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Foreword
The Hypothesis on Overgrazing and Predation by Maekar the northeast Atlantic.

The JCH hypothesidaims that unprecedented numbers (literally billions) of mackerel are competing
with European salmon post smolts (approx:-1®million) for food and predating on them as

opportunities arise. The collapse mumbers of salmon (to about 5%) returning to their native rivers
points to a massive mortality at sea. The coincidence of the explosion in timing, density and range of
mackerel numbers with the sharp decline in returning salmon provides a possibleasillée

explanation. Our knowledge of salmon migration routes and where they overlap with massive mackerel
shoals leads to an assumption that overgrazing by billions of mackerel could leave little food for young
salmon.

At the same time both mackerel andlmon post smolts show signs of starvation and severe loss of
condition. With faster growing mackerel using the same sea space as salmon smolts throughout their
migration, opportunities for predation by mackerel are frequent

| asked Dr Holst if he wouldi@v me to write this foreword to his hypothesis from the viewpoint of
someone who has worked closely with scientists, managers, anglers and people who depend on wild
salmon for their livelihood or lifestyle. | am not a scientist myself. | am however amierped salmon
fishery manager and angler. My time working with the AST introduced me to the tumultuous world of
salmon politics, dominated by traditional netting (now largely gone), the salmon aquaculture industry

and the salmon angling tourismindustty S ¥ 2 NB L O2y Ay dzSs L Ydzad SELJX I A\

his hypothesis to be tested.
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official ICES estimates. Basing his thinking on offigiadefs, and on his own observations and those of
fishing vessel crews in the region, he believes that mackerel numbers are being severely underestimated,
perhaps by a factor of six or more, and that this has led to dangerously low mackerel fishing qeotas ov
years.
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paper. Their range now extends into areas such as the southern tip and east coast of Greenland, around
Iceland, Jan Mayen Island and Spitzbergererelthey have never been recorded before.

Impacts on other specieResulting overgrazing of zoo plankton species has impacted on other pelagic
fish species. Certain species of plankton and smabefigimg birds, such as kittiwakes and puffins, have
alsobeen negatively affected. Dr Holst also surmises that the explosion in mackerel abundance in
northern areas has led to the large fishting gannet showing strong population growth and establishing
colonies in new areas, such as Bear Island, from whexg d¢hn now predate on mackerel.

(

| first met Dr Jens Christian Holsty G KS O2Y LIl ye& 2F (GKS ! {¢Qad wSaSlk NDOF

the 2008 NASCO conference in Asturias. The SAMERG&E project, for which Dr Holst became co
ordinator, was about tdboecome the first multinational effort under the NASCO banner to explore the

lives of salmon at sea. Dr Shelton and Dr Holst had previously worked together on sampling salmon post
smolts at sea. They were jointly responsible for designing and testing anespied trawl that enabled

photos to be taken of salmon as they passed through an open trawl. Those early sampling cruises



provided evidence that mackerel and pesholt salmon are included in species overlaps during their
northern, late spring migration @st of the British Isles.
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is the basis of a practical approach to studying the lives of salmon at sea. By combining data coming from
marine research vegls with the experiences of sports and professional fishermen he adopts an

integrated scientific methodology. That ecosystbased approach has become the baseline for his

hypothesis that there is how a serious imbalance among pelagic fish stocks, tgubeddominance of

mackerel overgrazing and predating on other juvenile fish species, such as salmon post smolts.

An ecosystenbased approach demands taking into account all factors that could possibly influence

recruitment, growth and survival of diffen¢ species. Sea temperature and atmospheric pressure for
SEFYLXS INB ONARGAOIE AyFtdzSyOSa OGAy3a da wO2yRdzOI
play varied roles at different stages in their life histories. The role of commerciadgishmanipulate

fish stocks to achieve a more balanced food web is also of crucial importance. This mechanism is

routinely used, for example in livestock production, deer management and trout lake management

If the JCH Hypothesis leads to the conclusihat huge shoals of mackerel are severely damaging the
pelagic food web in areas of the northeast Atlantic Ocean it will become necessary to reduce their
numbers through an internationally agreed and closely monitored thinning fishery. How that might be
adhieved is the subject of a discussion to be held later, if and only if the hypothesis is shown to be valid.

TA



Chapter 1
Background

Wild salmon stocks fronm particularthe EuropearsouthernNEAGalmonareaare dwindling

and todayfor instancemostlrishand Northern IrishNA @S NB | NE Of 2aASR T2 NJ Wy
Hypotheses on thenarine factoraunderlyingthe salmon collapsare many marine climatesea

lice fromsalmonfarms inbreeding of escapees in wild salmon stoakseaseand bycatch in

pelagic fishess.

The20171CES Working Group on North Atlantic SalMGEIVGNAS, is clear in its conclusions:
Whe continued low abundance of salmon stocks across North Amerispitelsignificant

fishery reductions, strengthens the conclusions that factors aotingurvival in the first and
second years at sea, at both local and broad ocean scales are comgjraimindance of Atlantic
artyzyQo

In parallel with the collapsing European salmon stocks a collapse has been olisexestiern
Europearsea birdsating plankton and small fistike the kittiwake and puffinThe salmon and
thesetypes of sea bird have in common that they are direct and indirect competitors with
mackerel for food.

