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Abstract

This report provides the main results and findings oetheenthannualunderwater
televisionon the Aran, Galway Bay and Slyne héd&phropsggrounds, ICES
assessnd areafunctional Unit 17. The survey was midisciplinary in nature
collecting UWTV, fishing CTD and other ecosystem dathe sampling intensity was
reduced this year from around 75 stations in the past to 31 on the Aran graunds.
randomised ismetric grid design was employadth UWTV stations at 3.5nmi or
6.5km intervals. Previously a 2.25 nmi square grid was used. The kigged burrow
abundance estimate declined by 34% relative to 2011 vtV @r relative standard
error)of 5 % Abundance stimates have fluctuatensiderablyver the time series
butthe2012abundance is the lowest in th&year history of the surveyFour UWTV
stations vere carried out on thBalway Bay and 3 othe Slyne HeadNephrofs
grounds. Raised abundance estiraatfor Galway Bay and Slyne Head are provided
based on improved knowledge of the boundaries of those alea$iropsaccounted
for 85% of thebenthiccatchby weight from4 beam trawl tows. The observed length
frequency and maturity of femalMephopscaught was similar to previous years.
Various further investigations needed before the next ICES benchmark are discussed.
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Introduction

The pawn (Nephrops norvegicysare common around the Irish coast occurring in
geographically distinct sandy/muddy areas were the sediment is suitable for them to
construct their burrows. Thblephropsfishery in VII is extremely valable with

landings in 2011vorth aroundl 70 m at first sale TheNephropsf i shery o6at t he
the Aran |Islands®é can be consi dBRepatdd t he me
landings in 2011 were worth and estimaf@d3 m at first sale. Without thisNephrops

fishery the najority of vessels in the fleet would cease being economically viable
(Meredith, 1999). Given these so@oonomic realities good scientific information

stockstatusand exploitatiorratesare requiredo inform sustainable nragement of this

resource.

Nephropsspend a great deal of time in their burrows and their emergbabaviour is
influencedmany factorstime of year, lidpt intensity and tidal strength. nderwater
television surveys to monitoh¢ abundance dfiephropspopulationsvas pioneered in
Scotland m early 1990s. Since then regular sus/egve beerconduced for many of
the mainNephropsfisheries around Britain and leead (ICES, 2010). The technique
has also been used in Danigbreek, Italian and Spanish t&es (ICES, 2012c) A
direct approactof using the UWTV surveyas the basis for catch advice agplying
harvest ratios (HRs) wasoposed by Dobby & Bailey iB006. Initially concerns about
the accuracy of the UWTV surveys meant this approach waswitely accepted.
WKNEPH 2007 discussedand documented the various uncertainties with/TV
surveys and further developed the HR appro@2bbby et. al 2007, ICES, 2007)
Various studies werghen carried out to investigate and mitigate uncertainties in the
UWTYV survey methodologies (e.g. Cangtibet al 2009 |CES 2008 & 2010). Since
2009, ICES has provided annual advice Kmphropsstocks advice based on UWTV
surveys and the methodologies proposed in WKNEPH (ICESa2009

This is theeleventhdata point in a time series of UWTV surveys ondh&r an gr ounds @
The survey covers thregographically discretenud patches; the Aran Ground, Galway

Bay and Slyne Headll of which lie withinthe ICES assessment af@anctionalUnit

17 (FU17) The 2012 survey wa multi disciplinary in nature; the sgéc objectives

are listed below:

1. To complete randuised fixedisometric survey gridof 31 UWTV with 3.5
nauticalmile (Nmi) spacing stations on thi#&rand Nephropsground

2. To carry out>5 UWTYV indicator sationson theGalway Bay and Slyne Head
Nephropgground.

3. To obtain2012 quality assureastimates oNephropsburrow distribution and
abundanceon the ‘Arano Nephropsground (FW7). These will be compared
with those collected previously

4. To collect ancillary information from the UWTV footage collectatl each
station such as the occurrencese&ipens other macro benthos and fish species
and trawl marks on the sea bed

5. To collect oceanographic data using a sledge mounted CTD

6. To sampleNephropsand macro benthassing a4 mbeam trawl deployed at ~10
stations



7. To use the time saved (fromdreced grid in FU17 Aran Ground® extend the
UWTV survey to FU16 Porcupine.

This report detailshe final UWTV results of th€012survey andalsodocumeng other
data collected during the survey.

