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ABSTRACT
In fisheries management, reliable and accurate information is important for good decision
making. The objectives of this study were to astiessapplicability of LBSPR as a tool for
fisheries managemerit asmallscale and asses the electronic catclessssentsurvey in
marine waters omainland Tanzania. This study identified the use of mobile phones as an
important tool for improving dateotlection. In general, for the tuna and tiik@ species, the
larger species were represented as immature fisie icatches and subsequently, the estimated
SPR was low. However, the smaller tunas were generally caught after or during maturation and
their SPR values were higher. Three species of reef fishery were found to have less than 20%
SPR. The results could V& been affected in some cases by a few numbers of samples and
inaccuracy in measuring the length of fish and identification. Structure fshthe survey data
and catch assessment survey was revisecgamate efficient and robust stratification of the
structure of crafts and their associated geeas developedhence reducing the complexity.
The percentage of missing landings due to absamniceonsistency of crafigear combination
in theeCAS system was estimated to be 17%. The estimated totalafatchmonths (Juné
November) fomarine waters in 2019 was 59,912 metric tons, for the whole year it can lead to
landings of 120,000 metrions.
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1 INTRODUCTION

The United Republic of Tanzania is a coastate on the Western Indi@tean situated in the
eastern part of Africai lies just south of thequator between®111°4 5 6 S °2an80°2 2 ®

E. The country has a total surface area of 945,040vkmereby 881,000 kfris in Mainland

and 2,000 krhis in Zanzibar. The country has a coastline of about 1,424 kilometres stretching
from the Northern border with Kenya to theuitern border with Mozambique which covers
aterritorial sea of 64,000 kihand anexclusive economiczone (EEZ) of about 223,000 Km
(MLF, 2018). Besidesmarine resourceshe country shares three great Lakes of Victoria,
Tanganyika and Lake Nyagslalawi); medium and small lakes; rivers; natural and manmade
dams; ponds and wetlan(fsg. 1) (Kolding & Zwieten,2006)

More than 4.5 million Tanzanians earn their daily incomes solely on fishing or other activities
related to fishing such as the construction of fishing boatsp@eding, andish trade. In terms

of nutrition, fish contributes approximately 308b the nato n @rsmal protein. Moreover,
annual fish consumption per capita in Tanzania is currently 8. @MKd;, 2018) this ismuch
below the global fish consumption for 2017 which was estimated to be 2qRAQ, 2018)

For thatreasonthere is a need for promoting fish consumption in the country. In 2018, the
sector contributed about 26to the GDP and the economic growth of the fisheries sector was
9.2% (MOF, 2018)

The marine fishery sector plagssignificant role in the development of coastal ecoypah

both mainland Tanzania and Zanzibar. Marine fisheries are essentially composed of artisanal
fishing units, mostly operatg in the inshore watetargetingdemersal resourcesh& main

and most productive fishing grounds being habitats such as coral reefs, mangrove creeks,
seagrass beds and sandbanks. Other important fishery resources located further offshore
include small and medium pelagias well as tunand tundike speciesThemarine fisheries

frame survey conducted in 2018, indicated that about 53,000 people were employed as full
time fishers, operating over 9,200 fishing ves§elksF, 2019)

Annual fisheries statistieeports are prepared Itlge ministryandincludeestimated landings

and other associated information such as country fish gwmtektial total number of vessels,
export and import data. Information diegal unregulated anghreported fishinglUU) is na
captured systematically. Roatch information such as stock status, reference points,
information of climate are considered important although it has been long time since they were
collected. Market information such as fish price and data froeepsngy factories are not well
captured.
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Figure 1. Map of Tanzania shlowing majoﬂr water bddieé, Soufkknistry of Lands and
Human Settlements Development, 2015)

Trends of marine waters catch landings for the pasy&8rs have beestable around 5000
tons, although number of vessels has increased from five to nine thpwithnpresumable
higher effort and therefore low@PUE(Fig.2) (MLF, 2018)
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Figure2:Trend of Marinewater landings imetric tonsandnumber offishing vessels 2000
2018
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The artisanal fishery dominates all freshwater bodies as well as tertherial waters of the
Indian Oceanilt is characterized by the use of simple, traditional fishing gearathahostly
used in depths less than 30 metiidse fishing vessels agenerallysmall ranging betwee

to 11 min length mainly paddled omotorized by outboard engines and few have inboard
engines.The atisanal fishery accounts fdhe vast majorityof the fish landed in Tanzania,
which is estimated t85% of the total catch.

Commercialfisheiesaremainly concentrated in thexclusiveeconomiczone (EEZ) fortuna
andtunalike species. The fishing in the EEZasrrently dondy distantwaterfishing nations.
However,the Tanzania government is in progressetestablishits formerfishing company
(TAFICO) which will also engage imdustrial fishing in the its EERMLF, 2018)

1.1 Problem statement

Despite of the sigficance of data collection systemather aspects of fish biologg not
integrated with the systemhich isdesigned for collection of data to support management of
fisheriesresourcesFurther the electroniccatch assessment survey structlmes not ppduce
desired estimatedue to thecomplexity ofcraftsand geastructure(Appendix5). Among the

issues which may affect the quality of data reported in Tanzania is double recording such as
catches from Zanzibar or other landing sites being reportedianded at Ferrivarket in Dar
esSalaam This might have significant impact on data mggraent and estimation of the total
catch(Wanyonyiet al, 2016)

1.2 Marine water fisheries data collection and statistics databases

In Tanzania, catch landings haveeln collected irmarine water since 1965 just after the
establishment of the Fisheries Department in the Ministry of Agriculture and Fisheries. FAO
has engaged in supporting the Tanzania government to improve the overall quality of its
fisheries data coltdion system for mny years. This has been through projects, training
activities, publications, and software and databases developBsahge et al., 2017)

