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Abstract

Tuna factory purchases data constitute a complementary source of independent information in support of I0TC
tuna fisheries analyses. This novel data source is aimed to be used routinely for future assessment and to cross-
verify and reduce uncertainties in the currently available statistical data (in particular for what concerns species
composition). A total of 45 companies have been submitting tuna quarterly reports to IOTC secretariat since
2010. Here, we present the I0TC tuna factory purchases data flow and database, including the different steps
of data harmonization, compilation and preliminary curation undertaken on the quarterly reports to improve the
overall data quality and traceability to the original information source. Between 2010 and 2020, 72% of the total
number of purchases records received at the Secretariat came from the Indian Ocean, and the rest from the
Atlantic and Pacific Oceans. The Indian Ocean 2010-2020 reports revealed that purse-seine and pole-and-line
represented the majority of the total number of records (63% and 21%, respectively), and were dominated by
skipjack (37%), followed by yellowfin (31%), bigeye (15%), and albacore (14%) tunas. Moreover, around 75%
of purchases data from the Indian Ocean reports were harmonized into four species-specific commercial weight
categories for each of the four major tuna species. Next project steps aim to finalize data curation and conduct
analyses including comparisons of the tuna purchases data against the I0TC fisheries statistics by species and
gear.

1. Introduction

The estimation of the species composition of tuna catch is required to provide accurate species-specific data to
the I0TC Secretariat for fishery data analysis. In the Indian Ocean, the catch composition for most tuna fisheries,
and in particular for tropical tuna species, is derived from tuna size samples collected during unloading
operations, and possibly during the fishing activity by onboard observers, and used within a processing
procedure that has been recently challenged (Fonteneau et al., 2017; Herrera and Béaez, 2018).

Data from tuna factory purchases are thought to provide a useful ancillary source of independent information to
compare and validate the species and catch size category composition breakdowns by fleet, as these data are
retrieved from vessels’ logbooks and landings as well as from tuna size samples. Hence, the assessment of tuna
factory purchases data as a potential validation tool for longline and purse-seine catch data has been initiated in
the Western-Central Pacific Ocean (Lewis and Williams, 2016; Williams, 2020), Indian Ocean (IOTC
Secretariat 2013, 2020), and Atlantic Ocean (Bodin et al., 2021). Recently, the use of tuna factory purchases
data has been proposed to be included as an integral component of the purse seine data processing (Béaez et al.,
2020).

Since 2010, the IOTC Secretariat has been receiving tuna factory reports on a quarterly basis from ISSF-
participating companies that source tuna caught in the Indian Ocean. For example, a quarterly report sent by the
company during quarter 2 (between April and June) of a specific year is thought to gather all tuna purchases
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that occurred during quarter 1 (January-March) of the same year. The tuna factory reports include species-
specific data in total weight and, in most cases, by commercial categories (e.g., 1.8-3.4kg, >10Kkg, etc.) collected
by the company, as well as information on its origin, i.e., fishing and unloading operations (dates, gear, ocean
where the fish was caught, fishing and carrier vessel’s name identification, unloading location, etc.). Overall,
the data structure and contents of the quarterly reports vary greatly between submitting companies and years,
with several data reports that appear to suffer from a generalized lack of standardization and quality control at
the source, resulting in frequent inconsistencies or incomplete data (e.g., lack of mandatory information on
fishing and/or unloading operations, different date formats which are used often incomplete, etc.).

To overcome these issues encountered by I0OTC and other tuna Regional Fisheries Management Organizations
(tRFMOs) receiving ISSF-participating companies’ tuna factory reports, different data management tools were
developed (IOTC Secretariat, 2020). First, a new uniform submission template required by ISSF since 2019,
generally improved the harmonization of the structure and contents of the ISSF-participating companies’
quarterly reports submitted between mid-2019 and mid-2021. Second, an interactive electronic tool was
developed by the IOTC Secretariat to help harmonizing the tuna factory quarterly reports. Starting from a
generalized data model of the expected information, the tool allows end-users to import original data
submissions and format their content (one file at a time) to produce reports with standardized data fields and
code lists. Third, a relational database was designed to improve data quality and reusability.