Material and methods

From 2002 to 2011 eandomised fixedquaregrid designhas beerused for the Aran
grounds where a poinwas picked at random and stations are carried out at a fixed
distance norttsouth and eastest. The distance between stations varied somewhat but
was usually 2.25 nautical mileg4.2km) An adaptive approactvas taken vherdoy
stations are continued past the known perimeter of the ground until the burrow densities
are at or close to zeroSGNEPS(ICES, 201Z) recommended that @V (or relative
stardard error) of < 20% is an acceptable precision leveUWTV surveys Sampling
intensity on the Aran grounds was investigated as part of their evaluations (ICES,
201Z). To achieve good spatial coverage over the ground and to generate burrow
surface that reflects the underlying abundartbe survey design was modified in 2012

to an isometric grid with stations every 3.5Nmi or 6.5kirhis randomised isometric

grid of 31 stations for FU17 Aran grounds in 204as expected to lead to a survey
abundanceedimate with an RSE below 10% which is well below the SGNEPS
recommended limit.The number of stations required reduces by around 50% and time
required on the Aran grounds by approximately 40%. The time samed be used
extend survey coverage to otheeas within Irish waters such as FU16 Porcupine
Banksas also recommended by SGNEPS (ICES, 20Ihe details of the 2012 FU16
UWTYV surveyarepresented in a separate report.

Stations in Galway Bay and Slyne Head were randomly picked from an area dsfined
previously collected UWTV data, VMS data and mbkiam backscatter data (Figure
1).The boundary use to delineate the edge of the ground was based on information from
the fishing industry and has not been changed since 2002

Survey timing was generglstandardised to June each ydar2003, poor weather and
technical problems meant that coverage was poor compared with the otherlryears.
2004, bad weather prevented the completion of the survey in June so approximately
50% of the stations were carriedt one month later in Julyn 2003 and 2008 due to
weather downtime stations could not be complete®lyne Headln 2012 all three
Nephropsgrounds were surveyed successfullyring June 5" -14" on RV Celtic
Voyager The protocols used were thoseiesved by WKNEPHTYV 2007 (ICES, 2007).

At each station the UWTV sledge was deployed and once stable on the seabed a 10
minute tow was recorded onto DVD. Vessel position (DGPS) and position of sledge

(using a USBL transponder) were recorded eveiy Aseconds. The navigational data

was gquality controlled wusing an Ar o script
2009b). In 2012the USBL navigational data was used to calculate distance over ground

for 89% of stations whereas ship data was used forahmining11% of stations In

addition CTD profile was logyed for the duration of each tawsing a SeabiréBE37

This data will be processed later.



Fourvalid beam trawl tows were conducted randomutyoss théran ground once TV
operations were sucsgfully completed All Nephropscaughtwere sorted by sex and
maturity category, weighed and measured usingNB&IESYS electronic measuring
system. A length stratified suilsample of Nephropswere taken for each haul.
Individual length, whole weight, tawveight, maturity and in the case of males appendix
masculina lengths were recorded for each individuhe fish catch wagdentified to
species leveskampled by weightkgs)only. The benthic catciwvas identifiedveight(g)

and counted The UWTYV staton positionsand tracks for théour valid beam trawl
towsare shown in Figuré.

No seabedmapping was @mpletedin 2012 as this was not an objective however,
Figure 2 shows theupdatedbackscatteimagedata that has been collected to date on
previous srveys (UWTV,INFOMAR surveys)where the dark grey indicates hard
ground and the light grey indicates more soft ground.

In line with SGNEPS recommendations all scientists were trainthiarised using

training material and validated using referenaatdge prior to recounting at sea (ICES,

2009). Figure3s hows i ndi vi dual 0is20t2against therrgferepce r f or ma
counts as measured by Linnds concordance ¢
of 0.5 was used to identify counters who rexedurther training. Once this process had
beenundetaken d | recounts were conducted by two
scientists mdependent of each other on board the research vessel during the survey.
During this review process the ihdity, ground type and speed of the sledge during
oneminute intervals were sulgively classified using &lassificationkey. In addition

the numbers oNephropsburrows complexes (multiple burrows in close proximity

which appear to be part of a single complexich are only counted oncelNephrops

activity in and out of burrowsvere counted by each mmtist for each oneninute

interval was recordedFollowing the recommendation of SGNEPS the time for verified

recounts was 7 minutes (ICES, 2009b).

