermen's Sales Organisation for Pelagic Fish). The amounts of herring taken were given for
different parts within the study area. I needed my GPS-positions to decide which area I
would use data from. My sightings were all within four different areas (named 37, 38, 44 and
46; Fig 1); I used the data from the area in which I encountered the whales that day. In 2003
all the positions were lost due to incompatibility between computer programs used. In my
statistical tests for this year I therefore used pooled data from the three areas where I had
sightings (37, 38 and 44). When I did tests with data from both years together, I used pooled
data from these three areas also for 2004. All collected sighting positions in 2003 were
situated within these areas, and the only exceptions in 2004 were the two first days (the 19th

and 20th of October), when we encountered the killer whales in area 46. But these days no
fishing activity was reported from this area (46); only from area 38. Therefore I did not add
this area in the calculations.

My statistical analyses were performed in Minitab (release 14.1, Minitab Inc).
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Fig 1. The area of Vestfjord, Tysfjord and Ofotfjord in Northern Norway where surveys for killer whales were
made. The numbers indicate different fishing areas.

Results

I encountered killer whales on totally 52 days during my study; 22 days 2003 and 30 days
2004.

I observed killer whales feeding from one pair-trawler (the 4th of November 2004) and
two purse-seiners (the 13th and 27th of November 2004). Both boats were pulling up the nets
at the time. Fishermen with small boats could tell stories about many whales around their
boats; they were often feeding the killer whales with the not-usable herring.

In 2003 there was a strong negative relationship between the amount of herring caught
by the fisheries and the fraction of time I saw the killer whales feeding each day (Pearson
correlation = -0,546; p = 0,009; Fig 2). In 2004 there was only a non-significant trend towards
a negative relationship (Pearson correlation = -0,259; p = 0,168 with herring catches from the
specific areas and Pearson correlation = -0,174; p = 0,359 with pooled areas). If both years
were analysed together there was also a significant negative relationship (Pearson correlation
= -0,274; p = 0,050, pooled areas; Fig 2).
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Fig 2. The fraction of time the killer whales spent on  feeding (not net feeding) depending on the amount
herring caught by the fisheries the same day (Each point represents one day) 2003. Fishing amounts from all
areas are put together. Study area: Tysfjord, Ofotfjord and Vestfjord in Northern Norway. Pearson
correlation = -0,546; p = 0,009.

Fig 3. The fraction of time the killer whales spent on feeding (not net feeding) depending on the amount
herring caught by the fisheries the same day (Each point represents one day) 2003 and 2004. Fishing amounts
from all areas are put together. Study area: Tysfjord, Ofotfjord and Vestfjord in Northern Norway. Pearson
correlation = -0,274; p = 0,050.

There was a larger fraction of feeding seen in 2003 than in 2004 (T-Test of difference
= 0 (vs not =): T-Value = 2,14; p = 0,040; DF = 33; Fig 4). Significantly more herring were
also caught per day during my time of study in 2003 than in 2004 (T-Test of difference = 0
(vs not =): T-Value = 2,27; p = 0,030; DF = 32).
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Fig 4. The fraction of time the killer whales spent on  feeding (not net feeding) each day (means and standard
deviations). Comparison between 2003 and 2004. Study area: Tysfjord, Ofotfjord and Vestfjord in Northern
Norway. T-Test of difference = 0 (vs not =): T-Value = 2,14; p = 0,040; DF = 33.

In the data from 2004 I found a difference between the fraction of feeding during the
weekdays compared to during the weekends, there was more time spent feeding during the
weekdays (T-Test of difference = 0 (vs >): T-Value = 2,00; p = 0,028; DF = 25; Fig 5). In
fact there was no feeding at all observed during the last three weekends during my study time
in 2004 (the 20th of November to the 5th of December). This difference was not found in 2003
and there was no significant difference in the amount of fishing during weekdays and
weekends in 2004. The difference between the two years in feeding activity was not
significant neither when I compared only the weekdays nor only the weekends. The negative
relationship between herring catch and feeding fraction for both years was more significant if I
excluded the data from the weekends (Pearson correlation = -0,363; p = 0,030; pooled areas;
Fig 6), and the trend in 2004 was also stronger (Pearson correlation = -0,407; p = 0,075).

