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1. Executive Summary

This report was conducted through funding from the EMFeatify the seasonalityof the inshore
fishery in Orkneyd help support the sustainability of the fishing industry. Creel fishing in Orkney is a
mixed enterprise with target species including Brown cr@ancer pagarys Velvet crab Necora
puben, Green crabQarcnus maenasand European LobsteHommarus gammarys This makes
management of such a diversgynamic and fluctuatinfishery more complex than others. This report
aimed toprovide evidence othe requirement for large fishing areas, how specific fistpagerns

relate to these, how tides and subsea characteristics influence deployment of gear and connections
to home ports,and theimportance of economical and logical navigation routes.

Information for this report was collected during fateface intentfews with individual fishermen who

routinely fish or are retired from fishingn Orkney watersThose interviewed weresked to provide

associated information on their fishing vessel @dl 8 KSNXY Sy Qa 902 2Fbhetried Yy 2 4
have an immense vadth of information and knowledge of the seas they fish in. Fishers can best

explain how a fishing ground has changed over the course of a few weeks, years or decades. They can
provide intimate fine scale ecological and environmental information that iotierwise available.
CKSNBT2NBs FAaAKSNDAa S02t23A01ft (y26tSR3IS Aa SEG!I
gaps in the current knowledge and management. During interviews they were asked videpro
information onaspects such aspecies tageted, fishing gear used, fishing seasonality, historical
changes, species abundance, biological conditions, subsea characteristics and fishing sites.

In providing a detailed understanding of fishing activities in Orkney wdtes can be used to infon
management decisions relating to marine spatial planmiekgtive to different aspects such as
fisheries management, conservation or development sites. Competition is for space and by providing
up to date evidence, improvkknowledge of the distributiorof fishing activities and the value of
fisheriesin inshorewaters it can help ensurbestmanagement of these sites. In understanding more

of the fishing pattern within Orkne? I NBE Sy S N T Acdukibe idbptad & @ukhéretihdaSea

the sustainaly of the shellfish industry

KeywordsCA a KSNXYSyQa 902t 23A0I t FishhgdiiyRSuSt@nadligl a 2 y I+ f



2. Introduction
2.1Fishermef2 Bcological Knowledge

The need for different strategies to help in monitoring and sistainable management of important

fish and shellfish stocks is slowly becoming recognised (Macdetadd] 2014 Johannes, 1991
DNEFGSNJ I 6 NBySaa Aa 0SO2YAy3 | OOS LI SR(FEKEss | NR &
a valued source of datavithin the assessment and management procedsfisheries science
(MacDonalcet al, 2019. Fishermen have extensive interactiasithin the environment they work and
canoften accurately recognise loaAgrm trends in stock level changes and subtlefieshangesto

the ecosystem (Drew, 2005; MacDonatdal, 2014). Carr and Haymar2012,also recommended the

use of FEK to fill in knowledge gaps in data poor fishefigis can prove extremely beneficial as in

2011 the European commission reported that 62%isli stocks in the EU watevgere lacking in
biological and ecological information regarding stocksaitl inaccurate or missing agmatch data.

Fishermen can often hold memories and facts that are not recorded elsewbDaragsicet al, 20193.
Accuraterecord keeping by fishermen is carried out by the majority, mainly for their own use but also
due to regulatory compliancmeasures required bgovernment agencies. As a result, records can
show longterm distribution and abundance data down to individsgkcies for the area they fish,in
which can be more indicative of species movemenmtliene-limited scientific sampling processes
(Macdonaldet al, 2014) As suchseveral studies have been undertaken in different types of fisheries
to examine the vialiity of using FEK commercial fisheriesMegrim(Lepidorhombus whiffiagonig

the North Sea (Macdonaldt al, 2014); tropical shrimp trawl fishery in Mexico (Foster and Vincent,
2010); mixed species fishery in Bradilgmasioet al, 2015);Australian Mirray crayfish Euastacus
armatus)(Zukowsket al, 2011); Europeadeep-water fishery (Lorancet al,2011)and lobster Jasus
frontalis) stocks in Chile (Edéy al, 2010).¢ KS I G KSNAYy3I 2F FTAAKSNBQ SO2f
conducted throughnterviews and questionnaires with fishermen. Secondary data was also collected
through fishers catch data (LPUE and CPUE), historic datheancbmpared toother regional survey
data.