Notes were ats recordedeach minuteon the occurrence of trawl marks, fish species
and other speciefNumbers of sepen species were also recatddue to OSPAR
Special RequegtCES 2011) A key was devised toategorisghe densities of seapens
basedSACFOR abundancecale(Tablel) after ICES (2011) Finally, if there was any

time during the oneninute where counting was not possjldee to sediment clouds or
other reasonghis was also estimated so that the time window could be removed from
the dstance over grou d calcul ations. The Aro qualit
individual station data to be analysed in terms of data quality for navigation, overall tow
factors such as speed and visual clarity and consistency in counts (RBigure
Consistency and bias betwemdividual counters was examined uskigure5. There

were no obvious problems

The recount data were screened for one minute intervals wythurarsually large
deviation between recounts. Means of the burrow Beghropsrecounts were
standardisedby dividing by the survey area observed. Either the USBL or estimated
sledge layback were used to calculate distance over ground of the sledge. The field of
view of the canera at the bottom of the screen was estimated at 75cm assuming that the
sledge wa flat on the sabed (i.e. no sinking). This field of view was confirmed for the
majority of tows using lasers during tB812survey. Occasionally the lasers were not
visible at the bottom of the screen due to sinking in very soft mud (the impacs o thi



a minor under estimate of densities at stations where this occufigue 6 and Figure

7 shows the variability in density between minutes and operators (counters) for each
station. These show that the burrow estimates are fairly consistent betweges and
counters.

To account for the spatial e@riance and other spatial structuring a -geadistical
analysis of the mean and variance was carried out SIHRFER Version 8.02 for the
Aran Grounds. The spatial structure of the miety data was tsdied through
variograms. Initidly the midpoints of each UWTYV transect were convertedJiVs.

In addition to the survey stations various boundary positions were included in the
analysis. The assumption at these boundary positions was tiNgghepsabundance

was zero. These stations were outside the known distributiblefiropsor suitable
sediment and werepproximately equidistant to the spacing within the main grid each
year. An unweighted and unsmoothed omnidirectional variogram waswxadtmwith

a lag width ofapproximately909 and maximum lag distance of betweh25 km. A
model variogramy(h), was poduced with alinear component (Equatio). Model
fitting was via the SURFER algorithm using the variogram estimation option. Various
other experimental variograms and model setting wermieea before the final model
choice was made.

Equation 1: LinearVariogram Model
y(h) = Co+S-h

WhereCo is theunknown nugget effe@ndSis the unknown slope.

The resulting annual variograms were used to create krigged grid files and thiagesul
crossvalidation data were plottedf the results looked reasonable then surface plots of
the grids were made using a standardised scale. The final part of the process was to
limit the calculation to the known extent of the ground using a boundarkitgfile.

The resulting blankedrgl was used to estimate the mean, variance, standard deviation,
coefficient of variation, domain area and total burrow abundance estimate.

Although SURFER was used to estimate the burrow abundance this does not provide
the krigged estimation variance @V. This was carried out using the EVA: Estimation
VAriance softwae (Petitgas and Lafont, 1997). The EVA burrow abundance estimates
were all extremely cdse to the Surfer estimate-($5 million burrows) with the
exception of 2004 when the spatial coggravas poor.

To estimatehe abundance for Galway Bay andyS¢ Headthe area of each ground
based on a VMS delimited polygon was calculatediogis10 and an average value
used (Table). Theabundancestimation is thgroduct of the mean density agtbund
area. The sample variances, standard errorglties and 95% CGlere calculated for
each ground

Results

A histogram of the observed burrow densitiesZ0L2and previous years on the Aran
Grounds is presented in Figure 8. This shoslativdy large interannual variation in
modal burrow densitiesThe 2012modal density wabetweer0.51 0.7 fm?. It is was



very noticeable that there was a substantial reduction in density throughout the ground
with only one density estimate >0.7/m

The geostatistical structural analysis is shown in the form of variograms in Figure 9.
There are a few outliers apparent but they appear have little leverage on the variogram
models oBerved. There is weak evidence of a sill at around 12km in some years but i

is not clear and the logarithmic model used does not have arkdl blanked krigged
contour plot and posted point density data are shown in Figire The krigged
contours correspond very well to the observed data. The results indicate the densities
have fluctuated considerably over the time series and throughout the ground. The
fluctuations are not limited to a single station but instead occur fairly homogeneously
across the ground. In general the densities are higher towards the western sde of th
ground rather and there is a alde trend towards lower densities towards the east. On
the south western boundary there are indications of high densities close to the boundary.
In this area there is a sharp transition from mud to rocky substrate arkd isv
underway to define this boundary more accuratéigure 2)