We have also seen a degrading of the quality of the mackerel fishibe northeastAtlanticat
least over the last ten yearfor instance with the scalled G6 qualy more or less disappearing
from the catches. G6 is mackerel above 600 gramthasis highly regardednd well paidn

the Japanese market. In genertlere are more ad more negative signals coming out of the
markets about the degradinguality of the northeasAtlantic mackerel leading to more and
more severe consequences for the fishing industry.

As a marine fisheriescientist | haveworked closely on the marine ecologf/salmonandthe
factors affecting marinsurvival of Atlantic salmon since 19%®ased on my ecosystebased
research in the NE Atlantithave developed the hypothedisat overgrazing and predatioare
major factors behindamongst othedwindlingsalman andsea bird stocksand the
deteriorating quality of mackerdished inwestern Europe

Based on what | considér be strongempiric evidencethe NE Atlantic mackerel stock has

grown totally out of proportion due t@rossunderestimation leading to awerly cautioudishing
guotasandunderfishingas a consequenc8ecausef this very large mackeredtock the food

resourcesof whales, seals, sea birds, salmaiher pelagic fisheand the mackereiself are

now heavilyovergrazed.Today a 7-yearold mackerel weighs half afs weightof 10 years ago

T a clear sign of thevergrazingand lack of foodThis is only one of many signs of an
SO2aeadsSy Gz2a0ltfte 2dziaARS AdGa Wyl ddzN} £ NIy3ISQ

Thislack of foodhas also lad to starvation andveryslow growth d youngsalmon at seathe
salmon postsmolt Postsmolts are nownore vulnerable to predation andther natural
mortality than before the mackerégxplosior



This document presents the hypothesis on overgrazing and predation with a focus on the effects
on western European salmon and sea bird stocks, but also mentioning other ecologic and
economic effects. Because underestimation of the NE Atlantic mackerel stock forms an
important basis for the hypothesis, | present data anduein chapter2 of this doamentthat

ICES at presentramatially underestimatehe NE Atlantianackerel stock

The hypothesis on overgrazing and predation

The development of the hypothesis on overgrazing and predaiaried around?2005. It has
been a dynamiprocesswhere newobservations and dathavebeenincludedalong the path.
Looking throghthe talkson Researchda.comthat | have giveron the subjecsince 2008 this
is evident.The development of the hypothesis will continue forwar@ieday itreads

a)Over a long timea systematic underestimatiorf the pelagic fish stocks in the Norwegian
Sea has occurred, especiatlynackerel and herring but probably also blue whiting. This has
resulted in systematically too low quota advice and too low fishing leWéls stock growth in
the pelagic fish stocks the Norwegian Seand neighboring aredsas consequently been
largerthan we have been awaraf for a long time.

b) Too large stocks gklagic fisthave led to a strongvergazingof the zooplanktonand
juvenileskmall fish in the Norwegian Sea aadjacent coastal and marine areas. The
recommended quotas have not been ecologically sustainable.

c) Due to the mackerel's strong population growth, its opportunistic character and high
migratory potentia it hasincreasedts spawning angrazingareasdramatically.

d) In parallel with thedecreasingplankton resources, the mackerel heaempensated for the
reduction in the planktoriood source by changing itseding habits to eat morgiveilessmall
fish likelarvae and @yroup of Norwegian spring spanmg herring (NSSH)apelin at Jan Mayen
Island,spratsin the Norwegian fjords, sand eahd salmompostsmolt in the early sea phase.

e) The strong grazing pressure fraine mackerel stockiasconsequentlya serious negative
impact on many specidgsday, boththroughdirect and indirect competition for food and
through predation.

f) Thestrongdown-grazingof zogplankton that grazeghe plant planktonhas led to a strong
reduction in the generajrazing on theplant plankton. Therefore, today much dfe plant
planktondies off and sinkt the bottom rathe than being eaten by theogplankton

g) Because othe energyfrom the plant planktorost to the bottom we see thathe total
productivity of the Norwegiabea ecosystem is greatly reduced and enand morestocksin
the upper part of the ecosysteirre deteriorating(Figure 1)

h) Examples of this deterioratioare collapsein many zooplankton and smédih-dependent
sea bird stockscollapsen European salmon stockspllapse in the individuarowth of the



mackerel stockand collapses in local herring, sand eel and sprats stocks on the Norwegian
coast We alsdor instanceobserve a strong reduction in tH#ubber thickness of the minke
whale a change from Norwegian &&eding to Barats Sedeeding for fin whalesn summer
and changes in the sperm whalééeding habitoutside Vesteraleim northern Norway during
summer.

i) The lowered ecosystem productivity also give a lowered output for the fisheries, for instance
reflected in lack of lgeand high quality mackerel arldw recruitment in theNorwegian spring
spawning herring stock.

}) We have already seen many negative effects of the pelagic fish steekgrazinghe
Norwegian Seand must be prepared for more amdore seriousecologc and economic
consequences the future unless the current trenaf overgrazing by mackere actively
reversed.