Wider benefit to the fishing community can be achieved through inveitiggFEKMany fishermen

can often feel that theiwide-ranging knowledge which is gathered over many years should be taken
into consideration in the managing of stocks (MacDorsdl@l, 2014).By engaging with fishermen
within the process of scientific research and management it can act as a bridge thneogrement

and helpto fully invest in relationship and partnershipgCarr and Hayman, 2012; Johanmsal,
2000) In doing so it can help strengthen the sense ahowunity and ownership within the fisheries
leading to adaptive conanagemenbpportunitiesthat assist the immediate needs of the fishery (Carr
and Hayman, 2012; Johanneisal, 2000).

In adopting these principals and engaging with local fisherinesnhelp address the neefr better
information on the inshore fishing fle&tithin Orkney Fishermen in Orkney can best explain Hbe
fishing grounds they udeave changed over the course of weeks, years or dec#taesigh firsthand
observations and cakcrecords (Carr and Hayman, 201Zheir knowledge canrpvide detailed,
spatially resolved information on commercial inshore fishing in Orkieyetter understandinghe
reliance m fishing grounds, how these have changed over time, identifying sebsonditiors and
the biological conditiorof catchesthiscan help inform local management decissari the local fleet
to ensure sustainability into the futurgst. Martin, 2007).



2.2 Fishingactivity in Orkney

In 2016, the total value of all fish landed by Scottish vessels was £557 million (Scottish Sea Fisheries
Statistics, 2017). The value of shellfish landings by Scottish vessels has seen an increase from 2015 to
20160f 21 percent to £166 million and accowut for 14 percent of landings by quantity (64 thousand
tonnes (Scottish Sea Fisheries Statistics, 2017). Orkney in 2016 landed 4,936 tonnes of shellfish which
wasvalued at £9,135,000. Table 1 shows the quantity and value of lobster and crab speciés lande
into Orkney in 2016. This in turn supports a fishing fleet in Orkney wafet31 actively registered
vessels, 199 regularly employed and 93 irregularly employed fishermen (Scottish Sea Fisheries
Statistics, 2017Figure 1 shows Orkney and some of7ilsassociated islands. Orkney covers an area

of 990kn*t with the largest island being the mainland, covering 523Krhe isles are then routinely
referred to as the North Isles and the South Isldse South Isles surround ScapanFandcomprise

of Hoy, Gaemsay, Flotta, Burray and South Ronald$&e North Isles are more extensive and lie to

the North of Orkney and include; Shapinsay, Rousay, Egilsay, Wyre, Eday, Westray, Papa Westray,
North Ronaldsay, Sanday and Stronsay.

Papa North
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Westray P i
The North
Sound ~
i ~
y o O
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Westray Firth ‘ /—\/"""Z Sanday

Rousay ., \ Tt
é
'Egllsay a Stronsay
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Figure 1Map ofOrkneyand its islands

¢CKS AYyakK2NB FTAAKSNE |Y2y3ad hNJ) ch&actorised byNstbokidh LISt I 3
tidal flows. It is dominated by a mixed fishery fleetof 91 bgatsn Y | YR dzy RSNX hN] y Seé Q:

is made up of numerous targepecies including Brown craBdncer Pagar)sVelvet CrabNecora
puben, Green Crab Qarcinus maends European LobsterHommarus gammarys Nephrops
(Nephrops norvegiclisWhelks Buccinum undatunin King Scallopg?écten maximysand Queen
ScallopsAequipecten operculadisKingScallops in Orkney are fished for using both hanthdiand
dredge fishing methoddn additionthere arehandlines for fin fish such as mackerel with further
potential to catch other species such as C&hqus marhupand Haddock elanogrammarus
aeglefinu. However, the main shellfish species landed in Orkney is targeted towards Lobsters, Brown



Crab, Velvet and Green Crab, as seen in Tlabfevhich conservation measusexist for these species
in the form of various rimimum landing sizes (MLS).

Table1l. Quantity and value of commerciapecieslanded into Orkney in 2016, adapteffom Scottish Sea
Fisheries Statistics, 2017.

Quantity (tonnes) +| fdzS§ omQn
Lobster Homarus gammarys 102 1,286
Edible CrabGanceipagarug 3,404 4,769
Green CrabgJarcinus maenas 80 58
Velvet CrabNecora pubér 393 1,210
ScallopsFRecten Maximus 379 1,197
Whelks Buccinum undatumn 452 410

Further fishingaround Orkney wateralso includegishing for whitefish with three Orkney registered
whitefish fishing vesselddowever Orkney has no designated landing port or fish market, therefore
landings operate atbther local registered ports such as Shetland, Scesb$traserburgh and
Peterheacbr ports on the West Coast of Scotlafithe quantity and value of demersal and pelagic fish
landed into Orkney can be seen in taleMackerel quantities can be seen to increase in this table
from 2014. This was due the Scottish government launchingréat to expand the fisheries in inshore
watersthrough allocating 10 meter and under vessels in the-seator access to 1,000 tonnes of
North Sea Mackerel (Marine Scotla2d17).