The summary statistics from this gstatistical analysifor the Aran Groundare given

in Table3 and Figure 1. The 2012estimate o423 million burrowsis a 34% decrease
from 2011. The estimation variance of the survey as calculated by EVA is relatively low
(CVs in the order <6%)The 2012 estimate is alsd6% below thegeometricmean of

the series {71 million burrows) The abundance estimates for the A@ounds have
fluctuated coriderably each yedo datewith a declinng trend in recent yearsThe
summary statistics for the indicator stations are given in Tébl®aised abundance
estimatedor Galway BayNephropsgroundandfor Slyne HeadNephropsgroundare
shown in Figure 1 The Galway Bayneanestimates fluctuatesidely but appear to be
highly correlated with the Aran ground (except 20@stimates for theSlyne Head
ground also fluctuate considerably but showsmgnificant correlation with the other
areas The uncertaity bounds for both areas also fluctuate and 4atgrual changes are
only statistically significant in a few year©n average the Aran Grounds account for
~89% of the total estimated burrow abundance from FU17. Galway Bay and Slyne
Head account fo8.6% and2.7% respectively.

Figure 12 show the standardised length frequency distributitfsDs) by sex of
Nephropscaught using a beam trawl on the Aran groubdsveen 2006 an@012
surveys. No fishing was carried toon surveys prior to 2006r in 2008 de to time
constraints as a result of poor weather conditidfs. plotting purposes the individuals
<10mm caught in 2010 were split evenly between males and feraslésis not
possible to accurately assign sex to individuals that snfdle mean lengthfor both
sexes in the survey have been fairly stable over time around the overall average of
26.66mm. The 2012resultsshow no signal of recruitment compared to 20kXshould
be noted that there is some variability between the sample sizes andrstiioct
individual hauls showin Figure13. Carapace lengths 2012ranged from 13 mm to
42 mm for one large male.

In 2012 various morphmetric measurements were made during the surlée
estimated lengthveight parameters are given in Taldléogethe with those currently
usedin data raisingand by ICES for this stock Bias correction factors for tHength
weight conversions are also provided since linear models weretbitted log CL and
log weight data. Male growth was allometric and no sifjoant differencewas



observed for the b parameter compared to thatently usedfor the stock Female
growth is isometric and the estimateghdrameter was significantly different (p>0.01)
that that used by ICESThe female lengtiweight parameters tisiates here give a
slightly lower weightatlengths for the main lengths in the landingslsing thee
estimatedparameters to calculate landings weights for the raised female 2010 LFD
results is a landings estimate which is 1.8% less than was used $j0iCIH 10

The relationship between total weight and tail weight was also investigateg data
collected on the surveyThe mean conversion factor fraial weight to whole weight
was3.100%with a standard error @.0191.

Figure B depicts a modked maturity ogive(binomial GM) for femaléNephropswvhere
50% of the females are mature28CL mm. Figure ¥ shows the relationship between
male carapace length and appendage masculina length (mm). The fitted segmented
regression has a break point2df 90nm CL (see Table).

In 2012 due to time constrairdsd poor quality ofhe fishin thecatcheghesewere not
worked up.A summary ofthe benthictaxaby tow in presented in Tablé. Lunatia
speciegnecklace shellwasthe most abundarspeciesandwasrecorded in all tows. It

is also important to note that the mud burrowing shr@ajpcaris macandragvas also
recorded. The burrow of this species can cause confusion in identification in areas of
very soft mud and high denigis of Nephropsburrons such as the western Irish Sea
Nephropsground, but this species is not deemed to be problenoatithe Aran
Grounds. Goneplaxrhomboids a burrowing crab speciegjas alsocaughtin threeof
thetows.

The ®apenpresenceabsence observatioasrosshe Nephropsgroundsaremapped in

Figure B. All seapenswere identified from the video footage @sgularia mirabilis.
V.mirabilis was also present at stations where trawl marks were recorded. This seapen
species was recorded as frequently preseh®% and occasionally present at 26% of
total stations Trawl marks were noted 26% of theAran stations surveyed with trawl
marks present for the entikedeo transector 3% of stations No trawl marks were
present aGalway Bay oiSlyneHead videoransects.

