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ABSTRACT

Makerel scads one of the most importantrall pelagicfisheries in Cape Verdean waters
having enormoussocial and economic importancand isusedas baitand food and in the
canning industryINDP official landing datarecordedbetween1989 to 2015 ndicatethat
mackerel scad made up almost 40 % of Cabe Verdean total catches at the peak of its fishery in
1997 and 1998. fer this peak the catakecrease significantly, especialf in the lastix years,
representing only 6.6 % t¢dndingsin 2015 or 642tonnes. The main goal of this studwpsto
assess if the fluctuatisrandrecentdeclinein mackerel scad catch in Cape Verdeans waters
caused byharvesting or by changes in environmental parameldre dataanalsedwas
provided by econstructed catch data during the time frame 1950 to 2014 from the research
initiative Sea Around Usofficial landing and effort data from INDP in the period from 1989
to 2015, biological data from INDP in the period 1989 to 2ab@seasurface temperature and
chlorophyll-a from satélite observation. The growth parameté¢sandL B the recruitnent
pattern andhe total mortality were computed in the software FISAT II, the biomass was
estimated by the Shaefer model using$lea Around 9 reconstructed catch dasad CPUE
data from INDP for both fleend simple linear regression wagsplied to see the correlation
between the catch data amavironmenthparametersThe growth parameters computed from
FISAT ll indicate LD = 4 QK =60.4%01yeat, Z = 323 year!, F = 2.31 yeat, M = 0.92
yearl. The biomass estimated by the Shaefer model indica#S of 5,619 tonnes using the
Sea Around Usatch and artisanal CPUE from INDP, and 5,686 tonnes usirgetdnédround

Us catch andndustrial CPUE from INDPThe correlatiorbetweencatch andenvironmental
parameters, showed af R 0.043 when catch isorrelatedwith sea surface temperature, and
R? = 0.21 when catch isorrelated with chlorophylta. There are indicators that thoek is
declining butnotconclusive hence the fishingffort should be reduced untilore information

is known The stock didnot show stronglinks to environmentafactors further studiesand
improvedsampling procedurererecommendetb get more informationn the stock
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1 INTRODUCTION

Fisheriesareoneof the most important economactivitiesin Cabo Verdeemploying 8,600
peoplewho represent 4 of theeconomicallyactive population(Carvalho, 2017)Fisheries
products in 2014 amounted to 20 of exports from Cape VerdéFAO, 2016) representing
0.8 % of GrossDomesticProduct (GDP).The fishelies in Cabo Verdehave asocial and
economicimpact providinganimal proteinfor the populationwith annual consunption per
capitaof around11.9 kg (FAO, 2016)

The fisheriesare divdedinto two componentsartisanal and industriabndbothoperatanside
Cape Verdean waterghe artisanal fleet camnly operate insidathreenautical mileperimeter
from the shoreFor reasons of safetit is illegal for thefleetto gooutfurther.

In 2012, theartisanafleetwas conposedof 1,239 o0penboatswith overalllengths rangng from
3.5t0 6.5 meters (figure Ihe boat®peraewith differentgears, harthe, purse seine, gilinet
beach seine, and divieyt the mostommonis thehand lineused by80% ofboas. Theartisanal
purse seindéleet is composedf 15 boatINDP, 2012) and in 2012 they reported catclods
around 28&onnesrepresenting 6.7 % of the total landing made bywhele artisanal fleet
(INDP, 2013)

The industrialfishery is composedf 90 vessels w#h overall lengtts rangng from 7 to 17
meters,the main gear is purse seifiggure 1) (INDP, 2012) operaing aroundall the
archipelago”$ishing ground. The totalcatchdeclared bytheindustrial fleet in 2015 w&8,694
tonnegINDP, unpublished data).

Figurel: Examples of dgisanalboats on the left andndustrialboatson the right

Theartisanal and industrial pursenerstargetthe smé pelagic Thecatches aracombination
of mackerel scadhlackspotpicarelandbigeyescad Following the high declineof mackerel
scad catches since 2010, the serdustrialand industrial fleehavefocused their attentioon
frigatetuna, particuldy since 2012.

The mackerel scad (figure Bps a wide geographical distribution around the tropical, seas
except forthe Gulf of Mexicowhere it is unknownit is a marine pelagineitic speciesfound

at depths from 0 to 400 m bistmost abundantdm 40 to 200 m deptbuvenile of the mackerel
live inshore waters ishelterecareasvhere thg later arerecruited into the adult schoolhe
mackerel scats foundin large schooldt feeds predominantly on smédikh, zooplankton rad
crustaceans ithe watercolunn andis active during day and nigfRamlochan, 2016)
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Figure2: The mackerel sca@. macarelluy (Curvier 1833)

Themackerel scafishery isvital for the Cape Verdean econgifirindade Santost al 2013)
Official landing data from INDP during the period from 1989 to 2bithcatethat nackerel
scad made uplmost 40 % ofCabe Verdean totahtchesatthe peak ofts fisheryin 1997and
1998 After this peak the catchasdecrease significantly, especially in the lasdix years
representing only 6.6 %f the landing in 201anamount of 642onnes However,data from
the projectSea Around Ugluring the period from 1950 to 2014 denote that the catch
mackerebkcad idwo to three timesbigger than the officialeporteddata(Sea Around Us, 2019)
Theis because the proje&ea AroundJs, reconstructed theach basedn official landing
data,but also estimatednreported catchndmajordiscard(figure 3)

Official artisanal Official industrial Sea Around Us
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Figure3. UpperpanelTotal catch data of mackerel scad in Cabo Verde waters by INDP (divided
into official artisanal catch data and official industrial data) and Séwe Around Uproject.