In 1989, Tanzania Fisheries Information System (TANFIS) was introduced thraughG

project wrereby a samplbasd survey wasntroduced butwvas no longer operational from

1995 From 2002 until 2005 catch assessment survey (CAS) was supported under the Southern
African Development CommuniRegional Fisheries Information Systems (SAREIS)
program CAS database wagpdated with support from the Regional Coastal Management
Programme (RECOMAP) and Worldwide Fund for Nature (WWF) in 208& database was

not functional until 2012, when a taitanade training course falistricts fisheriesofficers in
samplebased survey was organized by the FA@JerFAO Fish Code STF Project and UNU

FTP Programme. In 2017, mobile phone data collection pilot study started in collaboration
between the Ministry of Livestock and Fisheries in Mainland TanzdiiazaniaFisheries
Research Institute (TAFIRI) and Worldwide Fund for Nature (WWF) and from,20aBile

data collection was scaled up in other marine waters districts. The CAS sampling scheme
involves data collection by trained members of Beach Managedréts BMUs) who are

also the members of tismtisticscommittee andisheriesofficers fromdistrict authorities.
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1.3 Fisheriesframe surveys

Fisheriesframesurveys are conducted to provide data and information on the composition,
magnitude, and distriltion of fishing effort, key characteristics of the fishery, social amenities,
facilities, and services at the landing sites. This information is necessary for the evaluation of
the fisheries resourgeanagement initiativesuch autcome oimonitoring and survegince
operationgHassan, Ali, & Daniele, 2016)

Marine waters frameurvey in mainland Tanzania was conducted from 1967 to 1991 on an
annual basis in collaboration with regional or district fisheries@f§(Hamidu, 2012) From
1992the main aim was to conducame surveys every two years depending on the availability
of funds. Since 1994ramesurveys have been conducted in 1998, 2001, 2005, 2007, 2009,
2016 and thenost recent survey was condent in 2018.

1.4 Marine waters sampling protocol/scheme

1.4.1 Stratification and Selection of Sampling Units

Tanzania adopted samgbased approach for estimation total catch because it is a more
efficient wayto collectdata compared to the total enumerationsThethod is effective and
easy to implement even when there are financial and human constrainigetcaltovater
bodies. Sampkpased approaelsuse the mean catch per fishing day from a landings sample
and the mean number of fishing days per vegealfcombination, which is multiplied together

to give the mean catch per vessel. The total catch carbthebtained by multiplying the total
number of vessels (a raising factor) obtained from a frame survey or vessel (&pgjan,
2017)

In the current catch assessment su@SAS), primary sampling strata is tla@ministrative

district and minor strata for collecting data are the landing sites. CAS covered 17 marine coastal
districts. Data collection is done in two/threeding sites selected as representative for the
entire district. Since catch and effort agatively homogenous within a fishing unit, FAO has
recommended a vessel and gear combination as primary sampling unit. Sampling units that
operate in the maringvaters arealso identified and grouped according to the mode of
propulsion. Themarine water ampling protocokequiresonly ten days of data collection per
month. Each year the Ministry prodsaandom dates for data collection in each month and
circulaies to data enumerator8. minimum of 2 samples per fishing unit per month is
preferredthis number gives a minimum o@% relative error and 90% probability of accuracy
(Stamatopoulos, 2002)

A team of data enumerators wharrh the primary interface between fishers, districts and the
Fisheries Department collisaddata using the mobile app knowre@AS Enumerators are from
Mkinga, Muheza, Tanga, Pangani, Bagamoyo, Kinondoni, llala, Kibiti, Kigamboni, Mkuranga,
Rufiji, Kilwa, Mafia, Lindi Rural, Lindi Municipal, Mtwara Rural, and Mtwara Municipal
districts. Befoe introduction of mobile data collection in 2018, data collection was through
paper based questionnairkggormationsuch as species names, weight, fishing effont @and

price of fish are recorded into an electronic form and retrieved in the cezdrdazabase which

is managed by the Fisheries Department. The main role of the department is to analyse, and
further process the received data.

UNESCO GROFisheries Training Programme 8
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1.4.2 Data Analysis and Diggnination

Fisheries data received in the database provide information that aiédevdation of total

catch, catch per unit of effort (CPUE), total fishing effort, value of the catch, catch composition
and other indices. Database management at the mirgstonducted by staff at the statistics
section whereby queries from the databpsoduce reports such as CPUE per district, total
catch per district, the value of catch per district and catch composition by species per each
district(FAO, 1998) Further analysis to produce annual reports is accomplighesifg excel

or any other software. Before submission of the fisheries annual report to stakeholders, a team
of experts at the ministry discuss on the report and validdtefatre it is circulated to the
stakeholders. The report produced is used fornuayy formulation of policy and guide a
management in decision making concerning the trend in catch and effort for the particular year.
The final compiled report is submittéal other stakeholders including FAO.

1.5 Objectivesof the study
The overall objetives of this studyare

a) To assess the applicability of EBPR as a tool for fisheries management for small
scale marine fisheries

b) To improve the process of data validatiaquality assurance and assessment by
analyzingthe combination of available primasampling units

The gecific objectivesare:

a) Toassess biologicalata fomtunaand tune like specieseef fishery and small
pelagicspeciexollected through mobile phone ugilength basgspawning potential
ratio (LB-SPR.

b) Explore the structure and complexity of the currently registered primary sampling units
for estimatiorof total catch, based on data from the frame suangeltheeCAS survey,
to assess how complex themary samplingunit can be, based on the current sampling
activity.