Figure 1! LILISNJ LI yStY | Wy 2NXIfQ LRBNIYAR &Kl LISR 20¢
the normal flow of energy from the plamtiankton to the zooplankton and upper part of the
ecosystem.

[ 26 SN LI RS YelQ BD2HeadSY gKSNBE (GKS LIStIFIA0 FA
has overgrazed the zooplankton. This has led to a severely lowered flow of energy from the

plants tothe upper parts of the ecosystem with grave consequences tddta ecosystem

productivity, many specieandthe harvesting potential of theecosystem.



Mackerel, a wracious hunters

A 30 cm long mackel willeatat leasta 12.5 cmmackerelmeaninga mackerel can eatfésh at
least40%its own length(Figure 2. Thisagainmeans amackerel 450 cm can eat 80 cm
postsmolt salmonin otherwords, mackereltoday can prey efficiently on postsmolt salmon
duringmuchof the postsmoltdirst summer atsea

Figure 230 cm mackerel with 12.5 cm mackerel in its stomach. Photo courtesy of lan Kinsey.

Traditionally, the main spawning grounds of the NE Atlantic mackerel stock were in the North
Sea and west of the British Isles. In parallel with tinergy stock growth starting around 2003,
mackerel spawning areas swelled, particularly in the western areas and northteavdsds
northern Norway.

The widening of mackerel egg distributions from Aptdy 1992(Figure3) to 2016(Figure 4
demonstrate theincrease of the mackerel spawning stock distribution west of the British Isles.
In figure 5 and @he observedexpansion of the mackerel summer feedmgasfrom 2007 to

2017 is shownBoththe expansion of the spawning and feeding ardamonstrate the

enormaus growth of the mackerel stockrom 2008 onwards, mackerel have also spawned in
the Norwegian Sea and in Norwegian fjords, as far north as northern NqRigyre 7.
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Figure 3 Distribution of mackerel egg, proxy for spawning mackerel, dutiegperiod of the
Irish smolt run in 1992. Left 13 Apgib May, right 16 Mayi3 June.
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Figure 4 Distribution of mackerel egg, proxy for spawning mackerel, during period of the Irish
smolt run in 2016. Left-80 April, right 330 May. Note that the swey does not find the
northern zero line of eggs which correspond welihwhe observations in figure.7
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NATUREN nr. 6 - 2016 - Leif Nottestad og Kjell Rong Utne

Figure 5 Thegeographiexpansion of théeeding areas of th&lE Atlantic mackerel stock as
reflected in thel CESESSIS survey during 2062016.The survey runs during July and bit into
August. During these ten yeatse feeding area of the mackerekpandedby a factor of three
while den density doubled, indicatingsi foldincrease in stockizeduring the periodFrom
Ngttestad and Utne, Naten nr 6, 2016.
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Figure 6 Trawl stations and catches of mackerel in red during the 2017 ICES IESSN8Isigrvey.
bubbles are herringatches The 2017 survey gave the highggiwning stockiomass index
everof mackerekt 10.3 million tonnes, demonsttiag the continued stock growth from 2016.
As seen from the map there are large areas in the North Sea, Norwegian fjords, Skagerrak,
Kattegat and around the British Isles not covered by the survey, indidhtndhe survey
producesan under estimateFuithermore, experienced Faroese and Norwegian skippers who
have participated in the survey are worried because they see large amounts of mackerel
escaping under the &wl, thus not ending up in thepawningstockbiomass index
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Figure 7 Catches of spaviimg mackerel during the IESNS surveys in the Norwegian Sea May
20082016. Spawning mackerel was never observed in this area before 2008 but has intensified
strongly after, both in the Norwegian Sea andNorwegian fjords way nortkast at least to the

Norway-Russian border-rom ICES WGWIDE 2017.

Overlapping nigration routes of mackerel and southern postsmolts

Mackerel andsouthern Europeasalmon postsmolts both use the shelf edge curssmeést of
the European continent to speed dpeir northern feedirg migrationin late spring and ady
summer. Comparing figures 5, %and 8 thegeographic ovdap between mackerel and

postsmoltsin late spring and summaes evident.
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kilometre migration from southern European salmon river mouths to north of the Varing
plateau in the Norwegian Sea at 68 degrees nthitls creates the perfect predation
opportunity for the starving mackerel on the now sk@growing andmore vulnerable

postsmolts.

Knowing that the migration takes about two months, | leave it to the reader to consider what
the effect of the combined effect of competition and predation from mackerel coultbtay

on postsmolts from waters off the island of Ireland, FreyPortugal Spain and western
Scotland during this migration period. Mackerel is also abundant in the North Sem and
comparablesituation would apply to postsmolts from Wales, England and eastern Scotland.
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Figure 8 Approximate swimming path of a Ciwrpostsmolt (redfrom western Irelando its
Norwegian Sea feeding area (yellow line). Yellow bubbles are catches of postsmolts made in
dedicated salmon trawl hauls during 192011 using the Salmefirawl. Note how the

postsmolts follow the shelf edge ment northwards then spread out in the Norwegian Sea
feeding areas, all in parallel with the mackerekas be seen in thenaps aboveOriginal map
modified by author.