(The Sea Around Ugprojectdata included discards and IUU data, while INDP recordseldnd
fish data) bottom panemajor group catch estimated by the profeea Around Us

Several reasons might cause the fluctuation and dedretds® catchof the mackerel scad in
Cabo Verde wats, one of them could be the distribution pattern off shelf or potential
migration of pelagic fish to or from the islapdpulation Environmentafactorslike sea surface
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temperaturend chlorophylimight alsoplay anessentiatole in the migrationof the mackerel
scad.

Anotherpotentialcause could be overfishintncreasd landings during the 90s with the peak
of harvesting in 1997 can be explained with the introduction of 20 new pursess#iddr
meters length targeting small pelaggpecialy the mackerelscad(Fonseca, 2000fTrindade
Santoset al 2013)

According toAlmada (1997, the increas in the macked scad landing dring the 90s was
caused by the partial interruption of the local tfleat andby two Japanese freezing vessels
which have been buyingmackerelscad caughrom the local fleefor bait However,afterthe
year 200Qwith the opening o&fisherycanningplant the demand for mackerel scadreased
Thesechangesn the fshing effort coud be one of the possible reasdastheincrea in the
catchduringthoseyears.

1.1 Research objective

The mackerel scafisheries are amonthe mostimportantfisheries in Cabo Verddat has
economicand social importance for the Cape Verdedfackerelscadhas long beeharvested
for domesticconsunption, andlaterfor the canning industry ithe country. Sharpfluctuatiors

in the catchhave been notedespemrlly in the pastsix yearswhen the catch has declined.
Addressing this issue is urgent

The overall objective of the study is tassess if the fluctuations and recent decline of the
mackerelscad catch in Cape Verdean watarg could be causedby harvesting orby
environmental changdhat can affect the distribution of the species. The main obgesctire

to:

1 Analysethe landing data in order to construct tadald spatial catch per ureffort
(CPUE)time series, fotheartisanaland industrial fleet.

1 Assesspossibleimpact of chlorophyHa and sea surface temperature onntiaelerel
scad abunahce.

1 Estimate stockize andishing mortality base@PUEand lengtHrequencydistribution.

1.2 Studyarea

The study area is theceansurroundinghe Republic of Cabo Verdeyhichis situated650 km
from the coast of Africa at 1BFandis composeaf ten islands of volcanic origigfigure. 4).
The total territorial area is 4,033 knwith acoastlineof 965 km. The islands rise from a depth
of at least 3,000 m and the insular platform where depths are less than@d@ing an area
of 5,934 kn? andthe exclusiveeconomiczone (EEZ) covers an area of 78,940°km

Theclimate on the archipelago is wamith the temperatureangingfrom an average of 22 °C
during the cold season (December to March) to 27 °C iwdneseason (April to November)
The wind is mainly northeasterly except during the cold season whehe wnds are
predominantly easterly

UNU T Fisheries Training’rogramme
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Figure4. Location of the Republic of Cabo Verde

2 LITERATUREREVIEW

2.1 Biology

Mackerel scad has an elongasnd cylindrical body. fie ventralpart of the fish has a black
colouranddorsal is bluish to greefihecommonlengh is around 30 cniotal lengthwith the
maximum recordedength reaching46 cm total lengthThere is no difference in growth
between male and femalé¢Brado & Bearez, 2004)

The mackerel scad occupies an intermediate position in the marine ecosystem, feeds
predominantly on small fisand macroplanktonicrustaceans in the water coluniime scad is

prey for wahoo, skipjack, yellowfituna, bigeye tuna and dolphin fishweng & Sibert, 2000)

Active during day and nighthe scad preferred temperaturie from 13 to B °C (Froese &

Pauly, 2018YRamlochan, 2016)

Shiraishyet al(2010) studiedmackerel scad in Japanese waters. Emaysedotolith, gonad,
and length. The results indicate thmtiximum age is aroundeight yearswith spawning
occuring from April to July. They mature atwo years ofage,at anaveragesizeof 25.8 cm
fork length.