UNESCO GROFisheries Training Programme 9
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2 LITERATURE REVIEW

2.1 Data validation

In fisheries data collectiowalidation can be implementedadt levelswithin the system and
specifically during data collection, entry processing amalysisln data entrywith computers
or mobilephone, restrictionsshouldbe desigredwithin a systenin a such a way that human
errors are avoided or minimizethe cata validation freneworkincludes

Source of data Sources of errors Validation method
Survey data Wrong recording of data in th| Direct observation of data from the field to disco
(Frame survey an( frame survey questionnaire { errors that occurred during its collection. Err
Catch assessmen| mobile app coming from data entry canebminimized through
using Intelligent Character Recognition (IC&io, et
al., 2016)

In Tanzania, data validation for fisheries statistic
done at all levels; district fisheries officer
responsible for crosshecking all data originating
from landing sites, officials at Ministry of Livestog
and Fisheries are responsible for checkingthié
received data were collected according to the protg
In case of any faults, communication through mol
phones is done to remgdrrors(FAO, 2003)

Fishing activityin | Underreporting of catch data. | In commercial fishery, usually competent authorit
EEZ responsible for fisheries governance have been U
an onboard obsen®rto provide more reliablé
information for the validation step, though th
approach is expensiandnot practical for the small
scak fishery(Hintzen, et al., 2015)

Statistical reports | Inefficient in data analysiy Validation meetingand conaltationswhich involves
methods multi-disciplinarystakeholders.

2.2 Quality assurance of the fisheries dataollection

In fisheries data, collection measurement errors may influence the quality of data. Errors related
to the quality of fishery data on stock asseent are mainly random errors and errors caused

by the wrong taking of measureme(#egney, 1989)Random errors are caused by unknown

and unpredictable situations in taking samples, such as poor weather during a sarpplimg or
usage of a measuring scale. Random errors often have a Gaussian normal distribution tendency,
in implanting quality assurance for fisheries data the mean (M) of several measurements of the
same quantity is the best estimate of that quantity, andtainelasd deviation (S) of the
measurements shows the accuracy of the est{@ateer & Pilling, 2007)Typical errors occur

as outliers in the collected data sets and before data analysis, data cleaning can help to remove
them(Chen, 2002)

In other cases, it has been reported that the probldatlo of quality data may result from
deliberately disregarding of some data that are considered as not im@deanter & Kevin,

2014) This kind of netjgence occurs in a samplmsed survey whereby larger fish are
sampled, and smaller ones are abandoned. Using random sampling can help to have the same
chance of vesselgear combination and their associated catch being sampled. In Tanzani
enumerators dve been trained to sample every third vessel coming from the (&€,

1998)
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When people wheatrticipate irfisheries data collection are well trained on standard operating
procedures for data collectiongghcan collect dta with good quality and cost for inspection
and supervision will be minimize€Chen (2002)mentionedfactors that may influence the
quality of fisheries dataf interestfor managementincluding thelevel of literacy of data
enumeratorsand proper use fotechnology. Additionally, the Ministry of Livestock and
Fisheresin Tanzania conducts quarterly field visits in all districts to inspect data collection.
The Ministry has formulated catch monitoring sheets for each district, samplestedlare
evaluded against the targets.

2.3 Use of Mobile phones in collection of fishery statistics

Globally, more than 20 countriémve startedrials of using mobile devices in fisheries data
collection A few countries including Canada, Scotland and United Kingdom éav
incorporated mobile devices into their fisheries management syistisamala (2015) found

that countries such as Madagascar, South Africa, Solomon IslaHdsduras, and
Mozambique started pilot studies to assessfélasibility of using mobile phones fisheries
management sinc2013 Nevertheless, in recent years there has been a promising future for
the growth of mobile phone usage in Afrigadin 2017 it was forecasted that the ownership
of mobile phones willncrease by 158% by 20ZBricsson, 2018)

In fisheries data collection users can opt for designed data collection applications (Apps) or use
Open Data Kit (ODK) forms. ODK forms can be created just like atbeventional paper

based forms used in samjllasedsuivey. ODK forms supports a wide range of questiamd

answer types and is designed to work well without network connectivity, user can design
guestion depending of the type of surv&ythe end of theampling day, a connection is made

with the inernet hrough the mobile phone network and newly collected data are sent to the
countryspecific server in the clou®dn the other hand, further studies advantages and
disadvantages o©ODK forms over other developed Appse needed.In contrast, users
recommed the use of ODK although it requires wihined enumerators and database
managergGertjan, 2017)

2.3.1 Comparative advantages of using mobile phondsheries data collection over
paperbased tools.

Use of smartphonencouagescommunities to collect more data on landings than phased

form, whenmobile phones given tithe community are also used for other purposes. Similarly,

data collection through mobile phortessproven to increase accuragypvideimages of new

fish species and geographical positions. Earlier studies have demonstrated the potentiality of

smartphonesiiassisting monitoring of illegalinreportedand unregulated fishin@sleasonal,

et al., 2019)

Although the use of smiphones has higher initial costs such as buying mobile phones and
credit for data, it has potential iaducing the time and cost relatively when compared to paper
based method¢FAO, 2017) Likewise, when compared with pagessed data collection
systems, the use of mobile phomsthought to reduce challenges such as lostisajag times.
(Humber, et al., 2017)

The conceptual diagram of status quo and-bégih fisherydependent data collésh systems

(Fig.3) developed bysleasonal, et al. (2018escribsin detail how the use of technology can
improve fisheries data collection systrntroduction of mobile phone data collection can

UNESCO GROFisheries Training Programme 11
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reduce time of processing data from the point of colieat into the organization for
management decisiomaking. Thepaperbaseddatacollection isoften slowandwith time
lags. Many issues related to manual data recording have ma@sediracy andnreliability on
the stored datdaper logs often imposet@p- down flow of informationof which often does
not give room for the data collector to get feedback and exchahg&§ormation among
themselvesAlthough it is important to recognize associated riskisich may arise with
introductionof technologiesstill it is agoodapproach toward improvement of datalection
(Stepheret al, 2018)
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2.4 Biology andcharacteristics ofthe tuna and tunalike speciesyeef fish andsmall
pelagic fish species assessed