In such a context, an IOTC project was set up with the overall objective of assessing the use of tuna factory
purchases as a complementary data source, both in terms of volume and the breakdown of catch by species, in
support of IOTC tuna fisheries analyses. This novel data source is aimed to be used routinely for future
assessment and for reducing uncertainties in the currently available statistical data. The project is composed of
three main components: (i) component 1 aims to harmonize and compile all tuna factory quarterly reports
submitted by the ISSF-participating companies during 2010-2021; (ii) component 2 aims to upload harmonized
reports into a relational tuna factory purchases database and proceed to further data curation so as to improve
the overall data quality and traceability to the original information source; and finally (iii) component 3
corresponds to an ongoing MSc research project which aims to compare the species and size/weight composition
available from the tuna factory purchases with the annual catch data reported to the IOTC secretariat for each
fishing gear (I0TC Secretariat, 2020)

Here, we present the preliminary results of the components 1 and 2 of the project. We first summarize the steps
required for the harmonization and compilation of the ISSF-participating companies’ tuna factory quarterly
reports, and present the model of the relational database. We then provide a description of the tuna factory
purchases data and related metadata available at the IOTC secretariat for the period 2010-2020. Finally, we
present the next steps, in terms of data curation, that will be undertaken as part of the IOTC tuna factory data
project, and we propose potential improvements in the data submission and processing with the aim to facilitate
the work for all stakeholders and ensuring a better quality, traceability, and reusability of the tuna factory
purchases data.

2. Harmonization and compilation of the quarterly reports into a relational database for tuna factory
purchases data

A total of 1,479 quarterly reports from 45 ISSF-participating companies were submitted to I0TC during the
study period, including 522 emails and 957 data files (using either .xls, .xIsx. or .xIm formats).

First, a review of the ISFF-participating companies’ metadata collated from the title and/or content of the emails
and data files was conducted, allowing the identification of report duplicates. In that case, the more recent report
was selected for further processing while the other reports were archived (and subsequently, not processed).
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The remaining (i.e., non-archived) reports were then harmonized through the IOTC electronic tool specifically
designed for this task, so that the variables were organized into tables based on their functional dependencies to
fit the relational database model and provide results that would be ready to be analyzed (Annex 1) (see IOTC
Secretariat, 2020 for examples of the different formats of reports submitted at the IOTC). For that purpose, each
quarterly report was uploaded into the software and each column (i.e., variable) of the original report was first
re-defined according to standards (e.g., location, country, gear and species standardized with FAO codes and
names), and then re-structured following the tidy framework (each observation a row, each column a variable,
each table a type of observational unit) (Wickham, 2014). The IOTC electronic tool also allows to identify,
correct and track obvious data errors and inconsistencies in the entries (see IOTC Secretariat, 2020 for a
presentation of the electronic tool during processing of report). A configuration file is thus created for each
quarterly report, and the results of processing the submitted quarterly report with the specified configuration are
finally uploaded into a relational database composed of 13 tables (Annex 2).

As a result, a total of 622 reports (i.e., 65% of the total quarterly reports submitted for the study period) were
successfully harmonized and compiled into the database; the rest of the quarterly reports (n = 335; 35%) were
archived because purchases data were missing from the report or an entire report was duplicated. Among the
successfully harmonized quarterly reports, 71% (n = 439) were processed directly and 29% (n = 183) required
additional editing of the original data files before further processing. Three main types of corrections were made
to fit the minimum data requirement and structure of the software: (i) correction of date format; (ii) modification
of sheet format (unmerged cells); (iii) other (e.g., separation of purchases according to, for example, product
type or type of unloading).

3. Description of the raw content of the tuna factory purchases database for the period 2010-2020

The number of ISSF-participating companies providing tuna factory quarterly reports to IOTC increased from
4in 2010 to 24 in 2019 (Figure 1A). The number of successfully harmonized quarterly reports increased from
10 in 2015 to 103 in 2017-2018, and decreased to 75 in 2020 (Figure 1B). This resulted in a total of 114,637
raw tuna factory purchases records uploaded into the database. At this stage, the data include some duplicate
records, i.e., records that have been repeated in several distinct quarterly reports together with non-duplicate
records. The curation of the tuna factory purchases database will ensure the removal of these duplicates as well
as other data quality improvements (see section 4).