Mackerel scad spawning occurs in April to August in Haavaiaters andthey need sunlight
for their spawningThey mature at 18 monthsheretheir standard length is 24.5¢@larke &
Privitera, 1995)

2.2 Global fishery

The genudecapterussupportmajor fisheriesaroundthe world (figure5) andis espedally
caughtin thePacific where itis usedas bait and food. China leads the world catch followed by
Indonesia and the Philippin@sroese & Pauly, 2018)

Themaost significan fishery of the genuBecagerusis in the East Chin&ea wherethe total

annual catch was more than 20,@00nesin the 80sand 90s After 1998 the annual catch
decreased to 10,0@06nnes and in 2006 was only 7,0@0nnesShiraishyet al 2010)

UNU T Fisheries Training’rogramme
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2.3 CaboVerde

In the past 30 yearsomesurveyshave beerconducted teestimate the biomass of the fish
aroundCabo Verde

In 1982 the fisheryresearchvessel (RV) Dr Fridtjof Nansen belorigg to the Norwegian
Agency for InternationaDevelopment (NORAD)ogether with FAQ conduced a survey
investigation ofthe fishery resourcesn the Cape Verdean wateihe survey comprised: 17
bottom trawl stations, 1@elagic trawl stationgightlongline stationsand 27 hydrographical
stations The total fish biomaswas estimatedat 100000 tonnes of which half were pelagic
speciesnainly mackerekcad(Decapterus macarellus), araindscad(Decapterugpunctatu$
(NORAD and FAO, 1982)

In 1984 the Icelandi®RV Fengur conducted a survey but only for the demersal fish and
estimated the biomass at around 43,ades. Blagic fishwere also observeout estimated

to be far less represefitee than the demersal fishegt around 10% of theotal catch
(Magnusson, 1984)

In 1988another survewas conducted for demersal fishthe RVFengur The estimatetbtal
biomasgndexfor all commerciafish was14,700tonnes The resultsndicated low biomass of
commercialfishesin the waters of Cabo Verdeandat this timethey dd not estimate any
biomass for the pelagic fish@Balsson, 1988)

In 1997the PortuguesdkV Capricornioconducteda cruiseto estimate the abundance of the
small pelagic aroun€abo Verdeusing ecointegrationandthe estimated abundance for the
Decapteruspp. was14,715tonnes However the resulivasanunderestimabn becausé was
not possible to covehe entire distribution area of the mackenelhe coastal areadPIMAR
and INDP, 1997)

The last survey mada ithe Cape Verdean waters was in 20¢Ihefishery RV Dr Fridtjof
NansenThe surveywasdore for demersal andgdagic fish andthe catchesf pelagicspecies
were generally low. The abundance of pelagic fighs evaluated tobe 3,000 tonnes

9
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Decapterus macarelluspecies was found but it was not the mostcommonly caught pelagic
speciefFAO-NORAD, 2011)

The mackerel scad stock hbsen assessexh several occasiona Cabo VerdeThe most
importantassessmentgeremade by Almada(1997); Stobberug2005; Stobberu@ndErzini
(2009; DeAlteris(2012 andTrindade Santog2013.

In 1997, Almada estimatithe growth parameterthe proportiorof agegroups, andhe mean
lengthof agegroups wasestimated usinghe distributionmethodby MacDonald and Pitcher
The following growth parametersere estimated. D= 30.1 cmfork length;K = 0.34year?,

ard to= 0.1lyear, at that time thecatch was around,@00 tonnes the estimatedMaximum

Sustainabléeyield (MSY) wasaround 5000- 6,000tonnes(Almada, 1997)

Stobberup (2005¢valuatedhe small pelagiaesoucesusingdynamic biomassodels butit
was not possibléo evaluatethe mackerelscad specifically due to difficulties in obtaining a
reliable abundance estimate for thecies alone

The mostrecentstudieswere madean 2006 and 2012Thosemade in2006 were base@n a
Bayesian approach tdynamic biomassnodéling. The resultof the model indicate that the
stock wadeing exploitegustainablywith the total catclduringthat periodbeingaround2,100
tonnesandwas half othe estimaté MSY of 4,700tonnegStobberup & Erzini, 2006 he last
assessment forithsmall pelagiovasmadein 2012 theresults of the tsidy showone MSYto
approximately2,500tonnes It suggestshat toattainthis MSY the stockeed to be ebuiltto
BMSY, andaccording to the analysmadeoverfishing has occurred, causedthg harvest
overthe last30 yeargDeAlteris, 2012)

2.4 Oceanographic description ofCabo Verde

Cabo Verde island=sre part of the Canary @ent LargeMarine Ecosystem (CCLME), limited
to the south by the North Equatorial Courfanrent (NECC), and to theorth by the North
Equatorial Current (NEC)Lazaroet al. 2005)

The CCLME is amajor upwelling regiorff the northwest coastf Africa. It is irfluenced by
the Canary Current that flows from north to south between BA®N and offshore to 20°W.
Global warming and the consequent rise of sea surface tempesfétatahe fish stock in the
CCLME. Sea surface temperature and upweliinignsity ae strongly linked and are believed
to effect the spatial distribution and abundance of fish in the CCI(®li#y & Roy, 1991)

TheCanaryCurrentreactesthe archipelagwith aspeal of 10 to 15 cm's When it appsaches

the islands, the water mass produces complex hydrodynamic effects related to the topography,
morphology of the coast, the geographic position of the islandhamature and the extension

of the insular platformslts velocity alsancreases, gamatingcyclonic and anticyclonic eddies

south of the island@Medina, 2008)