Thesalmon stocks in theouthernNEAC arebhave collapsed at much higher and motarening

rates than the Mrwegian salmon stocks (Figurg 8espite about 1.3 million tonnes of salmon

and rainbow trout being farmed in Norway and only about a total of 200.000 tonnes being

farmed in two of the southern regions, Ireland and western Scdtl@tus 500 tonnes in

NorthermL NBf I yR® ! £ f 2F (KS &ROAIKS N2 NIRradIANFRE (@A (KE
very dense concentrations of mackerel, more than double the distance and period compared

with the average Norwegian postsmolt.

Thatsaid,thigd & y 20 G2 RSFSYR (2RI&Qa TAadKtamadoldyAy 3 LJ
and should change to closed or settosedcontainmentsystemst both from an

environmental perspective and not the least in terms of sustainable growth potential for the

industry. Sea lice is a factor for the marine survival of salmon in some areas but it is a relatively

small factor today, and should not be the point of focus in the recovery of European salmon

stocks.
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Hgure 9 Development of salmon nominal catch in doerin and northern NEAC 1971 to 2016.
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January 2018. At this stage these small mackerels are competitors to the postsmolt salmon,

later they will be both competitors and potential predatoidie new and abundant availability

of juvenile mackerel in the multi sea winter salmon feeding areas may be a good explanation

why the MSW fishes have such a good condition at present desmtefbor early sea growth

Photo JC Holst.
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Following two years of successful mackerel spawning in 2016 and 2017 in the Norwegian Sea
and Norwegian coasthese areas are2 g  Q Fjuztniie MacRefe{Figure 1). Consequently,
the worst may well b yet to come for thesalmon fran the southernEuropean salmoregions

The linked sea bird collapse

In parallel with the European salmon collapse, we have withessed a collapse of a large range of
western European sea birds depending on plankton and fish larvae/smadisfistain

components intheir diets. The worst hispeciess probably thesurface feedingittiwake, a

small sea gull, which compete directly with the mackerel in its dieé collapse of the kittiwake

has happened in parallel with the mackerel outburst.

At the samdime we have seen a strong growth in northern ganrapulations asea bird

eatinglarge fishand withmackeS t I a | y A Y LJ8i¢Jit begnis néslinglcatidris A ( Q&
are restricting theipopulation growthin the western Scottish sea bird cliffdile they hae
expandedstrongly forexamplein the North Sea on Bass Rock and northwards along the

Norwegian Coast and at the Bear Island. The gannet establilibd Bear Island few years ago

with a 100% nesting success and the colony is grogundgyly.

In general sea birds competigr food with mackerel are plummeting parallelwith the
growing mackerel distributioand densitywhile sea bird eating mackerel are thriving frothe
dramaticincreasen mackerelavailability(Figure 1)

Mackeel, postsmolts and kittiwake have a large overlap in,dreparticular in amphipods, fish
larvae and small fishes. The usual explanation for the collapse of the plankton and small fish
dependent sea birds is climate change and fisheries. But it isapargdox that the plankton
these sea birdsat is not fished and neither aregroupfish. Butboth plankton and @roup fish
are bothprime elementsin the mackerel diet.

Today sport fishermen see the new immigrant mackerel eating out the unfishedskaleel

stocks when they wade out on sand banks in the Lofoten area in northern Norway to fly fish for
salmon and sea trout. Earlier these stocks of sand eel were important food for salmon, sea trout
and sea birds like kittiwakes. Now they are fading yawader the strong predation pressure

from mackerel, a species hardly seen in northern Norway before 2008.
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Figure 11 The strongly contrasting development in kittiwake and northern gannets on the
Runde seabird cliff off the Norwegian west coast at about 62° north is a good example of how
the plankton and smafish eatingsea birdslose out in the competition wit the mackerel while

the ganneta mackerel eating sea birdrosper from it.Following the track of the mackerel
outburst from Ireland north to Spitzbergen we can fmdomparablgattern repeated over and
over again in various sea bird cliffs.

Reasons unknown
Some scientists claitemperature andclimate change is the culpffior the European wild
salmon collapseln my view there is nempiric basis for such a conclusion.

If we studywater temperaturesn the main feeding area 6P & 2 dz{EKr&Nd/pOstsmolsin
the NorwegiarSeathey rosefrom the 1970sto 2007 anchave now dropped talose to or
below norma) according to the Ingfute of Marine Resarch (IMR) in Norway.

Figurel2 belowdescribes thelevelopment intemperature conditions in the most important
feeding areas of European postsnealuring the late springgummer.

Climate variability

Temperatures in the Norwegian Skdlow the soecalled Atlantic Multidecadal Oscillation
(AMO). This 69ear climate cycle bottomed in the early 1970s, peaked around 2007 and is
expected to be negative over the next 20 years from now.
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Climate change

Climate change will probably lead higher temperatures at the peaks and trougtfshe

coming cycleshut | expect the about 60 years AMO cycling to continutoagstance

documented in sedimentation layers on the seabed since the last ice age of 10,000 years ago.