2.4.1 Tuna anduna like species

Tuna and tuna like species form a Scombroids group of pelagic fish which ranges from about
30 cm to over 3 in length. Most of them, especially the tunas and billfishes migratory
species which moves in schools. Tunas sb@tinct migratory routes, spawning and feeding
locations (Anulekshmi, Sarang, Kamble, & Akhilesh, 2018una occurring in mainland
Tanzania are classified as coastal or neritic species. The principal species of kanakesva
(Euthynnusaffinis), skipjack (Katsuwonus pelamisyellowfin (Thunnus albacar@sbigeye
(Thunnus obeslisIndo-Pacific king mackerel(Scomberomorus guttatugind bullet tuna
(Auxis rochei)Being highly valued, they are significant both as a source of food and income
for TanzanianglOTC, 2013) See tabld. for pictures and biological information of the spegcies
and table 2 for &bitats, feeding andistribution of tuna and tuna like species
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English name Latin name FAO CODE
Kawakawa Euthynnusaffinis KAW
Skipjack tuna Katsuwonus pelamis SKJ
Yellowfin tuna Thunnus albacares YFT
Indo-Pacific King Scomberomorus guttatu] GUT
mackerels
Bigeyetuna Thunnus obesus BET
Bullet tuna Auxis rochei BLT
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Table2: Habitats feeding andlistribution oftuna and tuna likepecies

Latin name

HABITATS, FEEDING AND DISTRIBUTION

Euthynnus affinis

Prefer water temperatures rangifrgm 18 to 29C and depth range 0 200 m,
sometimes they may be found to depths of over @00 his species is a predat
feeding on fish, crustaceans and gastropods. Speciesttikeéna breviceptsApogon
spp Eutrumes teresAtherinomonus spgngrauls japonicas Atherina afraandS.
ocelatus Its food constitutes 90% fish prey of the overall prey biomass.
throughout the Indavest Pacific in open waters close to the shoreline. Its comm
found in the coastal areas over continental sh¢Rillsi & Palanisamy, 2012)

Katsuwonus pelamis

Inhabits the upper mixed layer of the oce@he distribution oK. pelamisincludes
the offshore waters with temperature ranging from 14.7 t&€C3Collette, {995)
indicated thathis speciegprefersdepthrangebetween 0 260 m Usually found in

tropicalwaterbetween63°N - 47°Sand180°W- 180°E Main prey taxa found in th
stomachs of skipjack tuna juvenile
Amphipoda, and Cephalopoda.r®ébalism was also found in the larvae and juven
of skipjack and other tun@ragovich & Thonas, 1972)

Thunnus albacares

T. albacaress found worldwide in tropical and subtropical oceans but more in tro
latitudes.They prefer depth range 0f260 m and temperatuleetween 15°G 31°C .
Geogaphicaldistribution is within 59°N- 48°S, 180°W- 180°E.Squids are the mog
prevalent prey species accounting for&P6 of food itemsTwo percenof food items
of yellowfin tuna followed by teleost fishes and crakhérybdis sp. Cuttlefish,
shrimps, octopus and stomatopods were the other components répohniedl 998)

Scomberomorus
guttatus

The mackerel is a nerititinaspeciesvhich prefer a habitat in lesslear waters with
lower salinity and mean annual habitat temperature of 28&Cmostly found in the
depth range of 15200 m in tropicakoneswithin 38°N- 7°S, 49°E- 134°E.It is
widely distributed in African, Asian and Austraili coastal waters. It is predominan
piscivorous and feeds mainly on small schooling fishes (especially sarding
anchovies), squids, panaeids and crustacgmitette, 2001)

Thunnus obesus

Bigeye tuna are widely distruted among the 3 major ocedretween 45°N and 40
except the Mediterranean Sea especially in tropical watétts 250 m depth
(Fonteneau & Pilar, 2004Fischer (1974) has reportechtgr temperatures in whig
the species has been found range fromo2®fC, but the optimumange lies betwee
17 and 22C The main foods of bigeyaresquid,andfish, which were found in
of the stomachs, and crabs. Jumbo sdDakidicus gigasmade up half the volume ¢
individual food itemgSeiji, 2018)

Auxis rochei

Bullet tuna Auxis rocheiis an epi and mesgoelagic fish that chose a seasonal coq
distribution in temperate and tropical ardasEast Africa it is commercially exploite
by artisanal fisherieMacias, 2005)This species idistributed between 61°N51°S
and 180°W- 180°E, it preferswater with50m depth The optimumtemperature of
surface waters under whitieyare found is between 27.0° and 27.9%31°C. Bullet
tuna is an epipelagioffshore predator feding on whatevembundant resource
available in the environment with a preference for planktonic crustaceans,
cephalopods and fish larv@dostarda, Campo , Castriota, & Esposit, 2007)
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2.4.2 Reef fish

Reeffishes ardish that inhabitoral reefenvironmentsThey live amongst or in close relation

to coral reefsCoral reef fishes include emperors, snappers, sweetlips, parrotfish, surgeonfish,
rabbitfish,groupersand goatfishThey are among the key fisheries resoutaéle livelihoods

of artisanal fishermen in the East African cog@étldawi, 2002)Information about common

reef fish in mainland Tanzania are in Tables 3 and 4 below.