The Cabo Verdéslandsare locatedn anoceanographicegion called the CapéerdeBasin,
which is bounded by thenortheastern corner of theasterntropical North Atlantic
Ocean, approxi mately bet ween Cape Ver
( 2 0 A ;a6dMigNGdoo Verde Island (Figure6, right). According to Strammaet al (2005),

the region is under the influence of twojoravater masses, the North Atlantic Central Water

10
UNU T Fisheries Training’rogramme



Vieira

(NACW), andthe South Atlantic Central WatéBACW). The transition between these two
water masses madesouth of the parallel 20° lHernandezGuerraet al 2001) the junction
of these twavatermasgsgeneratehe Cape Verde Frontal Zone (CVFZ)gure 6, left panel).

-4’ 35 30 25 20 15 -10° )

r I cc/cuc
24°N

2%

Latitude

20

Cape Vc de D
Islands

MC/PUC/dPUC ./ q‘l\l

—— ~ v = . : 22°wW 20°W 18W 16°wW 14°wW
-4 %A %5 45 A0 Longitude
Figure 6 Right panel mapping illustrating the Cape Verde Frontal Zone, adapted from
Vangriesheimet al (2003). Left paneladapted from Pelegriet al (2017) represents the
crossroadbetween subtropical (northeorigin) and tropical (southern origin) waters in the
eastern boundary of the North Atlantic Ocean. The coldured illustrate thenajorpathways
for upper central (red, 10800 m), lower central (orange, 300600 m), and intermediate
(green, 6001000 n) waters, with dashed lines representing weakermer pathways (Canary
Current CC; Canary Upwelling Current CUC; North Equato@alrent NEC;Cape Verde
Current CVC; northern Cape Verde Currem@VC; Mauritania CurrentMC; Poleward
Undercurrent PUC; dedpoleward Undercurrent dPUC).

In this region the filaments from the eutrophic upwelladgngthe coast of West Africa, play

an essentialole in transporting phytoplankton, nutrients, organic matter and fish larvae onto
theinterioroligotrophic subtropial gyre, contributing in this watp the enrichment of this zone
(Val d®s & D®ni.z Gonz§8lez, 2015)

Another phenomena thaiccuss in this region during wintéime are the eddies. According to
Schitte, Brandt, & Karstens€B016)the eddies arenajor transport agents between coastal
waters and the open oceaarihe eastern tropical North Atlantithe eddies are generat@dng

the coast of Mauritania and propagate westwards towards the region of Cabdslrds.
The eddies maintain a conservative ecosyskemping the properties for several months.

During the westward propagation of the eddfeom the west coast of Africa, the oxygen
concentration is found to decrease, tooacentratiorless than 40 pmol kd (Schuitteet al
2016) These depleted oxygen eddies are knowdeasl zong It is critical tounderstand the
effect ofthese eddiesm fisheries in countries like Cabo Verde during the westward propagation

Although Cabo Verde is part of the CCLME, the waters around the Cape Verdeans Archipelago
are oligotrophic, with less primary production thtae upwellingregionoff the west coast of
Africa. Thisis causedy the distance betwedine archipelago and the African continent

11
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However the Cabo Verde islands receive some wéhlaments from the upwelling region
throudh the propagatiorof eddies, which may cause an measeof primaryproductivity. Water
filaments are cold water tongaith their origin in coastal upwelling zoneghich spread to
openocean preserving their properties

2.5 Environmental effects on fisheries

Many studies indicatthe effects oknvironmental factorenthe distribution osmall pelagic.
Meteorological and oceanographic factors influence the distribution of the earliest life stages
such as eggs and larvae, which have an impact on the recruitment for the rs(Ruyieat al

2006) (Ruizet al. 2013)

Climate change causes changes in the global oceans, such as sea level rise, an increase in ocean
temperature, and ocean acidificati@heung, Ota, & Swartz, 2014)hereis evidence hat

climate variability can affeanarinefisheries productivity by alteration of oceanic conditions,

like ocean currents, water temperature, and coastal upwelling. Those changes in the ocean
conditions affect primary productivity, speciestdizution, canmunity, and food web structure
(Cheunget al. 2010)

In the tropicalislands there are some marine ecosystems such as coral reefs, seagrass
communities that are important for the availability of some fish spetles availability,
abundace and redience of fish can be affected drastically in these ecosystems by changes in
the water temperature as well as by the effect of higher carbon diogitEentrations
(UNFCCC, 2005)

Other studieshow that temperature is onetbé critical environmental factorsdt can interact
with food availability and affect the metaboficocessbecause each species has an optimum
temperature and food level that results in maximum gr@iitrgan, Rideout, & Colboum
2010)

Chassbet al (2010) testd the relationship among marine primary production and fisheries
harvesting over the world's Large Marine Ecosystérased onenvironmental data from
satellite and annual catch data including all quantities lamotefbéd andanimalfeed, from

the projectSea Around UandFAOQO. Theyrealisedthatprimary production limits average and
maximum fisheries catch across the world at thyk Marine Ecosysterssaleover both short
andlongtimescales