Over the study period, 81% of the total number of quarterly reports to IOTC, i.e., 72% of the total number of
raw tuna factory purchase records (n = 82,775), came from the Indian Ocean, and the rest concerned other
tRFMOs (ICCAT, IATTC and WCPFC) (Figure 1B).
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Figure 1. Number of ISSF-participating companies that provided data to the IOTC secretariat (A), number of
reports received and successfully processed (B), and derived number of raw tuna factory records (C), per year
and per tRFMO area during 2010-2020.

The analysis of the Indian Ocean quarterly reports revealed that 44%, 15% and 13% of the total number of
reports for the 2010-2020 period came from purse-seine, longline and pole-and-line purchases, respectively,
and 27% from a mix of gears (i.e., purse-seine, longline, pole-and-line, handline and troll line) (Figure 2A).
With regards to the number of records, purse-seine represented the majority of the tuna factory purchases (63%),
followed by pole-and-line (21%), longline (15%), and handline and troll line (< 1%) (Figure 2B).
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Figure 2. Number of processed reports (A) and derived number of raw tuna factory records (B) for the I0OTC
area per year and per type of fishing gear during 2010-2020. LL: Longline; PL: Pole-and-line; PS: purse-seine;
HL: Handline; TL: Troll line.

Although the information on the type of product was missing from the reports and records (39% and 44%,
respectively) for a majority of the tuna factory quarterly reports, the remaining ones included whole round tuna
(48% and 52%) or tuna loins (2% and 4%) purchases (Figure 3).
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Figure 3. Number of processed reports (A) and derived number of raw tuna factory records (B) for the IOTC
area per year and per type of product (loins, round, mix -loins and round-, and unknown) during 2010-2020.

Overall, the IOTC related tuna factory purchases were dominated by skipjack and yellowfin tuna (37% and 31%
of the total number of tuna factory records, respectively), followed by bigeye tuna (15%) and albacore tuna
(14%) (Figure 4A). The analysis per gear type revealed the dominance of albacore tuna purchases (97%) for
longline, skipjack and yellowfin tuna purchases (59% and 40%, respectively) for pole-and-line, and a mix of
skipjack (37%), yellowfin (35%) and bigeye (24%) tuna purchases for purse-seine vessels (Figure 4B-D).
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Figure 4. Number of raw tuna factory records for IOTC area per year and per species during 2010-2020. SKJ:
skipjack tuna; YFT: yellowfin tuna; BET: bigeye tuna; ALB: albacore tuna; Other sp: includes frigate tuna,
longtail tuna, kawakawa and other species.

Most of the tuna purchases data included information on commercial weight categories, although a large number
of different categories and units were used by the companies, as well as within the same company (i.e., for a
given company, purchase and commercial weight category units may differ between the quarterly reports and
within a unique quarterly report making even more challenging the harmonization and curation of the factory
data). Most of the submitted factory reports were successfully harmonized into four species-specific commercial
weight categories for the major tuna species (i.e., 79% of the total skipjack tuna records, 87% of the total
yellowfin tuna records, 89% of the total bigeye tuna records and 85% of the total albacore tuna records); the
rest was grouped as other when only total weight was available or when the weight category used by the
company was not usable (e.g., the range of the weight category was too large such as <10kg for yellowfin and
bigeye tunas) (Table 1). Figure 5 shows for example the composition of the tuna factory purchases for the
purse-seine vessels that caught the major tropical tuna species in the Indian Ocean during 2010-2020.
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Figure 5. Share (%) of harmonized weight categories in the factory records of tropical tunas caught with purse-
seine in the Indian Ocean during 2010-2020. Commercial weight categories were standardized into four
categories (kg) for each species. “other” corresponds to records where only total weight was available or
where the weight category used by the company was not exploitable. SKJ = skipjack tuna; YFT = yellowfin
tuna; BET = bigeye tuna.