Table2. Adapted from Scottish Sea Fisheries Statistics, 2017. Quantityadme of total demersal and pelagic
fish landed into Scotland from 2012 to 2016.

Quantity (tonnes) £+ fdzS§ omQnn

2012 | 2013 | 2014 | 2015 | 2016 | 2012 | 2013 | 2014 | 2015 | 2016
Total demersal 40 33 19 24 6 52 38 61 38 19
Total pelagic | 13 7 41 37 36 20 4 25 17 22

(Mackerel)

t NPOSaaAaya 2F akKSttFAAK Ay hNJyS Scidan Sh@yidssizOi S R
It was established in 1953 and is one of the foremmsicessorsof Brown crab in the UK. This co
2LISNF A DS KIFyRf Sa (i Kobgef, VeNd &hd Biwn&riblcidBes fofthepad vy S & Q&
of Stromness, Tingwall and Kirkwall, along with the islands of Westray, Sanday, Stronsay, Rousay and
Hoy. Westray also has its oyrocessor\(Vestray Processors Dtdrhich was established over 40 years

agofor the production of fresh and frozen craieat fromthe local fishing fleet.

2.3 Seasonal Fishing

Fishing as an activity is highly dynamic and changeadehas many factors which influence the
fishing activity within an inshore community. Firsflghing activity is somewhat limited by tiveshore
fishery boundaryvhichis 6 miles from baselines as defined by the Inshore Fishing (Scotland) Act 1984.
Inshore waters, part ahe TerritorialWaters (12 miles limit), form part of Scotland as defined in the
Scotland Act 1998. While competence feadisheries restat EU level, the UK has exclusive right to
fish within 6 miles. Scottish Government are responsible for the regulation of sea fishing within the
Scottish zone of British Fisheries Limits. Between 6 and 12 miles, fishing-blKnassels restricted

to those with historic rights relatingptspecific countries.

[.



Secondly, fishing is further influenced by seasonal changes in temponalitions and spatial
abundance Thebiology and life cycle of shellfish and fish vary throughout thesses and can
influence thequality ofshellfish landedA typical reproductive cycle of a mature crab begins once the
female moults and is mated. FiguPeshows the reproductive cycle of a mature fem&wwn crab

(h Q5 ga & RJ0H. Moulting in crabs is a process whereby the crab produces a new cuticle through
swelling as the old skeleton is cast due to an intake in water (Crothers, 1967). This process is a means
by which crabs can grow and increase in size throughwmit lifespan Green, 1961)Once this has
occurred the female crab will brood her eggs and spawn an egg mass of between 1 and 4 million eggs
which arecharacteristicallyright orange in colouandwhich then develop to reddish brown in colour

(h Q5 & & R00§. Theeggs are carried beneath tie S Y I dbddMen for seven to eight months

when the eggs are typically released as larvae into the plankton in the spring and early summer.
lobsters the berrigare held for a longeperiod, usually ten to eleven monthBuring this time when

GKS FSYIFIfS Aad WoOSNNASRQI &K SandRei&an byug tesetved toh St &
survival b Q5 g& &, R006.

Moulting and Mating

11

Egg Development and Spawning

=11 [ [

Carrying Eggs

[T T It —1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

Figure2. The reproductive cycle of a mature female brown crab over the course of a yearteddapm
(h Q5 ga &,180006.

Not all female crabs wilbllow this pattern exactly and the timing of each phase of reproduction may
be earlier or later than presenteth Q5 & & &, 1800§. This is dependentroseveral factors such as
the age anchealth of the individuals, water temperature, food availability, and behaviour of local
populations(Klassen and Locke, 2Q07This also varieegionally andbetween the species of craps
such as how long they carry their berries for and how many mottg ¢jo through

Byunderstanding the seasonalitf the reproductive cycle of shellfish specigshowshow this can
affect the quality of the shellfish landed. Figidehows the typical cycle of meat yield from a mature
femaleBrown crab over a yeaFrom figure3, the volume and quantity of brown and white meat of a
female at marketable sizearies throughout the course of a year argldirectly linked to the
reproductive cycle Q5 g & & RJ0§. However, the exact timing of this is again highyiable and
influenced by the same physiological and environmental factors which affect reproduction.

_m‘ J\/ E—

Jan Feb Mar Agr May Jun Jul Asg Sep Ot Mov Dec

Figure3. The typical cycle of meat yield from a mature female brown crab. Brown meat yield is shown in purple
and white meat yield shown in bluAdapted from Q5 & & &, I9006.