Fig 5. The fraction of time the killer whales spent on feeding (not net feeding) each day (means and standard
deviations). Comparison between weekdays and weekends 2004. Study area: Tysfjord, Ofotfjord and Vestfjord
in Northern Norway.  T-Test of difference = 0 (vs >): T-Value = 2,00; p = 0,028; DF = 25.
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Killer whale feeding time vs Catches by fisheries 
2003 and 2004 (without weekends) 
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Fig 6. The fraction o time the killer whales spent on feeding (not net feeding) depending on the amount
herring caught by the fisheries the same day (Each point represents one day) 2003 and 2004. Without
weekends, fishing amounts from all areas are put together. Study area: Tysfjord, Ofotfjord and Vestfjord in
Northern Norway. Pearson correlation = -0,363; p = 0,030.

Discussion

It seems like the killer whales are really taking advantage of the fishing boats, since there is
less carousel feeding activity during days when a lot of fishing has occurred.

It is uncertain how much discards there are from the fishing boats; how many killer
whales they can actually feed. One day I observed the same group feeding around a purse-
seiner in the morning and a few hours later hunting by themselves. Wassenberg and Hill
(1990) found that deliberate discards from one prawn trawler in Australia could provide
sufficient food for five bottlenose dolphins, but only if they followed the trawler for ten
hours. Therefore feeding only from these discards from fishing boats maybe is not an efficient
alternative. In addition to the deliberate discards from the fishermen, the dolphins have also
been seen feeding from the fish escaping during the actual trawling. But even if one boat could
support a killer whale pod with their whole daily herring intake, there are probably not
enough boats to feed all the killer whales in this study area. It is possible that not all groups
feed from the fishing nets; there might be only a few groups that have specialized on this
behaviour. In eastern Australia two separate communities of bottlenose dolphins (Tursiops
aduncus) live in the same area. One community is regularly seen foraging with prawn
trawlers, while the other has never been seen doing so (Chilvers and Corkeron 2001). This
shows that it is not necessarily the case that all animals in an area learn and adopt the same
behaviour. More studies on the actual net feeding, for example with photo identification, are
needed to investigate if net feeding is only utilized by some family groups in Norway or if it
is common to all groups. But the fishermen take advantage of the enormous amounts of
herring close to the surface when it is dark, which makes it difficult to do observations (and
especially to identify individuals). Another thing complicating the studies is that different
groups vary in their appearance towards boats. Some groups are curious, others do not care
and a few regularly avoid contact (Tiu Similä pers. comm.). The whales that let the
researchers come close are therefore also whales likely to be prone to feed close to fishing
boats, and vice versa. This may overestimate the impact of the fishing industry on the whole
killer whale population.
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The catches of herring per day in 2004 were lower than in 2003 because when I
started my study this year the quotas were nearly filled. But it was surprising to find that the
fraction of time the whales spent feeding was lower in 2004, when the fishing activity in the
area also was lower. A deeper look into my data for this year then revealed a difference in
feeding fraction during weekdays and weekends respectively. This might depend on the whale
safari industry; in the weekends many tourist boats appear in the fjords. One weekend day I
observed 15 boats in the small area behind Bekkenesholmen, where a couple of killer whale
groups were swimming around. In weekdays on the other hand we could often be the only
whale watching boat (or research boat) in the fjord. This difference was not that obvious in
2003. It could be likely that the increasing whale tourism disturbs the whales when they are
hunting. The boats may hinder the killer whales from herding a tight school of herring to the
surface, by scattering the school through (often unconsciously) running over it or simply by
not leaving as much surface area as the killer whales need to succeed.

The fishing boats were trawling in the mornings, before I started my observations. The
mere presence of them could not explain the lesser feeding activity seen among the whales
during days with much catches. The three occasions when I actually saw the killer whales
feeding around fishing boats (the 4th, 13th and 27th of November 2004) were all early mornings
with Iolaire. It is plausible to assume that there is a difference between the impacts on the
whales of the fishing boats compared to that of the whale watching boats. The fishing vessels
are just lying there and the whales come to them, while it is the other way around with the
whale watching boats.