Table3:Photos and scientific n@es of assessed reef fish species

English name Species name FAO CODE Image
Sky emperor Lethrinusmahsena LTO
Thumbprint Lethrinusharak LTK
emperor
Scarusniger
Dusky parrotfish SCAR

Table4: Habitat, feeding and distribution of studied reef fishes

Latin name HABITATS, FEEDING AND DISTRIBUTION

L. mahsends a nonmigratory species. It inhabits coral reefs and adjacent s
and seagrass areas to a depth of 10@sdistribution is within 28°N 26°S, 32°E
- 82°E in a temperature range 22.529.7°C.It feeds mainly on echinodern
(most frequently sea urits), crustaceans and fishemllusks, tunicates, sponge
and polychaetegHassan, Ali, & Daniele, 2016)Bautil and Samboo (1988
observedspawning forL. mahsenato occurs throughout the year with two peg
of spawning activity in Decemb&anuary and Mayune
The thumbprint emperot_( harak) is a common marine species across the-lr
Pciyc region ccupying a r anspagrassdsnd
reefs.It is commonlyfound in water depth range of @0 m between 32°N32°S
and 31°E- 155°W. Water temperature favourable for its growth range bety
22.831.5°C It usualy consume hard or softshelled sessile or slemoving
invertebrates, such as mollusks, sea uchimd certain crustaceans. (Carpeate
all, 1996)
Scarusniger The dusky parrotfishS. niger) is widely distribute in IndoPacific waters; from
the Red Sea south to Sodwana Bay, South Africa and east to the Society |

Lethrinusmahsena

Lethrinusharak
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Latin name

HABITATS, FEEDING AND DISTRIBUTION

This species is commonly found within20m water depth in tropical betweg
30°N and 27°S. They are all diurnal herbivores, mainly feeding orstibet
epilithic algae (turf), and they are among the common figh&sast Africa found
in coral reefs (Froese and Pauly 2005).

2.4.3 Small pelagic species

Small pelagics are smadlchooling fish that feed on plankton dne in the surface and near
surfa@ waters over the continental shelf of most of the cdasglyplay a fundamental role in
marine ecosystems by converting energy from lower trolglvels into food for larger fish,
marine mammals and seabirtiformation about small pleagic species assdsn this project
can befound in tables 5 and 6 beld¥gaacs, 2016)

Table5: Pictureof assessed small pelagic fish spsci

English name | Latin name FAO CODE Image

Indian anchovy

Stolephorus
indicus

ESI

Table6: Habitat, feeding and distribution for studied small pelagic fishes

Latin name

HABITATS, FEEDING AND DISTRIBUTION

Stolephorusndicus

Anchovies are tropical small neritic pelagic resource, often found in n
schools.S.indicusin combination with other anchovies, contributes to 3.89
Indian commerciafishery. Sukumararet al,(2019 notedthat, this speciesvas
found in themarine brackish water at the depth range of 20 m within the
tropicalzone,30°N - 37°S, 23°E 144°W.Its preferred temperature for growt
is between 24.2 28.7°C. It is distributed alongndo-West Pacificfrom South
and East Africa to Society islands, north to Hongkong (China), south to G
Carpentaria (Australia) and R&ka.The food consists generally of plankton
crustaceans, bivalve larvae, fish larvae, post larvae and digtenake, Golani,
& Brenda, 2015)

2.5 Length basedspawning potential ratio

Small scaldisheries in tropical couriesarecommonly characterized havingpoorysheries
datadue to thelack of technicalcompetencend high costs of collecting othesizebased
techniquesvhich relay on ageA number oflengthbasedmethods have been developed and
utilized to assessiological parameterdata(Pauly & Morgan, 1987)SPR is a reproduction
relative rate index in an exploited stockmmonly used asnammediatemanagemet tool for
establishment ofeference points for fisheriéslordyk, 2017) Main assumptiorrely on the
principlethat for any unfisheastock reproductiveefficiencyleft by fishing impact which has
a 100% SPR of virgin stodkshing activity cancauses mortalityvhich in turnreduce SPR
from 100%to a lower levelSPR(Prince, AdrianL.oneragan, Sainsbury, & Hordyk, 2015)

Quantitatively assessmentf fisherieswith well-studiedbiological parametersesultedin
establishmenvf a SPR40%as aconservative proxy for MY, and SPR0%asa proxywhen
recruitment rates aréely to be impaired for finfishin expandingthe theory of Bevertdn
Holt Life History, it is suggested thatB-SPR can beused comparativelyby taking
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information aboutinadequatelyexaminedspeciesusing close relatedgspecies(Princeet al,
2015). Precisionof parameters useduring LB-SPR will alsodetermine the accuraayf
estimatedSPRthese parameters are informatiorVi& ratio and Lso.

Consequently, ensuring that high quality, represemta¢ingth data are collected for the stock
should be an important research priority, and care must be taken in designing a rigorous
sampling programme to collect length d&ae of the assumption faB-SFR is that,in case

large y s dre missingrom sampledength frequencylata itsassumed that is because of
fishing activity, thus F/Mwill be overestimatednd SPR underestimateqHordyk, Sarah,
Kotaro, & Loneragan2014)

3 METHODOLOGY

3.1 Study area

This study was carried out in 17 marine coastal administrative districts whicMkirega,
Muheza, Tanga, Pangani, Bagamoyo, Kinondoni, llala, Kibiti Kigamboni, Mkuranga, Rufiji,
Kilwa, Mafia, Lindi Rural, LindiMunicipal, Mtwara Rural, and Mtwara MunicipdFi§. 4).