9



Scallop growth and reproductigsimilarly to crustaceans linked to seasonal cycles in storage and
utilisationof energy(Barber and Blake, 1991Spawning in scallops is again influethbg external and
internal fadors such as water temperature and ades (Penneet al, 2003. Spawning usually occurs
over the summer monthsdginningin April or May to Septembe(Barber and Blake, 1991A.range

of environmental conditions are thought to act asue for spawning atibuted to changes in water
masses indicating favourable conditions for larvae, food availability and photoperiotierefore
maximum meat yields are usually obtained just before spawning occurs in the spring and late summer
when gonads are the heavieand energy storageniscallopshigh Hardy and Smith, 2001

Fishingas an activityis also highly affected by abiotic factors such as weather, water temperature,
salinity, tidal patterns turbidity, nutrient availability subsea characteristickinaractivity, UV, wind
speedand day length Fshing is then o affected by factors such as distance from port, boat or
engine sizegear typeand other marine activitiewithin the area.

Many agencies recognise the need for sustainable fishing throwgtiifidation ofthe seasonality of

speciest KS YI NAYyS O2yaSNBI A2y a20AS0e KIF& LJzof AaKS|
take a key role in securing the future of our seas and marine wildlife by making more environmentally
responsible choice when buying seafoodVithin this guide is a seasonality tabidnich adviseshe

times to avoid buying fish during their breeding or spawning times, shown jragedeen in tabl8.

Green indicates the months outside of the breeding season and the bestto enjoy eating them.

Table 3. Marine Conservation socisgasonality table advising the best time to buy fish to help sustainability
of the fishing industry. Green colours indicate the best time to buy fish, the red best time to avoid fish as this
coincides with their breeding or spawning time.

Seasonality table

b of pouting
Black sea bream

In better understandinghe seasonality of the fisheries around Orkney it is hoped that more efficient
fishingpatterns could be establiskd. This could lead to a more seasonal fishery as seen in the past
which would allow the rest and recovery of grounds in the anticipation that better quality crabs and

10



fishing areas could become established. This would in turn help provatiirgbility of the fishery

into the future.

2.4 Aims of Report

The presentreport aimed toprovide detailed, spatially and temporal information on commercial
inshore fishing activity around Orkney

T

T
T
T

Definition of the areasishedand the species fished for

Seasonal usage @ihing areas;

Seasonal biological conditions of speclesrijed, moulting, spatting, undersized);
Factors which affect fishingveather, tide, marine spatial factors.

11



3. Methodology
BICAAKSN)X¥SyQa 902t 23A0Ff Yy24f SRIAS vdzSadArAz2yyl ANB

Initially a target list of 108 vessels in Orkney were to be interviewed. This list was cofnpiteld C! Q a
membergdetails and those boats registered in Orknéephis list thernfocusedon fishermerQ port
locatiors on the mainland and the islesd vessel typeThose interviewed includicurrent fulltime,

part time and retired fishermerCurrently30 interviews have been carried out thus fard include

the isles of Hoy, Westray, Stronsay, Shapiresa/Rousay

Data colledbn for FEK s composed during factn-face interviews withcurrent individual vessel
owners or retired ownerg¢Kafaset al, 2014) Prior to the nterview, the interviewitself wasdiscussed

with the intended fishermerincludingthe scope of the project, the type of questions they would be
asked and how the information given would lh@ndled and treated. This was done to ensure that the
fishermen understood the intention of the projedtow their knowledge would contribute to the
project and how it would be used. Fishermen were also asked to sign a confidentiality agreement
between themselves and OFFhis was to give fishermen a sense of secuntgr the data that they

were providing to ensure anonymity and commercial confiddityiaof their knowledge over their
fishing grounds.

The interview with fishermen was split into three par#djout the fisherman, about the vessel and
their FEKTowards the end of the interview questiotisey were also asketo givetheir opinion on

certain aspects of the fishing industr. summary othe questions asked can be seen in Table
Fishing areas were sketched onto a hard copy map for species fished presently, historically and
seasonally. Historical referenseeferred to changes to the fising in their working lifetime but also
changes seen if their forefathers also fished.

All interview data was stored electronically along with a hard copy and fishing areas mapped using
ArcMap 10.5 and MaxSea. Some interviews were recorded but not allthaesome interviews were
carried out on boats or boat sheds.

Tabled4. Summary of data collected during fishermen intervieadgapted from Kafast al,2014.