4. Next steps: curation of the tuna factory purchases database and connection with other tuna fisheries
data sources

The final clean-up of the tuna factory purchases database is essential to ensure good data quality before
proceeding with any further data analysis, and indeed constitutes the next step of component 2 of the project.
Data curation will include automatic data standardization and compilation, and identification/suppression of the
duplicate data that could not be identified and corrected with the IOTC electronic tool. Finally, data from the
tuna factory database (properly anonymized) will be connected with other tuna fisheries data sources for
scientists to undertake required comparative data analysis (component 3).

5. Recommendations for the improvement of the quality and management of the factory purchases data

Here we present potential recommendations at different steps of the data management process aimed at
improving the quality, traceability and reusability of the tuna factory purchases data and facilitate future work
for all involved stakeholders.

Submission of the quarterly reports

The 2019 submission template for tuna factory purchases data generally improved the harmonization of the
structure and contents of the ISSF-participating companies’ quarterly reports. However, issues remain with the
quality of the data (e.g., date intervals are wrong or overlap with each other, fishing vessel and carrier
information is wrong or incomplete), and additional information would be required to fit the management
database requirements and maximize the quantity of information to be usable for data analysis. Table 2 lists
some recommendations proposed for the improvement of the submitted quarterly reports.
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Table 2. List of recommendations proposed to improve ISSF-participating company quarterly submission reports.

Recommendation

Description of the recommendation

Design a submission template for
metadata

A submission template for the metadata should be designed, and the company should submit both the metadata and data
quarterly reports. Also, a unique 1D should be assigned to each company and factory to facilitate reports traceability. Metadata
should include information on the company name, location and unique 1D, email contact, RFMO of concern, year-quarter
concerned by the report, type of unloading (Direct unloading vs Transshpiment-unloading), product type as required by the
management tools. The format of the metadata template must be designed to directly feed the data management tools

Standardize file names of the
submitted data and metadata reports

The standardization of the name of the quarterly report submitted by the company would greatly facilitate the identification of
the duplicate reports and the control of regular reporting. This can be achieved by defining for example an hierarchical file
name nomenclature of type “[CompanyCode][Year][Quarter][ {new, rev}][...]".

Modify the format of the data
submission template for dates

The separation and formatting (yyyy-mm-dd) of the start and end dates in the 2019 data submission template greatly limited the
number of date format issues encountered during the data processing, however issues still remain mainly due to Excel date
formatting options. The use of a validation rule on the dates could reduce date errors and ensure better data quality and
traceability. Also, the use of separate columns for Day, Month and Year for each reported date in addition to the international
standard for dates (yyyy-mm-dd) could constitute an additional data verification.

Modify the format of the data
submission template for vessel
information numbers

The use of tidy data for the unique vessel identifier -UVI- (i.e., one column for the UVI type and one column for the UVI
value) restraints the company to provide only one identifier while several may be available. The data submission report should
include at least three separate columns for IMO, IRCS and other registration numbers as a maximum information is highly
recommended to ensure cross-checking of the vessel information

Include essential additional
information to be recorded into the
data submission report

Add information on the factory that processed catch (name and location - city/country) as the quarterly report may contain
catch/purchases data from more than one location (several factories for one company)

Add information on the type of product as required for the normalization and comparison of purchases data with fishing data
(round fish)

Add information on purchases data unit to avoid errors, especially in the case of data quarterly reports that may contain
purchases data with different units within a same report

Separate data submission templates
for each type of unloading

Use two separate data submission templates for each type of unloading (Direct unloading vs Transshpiment-unloading) to avoid
data entry errors and confusion for the data curator

Modify the format of the data
submission template for purchases
data

The 2019 data submission template imposes the type of species and commercial weight categories to be reported by the
company. Purchases data for other species are thus lost while they were provided by several companies prior to 2019. The
information may be of interest for future data analysis and could be added into the data submission template

Information on fishing mode (FAD/FREE) and catch certification (MSC) was provided by some companies prior to the 2019
data submission template. This information may be of interest for future data analysis and could be added into the data
submission template