Discussion

In 2012the surveyinformation up tocand including2011was used as the main basis for
the ICESassessment aratlvicefor the Aran groundFU 17). ICES concluded that the
Nephropsstock wa fished at a sustainable rate (ICE812a&b). The 2012 burrow
abundance estimatefor the Aran groundshave decreasedsignificantly (~34%).
Observed brrow densities havé@luctuateda lot over timein this area This is in
contrast to the rather stable burrow abundance estimates in FU15 aBdLeddan et
al 2011 and Doyle et al. 2011 he2012estimate is the lowest in tHd year history of
the surveyandis a cause for concern about the sustainallitthe stock Prior to the
survey there was a period of very active fishing on the grannds when the industry
reported high catch rates of unusually high quality (i.e. lakggdhrops Updating the
catch advice for 2013 with this lower 20W2VTV abundanceeducs the catch option
at Fnsy (FF3susp) from 894tonnes tdb92 tonnes(Table 8)



The survey estimates themselves are very predseithstanding the change in design

and reduced survey effort in 2012. The fact that the survey abundance in this area tends
to fluctuate more than LPUEs has been highlighted in previous survey rdpmdan

et al.,, 2011). Te underlying explanation fdrigh variability could be linked to the
survey is seeingariablerecruitmentalternativelynatural mortalitymay be high and/or
variableon this ground

Analysis of thelength frequency distributionsFDs from beam trawl catches may be
useful in explaining whether recruitment variability can be linked to fluctuations in
UWTYV abundance. In the Celtic Sea a clear recruitment signal icFHbe in 2006 was
coincident with higher than average burrow aamce in that year (Doyle, et 2012).
Unfortunately beam trawl fishing was not carried ambund2003 whenthe highest
burrow abundances were recordedthe Aran groundsSince 2006 when beam trawl
fishing commenced duringithsurvey therd a s reéntany blear recruitment signals in
the LFDs that might explaininterrannualsurvey abundance change$n 2010 very
small, recently settled individua{(€L 5-6mm), were caught for the first timeln 2011
asmallsecond mode was apparent at ~17mmirCthe LFDsthis is probably that same
2010 cohort This second mode at 17mm is at the assumed length of burrow formation
used in the SCA modelling by ICES (ICES, 2609

There are a number of relatively recent improvements in the informationHzdsill

need tobe incorporated when this stock is next benchmarké&®13 The multtbeam
boundary mappingvork (Figure 2), the developing time series of VMS data and
UWTYV observations willundoubtedlyimprove the boundary definition for the main
Aran ground aga. This is expected to scale up the abundance for the Aran grouatd by
least 10% in most years.This year raised burrow abundance estimates have been
calculated for Galway Bay and Slyne Head for the first time. This has mainly been
possible due to theleveloping series of VMS data on the Slyne Grounds and
availability of INFOMAR sehed mapping data in Galway BayAgain this will
increase the overall abundance estimate for FU17 by around 10% in mostRadise
moment thee underestimates stockabundancearetaken into accounwithin thebias
correction factor applied for the whole of FU17 advic€his new information will
require a revision of this bias correction fadboit the relative contribution to landings
from the different patches withiFU17 should also be investigated

The collection of lengthweight and maturity data are required under the Data
Collection Framework (DCF).The morphometric sampling conducted in 2Cdrid
2012 highlighted some other aredisat should be investigateat or before the next
benchmark. The lengtveight parameters estimated during the survey for females
were significantly different from those used currerliiQES, 2012a) This may be a
seasonal bias bubuld haveminor implications for the raising of sgting data The
conversion factor from tail weight to whole weight is also somewhat difféoetitat
normally used Around 50% of the landings (in live weight equivalents) from FU17 are
usually made as tails but this percentage varies considerablydoeywars (e.g. 2003
2010 range 3%6%). Again this may have some impact on the raising and should be
investigated further.

Both male and female maturity information were collecteddf®2 The methodology
used to assess male maturity was that presenté¢KNEPH 2006 (ICES, 2006].he
estimated breakpoirfbr males this year was more similar to the typical female &



observed for this stoctf around22-24 mm. The onset of maturity is not particularly
relevant to the current assessment and advisanyework although it is something that
should be monitored.

Macrobenthos datkom the trawl catchewas collectedfor the secondtime this year.