Category Data Description
CAAKSNXYSYyQa Ay|Age CAaAaKSNXYIyQa | 3
Fishing Employment Full time, part time, retired o
hobby.
Years local Number of years fishing in areg
Vessel Information Vessel details Name and PLN number
Length Overall vessel length
Age of Boat Year it was built
Vessel years fishing Years fishing with this vess¢
Also collected information of
past boats.
Power Engine kW or horse powe
Optimal cruising speed.
Home and Landing Port Home port and landing o
destination port(s)

12



Crew

Average number of crey

including skipper

Fuel

Fuel type, amount used i
average trip between summeg
and winter, price change®ther
and amount of other fue
derivatives used (E.q
refrigeration, lubricant, enging
and hydraulic oils).

CAAaKSNXYSyQa
Knowledge (FEK)

90

Gear type

Gear typeand parameters e.g
mesh size, creel size, soft or ha
eyes.

Length of trips

How long a typical fishing tri
lasts.

Number of creels

Number of creels in the water

Species

Species targeted currently ar
historically

Effort/ Intensity

Amount of gear hauled per da
soak times, placement of gear.

Other gear

Quantities of other gear such &
fish boxes, keep boxes/net
rope, net, weights etc. Hoy
often these are replaced, an
costs associated.

Bait

Type of fish, bought, price, tim
spent fishing.

Seasonality

Months in which fishing take
place for each species. Timing
biological influences such ¢
presence of berries, moulting
spatting, undersized, landin
weights etc.

Fishing Area

Areas and days per area is fish
for. Percentage annual vessq
earning.

Historic Fishing Area

Areas which used to be fished
areas in decline

Subsea characteristics

Areas which is preferred fa
species. Areas which influeng
fishing patterns.

Connection to home ports

Max traveldistance in a day

Characteristics of grounds
area

Nursery  grounds, season
movement, fishing pressure.

Environmental conditions

Sea temp, depth, tide, win
intensity and direction ang
wrecks.

Biological Condition

Health of fishing area and chang
over time.
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Fishing Prices Fishing prices throughout seasq
for species and comparison 1
past.

Conflict Gear conflict, other working
users, tourism, marine traffic.
Fishing Opinions Costs How do you attempt toreduce
costs associated with fishing?
Gear Reduction Reduction in the amount of geg
as a management measure.
Seasonal Closures Closure on species at certa
times of year.

Licences Changes to licences for th
ability to catch fish.
Diversification Current limitations to
diversification of the inshorg
fishery.

3.2Landing data

Landing data was analys@ud conjunction with estimates giveturing interviews. Landing data was

O2ftf SOGSR FTNRBY (K2&aS 02 (Ga o KA O datalayalgsedirkludék S h NJ
Brown, Velvet and Green crabsplister, Scallops and prawnkanded by Orkney boats from a variety

of port locations. Thewumber of boats fishing throughout this time also varigith people either

changing the species they fish ftaaving the industrgr changing the processtw whomthey choose

to land to. The number of boats fishg landing prawns was 3, 9 scallop t%d8 forGreens, 50 for

Velvets, 49 foBrown and 51 for lobsters.
3.3 Observer trips

Observer tripsvere conducted on a wide variety of Orkney fishing boats to gain better understanding
of the fishing industry in Orkney waters. Observer trips are eakfor informing on practice in the
reaktime environment and providing interactions with fishermen in an informal context. These trips
allowed forthe building of relationships and trust to collect sensitive data that necessary for this
project.

During these trips firshand biological dataasgathered on a variety of shellfish and whitefish species
on a range of boat sizes and fishing areas within Orkney. Catch per unit effort (GRlirestigated

per boat and will be compared throughout the seasons to reflect fishing patterns. Other data collected
included bait preference for target species, number of creels and lines sampled per trip and other
biological data whichivasuseful. Samptig methods followed that whichwascarried out by Marine
Scotland.

Creel boat shellfish measurements investighBegown Crabs, Velvet Crabs and Green Crabs. @8JE
investigated by recording the amount of crab per creel and how this is sorted. For exdow many
of each species is kept, discarded (small/ soft crab), amount of bycatch. Crabsuwehéatiscarded
because theywere too smallwere measured for carapace widthnd sze frequency. Landed crabs
were also measured for carapace width size fregeye to determine landing per unit effort (LUPE).
Lobsterswere also measured and recorded in the same manner as described above.
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Scallop measurements on dive boats incldd@orphometric (CW, carapace height, carapace depth,
age, condition), dive frequeyy and time, location, landing size frequency and weights. On dredgers
information collected also includdredging time, location and amount collected per dredge.

Prawr@ morphometric measurements collected include sex, carapace length, claw depthe gk |
claw width, overall length, tail length, abdominal width.