So, during a periodfaontinuous decline of salmon stocks from in particular the southern
European area from around 1978mperatures in thesenain feeding areas for European
postsmols have been rising and peaked in 2007 and have dropped to around normal today.

Consequeny, there is no correlation with temperatures and the collapse of the southern
European salmon stocks but thereaigsery good correlation with the growing mackerel stock
and its potential for competition with and predation on the European postsmolt salmon

Figure 12 From the Institute of Marine Research report 20%he Norwegian Sedhe
temperatures in the Atlantic water along tidorwegian continental shelf have since 2013 been
close to or slightly above normal. The temperatuire2016 were maily above normal, except
the southeastern Norwegian Sea were the temperatures were lower than nofinal.

An international thinning fishery for mackerel

Despite the AMO having turned negative more than 10 yeardzagopearsalmon stocks
continue their ngative spiral and fishinigasalmost ceased as the stoshre close to ounder
conservatiorlimits in particular in the southern NEAC area.

In my view this situation willprobablycontinue to worsen untithe heavy competition and
predationfrom mackere is reduced The reductionshouldin my viewbe done through an
internationally agreed and closely monitoréunningfisheryon mackerelwhere some of the
extra catch goes intceduction tomeal and oil.
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Not to give the pelagic fishermen higher quotasg to bring the ecosystem of thidorwegian
Sea and neighbouringseas: O1 ¢AGKAY Wy 2NXIfQ NIy3aSa 6KSNB
dependent on plankton and small fishedl return to sustainable stock levels

Isit risky to actively reduce the mackeretack?

It is claimed that such a thinning fishery will to® risky.l do not agree in this vievByclosely
following some primaryindicatorsdirectly linked with the mackerel stock on a running basis one
will be able to evaluatalmost instantlythe effed of a lowered mackerel stock and the lowered
grazing pressure from it. Such primary indicators wiltheeindividual growth of the mackerel,

the size of the mackerel distribution area and t@ncentrations of the main food of the
mackerel in the Norwegh Sea, te copepodCalanus finmarchicu®nce the stock becomes
closer to or within sustainable levels the thinning fishery woulddmiiced and eventually
stopped.

Somewhat delayedne will also start seeing positive changes in more secondary indis ditce

for instance irstock levels of amphipods, sprats and sand ladiywake breeding success,

recruitment in the Norwegian spring spawning herring and postsmolt sagnowth and

survival One good secondary indicator will be the ratio of grdser multi sea winter salmoim
salmonstockss KA OK gAff adl NI Ay Cehdidlod lewkhs dpaizhsOietf & T NP
food availability for postsmolt salmon improves as a result of lowedpetition from

mackerel.Changes in the secondary indicegavill be delayed because they are not directly

linked with the mackerel stock and because these indicators are more slow growing species,
depending on more time to rebuilsustainable stock levethan for instancehe short lived

Calanus finmarchicus

Salmon bycatch in a mackerel thinning fishery?

Another worry is the possible bycatch of salmon such a thinning fishery for mackerel could
causeBased on the present knowledge about the seasonal overlap between different salmon
ages and mackerel it with my viewbe possible to advice areas and periods for sudhirantng
fishery thatwould minimize bycatch of salmand other fisheslf some bycatch of salmon
should occur it will in any case be whowhile due to the large potential ahcreased salmon
stocksthat the mackerektockthinningfisherywould leadto.

Looking atfigure QwWilANR a4t & Sa i A Y I fir e doutheryf REME safmorm\thtgh 3 S Q

to be in the range of 2008000 tonnes while the corresponding nortimeratch would be 1500

2000tonnes In my viewthe early 1970iesalmoncatches wer @S NJ G4 KS Wy 2 NXY I £ NI
the late 1960ies herring and mackerel collapBeth herring and mackerel being out of the
b2NBSIAAlLY {SI SO2aeéaidSY RdzMAYEIZNIGOEWiIEE AN & M1 N
extremely high food levels amabtentiallow predation level§rom mackerefor the European

postsmolts.
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Conclusios part 1

The hypothesis on overgrazing and predation has been hard to sell within the ICES community,
in management bodies, witpoliticians and with the wild salmon lobby. The reason for tisis

that the hypothesis challenges one of the cores of ICES activities, the accuracy of pelagic stock
estimation.It also challenges the hypothestisat sea lice an@éscaped farmed salmaare the

most serious threats for the wild salmon today. Neverths|es search ofetting our salmon,

sea birds and high quality mackerel for the markets bagkeryobviousstone must be turned.

| have worked with a wide range of mortality factors on wilthrgzn at sea since 1991, including

sea lice, disease and bycatch. It is my strong recommendation that also this hypstieadis

be treated and tested seriously. The empiric basis is very much larger than can be shown in this
handout.

The ocean isomethng large andinknown for most of the salmagrsea bird and mackerel trade
communities | think this is the main reasomhy for examplemost discussionsn understanding

and managing the wild salmdocus around rivesand near shore issues. The timeigrdue to

look out at sea througlan ecosystembasegerspectivel will guaranee an interesting and
intriguingjourneythat will giveyou an entirely new view on why the salmon and sea birds vary

in numbers and why they are not as numerous as they used t&me why theG6 mackerel is

gone and theemaining mackeradf poor quality today] S G Q& & G I NJibadkallRf- & | y R
them, like they used to beand like they should bm a sustainably manageztosystem

Sol ask:What is most likely to kill a northward bound 15 @worribpostsmolt salmon today
temperatures close to normabr a staving mackeret
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Chapter 2

Why is the 2018 ICES assessement andtg advice onlNE Atlantic mackerel a gross
underestimate?