The dominant species by weigliasNephrops norvegicu®llowed byLunatia species
(necklace shelland th@ Cancer mgurusspecieqedible or browrcrab).Overall there

Is a similar benthic species composition between the tows reflecting the habitat type
encountered which is generally sandy mudirgularia mirabilis were caught by the
beam trawland recordedn 5 tows and this reflecthhe common occurrence this
specieobserved on the video footage.

Three other burrowing species Goneplax rhomboids(box crab) and Calocaris
macandraglmud burrowing shrimpwererecorded Of thoseGoneplax rhomboid#/as
the most abundant.The burrows of thee sgciescanlead to confusiorwith Nephrops
burrows in areas of soft muand highburrow densities However, such allocation
errors areminimised due to th&aining proceduresmployed during the survey. These
include refresher training on classicAlephropsburrow signature and consistency
verification withreference count anales (ICES 2008 & 2009).

An important objective of thisWTV survey is tocollect variousancillary information
The occurrencef trawl marks on the footage notable for two reasons. Firstly
makes identification oNephropsburrows more difficult as the trawharks remove
some signature featuremaking accurate burrow identification more difficult
Secondly,only occupiedNephropsburrows will persist in heavily trawled groundad

it is assumed that each burrow is occupied by one individaphrops(ICES 20®b).
The CTD datacollectedwill be processe & a later stageThisinformation is relatively
easy to collect and over timwill augmentthe krowledge baseon habitatand
oceanographicegime

The main objectives of the survey were successfully met foelinenthsuccessive
year. The UWTV coverage anddtage quality was excellent throughout the survey.
The multidisciplinary nature of the survey means that the information collected is
highly relevant for a number of research and advisory applications.
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Figure 1 FU17 Aran grounds: UWT\&tationsand beam trawl tacksompletedn
2012overlaid on a heat magephropdirected fishing activity
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Figure 2: FU17 Aran groundsMultibeam backscattetata collected to datenthe
Aran Groundsand Galway Bay (INFOMAR survey)
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Figure 3: FU17 Aran grounds2012 Counting performance againketreference
counts as measured hyi n @G@CdorF U 1 Arangroundo. Each panel represents an
individual. The xaxis (from left to right), all stations pooled, high density, low density,
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Figure 5. FU17 Aran grounds: Scatter plotanalysis of countecorrelationsfor the
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Figure 10: FU17 Aran groundsContour plots of the kriged density estimatdsy
yearfrom 20022012.
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Male Nephrops FU17 2012
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Figure 15: FU17 Aran groundsStations whereVirgilaria mirabilis was identified
during2012overlaid on a heat magephropgirected fishing activity



Table 1: Key for classification of Seapen abundance as used on Irish UWTV surveys.

Number/Min

Common 20-200

Frequent

2-19

Ocasional <2

Species

Virgularia mirabilis
Pennatula phosphorea
Funiculina quadrangularis

Table 2. FU17 Aran gronds: Area calculations for Galway Bay and Slyne Head

Nephropgrounds in ArcGIS10.

Sea Pens
V. mirabilis P. phosphorea [F. quadrangularis
C |F O |[C |F O |[C |F O

ArcGIS Projections

Eckert VI Irish Cylindrical

(world) National | Equal Area| Average
FU VMS grounds Polygons (km2) Grid (km2) (km2) (km2)
17 SlyneHead 39.3 394 39.3 39.3
17 GalwayBay 74.2 74.0 74.0 74.1

Table 3: FU17 Aran groundsOverview Aran of geostatistical resultiom 2002

2012.
Geostatistical
abundance
Number Mean Estimation | Domain estimate CV on
of Density Standard Area (millions of Burrow
FU Ground Year stations | (No./m2) | Deviation (km2) Burrows) estimate

2002 49 0.84 0.04 943 818 4%
2003 41 1.01 0.06 943 989 5%
2004 64 1.43 0.05 943 1397 3%
2005 70 1.09 0.03 936 1063 3%
2006 67 0.64 0.02 932 616 3%
17 Aran 2007 71 0.93 0.03 942 906 3%
2008 63 0.56 0.02 906 536 3%
2009 82 0.73 0.02 940 718 2%
2010 91 0.85 0.01 937 827 2%
2011 76 0.67 0.02 909 638 3%
2012 *31 0.44 0.02 942 423 5%

* reduced isometric grid 3.5nmi




Table4 : FU17 Aran groundsSummary statistics for th@alway Bay and Slyne Heatephropsggrounds from 20022012.