Define a formal workflow for the
submission of corrections and
updates

Currently, companies might re-submit data for factories and / or periods of times that were already submitted in the past, to
account for corrections or updates. As there’s no clear indication of whether an update should be partial (i.e. include only
records that have been updated) or complete, as well as how to deal with the request of removing records that were submitted
by mistake in the past, a data submission workflow should be defined (by ISSF, with support from the t-RFMOs and / or the
companies) in order to streamline the process of providing data updates in the future.
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A database for the ISSF-participating companies

The increasing number of ISSF-participating companies submitting purchase information and contributing
to the tuna factory database and the complexity and regular change of the companies’ affiliation challenges
the traceability of the submitted quarterly reports and data. A company database was created including
information on the name, acronym and location of the factory and of the ownership company(ies). The
company database will have to be regularly updated in collaboration with the companies and could also be
completed with additional information (e.g., main processing activities in terms of product and species of
interest). Moreover, an estimation of the coverage of the ISSF-participating companies compared to the
total number of tuna processing companies operating in the Indian Ocean would inform on the limits of the
tuna factory purchases database and allow to apply appropriate correction and analysis. In the Pacific
Ocean, ISSF-participating companies’ tuna factory data represented on average ~37% of the tropical
WCPFC purse seine catch in recent years (Williams, 2020), and it was recommended to encourage the
voluntary participation of non-ISSF-participating companies to the factory purchases data flow (Lewis,
2017; Williams, 2020). Finally, it is proposed to strengthen the collaboration and communication with
participating tuna companies, for instance through annual summary reports providing an overview of the
guantity and quality of the submitted quarterly data and metadata reports.

6. Conclusion

The provision of scientific management advice has been recently challenged with regards to the quality of
the data currently used by tRFMOs for stock assessments. The use of complementary independent data
sources, such as the tuna factory purchases already collected by the companies, would strengthen data
confidence and improve tuna data analysis.

With the collaboration of the ISSF-participating companies, a large data set of more than 114,000 tuna
purchases records for the 2010-2020 period, was reviewed, organized, harmonized, compiled and stored
into a specifically-designed database that shall simplify future analysis. Being routinely collected by the
companies as part of their trading operations, tuna purchases data constitute undoubtedly a unique and
essential source of complementary information for tuna fisheries stock assessment and management. The
present study however highlighted the crucial step of transforming the raw data into standardized curated
tuna factory data before further analysis. During the next months, the project will finalize the curation of
the tuna factory purchases database, and proceed with the exploratory analyses work which includes
preliminary comparisons of the tuna purchases against the fisheries statistics available at the 10TC
Secretariat by species and gear, both at a global level (total catches) and disaggregated level (e.g., weight
commercial categories vs biological size sampling and/or catch-at-size).
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ANNEX 1: Overview of the tuna purchases data structure and timeline of its collection and
reporting workflow
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ANNEX 2: Relational model of the tuna factory purchases database

UNCATEGORIZED_CATCH_DATA

S NUMERIG(18.0)
caTCH_TYPE VARCHARE255)
WEIGHT FLOATIES)

CATCH_WEIGHT_UNIT VARCHARESS)