The mackerel explosion which never turned up in the mackerel quotas

In an articlen the Norwegian popular science magazine "Naturen” No. 6/2016,

( https://www.idunn.no/natur?lanquageld=2#aboyithe stock responsible scientist on

mackerel athe Institute of MarineResarch, NorwayIMR), Leif Ngttestad and management
scientist Kjell Rong Utreg IMRwrites: "The mackerel stock has undergone an incredible growth
in the amount, extent and dengibverthe past ten years. It has been documented how the
mackerel has graduli spread northward in the Norwegian Sea and into neighbouring sea and
coastal areas. The mackerel stock is now distributed within many countries' economie zones
Norway, the EU, the Faroe Islands, Iceland and Greenland, as well as international waters. S
the mid2000s, the spawning biomass of mackerel has risen sharply. During the same period, the
mackerel has increased the distribution during the feeding period in the summer from 1 million
square kilometers to over three million square kilometers, laad a doubling of density from

1.5 to 3 tonnes / km2. The main reason for the formidable increase in the distribution of
mackerel over the last decade is assumed tthieesharp increase in stock sizénere has been
historically strong recruitment ovéine past ten years, including five of the strongest year
classes ever recorded. A large mackerel stock needs much more space than a small mackerel
stock. In addition, there is great competition for limited food resources, which causes the
mackerel to migrge further north and west in the summer in search of fégdigure .

Since this article was written in 2016 theES3nternational Ecosystem Summer Survey in the
Nordic SeadESSNS) in the Norwegian Sea and adjaeasineasured the largest spawning
biomass indexverat 10.3 million tonnes of mackerel. Accordingly, the amount of mackerel
today must be considered as larger than what the artitldscribes. Amentionedearlier
anotherNB adz 0 2F (KS ai201 WSELJX 2 4 higgya@as framkS  YI O1 S
mainly west of the British Isles and the North Sea to large parts of the Norwegian Sea from the
Faroe Islands and across to the Norwegian coast to the northernmost part of N{fFigaye 3,

4 and 7. In 2014, 2016 and 2017, the recruitmeritmackerel seems to have been successful in
these areas, and today large parts of the Norwegian Sea and many Norwegian fjords are well
filled with young mackerdFigurel0). Thisyoung mackerel comes in addition to the growp
mackerel also grazing amsgpawning in these northern areas. The mackerel's expansion in the
north-east Atlantic was in no way complete when Ngttestad and Utne wrote their article in
2016. The growth has continued and tvave probablynot have seen the most serious
consequences of it yet.


https://www.idunn.no/natur?languageId=2#about
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In summary, according to thiMR, the mackerel distribution is currently over three times as

large as ten years ago, and the density has doubled. Accordingly, based on the record
measurement from the IESSNS survey in 2017, there must be at least six tingesaukerel in

the NE Atlantidoday than in 2007. With at least a sixfold increase in stock size over the past ten
years in mind, the question mark arises when we read the ICES 2018 Mackerel Advice, the "ICES
Advisol Sheet 2017"In the advice wecan sedhat ICES estimates that the spawning stock in

2008 wa<2.8 million tonnes (Figure 18 In the quotaadvice for 2018, ICES estimates the

mackerel spawning stock to (81 million tonnes in 2018, an increase of approx. 10 percent

from 2008. In view of Nadistad and Utne, claiming that the stock has increased by a sixfold it is
not understandable how thepawningstock estimate and quota advice has only risen by 10
percent? If we multiply the estimated spawning stock in 2008 of 2.8 million tonnes witlssix, a
indicated by the trawl survey, we will get a spawning stock in 2018 of 16.8 million tonnes. This is
a spawning stock significantly more in line with what the fishermen g&pee at sea and the

reality inthe ocean in my view.
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Figure 13 Spawning stck development of the NE Atlantic mackerel stoldke red circle is the
spawning stock size for 2018 as projected by ICES. Inserted by the &uthnrlCES ADVICE
2017.

Furthermore, in 2008, the spawning stock was in my view prodalbdyerthan 2.8 nillion
tonnes, a view supported by calculations made by scientists at the IMR which we will look into
further down.
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So how did we end up in @wgation whereall scientists, sportsand professionalishermen
observe that the ocean is filling up with mosad more mackerel, while the stock estimate and
guota advice of ICES remain close to constant?

Mackerel stock estimation and stock assessment

Today three methods are used to estimate three independgrawningstock indexes of
mackerel: the egg methodhe trawl method and the tag method. All three stock indexes are
included in the stock assessment of the NE Atlantic mackerel stmokthe 2017 advicel will
first present a very brief overview of the three methods, then | eutlluatehow the spawning
stock biomass indezoming out ofeach ofthe three methods are useand handledn the
mackerel assessemetuday.