Along theMoroccan coasal areastudiesshowed that the migration of tisardine isrelatedto
the seasonal dynamic of the upwelling in the region. The intensity o$dhginemigration
appeardo be associatedith the strength of the upwellinghe highest catches arecorded
when the upvelling is strong(AlvarezSalgadcet al, 2004)

In the case of Senegal, the abundance ofstreirella stock seems to be related to the
interannual variations ahewind-driven upwellingindex (AlvarezSalgadcet al, 2004)
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3 MATERIAL AND METHODS

3.1 Data source

3.1.1 Landingandeffortdata

The official availablestatisticalcatchdatausedin this work arefrom 1989 to 2015or the
artisanal and industrial fleétom the National Institute of Fisheries Development (INDP)e
data availablérom bothfisheries areotal landingandfishing effort.

For longer time serieseconstructeccatch datavas usedrom 1950 to 2014 from th&ea
Around Us project thedata combing official published data and reconstructed estimates of
unreported data, auding major discards estimatedoy TrindadeSantos.et al. (2013) This
makesthe SeaAround Us numbershigher than the official data from IND

The official data colledbn for the artisanalfleet is basedon systematic samplingShimura,
1984) Cabo Verde h&97 landingsitesfor the artisanalléet and17 of those landingitesare
regularlybeing sampledccording to thie importancewith regarég toanumber ofboats, gear
andvolume which is equivalento 18% of thetotal coveragerepresenting more than 50% of
the total catch

According to a preestablishedtalendayrthe catch and efforare sampledfor sevendays each
month.Samplingdays are chosen eveigur days from arandomlyselectedirst day, making
sure that all weekdayswill be covered, except weekends and holidayalculatiors and

extrapolatios aremadeto estimate the landing and fishery effort for thieole archipelago.
The effort for the artisanal fisheriés definedas the numberof trips. The aveage CPUE s

givenaskag/trip.

The landing and effordataare collectedfrom industrial fishingvesseldn Sal, Sao Vicente
and Santiagolslands harbour Besides canning indusiyr datawere also collected for the
analysisThe effortis measuredh daytrips and numbers of vessels. Aver&f@UEis recorded
in kg/day trip

From 198971 1995the efbrt is aggregatedby year andgear,but available for artisanal and
industrial fisheries separatelrom 1996- 2015the effortis aggregatetly monthshy gear and
island for artisanal anicidustrial fisheries.

3.1.2 Biologicaldata
Length frequency dahasbeen collectedince 1988.tlwasnot possible tasample almonths
of each year, dum the absence of the catin somemonths(tablel).

From 2M5 tothe preseat biologicalsampleshave beenakentwice per month, and the gaal
to collect 150 specimesiper month Sampks aretakenrandomlyfrom the fish market in the
city of Mindelo andthen analysedin INDP fish laboratorywherethe fork lengthis measured
the btalweight, the weight of gona@nd the weilgt of the liver fromeach

Determiration ofthe sex and maturity stagemademacroscopicallySeverstags of matuity
are being usedimmature(l), resting (Il), maturing (lll), pre-spawning(lV), spawning(V),
spent(VI), gonadgegressior{Vll) (Fonatana & Le Guen, 1969)
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Tablel: Total numbers ofengthfrequencysamples per month and year

Year JanuaryFebruaryMarch  |April May June July August |SeptembeiOctober|November Decembe Total
1988 60 60 60 60 60 60 32 60 452
1989 30 28 30 60 19 30 30 30 257
1990 30 30 30 30 30 30 30 31 30 30 301
1991 30 30 16 76
1993 30 31 60 90 60 60 60 92 90 84 87 744
1994 60 60 60 60 60 120 120 60 90 60 60 810
1995 130 60 34 60 60 58 60 60 60 60 642
1996 283 50 202 150 150 100 10 151 179 1275
1997 150 150 150 150 75 74 150 75 75 78 1127
1998 75 65 75 75 75 75 75 75 78 75 75 75 893
1999 74 75 75 75 75 374
2000 150 151 152 151] 219 146| 145 75] 75 145 75 1484
2001 145 144 75| 75 144 146 75] 75| 141 1020
2002 70 145 76 74 74 75 75 75 75 74 813
2003 75 75 75 75 75 75 75 151 75 75 72 76 974
2004 75 149 75 150 151 75 75 203 150 1103
2005 150 150 150, 150 75 150 150 150 150 227 150 75 1727
2006 143 150 140 150 150 151 150 150 75] 153 75 1487
2007 150 150 150 150 150 150 150 150 150 150 150 75 1725
2008 150 150 76 150 75 188 180 75 1044
2009 36 150 145 150 150 150 150 150 150 150 1381
2010 150 150 150 75 75 145 150 150 150 75 1270
2011 75 149 150 141] 150 75 150 75] 150 100| 1215
2012 148 150 150 150 75 150 150 150 147 150 1420
2013 150 75 75 75 75 75 150 75 75 150 975
2014 75 75 150 75 75 75 525
2015 75 150 75 130 75 125 75 75 75 855
2016 75 75 75 75 75 375
2017 75 75] 75 75 75 75] 75] 525
2018 150 150 150 224 75 150 899
Total 2569 2624 295 2618 2717 2108 281! 1406 155 2267 2299 1836 27769