These are @wrine coastal districts covering an area of about 1,424 kilometres long, extends
from north in Jasini landing site bordering with Kenya at latitudé138& and longitude
04°44%, to thesouth in Msimbati landing site datitude 102285 and Longitude 4®1%E
bordering MozambiquéMLF, 2019)

Figure4: Study area, Coastal Districts where routine data collection is conduetg@do{our
stands for Fishing Landingites)Source Ministry of Livestock and Fishers
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3.2 LBSPRfortuna and tuna like species Reef fiskes and small pelagic

Length frequency data fauna anduna like species was collected from January to October
2019from five districts along the coasamelyKinondoni, Kilwa, Tanga city, Mtwara, Mafia

and KigamboniThese districts are involved in the implementatiolun and tuna likepecies
strategy which was developed by the government of Tanzania in collaboration with WWF. The
overall goal is to support sustainable management and utilizatibmafand other highly
migratory resources to optimize biological, environmental and ssoaonic benefits to the
Tanzanian peopl@VLF, 2015) Datacollection is among the priority activities thestrategy.
Sampling foradditional length frequency dataf the reef and small pelagic fishesas
conducted for 10 days betweerild/January/202@ith support from UNESCE&5RO-FTP.

This exercise aimed at evaluating the feasibility of using mobile phones in data collection with
the am of reducing limitations for usingaperbasedorms in data co#éction.Sampling used
same enumerators whake part irthe routine CAS.

During sampling, fork length (FL: fish length from the front to the fork in the centre of the tail)
of all fish larded by the fishermen was measured with a flexible faipgtly, analysis of tuna

and tuna like species was conductedK. pelamis T. albacares E. affinis S. guttatus T.
obesusandA. rochei Secondly, analysiwasdonefor various species, where theeffishes
LethrinusmahsenaLTQ), Lethrinusharak (LTK) and Scarusniger (SCAR)and thesmall
pelagt Stolephorusndicus(ESI) were selectg.

Biological parametersuch ad.so, LosLe Lopt and Lmax, M/K ratio for the mentioned species
were adopted fronmttps://www.fishbase.s@and other previous studies and used as inputs to
the LB-SPR mode(Table 7) This model is used to analyse détaited fisheries, it does not
require the natural mortality rate (Mpather it uses the ratio of natural mortality and the von
Bertalanffy gowth coefficient (M/K), which is believed to vary less across stocks and species
than natural mortality (Prince, Adrian, Loneragan, Sainsbury, & Hordyk, 20Mich is
difficult to estimatefor exploited stockgKenchington, 2014)Analysis of lengthfrequency

data using LBSPRrelieson equilibrium of the resources which being analysed, and it assume
that the length composition data is representative of the exploited population at steady state.
This method is r&ble tool for establishing biological reference point which will help in
developing management strategies for diatéted fisheriegJatmiko, Fathur , & Zulkarnaen,
2017 ) Analysis of data was conducted using-BBR packagavailable forthe statistical
programR (Hordyk, 2017)

Table7: Life history parameters for the analysed species in this study.

Name of the species | Code| L50 | 195 | Lo | Lk |Lmax| M K |M/K ratio|References

Euthynnus affinis KAW | 43 | 56 | 60.7 | 67.86| 100 | 0.86 | 0.7 | 123 |Mudumala, etal., 2018, (CMFRI, 1985)
Katsuwonus pelamis [SKJ | 37.8 | 45.1| 58 | 92 | 110 | 057 | 05 | 1.33 |Pillai & Palanisamy, 2012 and Grande at al, 2010
Thunnus albacares  [YFT | 98.1 | 120 | 144.7| 207 | 239 | 0.65 | 052 | 1.25 |Zhuiatall, 2011, (Itano, 2000)

Scomberomorus guttatGUT | 40 | 465 | 485 | 735 | 76 1 | 06 | 166 |Rashid, Mustafa, & Dewan, 2010 (Devaraji, 1987)
Thunnus obesus BET |119.8|153.9| 136 | 207 | 250 | 0.35 | 0.23 | 152 |Daiatall, 2009 and Guo atal , 2011)

Auxis rochei BLT | 236 34 | 279|423 | 50 | 1.18 | 061 | 1.93 |Jasmine, etal., 2013

Lethrinus mahsena  |LTQ | 29.6 | 36.29| 40 | 585 | 65 | 1.74| 032 | 1.04 |D.R.Bellwood, 2014

Lethrinus harak LTK | 245|312 | 30 | 60 | 50 | 0.26 | 0.9 | 169 |(Nyangwara, 2002)

Scarus niger SCAR| 175| 236 | 254 | 50 | 40 | 0.73| 0.36 | 1.04 |(Choat, Axe, & Lou , 1996)

Stolephorus indicus  |ESI 9 | 105| 98 | 163 | 17 | 267 | 1.34| 198 |(Silvetre, Federizon, & Paul , 1987)
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3.2.1 Structureand complexity of the currently registered primary sampling units for
estimationof total catch

A frame surveyn the marine watemwas conductedrom 23 to 26" March 2018 along the

mainlandof Tanzaniacovering I administrative districtéFig. 1). The fisheries frame survey

as a censubased approagbrovideinformation but not limitd to fishingcrafts, fishinggears,

number of fishers, number of landing sites and the available essential fisheries related facilities,

servicesand infrastructuréMLF, 2019)

Catch assessmedatafrom JanuaryNovembey 2019 were extracted fronelectroniccatch
assessment databasétjfs://smartcas.ngiwhich receive and store data from a mobile app
The mobile app data collection platform is designed as the conventional datiarolle
guestionnaire, (see appendix B)contains all variables required for effort extrapolatzom
their associateteports

The frst step was to conduct amploratory data analysis (EDA)f frame survey data and
catch assessment data inEDA is an initial step in analysing a complex structure of data
which helps to produce reliable compatibility between variables and remowiregoin this

study, the whole structure &fame survey and CAS data visualize and restructured so as to
come up witha simplified structure which can produce best estimates. Gear which operate
similaly were grouped together and primary sampling ymitgluced Descriptive sttistics

was used to producelots which later were usedo depictsuitability of the structure for
estimation ototal catch( Kemp & Meaden, 2002)

The ®cond step was to produce estimates such as total tatedheffort aand catch peunit
effort. This exercise was conducted in R using scriptssiags as illustrated iHjorleifson
(2020).The procedure follows the same principledasnonstrateih Stamatopoulo$2002)
The principal equation is: Catch = CPUE x Effort

In samplebasedishery effort is normally derived from:

1 A censusbasedframe survey providing the raising factor F that expresses the total
number ofcrafts as counted during frame survey

1 An activedayssurveyto determine the time raising factor A expregsimmber of days
with fishing activitiefor eachmonththen amaverage dayere calculated by removing
nonworking days such as public holidays.