4. Results

4.1 Tidal Movement

Scale: Zoom to Scale: View History:

10 km K
lTIJ 1:866,686 ¥ RY
Available Regions:

Scotland v

Pentland Firth and Orkney Waters - tidal resource -
peak flow for a mean spring tide (m/s)

0.00 m/s
[l 0.01 to 0.50 m/s
M 0.51 to 1.00 m/s
B 1.01to 1.50 m/s
B 1.51 to 2.00 m/s
M 2.01 to 2.50 m/s
B 2.51 to 3.00 m/s
[ 3.01 to 3.50 m/s
3.51 to 4,00 m/s
4,01 to 4.50 m/s
4,51 to 5.00 m/s
5.01 to 7.50 m/s

NOT FOR NAVIGATION. @ Crown copyright and database rights (201
by copyrightand pr

Figure4. PentlandFirth and Orkney waters, peak flow for a mean spring tide (m/s), adapted from Marine
Scotland Maps NMPi.

Tide and weatheaffect the whole aspect of inshore fishing around Orkney and fishermen report it as
the biggest influence in fishingigure 4) The tidal rangéor Orkney is relatively small, no more than
three meters, but the strength of the current is probably one loé strongest in the UK and can
frequently reach over eight knots. Not only does this affect the routes taken when fishing it also
influences fishing activity especially when gear is hauled. In general, the main tidal stream on the flood
runs east and theleb runswest,with many deviations and regional difference amongst the isles. This
makes fishing in Orkney highly dynamic but also requires local knowledge built up over a long period
of time to understand how to fish these waters effectively. This isrigleemonstrated iPAppendix

figure 1 whereby the tidal flow can be seen to change in the hours before and after high tide and
operates inan irregular fashion around the North Isles. Therefore, fishermen need to have extensive
temporal knowledge of the aas that they fish to fish efficiently.
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Spring tides usually occwith the new moon orduring afull moon and influence fishing patterns.
Spring tides result ithe largest difference between the high water and low water, increasing access
to areas of lad previously unreachable during low tides. Due to the large difference in \\eatels,
leavinggear at sea can become more difficattbuoys can become submergeadd difficult to locate

Current speed is slowest at the beginningdahe end of a changén tide and accelerates as the
water@ levels rise or falls. This movementiuences the daily fishing activity on when antiene

creels will be hauled and the travel time and route to the cr@adsition (Figurel). As seen in Figure

4, those fishingrom Westray tothe StronsayHrth, down the south tip of Eday will face up to 3.51 to
4.00m/s at peak flow for a mean spring tide as water is funnelled between the islands. One of the
largest peak flow areas occurs in the Pentland Firth along the soutktscad Hoy and South
Ronaldsay. In this area mean spring tide in the middle of the PenHatidcan reach up to 4.51
5.00m/s, making it a highly challenging area to fish and travel in. Sheltered areas for fishing in Spring
tides include Scapa flow, theoMh Sound, and along most eash coastlines in Orkney.

4.2 VesselDensity

Figure5. Vessel density (right) and Vessel density shipping routes (left) for 2016 in Orkney using AIS track
analysis, adapted frorivlarine Traffic.

Orkney and the surrounding waters drasywith a range of vessel types which routinely operate and
pass through Orkneglue toits geographical position in dding the NorthSeaand AtlanticOcean
(Figureb). In Marine Scotlan@ 2012 Shipping report ohé Pentland Firth and Orkney waters, they
reported seven vessel types operating within this area. These include tankers (oil/ chemical/gas
carrier), bulk/ore carrier, cargo (including RoRo/contaimessely passenger (ferry and cruiskip),
offshore (ol and gas and renewables support vessels), tugs and other vessels which were usually
transitioning between harbours.

Four mssenger ships operateetween the Scottish Mainland and Orkney. These include Pentland

FS NNReftaitx(operating between Gills F @ 'y R { G al NHI NB G ®Mamnav@d IS0 X { ¢
(Scrabster to Stromness) artdjaltland and Hrossey(Aberdeen/Kirkwall/Lerwick route) (Marine

Scotland, 2012). A further eight vessels are regular passenger ships servicing as-4ibmdsiferries
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to the North and South Islesnainly operating out of Kirkwall, Tingwall and Hout®hese passenger
ferries operate with very defined tracks and ports of call. fiklps make fishing within these routes
easier due to routine and known timetables of transport.