The three methods can be explained very simplified as follows:

Egg methodBy hauling a plankton net through the water at many differeasiions supposed

to cover the entiremackerelspawning period and spawning area, iegtimated howmany

eggs the mackerel stock have spawmed certain year. This number is usedestimatehow

many female fishes are required to produce these eggd,then this numbeis multipliedby

two to account for the males. Then this number is multiplied by the estimated average weight
of all spawners which gives a biomass index for the spawning stock of mackerel.

Triannual egg surveys started west of théiBn Isles in 1992 and the last survey in this area
was in 2016 There islso been a parallel egg survieythe North Sea

The trawl methodit is systematicallyrawled with the same trawl and trawling method over an
oceanic area that is supposed to contain the entire spawning stock of mackerel in the summer.
The catches in the individual hauls are distributed on the trawled area, and the average density
of mackeré per square kilometre is calculated. Then this density is multiplied with the size of
the entire area covered by the survey which gives an index fotata¢ spawning stock

biomass.

The tagging methodvlackerel is tagged in spring west of the Britisles. Based on the
numbers of fishes tagged, knowledge about the tagging mortaléiection oftagged fish in
commercial catches and the size of these catches it is possible to estimate the size of the
mackerel spawning stock.

Mackerel has been taggddr migration studies and stock assessement purposes yearly west of
Ireland and Scotland in May starting in 1969. There are two tagging series on maxckerel

used in the ICES stock assessment. The first series was started in 1969 using magnetic.steel tags
It ran up to 2007 when the series was ceased amongst other because of problems with

collecting tags efficiently from the fish plants. A new series was started in 2011 using so called
electronic RFID tags. In the steel tag experiment from 5600 to 340@keneh were tagged
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annually. Betweer2011land 2017on average 52.260 mackerel have been tagged electronically
per year. The steel tag series is only used for the years-2088in the 2017 assessement and
electronictag recaptures from 2012 to 2016.

The dectronic tags areletected automatically when tagged mackerel passes through an

electric field mounted around the delivery bands at 17 fish planlBanmark Faroesliceland

Ireland Norwayand ScotlandWhen the tag inside a mackerel passes throughelectric field,

a voltage builds up in a copper coil inside the tag. This voltage makes the electronics in the mark
transmita unique identification code. The code is detected in the electric field and are sent
continuously to the IMR tag database viathet. In addition to the tag identifiers, it is

important for the IMR to receive reliable information about the amount of mackerel that passes
through the tag detectors at the various plants.

Evaluation of theuse of the three stoclbiomassindexes in the stock assessement
The egg method:

The spawning stock biomass index which came out of the egg investigations for western
mackerel in 2016 was 3.8 million tonnes. | will argue that the egg method produces a spawning
stock index that systematically underestimate thiemass of spawning maclar Oneobvious
explanation to this ishat the survey only covers the area from Portugal to the west of the

British Isles north to between Shetlaadd the Faroe Islands (Figure #hus, the egg

production is lost over a large sea area in the Norwegeme®d along the Norwegian coast,

and thus a lot of the spawning stock in the spawning stock biomass indexe(Fgur

In the 2016 executive summary of the ICES Working Group on Mackerel and Horse Mackerel Egg
Surveysitisstatedt | 2 4 SO S NE leg that tRedrBckereh ddrd gpawning area was
O2@BSNBR FYR | NBtAlIoftS SadAYlFaGS 27FGivehntte] SNBE |
available knowledge that mackerel has spawned in the Norwegian Sea sincé~2pd@ 7)t is

not understandable how taICESvorking group can claim they have worked up a reliable

estimate of the annual egg production of the mackerel stock in 2016.

Ly GKS b2NBSIALFY TAaKSNMERS816,tHe heSd\r thie@elagit SNA o f | R
section at IMRAril Slotte states in an interviewthafi 2 S | NB f 221 Ay3 Ayid2 SEL
S33 adzNBSe NBadzZ G6a F2NJ YFO{TSNBE Fa Ad I LILISHNA
Obviously the ICES scientists are aware of this serious bias in the egg survey and are willing to

start omitting the egg data from the assessement. This opens a totally new view on the

mackerel assessment where the IESSNS survey and the tags will play a much more important

role.

Apart from the area and periods not covered by the survey there is songethore and
inexplicable in the egg method that strongly underestimate and smooth out the stock variations
that are obviously occurring in the spawning stock of mack@ielck squares ingure 19. In
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my view this can be due to densiHyependent spawnig over time, horizontally and vertically.
That is, the mackerel regulates the spawning density in a way we are unable to capture in the
estimation d egg production. In this way, we lose more and more eggs both horizontally,
vertically and temporally as #hstock increases and needs more time, area and depth to carry
out the spawning with about the same density of fish. Another possible explanation can be
strong predation on the eggs that is not taken account of in the estimation of egg production.
There mg also be other reasorts the underestimation othe egg production
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Figure 14 The figure shows various stock indexes and estimates on the NE Atlantic mackerel
produced by ICES. The green line isgp&wningstock size history as estimated and pretasl