1 A samplebasedboat activity surveyto determine the BAC (Boat Activity Coefficient)
expressing the probabilithat anycrafts will be active on any given day.

1 Effort = (Boat Activity) x (Total boats) x (Active day®)r it can abbreviated as
Effort =BAC x F x A

Overall CPUEIs derived from:

1 A samplebasedandingsurveyto determine sample mean CPUE
Hence theyeneric formula to estimate catch is:
Catch =CPUE x Effortor expressed fullasCatch = CPUE x BAC x F x A

In our study these variables were firstly estimdtg@ach stratéDistrict) andthen aggregated
for all districts.
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4 RESULTS

4.1 Length frequencydistribution and LB-SPR for tuna and tuna likespecies

In general, for the tuna and tuna like species, the larger species were represented as immature
fish in the catches and subsequently the estimated SPR was low. However, the smaller tunas
were caughtfter or durng maturation and their SPR values were higher.

Most ofyellowfin tuna {T. albacare¥ were caught between 8®@0 cm with peak around 80
cm or well below the &, of 98.1 cm (Fig. 5). The estimated SPR fdr. albacareswas
exceptionally low(Table 8). Few (132 sampleshigeye tungT. obesuswere recorded. The
length frequency distribution had two peaks, a short around 65 cm and high around 90 cm (Fig.
5). Those values are well below the bf 120 cm and subsequently the estimated SPR was
low (Table8). A total of 1,292 samples oE. affiniswere assessed, samples species caught
rangal from 2075 cm. The hHghest peak was observed aroundcé a bit higher than the
length at first maturity (5@8m) andaround thelopt of 61 cm (Fig.5). SPR forE. affiniswas

54% (Table8). Length frequency of 2682 gkipjack tuna(K. pelami3 rangel between 3tm

and 80 cm. The highest peak was aroundd@h, slightly higher tlan 38 cm length at first
maturity (Lso) of the speciefFig. 5). Further,most were caghtaroundthe Lopt. The estimated
SPR wag21%. Few(total of 146) samples of. guttatusvereobtained the length frequency
distribution of the samples shedthat the cohort used has a modal length off8@ 76 cm,
many measured close to the specigs.[The hghest peak was around B61or aboveheLopt

(Fig. 5). The anticipated SPR wa®0 (Table8). A total of 388 samples dk. rocheiwere
assessed, the length frequency distribution of the samplesdhioat the cohort used has a
modal length o257 65cm. The highest peak was at@a with few samples falling out of the
Lm. (Fig.5). The SPR estimation wa80% (Table8).
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Figure5:Length frequency data of. albacareqYFT), T. obesug¢BET) E. affinis (KAW),
K. pelanis (SKJ, S.guttatus(GUT) andA. rochei(BLT) from samples collected in
Kinondoni, Tanga city, Mtwara Rural, Mafia akthondoniDistricts duringJanuary
SeptembeR019.The correspondenden, Lopt andLp are plotted as dottaed,green,and
bluelines ee able 8).
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Table 8:Spawning Potential Ratio (SPBglection at 5% and 95%and F/M ratio for
T.albacareqYET), T. obesugBET) , K. pelamis(SKJ),E. affinis(KAW), S. guttaus(GUT)
andA. rochei(BLT)

Name of the species Code SL50% SL95% F/M ratio SPR
Euthynnus affinis KAW 59.87 83.2 1.69 0.54
Katsuwonus pelamis SKJ 55.12 64.43 5.38 0.21
Thunnus albacares YFT 74.23 84.3 11.23 0
Scomberomorus guttatus GUT 5251 53.82 0 1
Thunnus obesus BET 79.15 10249 8.71 0
Auxis rochei BLT 36.88 45.31 0 1

4.2 Length frequency distribution and LB-SPR for reef and small pelagic species

In generalfor the reef fisheshe peak in thdengh frequency distribution wagachedorior

to thar maturity (Lsg). Overall the sample size was also smalB@samples of mahsena90
samples of.. harakand 195 samples &. niger The selectiity curve wassteep,and few
fishes were caught above thepl(Fig. 7). The SPRestimats were all low or below the
recommendetbwer reference poink20 %). SPR for the two emperor spes (ethrinus sp

was 3% and 1%or the dusky parrotfishS. nige}.
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Lengthfor S.indicusmeanmodal classvas betwee® and25cm and some value wetarger
than the lnax available in literature. This might due to lack of skills in measuring fish length
among enumeratarso t was not posble to estimateSPR for the small pelagicindian
anchovy Gtolephorus indicus) Comparison for L50 and L95 showed tBdko, was usally
around 6 cm, but as high as 7 cm in Lindi Urkiaistrict. Results for Sks was lower at
Kigamboni andMkinga around 6.8 cm and the remaining districts haek @kound 7.5cm
district estimation of SPR was not feasible due to individual measured larger thapafo# L

17 cm(Fig. 7 and8).
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Figure7: Comparisorof length frequencof S. indicudn differentdistricts
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Figure8: Comparison oestimated slectivity at SLso andSLosy for S. indicusbetween
districts
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4.3 Structure and complexity for estimation of total catch

One way of reducing errsrin sampling is to stratify crafts frorthE ramesurvey in order to
reduce the complexity of having too many ceaftigear combinatiost Here eight types of

crafts were reduced to six by using new codes (ncode) which categorised types of crafts
accading to their sizes artian furthemanother stegpased on the propulsion mode as powered

or nonrpowered.