Raised
abundance

Number Area Mean Cviid estimate

of Surveyed| Burrow | Density Standard | Standard | t- (Relative |  (million

FU | Ground | Year | stations (m23) count | (No./m?) | Var | Deviation | Error value | 95%ClI SE) burrows)
2002 7 1,299 2,017 158 |0.14 0.37 0.14 245 | 0.34 8.8% 115.0

2003 3 591 941 1.60 |0.09 0.29 0.17 430 | 0.73 10.6% 117.9

2004 9 2,312 1,625 0.73 |0.18 0.42 0.14 2.31 | 0.32 19.%% 52.1

2005 4 661 1,107 1.67 |0.04 0.20 0.10 3.18 | 0.32 6.0% 124.1
Galway 2006 3 522 522 1.01 |0.06 0.25 0.15 430 | 0.63 14.5% 74.0
Bay 2007 5 890 992 1.14 | 0.06 0.24 0.11 2.78 | 0.29 9.3% 82.6
2008 10 1,907 859 0.42 |0.10 0.31 0.10 2.26 | 0.22 23.4% 33.4

2009 8 1,207 1,116 0.93 |0.03 0.16 0.06 2.36 | 0.14 6.2% 68.5

2010 10 1,284 1,757 1.61 |0.19 0.43 0.14 226 | 0.31 8.6% 101.4

2011 10 1,355 745 0.51 |0.17 0.41 0.13 2.26 | 0.29 25.2% 40.7

FUL7 2012 4 460 374 0.84 | 0.07 0.27 0.13 3.18 | 0.43 16.1% 60.1
2002 5 1,216 1,027 0.85 | 0.04 0.19 0.08 2.78 | 0.23 9.9% 33.2

2003 - - - - - - - - -

2004 3 827 531 0.68 | 0.07 0.27 0.15 430 | 0.66 22.7% 25.2

2005 3 531 294 0.55 | 0.00 0.05 0.03 430 | 0.13 5.6% 21.8

Slyne 2006 3 526 210 0.41 |0.04 0.20 0.11 430 | 0.49 28.1% 15.7
2007 4 841 547 0.63 | 0.10 0.31 0.15 3.18 | 0.49 24.6% 25.5

Head 2008 ) ) i ) i ) ) ) )

2009 6 531 144 0.40 | 0.05 0.22 0.09 2,57 | 0.23 22.5% 10.7

2010 9 1,117 928 0.74 |0.19 0.43 0.14 231 | 0.33 19.6% 32.7

2011 7 1,166 785 0.66 | 0.03 0.18 0.07 2.45 0.17 10.5% 26.5

2012 3 405 275 0.68 | 0.00 0.04 0.02 430 | 0.09 3.2% 26.7




Table5. FU17 Aran groundd:-engthweight parametensy sexestimated for
Nephropscaught during the 2@isurveytogether with those currently used
to raise the sampling data

FU Year Parameters Female Male
a currently used for FU17 0.000684| 0.000322
b currently used for FU17 2.963 3.207
a estimated
a 2.5% Confidence Interval -8.598473| 9.116260
a 97.5% Confidence Interva -8.032608| 8.328225
b estimatd 3.25671 3.39552
b 2.5% Confidence Intervalg 3.168908| 3.276608
b 97.5% Confidence Interva 3.344515| 3.514437
Bias Correction Factor 1.005876| 1.0081058
17 2012 | Number of Observations 96 73
Table 6. FU17 Aran grounddDiagnostics folRegression Modekith
Segmented Relationship(s)
Masculina
Call:
segmented.glm(obj = m1, seg.Z = ~CL, psi = list(CL = 25))
Estimated Break - Point(s):
Est. St.Err
21.900 2.195

t value for the gap - variable(s) V: 0.5424765
Meaningfu | coefficients of the linear terms:
Estimate Std. Error t value Pr(>|t|)
(Intercept) -4.22366 1.25271 -3.372 0.00122 **
CL 0.40565 0.06686 6.067 5.97¢e - 08 ***
Ul.CL -0.14316 0.06858 NA
Signi f . codes: O 6***9% 0.001 o6**06 O.
(Dispersion parameter for gaussian family taken to be 0.3879967)

-2.087
01
Null  deviance: 324.94 on 73 degrees of freedom

Residual deviance: 27.16 on 70 degrees of freedom

AIC: 145.83

Convergence
0.0006409974

attained in 20 iterations with relative change

f
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