CANNERY_DATA_RECORDS

o NUMERIC(19.0)
INVOICE_IDENTIFIER VARCHAR(2SS) CATCH DATA
I15_DUPLICATE BIT B = T B
FISHING_OPERATIONS_DATA FRODUCT_TYFE VARCHARESS) ¢ (19.0)
CATCH_TYPE VARCHARGSS)
) NUMERIC(18.0) SEMANTIC_ERRORS Wt
WEIGHT FLOATED)
FISHING_WODE VARCHAR(SS) SEMANTIC_WARNINGS wr
CATGH_WEIGHT_UNIT VARGHARGSS)
ocean VARCHAR(2SS) STRATUM_UID VARCHAREZ)
WEIGHT_CATEGORY_FROM  FLOAT(E3)
T_RFMO VARGHAR(255) DIRECT_UNLOADING_OPERATIONS_ID NUMERIC(180)
WEIGHT_CATEGORY_TO  FLOATE3)
DATELEND  DATETIME FISHING_OPERATIONS_ID numERIC(a0) A
WEIGHT_CATEGORY_UNIT  VARCHAR(SE)
DATE_START DATETIME FISHING_VESSEL_ID NUMERIC(12.0)
sPECIES_CODE vaRcHAR(E) P
TRANSHIFMENT_OPERATIONS_D  NUMERIC(90)
CANNERY_DATA_RECORD_ID NUMERIG(12.0) /'
UNCATEGORIZED_CATEH_ID o /
UNLOADING_OFERATIONS_ID nuuERIC(E0) A
PROCESSED_DATA_FILE_ID numERICiag)
TRANSHIPMENT DATA SPECIES
) NUMERIS(12.0) /" cone VARCHAR(1E)
DATE_END DATETIME ISDEFAULT  BIT
DATE_START DATETIME 15_10TC_SPECIES BIT
LOCATION_CODE  VARCHAR(®) /' NAME VARCHAR(255)
CARRIER_VESSEL_ID NUMERIC(19.0) /" SCIENTIFIC_NAME VARCHAR(256)
VESSEL_DATA
S o NUMERIC(19.0)
LAV NUMBER VARCHAR(1E)
WO_NuMBER VARCHAR(1E)
107 E_NUMBER VARCHAR(1E)
Res VARCHARZSS)
155F_NUMBER VARCHAR(1E)
GEAR_TYPE VARCHAREZSS)
REGISTRATION_NUMEER  UARCHAR(2S5)
VESSEL_NAME VARCHAR(ZEE)
VESSEL_NAME_SIMFLIFIED VARCHAR(ZSS)
VESSEL_NAME_SOUNDEX  VARCHAR(2SS)
IDENTIFIER_TYPE VARCHARESS)
IDENTIFIER_VALUE VARCHAR(2SS)
FLAG_GODE VARCHAR(1S) /"
UNLOADING_OPERATIONS_DATA
COUNTRIES LOCATIONS Fo IrEom
CODE VARCHAR(18) /7 cone VARCHAR(18) DATE_END DATETIME
1S0_2 VARCHARR) nAME VARCHARESS) DATE_START DATETIME
NAME VARCHAR(2S5) COUNTRY_CODE VARCHAR(1) /' LOCATION_CODE  VARCHAR(18) /'
CARRIER_VESSEL_ID NUMERIO(19.0)
DIRECT_UNLOADING_OPERATIONS_DATA
PROCESSED_DATA_FILES D IETEED
S NUMERIS(18 0) DATE_END DATETIME
COMPANY_CONTACT VARCHARQSS) DATE_START  DATETIME
COMPANY_NAME VARCHAR(255) LOGATION_GODE VARCHAR(1) 7
CONTAINER_UID VARCHARGZ)
INPUT_FILE_NAME VARCHAR(ZES)
15_DUPLICATE El
PROCESSOR_VERSION  VARCHARESS)
QUARTER VARCHAR(255)
SEMANTIC_ERRORS wr ISSUES
SEMANTIC_WARNINGS  INT
S NUMERIC(19.0)
SYNTAX_ERRORS wr
DESCRIPTION VARCHAR(ZEE)
VEAR wr
souRcE VARCHAR(2SS)
CoupaNY_couNTRY coDE vaRCHAR(1E) e ooy
CANNERY_DATA_RECORD_ID NUMERIC(19.0) /*




I0TC-2021-WPTT(DP)-17

ANNEX 3: Number of records for the IOTC area per species and commercial weight categories

Species Category Number of

% of the total

records number of records
BET <1.8kg 2554 20
>9kg 2637 21
1.8-3.4kg 2869 23
3.4-9kg 3199 25
other 1392 11
YFT <1.8kg 5923 23
>9kg 6633 26
1.8-3.4kg 5529 21
3.4-9kg 4282 17
other 3484 13
SKJ <1.4kg 3842 13
>3.4kg 4204 14
1.4-1.8kg 4324 14
1.8-3.4kg 11634 38
other 6378 21
ALB <4kg 62 1
>10kg 8055 68
4-7kg 425 4
7-10kg 1377 12
other 2001 17