The second step was to classify gears according to the mode of operatiass rats, line,
nets seine, speanr traps. This procedure reducée number of geetype from the current@

in the fame survey da to 7 types and hence reducing the complexity of having too many
gears in the systemfter analysisthe smallest groups wepeweredcast netwith 6 records
andnon-poweredcast nes with 42 records

Analysis for catch assessmeautvey data on newraft classificatiorwas conducted similar
manner. Thigesultedin canoe poat,Lcanoe (Large Canoejcanoe (Small canoe), Scanoeff
(Small canoe foot fishers) and sdih this exercisglift nets and no gea entrieswere
categorized as othefsee number of samples and records in appendices 1 aAdn2w
categorization of crafjear into a more simplified structure will be consistent with the FAO
generic approach Art Figiertjan, 2017)

The last step was texplorethe structurefor framesurvey anccatch assessment datsing new
categorization apowered anchon-powered craftgwith gears)per district(Fig. 9). Results
showed that some districts didtnprovide feasibleamount of combinations withcatch
assessment crafind gear combination because theywere so few in number. Thered
horizontal linein the graphslisplaysthe number of samples required (38) eachcraft and
gearcombinatiorfor 90%accuracyStomapailos,2002. Most of the districtsvere on average
below that markhe with excepton of BagamoyoKibiti, Kilwa andTanga city Eachrecord
of landings in eCASisually had only one speciesfish attachedo it, butin thedatabaséhere
whereup to seven speciger landingsThat raises concern that only thst dominant fish
is recorded.

Analysis of CPUEfor eachcombination indicated thaioweredboatseine had théighest
average CPUE of 525 kagr trip nonpoweredooatsp had tk lowest CPUE (6.57kgeér trip).
Generally powered boats had high€PUEs than nopowered boatsThose results argom
the 2019 datain figures 10 and 11 and in appix 3. Total landings inmarine waters of
Tanzania for half yeafJunei November)was estimated59,911 tonnes(including missing
datg seeappemnlix 4) plus landings from estimation. Estimation for the whydar can lead to
120,000 metric tonnes. Percentage of missing landings was(d@ténot seen in eCAS but
recorcedin the ramesurvey)

Table 9: Classification of Frame survey crafts according to their sizes and proposed
simplification in two steps propulsion mo@dad dita from all districtscollected in2018
Twenty one craft were addedasthey were seen ithe eCAS in 2019

CRAFT CODE | Size based code | New Categorization Numbers
PLANKED CANOE PC Lcanoe Powered 283
OUT-RIGGER CANOE oC Lcanoe Powered 1018
BOAT BT BOAT Powered 509
BOAT/NGWANDA AB BOAT Powered 201
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DUG-OUT CANOE DC Scano#f Non powered 3977
CANOE DC Canoe Non powered 9

FOOT FISHERS FF Scanoeff Non-Powered 845
DHOW DO Sail Powered 840
TOTAL 7703

Table 10: Classification gearfrom frame surveyinto a simplernew classificationand dta
from all distrccts collected irR018.Twenty one gear type were added in as they were seen in
the eCAS in 2019.

Na Gear_type Code New Classification Number
1 Beach seines BS Seines 70
2 Cast net CN CN 46
3 Dema Traps TR TR 366
4 Fence Traps TR TR 42
5 Gill net GN Seines 2238
6 Handheld Net HLN Line 2
7 Hook and line/Handline HL Line 2597
Hook and line/Handline
8 (Without Hooks) HL Line 7
Lift net LN Others 4
10 Long lines LL Lines 207
11 Monofilament MN nets 12
12 Mosquito Net M nets 1
13 Other gear OTHERS Others 49
14 Purse Seine Net PS nets 19
15 Ring Net RN Nets 472
16 Scoop net / Kinganja SN Others 38
17 Seine Net SN Seine 73
18 Shark Nets SH nets 369
19 Spear SP SP 898
20 Traps/Baskets TR TR 193
Total 7703
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Table11:New Classificatiorof crafts according their sizéom eCAS JuneNovembej2019

Na. | CODE New Classification for Crafts New categorization Number
1 PC Lcanoe Powered 1663
2 oC Lcanoe Powered 2077
3 |BT BOAT Powered 1197
4 | AB BOAT Powered 300
5 DC Scanoe Non powered 3387
6 FF Scanoeff Non powered 384
7 DO Salil Non powered, powered 7
8 MS Sail Non powered, powered 687
TOTAL 9702
Table12:New classification of geaisa eCAS (New Codes)
Na | Gear type nCode Number
1 HL HL 2,478
2 GN nets 1,687
3 TR(DM) TR 1,452
4 SP SP 998
5 SK nets 652
6 CN nets 34
7 LL Lines 749
8 RN Nets 1559
9 TL TRAPS 93
TOTAL 9702
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Figure 9: Box plot of the number of samples of eaChmaft_gearcategory(the new
proposed structure féirame Survey and Catelssessment datior eachdistrict during
the montks January-November 2019or data collectd through mobile phone in
mainlandTanzania.
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Figure10: CPUE petrip for Non_poweralboat (iew categorizationperdistrict for Six
monthfrom JuneNovember2019

Figurell: CPUE pettrip for Poweredboat(new categorizationper districtfor Six-month
from JuneNovember2019

UNESCO GROFisheries Training Programme 28







