by ICES in the 2017 stock advice. The red diamond is the 2018 spawning stock projection for
2018 taken from the 2017 ICES stock advice. The black squares is the spawning stock biomass
index coming out of the triannual western egg survey starting B2E presented by ICES
WGWIDE i2018. The blue line is the biomass index coming out of the IESSNS trawl survey as
presented by ICES WGWIDE 2017. The yellow line is the spawning stock development coming
out of the tag experiments when equal tagging mattais estimated for the steel and

electronic tagsThe first part of thiglataseriedsfrom figure B in this document. The latter

part, after the curve goes outside theaxis of the graplis reconstructed using the F values

the right panelof figure 16



24

It iswell documented that the mackerel quota was heavily overfished for many years by
different nations without the stock collapsing. During this period the egg survey was the only
spawning stock biomass index. This further strengthens the view thatggerethod has
systematicallyunderestimated the mackerel stock for many years.

The trawl method

The scientists who participated in the ICES MackBegichmarkn 2017, did not appreciatie
high estimates emerging from tHESSNS&urveys. The high numbersimply donot fit into the
assessement model

In the general discussion of the results of last year's trawl re¢bedscientistavrite on page 9

in ICES WKWIDBXY: «The estimates in absolute terms are likely to be biased (upwards,

potentially by a factor of 2) due to the use of wing swept area in the estimation of fish density.
Mackerel are likely to be herded by the boat, the doors, and the net, and although an

appropriate factor may be difficult to determine, the use of door spread, which represents the

larger area sampled would provide a more conservative estimate. This point is all the more
compelling, given that the catchability of the survey from the assessis 2, and the wing

spread is half the door spread (iiledoor spread was used, the survey estimate would be half of

gKFEG A0 Aazx FyYyR GKS OFGOKFIoAfAGe ¢g2ddZ R 06S MmO ®:

So because the stock estimate frdhe trawl survey is larger than the scientists had

anticipated, given the prior view on the stock simsed on the egg survethe scientists explain

the large biomass index from the trawl survey with the trawl probably catching twice as much
mackerel as what was in the water mass sifted through the mesii¢he trawl. This means that

they are of the opinion that the vessel, the doors and the sweeps collect the mackerel in front of
GKS GNI gt AGaStFo .dzi GKAA OASY Aa Wilkipgsy 2 dzi
result conflicting withtheir prior muchlower view on the spawning stoddased on the egg

survey

It is consequently a vemwritical point how large the effective catchgwidth of a trawl is (Figure

15). In my view the efficient catch width of the trawl should be determinedhblgpendent

methods, not as a result of a survey resukwW OK A & W¥2dzyR G2 o06S G422 €1
coming out of the egg data series (Figui. 1

The assumption is that the IESSNS trawl survey overestimates the spawning stock by a factor of
two is in sharp contrast with the assessments of former foreigd Norwegian skippers on the
IESSNSurvey. (Today's Norwegian skippers have signed a confidentiality declaration).
According to these, very much of the mackerel disappear below the trawl and is not caught.
Much of the mackerel in an area therefore doest appear in the trawl catches and

subsequently not in the trawl survespawning stockiomass index.
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Figure 15What parts of a trawl are actually collecting the mackerel and how atidadoes a

pelagic trawl catchmackerel fron? This number isriticalto the biomass index coming out of

the IESSNS trawl survey. When the ICES WKWIDE scientists get a biomass index from the IESSNS
trawl survey thais too largen their opinion, they choose to use thewl! door distance (2xA in

this figuré to calculate the density of mackerel in the ocean insteadhefttawl wing distance

(A inthis figure. This halves the density of mackerel in the ocean and halves the biomass index.

No pelagic trawl skipper wouldyeee that all the mackerel passing between the trawl doors

would end up in the trawl coénd.

They are also of the opinion that the seamicular trawl methodthe secalledBanana hau

used in the survey is destroying the trawl's normal symmetry and fishing efficiemey claim

that by trawling in a semircle less fish is caught than when trawling the same volume of water
straight ahead. No commercial fishing bolteng from their catclwould trawl in a circle the

way the research vessels do in this survey. In @seca survey vessel was allowed to trawl
straight ahead in the same area as it had trawled in sanole just before. These two straight
hauls each gave about a doubldédacompared to thédanana haul

On my own account | would like to add:

a) No corrections are made for the mackerel trying to swim out off and along inside with the
trawl during the capture phase. Even though the trawl is hauled at five knots, ie approx. 2.5
meters per second, the mackerel will keep up with the trawl for a whet®re it is exhausted

and endaup in the cod end. Mch of the mackerel inside the trawl belly when the vessel stop
towing and start hauling the trawl witlonsequentlyswim out of the trawl as the speed of the
trawl is strongly reduced at that stag&unming up, the trawl does not capture all tineackerel
that was in thewater masssifted by the trawl meshelsefore the start of the haul. To
compensate for the swimming of the mackerel during the haul and those swimming out when
the towing stops, the catckhould be multiplid up by a factor greater than 1. This st done.

b) There are large areas of mackerel that are not covered by the trawl survey. This applies to the
North Sea, the Norwegian fjords, Skagerrak, Kattegat, the Danish belts and theuanaad the