3.1.3 Environmentaparameters

Remote sensing data were useddtimate thesea surface temperature (SST) and chlordphyl
a The data were derived from a frame provided by Marine Cop#cus
(http://marine.copernicus.gufor the Cabo Verde region

The SST was estimatedwith the NEMOv3.1 ocean modelwith a monthlymeantemporal
resolutionand aspatial resolution 6¥2 degrednorizontal covering the 1998 2015period The
assimilated observations are alemnak satellite from SSTnd in situ profiles of temperature
from the CORA4 databasg€Marine Copernicus, 2019)

The chlorophyHa is from ocean satellite observation, based on a 4swiisors/algorithms
approachwith a spacgime interpolation called L4 what means cldioee, taken dumg the
daylight. The s@tal resolution is 4 kmwith a monthly temporal resolutioilCoveringthe
period from 1997 to 201% Marine Copernicus2019)

3.2 Dataanalysis

3.2.1 Growth parametergstimation
The growth parametergere estimateébr the Von Bertalanffy equation

0 0 p Q
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WherelL; is thelength at agd, L Bis the asymptotic lengtkthe fish reach if they grow
indefinitely, K is the growth coefficientandto.

The hypothetical age (in years) the fish would have had at zero les)gitag estimated by
Paul ybés e mpi.MWhaedl|Dandl§ ara thé growth parameters from th®n
Bertalanffy function(Froese & Paulyn FishBase, 2018)

a€"® T w( ¢ T X LacE (0 p8t o ¢ R

Estimation of the growth parametdrsbandK werefoundfrom length frequency distribution
in catcheausingthe Von Bertalanffy equationn Shepher dés ohthel”SIATIF out i n
software(FAO, 2006)

From the biological data weight and lengtieasuresre availabldrom 1988to 2018 atotal
of 27,766 specimes, the rdationship is a way to predict weight agi@en length

WhereW is weight in gramsa andb are parameters of the function adnd thefork length in
centimetes, the above equation céelinearisedwith a logarithmic

DeE® 0&d® b é
The length at firstnaturity (m) was estimadd by fitting a logistic curve to the relationship
between the proportion mature and len@#nnings, Kaiser, & Reynolds, 2001)

0 pfp Q

Where Pis the proportion mature,is aconstantL is the lengh andLma is thelength of the
maturespecimensn the samples.

Age at firstmaturity (tm) was estinated from thdength ofthefirst maturity, using the inverse
of the vonBertalanffy growth functiontmis the average age at which fish of a givepydation
mature for the first timéFroese & Pauly, FishBase, 2018)

0O o0 agp 0 10 T
The life spantfay, was estimateébllowing Taylor (1%59). It is definedas the maximion age

a fish or populatiortanattain.It is calculated using th€ parameter obtaineflom the Von
Bertalanffy growth funcion (Froese & Paulyn FishBase, 2018)

0 0 aofv
The total mortality Z), was estimated by the lengtbnvertel catch curve in FISAT II, with
the Von Bertalanffy parameteks LD.

Total mortalitywas estimatettom the slope o& catchcurvewith a negative slop given by the
following equation

~

a% o Oz o
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WhereN; is the number ofish in length class, &g is the time needed for the fish to grow
through length classti is the age (or the relative agengputed withto = 0) correspondingp
the midlength of clasis and wheré is the regression slope aads theintercef.

The Fishing mortalityF) was obtainedrom the equatio@ = F + M, thusF = Z- M.
WhereZ is the total mortalityF is the fishhg mortality andM is the natural mortality.

The natural morlagy (M) wasestimatedy Paul y 6 s e,cgiculated gsiemd thédbno r mu | a
Bertdanffy parameter, L BandT is theannual mean of the water temperat{i@).

aé TMIMEeEng Xoé b mhHuvnd I ™8 eoé "V
TheLog is the length class with the highest biomass in an unfished popult®ihe length
class where a fishery wimbobtain the maximum yield if it caught figif only this size. The

Loptwere adaptefl r o m B e, ¢1892)fonnld, where is estimateding Von Bertalanffy
parameter kand the natural mortalityl (Froese & Pauly, 2018)

0 0 2z ofo 070

The recruitment patterngereestimatedn the software FISAT llusing length frequenayata
theinputsaregrowth parameterérom Von Bertalanffy equatioi, L Bandty (FAO, 2006)

3.2.2 Biomass estimation
Theapproactusedto assessnackerelcadin Cabo Verde waters wahe Shaefer model

Themodelattemps to estimateéhe biomasdevel andhave as outpuhe maximumsustainable
yield (MSY). The asumption that catch per unit effortiisearly related to population biorss
because population biomass linearly decreases with @éffaddon, 2011)

0 0 10 p U Toi O

whereN; is the stock biomass at tinteN.1) is thestock biomas#n the year before is the
population growth rate, aris is the maximum population size for growth to be positive.