The PentlandHrth can be seen to operate as a major shipping route for manyeledgnsiting
east/west through this area (Marine Scotland, 2012). Sdapa is another area which operates with
high volume of traffic, servicing mainly for tankers which routinely call at Flotta Oil Terminal, Scapa
Bay, Scrabster and Kirkwall. This further adds tréffiiough Scapa Flow and the Pentldth.

Most fishermen commented on having almost no negative interaction mghine trafficor users As
fishermen tend to fish in an inshore capacity with smaller boats, right of way is given to those vessels
whichare larger.The majority of conflict as seariginates fromconflict over gear with trawlers and
scallop dredgers operating to the east of Orkney.

4.3 HistoricFishingActivity

In the last century the fishing pattern and activity within Orkney has obédsgnificantlydue to many
socio, economic and biological factors. Fishing in Orkney has moved away fromitigsinshfarmng
lifestyle and is more exclusively one or the other. In the time before WWII, fishing entermése
more of a paritime activity prosecutedduring the summer months to supplement diet through the
catching of fish. Most fish were either smoked or salted in barrels such as herring or matkedelr

to last throughout the winter months. Fishingt this time was exclusivelyrgeted towarddobsters
with the use of wooden creeldlost of these creels were made by hand anelel making waa winter
time activity as boats were smaller ateds durable for operation in rougher weath&his resulted in

a seasonal fisherwherebyfishing occurred between May and October, leaving lobsters and their
fishing grounds to rest during the winter months.

As most fishermen had to hand make their wooden creels, which was both labour intensive and time
consuming, the creels were therefor@oked after. The fragility of these cregheant that gear was

shifted tosafeareas more routinelyThe number of creels used to fish were much less at this time

too, with an estimate of no more than 100 creels used per fishermen. Fishermen today héwatedk

the decline in fishing to the development of reatbyrorder steel creels. These creels are more robust,

have alonger lifesparand can beplaced in deeper, rougher water without being lost or broken as

easily as wooden creels. Thiasresulted inY 2 NB G AYS &aLISyd FAakKAy3d a GA°
creels and the lobster fishing areas that were previously unfigtiechow used

Fishing for lobster during this time whgrativeas they were abundant and easy to catch in inshore
waters. There wasalso no market for the fishing of other shellfish such as Browngetwets, the
development of these fisheries came later with the creation of factories and the opening of markets
in EuropeHowever, during WWII many fishermen left fishing to join theyaresulting in a decrease

in fishing effort during this time. Therefardishing grounds were rested and fishermen today
hypothesig that this helped contribute to the longevity of the lobster fishery, until it became more
KSIF @At & TAaKSRAtthepeak N lobstér fshingdiisharfen have commented being
able to turn over gear once or even twice a day and retrieve up to on average 30 to 40 lobsters a day
during the harvest run.

The development ofhe processing factory in Stromness irpl® | YR Ay 2 Sa (N} & RdzNJ
opened up the fishery to the catching Bfown crab therVelvets.Beforethe factoh Seit&blishment

shellfish was exported as freight Sorabster then by train to Billingsgatéy access markets Europe

such as Frace, Spain and Portugdishermen attribute this change to the increased drive to fish for

species other than lobsters, whicladhbeen becomingncreasingly more difficult to fish
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Further fishing activities have developed theakop fishing for King 8kops in Orkneywhich is
conducted through two methods; hargicked diving or dredgingvhile Queenies are mainly fished

for using dredgesDredging activity is limited to 8 dredges per side within 6nm, 10 dredges per side
out to 12nm and 14 per sideut to 200nm.Hand diving is a highly selective method of scallop
collection as large individuals are selected on the ground with little disturbance to the beatdoto
current restrictions except MLS affects this fishing method.

44CA & KS NI S yahknowseedyg t 234 O
4.4.1 Brown Crab

‘\ Inshore fishing areas for Brown Crab in Orkney

N

Figure6. Fishers ecological knowledge n§hore fishing aresfor Brown Crab in Orkney

Fishing for Brown crab in Orkneperates extensively around the coastline framry close inshore

up to roughly 50 fathomdepth. Inshore fishing areas used throughout the year can be seen in figure
6. Brown crabs are found in a wide range of substrate but are typically foundaky to mixed
sediment/sand environment whidsoxygenated and often tidal. Fishermen report that fderown
crabs often prefer sediment in which they can bury when sofivben berried. Fishermen also
reported thata higher rate ofmale brown crabs areaught inshore in comparison to females which
tend to be found in water deeper than 20 fathoms.

While fishing folBrown crab can occur in close to the shore, those that benefit from this fishery tend
to have larger boats which can get out to deeper water areas where they are found more readily. This
is usually associated with boats above 10 meters.