Source of errors
There is a possibility that a group I encountered not feeding, had been feeding before I came
there or started to feed after I left. But despite much search effort, killer whales feeding on
their own have only been seen during daytime (Ugarte 2001, Similä unpubl. data), which
indicates that the fact that no night-time surveys were made in my study did not introduce
any significant errors. The enormous amounts of herring close to the surface at night may
make it impossible for the killer whales to form the small schools they can handle. The whales
seem to prefer to stay away from the areas with a lot of herring during the night and hunt later
when there are only small schools left the upper water column (Tiu Similä pers. comm.).

To herd a herring school to the surface can be advantageous for the whales in different
ways. The surface can help to prevent the herring from escaping. But it is also less energy
consuming for the whales to have the school closer to the surface; then the distance between
the surface where they have to breathe and the herring they are chasing is shorter (Similä
1998). The whales therefore probably always try to herd the school to the surface, but this
can be impossible if the school is too large or too fast. All observations with feeding whales
during my study were not obvious successful carousel feeding occasions, for example when
the whales did not stay on the same spot all the time. If the whales do not succeed in forcing
the herring to the surface they stun the fish when they have an opportunity, eat the stunned
fish and then continue to herd the school (Tiu Similä, pers. comm.). These “less successful”
hunts can sometimes be difficult to notice from the surface, except from the times when birds
picking up herring and fish scales coming up to the surface were clear indications of that
feeding was taking place. This means that some feeding occasions could have been recorded as
unknown behaviour in my data; therefore the frequency of feeding behaviours may be
underestimated.
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The future
In earlier days the fear that the killer whales were decimating the herring stocks was so big
that the Norwegian government actually encouraged hunting of killer whales. Between 1938
and 1981 over 2000 killer whales were killed by Norway. Since 1982 the IWC (International
Whaling Commission) has recommended no hunting until more is known about the impact of
the killer whale populations (Christensen 1988).

So far there have been no accidents in the study area with killer whales feeding from
fishing nets. It is only when a fishing net is set around a herring school where killer whales are
already feeding the whales are actually inside the net. It seems like the whales can easily get in
and out from a net, but sometimes this can result in damaged nets (Stenersen and Similä
2004). The herring fishermen in Norway do not seem to be bothered about the killer whales
(as long as the whales do not come into the nets). Normally the whales only follow the net,
which is either pulled by trawlers or hauled in by a purse-seiner, and eat the fish which slip
out of it. But if the fishing activity in the area continues to expand, and also more whales start
to feed around the boats; will still no accidents occur? And if the increasing tourism in the
fjords prevents the whales from performing their carousel technique, could this also lead to a
more intense net feeding activity?

In killer whale societies, calves’ learning from the adults plays an important role
(Guinet and Bouvier 1995); could the increase of the fishing fleet therefore have long term
behavioural effects of the killer whales? But the probability that the adults would stop
teaching their young how to hunt themselves is rather small, as long as the fishing only occurs
during a part of the year. Then the whales still have to perform the carousel feeding technique
during the periods without fishing. In addition, as mentioned earlier, the fishing fleet is
probably not big enough to support the entire killer whale population.

The depth and size of the herring school, and therefore the topography of their habitat
(Similä 1998), seem to be important factors influencing the possibilities of a successful hunt.
This makes certain areas especially suitable for carousel feeding. These places with the biggest
chances of experiencing this spectacular event are of course the most popular for whale
watching boats. This makes the killer whales more vulnerable; even if one might think that the
whales can always swim away if they want to, the place they have to escape to can be less
profitable for them. How much the tourism in the area affects the killer whale population as a
whole is difficult to say and it depends on many factors; for example if it is the same groups
being disturbed all the time, and if there are alternative equally profitable areas for them to
escape to. Also the number of boats at the same place and the behaviour of them of course
influence how large the effects will be. But my results indicate that it might be so that the
capacity of the killer whales of performing a carousel is lowered in the presence of whale
watching boats. These results have to be interpreted with caution, while no data on the
number of safari boats (or their behaviour) is available. However, with the increasing tourism
in this area regulations are likely to become necessary. More studies are needed, but for
example restricted areas could perhaps be a good alternative.
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