The wse of thecatch per unit efforfCPUE)as an index of abundanisebased in aelationship
used in quantitativéisheries analysi@faunder et al., 2006y the following equation

6 nNoo

whereC; is cdch at timet, E; is the effort at time, Bt is biomassat timet, andq catchability
coefficient the equation can beeorgansed to show the relatiosship between CPUE and
abundance

0 o
— 0
0 n
The catch to be usdd fit the Shaefer modavill be the reconstructed catch from the project
Sea Around Udhis isbecause the model neealistoricaltime series catch to rysroperly.
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The Sea Around Uscatch datareassumed to b&vo times higher than the official reped
catch data from INDP

MSY is obtained from the Schaefer model by the following formula.
T e
U Y -
Theequation gives the biomass that produces the maximum sustainable yield (BMSY)
0 i

& il
C

Fusy isfishing effort or level of exploitation required to prodiM8Y is given by the following

equation .
i

0 r

G

WhereKs andr are obtainedrom the Schaefer equation

3.2.3 Environmentabataanalysis
Theanomalywas calculatefor SST ancthlorophyll-a.

The anomalies and seasonalities were calculated based on the average of each parameter and
determinenow the anual value deviatgfrom this averageby the following equatian

0 O o

WhereA is the anomal, a is the annual average of the paransedéed ®is the average of the
parameters during the time s86T was calculated for the time period from 1993 to 2015 and
chlorophylta from 1997 to 2015.

4 RESULTS

4.1 Growth parameters

The relationship betwedntal weight (V) and the fork lengthHL) were givea by theequation
W = 0.008%9L3!, whitaR?>= 0.%5, b= 3.11 anda = 0.0089, which is growingover age
(figure 7).
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Figure7: The logtransformedMFL relationshipn the leftand theN/FL curverelationshipon
the right

The lengthand agef thefirst maturityarecommonly used as a fisheries management measure
to determine the minimum landj size.In thisstudy, theLsowas estimatedt20.3 cmFL from
the logistic curvdor bothsexeqfigure 8), and theestimated Tm was 1.2 year.

=]
- — Measured
— Modelled

Matury Rate (%)

Fork length (Cm)

Figure8: Maturity at length for mackerel scad

The gromh parametersvere estimatedrom S h e p h maodel & BISAT Il using theVon
Bertalanffy growth equation. Whetbe asymptotic lengthL(£) was 4.6 cm of fork length
andthe growth coefficient was 0.4%gr. For the estimation daf was made with the Pauly
empirical formulaandto was-0.34year(tade 2).

Themaximum agef Cape Verdean mackerel soads estmatedf r om Tay llapands f or
tmax Was 63 years The lopt Which is thelength class with the highest biomass in an unfished
population was eshated to be24.1 cm (table 2).

The length converted catch curlaas beerplotted in FISAT Il. It gave totalinstantaneous
mortality as 3.23 year! (figure 9) and naturalmortality as0.92 year!. Natural mortalityhas
beenobtained from the Pauly empirical formulBhe fishing mortality has been calculated as
2.31year! (table 2) which isthe differencebetweenatal mortality and natutanortality.
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Table2. Growth parameters estimated for mackerel scad

LD (cm) 40.6
K (year?) 0.450
to (year) -0.34
Z (year?) 3.23
M (year?) 0.92
F (year) 2.31
L50(Cm) 20.3
tm (year) 1.2
tmax(year) 6.3
Lopt(cm) 241
a 0.0089
b 3.11
18.00
12.0L
5
z
T 20 L
o
a0 L %
s}
* o
0.0 1 1 1 i
0.0 2.0 4.0 8.0

Relative age (years-t0)

Figure9. Lengthconvertedcatch curve for estimate the total mortality foackerel scad in
Cabo Verde

The recruitmentvas obtainedas a percentage from the length frequency data in FISAT Il
(figure 10). The result shows thatcruitmentoccursatall times of the year except for January
and FebruaryThe maximum recruitmentpeakwas found in July, corresponding to 15.45 %.
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Figurel10. Recruitment pattern ahaclerel scad in Cho Verde waters

4.2 Catch per unit effort (CPUE) and effort

4.2.1 Artisanal fleet

CPUE for the artisanglurse seinerfieet was calculated using days at sea as the unit for effort
from 1989to 2012 For the artisandieet, the total CPUE show twpeals one in1998 and
another in 2005, and effort decreased over the yéagyare 11, top lef) this could be one
indication that the artisanal fishermen in Cabo Vetidgpedtargeting the mackerel scad and
moved to another fishery.

CPUEwere also calculatefdr themostimportantislands where they catch the mackerel scad.
For the Santo Antéo Island (figutd, top right), The CPUE and the effoffuctuateoverthe
years The most significant fluctuatiowas observeth 1993.