UndersizedBrown crabswere described in abundance by most fishermemasnly close inshore and
regional rather than seasondHowever fishermen often found an increase in undersized juvenile
Brown crabs on sandy bottom environments in areas such a8#yeof Skaill.
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Migration in Brown crabs was uncertajrbut those fishermen on the west coast of the mainland
reported that they understand the migrate North to South towards Scapw throughout the
course of the yeawith usually only the femalBrown crabs migrating. Similar reports were found on

the East coast of the North Isles in Orkney. During May to Augnastn crabs can primarily be found

in the North Ronaldsay Firth and round the north of Sanday. However during December to March they
migrate rther south continuing down to Stronsay.
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Figure7d CAaAKSNXSyQa S0O2ft 2 3Rr@in ErabfisfiidggmnéspRseice MBemied2syftsiel G 2
condition, best market price and best quality on average througlaoygar.

Fishing activity reported by fishermen can be seen to increase within the summer months of May,
June and July (Figur® This is generally associated with better, more stable weather and longer hours
of daylight which contributes to more fishir@nd the ability to reactBrown crab fishing areas which

are further from portsFishing activity during the summer also increages to a seasonal influence

as in colder watetemperatures Brown crabs enter a state of torpoFishing forBrown crab will
therefore start inshore in the earlier months of summer as the deeper water offshore will take longer
to increase in temperatureHowever, fishermen throughout Orkney have described a slow decline in
the presence oBrown crab within the ishore sector (inside 6nm) and an increase in effort to land
the same volumes d#rown crab within the past decade.

Berried femalesvere poorly reported among inshore fishermen but those thatl caughthem saw
them more throughout October to May. Fisheem described the lack of catching berried femadss

due to their behaviour and movement. They advised that it is likely that females migrate further
offshore to brood their eggstherefore they areunlikely to catch them close to shore. When the
femalesare berried they are alskess likelyto be caught in creels akiring this timen orderto protect

their eggsthey bury into soft sediment anldecome inactive during this time.

Boft crab§efersto crabs which have recently moulted their old carapaeé are still soft along with

an associated decrease inmeat quanttyk S& | NB | f a2 NB faStheNBogr ofittie I &
underside varies during the moult cycle with newly moulted crabs behitg or pale in colourThese

were mosty reported during July, August and September. Fishermen hypothési the moulting

cycle coincides with warmer water temperatures which act as a triggeswn crab qualit@refersto

the overallcondition of the crabs with high meat yield and not recently ¢ssft). Better quality crabs

were usually landed in the winter months of October, November and December.

Fishermen found that they could get the best prices for tiBeawn crabs during the winter months.

They explained that this is mainly associated vatipply and demand. Demand increased during
November and December for the Christmas markets but also due to less people out fishing mainly
associated with poorer weatheWhereas during summer, more fishermen are out fishing and thus
landing more crabsvhich often which floods the markets and results in a fall in prieishermen
describe the price foBrown crabs to be on average £2 to £3 per kilogram, with a higher buying price
for crabs which have their claws cBrown crab pricehave been as low as $&r kilogram for females

and £1.20 for males in the summer months and only increasing to £1.80 and £2.20 in the winter
months. Currently, newer markets have been established with China which has increased demand for
live crabs to be shipped tGhina, mairy for female crabs. This has hagb@sitive impact on prices,
resulting in higher prices of up to #bper kilogram.
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4.4.2 Lobster

Figure8. Fishers ecological knowledge of inshore fishing areas for Lobster in Orkney.

Lobster fishing in Orknd¥igure8) is carried out in very similéishing ground$o Brown crab(Fgure

6). Lobsters can be found on veshallowinshore grounds, operating at a depth of 5 meters up to 50
meters and are usually found on rocky terradnown crabsand lobsters are more commonly found

in areas of good water movement providing rich oxyafex water and a plentiful supply of food.
Fishermen also reporto marked difference in the ratio of males: females caught. Undersized lobsters
are routinely seen with certain fishing areas within Orkney. However, fishermen believe that these
juvenile lobsters will not remaiin their original nursery grounds as they do not catch them as
subsequent adults within the same ardtis understood that the adults will migite fromthe inshore

to offshore environment with females migrating rather than maldscal fishermen also report
lobsters possibly holding territories as the same notched lobster can be caught continuously within
the same area.

As previously highlighted the fishing activity for lobsters has changed significantly over the past 50
years. Originally most fishing in Orkney was solelydiosters and fishing wasighly seasonal from

May to Octoberb 2 4 @SNE FSg (K leinenlfishBeycsivelyKi@ dobster a3 thé K
abundance of the species is not there to generate a sufficient income from landing
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