For the S&o Vicentksland (figure 11bottom lef), CPUEalong the years is almost constant,
except for the year 2005 wheadigh CPUEwas observedn relation o effort over the years
it hasbeen reducedand from 2005ignificant changewas not observed

In Sallsland (figurell, bottam right), the CPUE and effort data were available from the year
1998 to 2012. The resudhows a clearfluctuation between the CPUE and effort. The highest
CPUEwas obtainedh theyear 1999.
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Figurell. CPUE and Effort fothe artisanalfleet. Left top total for all Cabo Verde, topmht
Santo Antaosland bottom left Sdo Vicentsland bottom right Saisland

4.2.2 Industrial fleet
CPUE for the industrial purse seiners fleet was calculated using dasad the unit for efit,
but there is only data available from 2001 to 2012.

Analysing the CPUE from the all industrial fleet (figure 12, top left), it shawsnverse
relatiorship between the effort and CPUE, in the years 2005 and 2006 with thet leffas

registeredhe maximumCPUE

The datawas also analyseby region,Santo Ao Island(figure 12, top right) the CPUE
increased from 20Q2eachingamaximum in 2007, after that the CPldEcreaedaccompanied

by an increasi the effort.

For the S0 Vicente iand (figure 12, middle left) from 2001 ta2004 theravas no change in
the effort andCPUE, theCPUE reach the maximum value in 2005 with a low effort, after 2005
the CPUE stastto deceaseand effortincreags

Salisland(figure 12, middle righ); the maximum CPUBEwvasobserved in the year 2005 and
2006, after this the CPUE dropped down while the effort increased registering the maximum in

2012

Sao Nicolausland (figure 12, bottom lef), herethe highest CPURvas observedand it was
registered irthe years 2005 and 2006 with a low effort.

Santiago s$land (figure 12 bottom,right) the maximum CPUE was in 2005 and 2006
accompanied by low effort after the CPUE decreased aeflort increased attaining the
maximum in 2008.
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Figure12. CPUE and effort for the industrial fleet. Top left total Cabo Verde, top right Santo
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4.3 Biomassestimation

The bomass was estimated by the Schaefer model, with the assumption that catch per unit effort
is linearly relatedo population biomass because population biomass linearly decreases with
effort.

The Shaefer modelas appliedor industrialand artisanal fldeTo support the Shaefer model,
reconstructed unreported data, including discards from the pf&gecAroundJs, wereused
to estimate the fishable biomass during the period 1950 to. Beébiles official CPUE data
from INDP for both fleets available fno 1989 to 2012, were used festimatingthe biomass
index(figure 13)
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Figure13. Biomass estimation using catch data from the pr&@eet Around Usind CPUEas
a biomass indefrom INDP, Left panelusing arisanal CPUEyight panelusing industrial
CPUE.

The results for the Schaefer model using the adis8RUE for the mackerel, suggest that the
carryingcapacityis about 18,84@onnes the population growth rate is 1.2 yéaTheMSY is
5,619tonnesandBuwsy is around 9,20tonnesandthe Fusy is 0.6.

Using the CPUE from the industrial fleet, the resdéisiot deviate much from the results with
the artisanal CPUE, that tlvarrying capacityis about 17,932onnes the population growth
rate is 1.3 yeal, TheMSY is approximately 5,686nnesand Busy is around 8,966nnesand
the Fusyis 0.63(table 3)

Table 3. Biomass parameters estimated by the Schaefer nmassd orcatch datdrom the

Sea Around Ugproject andNDP CPUE data fotheindustrialand artisandleet.

Ks(tonne$ r (yeart) BMSY (tonne3 Fusy MSY (tonne$
Artisanal 18,840 1.2 9,420 0.60 5,619
Industrial 17,932 1.3 8,966 0.63 5,686

4.4 Environmental factors

4.4.1 Temperatue

The SST datanalysedhavemonthly mean temporal selution and a spatial resolution of %
degree horizontal, covering the 1992015period

The average monthly and annual temperature anomaliebbawmealculated from the satellite
data for the Cabo Verde region otbe period from 1993 to 2015The average temperature
during thistimewas24.7 °C, the southern part of the region is warmer isitiperaturaround
25 °C, and the norémn part is colder with the temperature around 24 °C, andavigionin
the northeastvhereit reacles23 °C (figurel4).
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Figurel4. Average SST in Cabo Verde for theriodfrom 1993 to 2015

The SST showaninterannuaVariability, the coldstyear was 199thatdeviatal -1.26 °C from
the average temperature, and the watryear was 201@vith a deviation of 1.1 °C from the
average temperature (figui®, top) From the mortly averageemperaturgit is possibleto
calculatethe SST sa®nality, where the data shows a coldsseafrom January to June where
the coldst months are Februarnynd March, and a warm season from Julypecember where
the warmesmonths were Seeirber and October (figuré, bottom).

In order torelate the environmental factors and the INDP offitaadingdatg simplelinear
regression to determine tR8 valuewas appliedThelinearregression applied between SST
and CPUE shows that the relationship is not significant withRin= 0.043, which can be
interpretedas the SST does not haweichinfluenceon the catch during thigeriod(figure 16)

Figure 15. SST anomalies. Topanel annual SSTanomaly bottom panel monthly SST
anomay, during theperiad from 1993 to 2015
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