REPORT OF THE 2021 ICCAT SWORDFISH BIOLOGY WORKSHOP
(Online, 22-26 March 2021)

“The results, conclusions and recommendations contained in this Report only reflect what was
discussed by the Group of scientists that participated in the 2021 Swordfish Biology Workshop.
Therefore, these should be considered preliminary until the Swordfish Species Group and the
SCRS discuss and possibly adopts them at its annual Plenary meeting and the Commission revise
them at its Annual meeting. Accordingly, ICCAT reserves the right to comment, object and
endorse this Report, until it is finally adopted by the Commission.”

1. Opening

The ICCAT Swordfish Biology Program was established in 2018, run by a Consortium that includes
scientists from 16 ICCAT CPCs. The Consortium is administered by the Nova Scotia
Swordfisherman’s Association with organizational oversight provided by Fisheries and Oceans
Canada. The 2021 Swordfish Biology Workshop was held online from the 22" to the 26™, 2021.
Dr. Kyle Gillespie (Canada), the Rapporteur for the North Atlantic swordfish stock, opened the
meeting and served as Chair.

On behalf of the Executive Secretary, the Assistant Executive Secretary Miguel Neves dos Santos,
and the vice-Chair of the SCRS, Rui Coelho, welcomed the participants to the workshop.

2. Adoption of the agenda

The Chair proceeded with the review of the Agenda. The final version is shown in Appendix 1.

3. Nomination of the rapporteurs
The list of registered Participants is included in Appendix 2. The following served as rapporteurs:

e Section 4: Kyle Gillespie

e Section 5.1: Daniela Rosa, Rui Coelho

e Section 5.2. David Macias

e Section 5.3: Giorgia Gioacchini

e Section 6.1: Dheeraj Busawon, Daniela Rosa
e Section 6.2: David Macias, Frangois Poisson
e Section 7: Kyle Gillespie, Rui Coelho

4. Status update of the ICCAT swordfish biology project

The Project Coordinator (Dr. Kyle Gillespie, Canada) reviewed progress made to date on the
project and the core program objectives were presented . The Coordinator recalled the
sampling process and the sampling coverage and sample numbers for each phase of the program
(See SCRS/2021/119 for detailed sample numbers and sample location maps). To date, 4479
swordfish have been sampled and the sample inventory includes 3467 fin spines, 985 otoliths,



3325 tissue samples, 498 gonads, and 418 stomachs. While phases 1 (2018) & 2 (2019) of the
Project largely focused on sample collection and preliminary analysis, the current phase (phase
3 from 2020 to 2021) is focusing on sample processing and analysis and development of
standardization procedures among labs. The Coordinator emphasized that the focus of this
workshop was on technical aspects of reading for ageing and maturity stage standardization
with a view of establishing reference sets.

There were brief comments from the Group on addition of sampling location and fleets,
however much of this discussion was deferred to agenda item 7.

5. Update of the sample collection and sample processing
5.1. Ageing (spines and otoliths)

An update of the sample collection and sample processing of both spines and otoliths was
presented. Overall, 3467 spine samples and 985 otolith samples have been collected so far, by
15 and 4 institutes, respectively, covering a wide length range for the three stocks. Of these
samples, 755 spines and 214 otoliths have been processed for annual age readings and 7 for
daily ageing. A batch of spine and otoliths is now being processed and funds are available
through this year to process more samples. For detailed sampling metadata, coverage, and maps
see SCRS/2021/119.

The Group noted that there are still some important missing areas for the sampling, such as the
southern Atlantic areas and the east Mediterranean. The Group also noted that the current
project phase is now trying to focus the sampling in those areas where there are still gaps. As in
the past, the Project Coordinator emphasized that any scientists/laboratory that wishes to
collaborate in this project and has opportunity to collect and provide samples especially from
those regions is welcomed to integrate into the Project.

The Group then discussed data confidentially issues. While the Project seeks to obtain samples
with associated fine scale spatial-temporal information, the minimum data to be provided would
be monthly data reported in 5*5 spatial resolution (10*10 could be considered as well). Having
monthly data is important for example to explore age verification methods such as Edge Analysis
and/or Marginal Increment Analysis along the year, and a minimum of 5*5 (or 10*10) spatial
resolution is needed to identify the location of the samples. There are issues with some CPCs in
terms of data-confidentiality, especially the USA, that has around 900 historical spine samples
from the late 1990s and early 2000s, but the corresponding data has not yet been provided due
to confidentially rules. The Group thanked the USA scientists present at the meeting that are
trying to solve this issue, highlighting the importance of integrating those spine samples for the
ongoing work. The Project coordinator will continue to work with all CPCs that may have data-
confidentiality issues, to see if any type of data sharing agreements can be made.

5.2. Reproduction (macroscopic data and gonad sample collection)

An update of the sample collection and sample processing of gonads and macroscopic maturity
data was presented. Altogether, 2434 data on sex and macroscopic maturity for swordfish from
North, South Atlantic, and the Mediterranean Sea have been collected to date covering an ample



size range (58 to 261 cm LIFL). About 498 gonad samples have been collected from the North
Atlantic and the Mediterranean Sea.

A total of 322 samples of gonads, 262 from the North Atlantic and 62 from the Mediterranean
Sea have been processed for microscopic maturity. Some samples from different institutes are
going to be sent for processing in a short time. A preliminary analysis of Lso comparing
macroscopic and microscopic data was conducted in 2020 (SCRS/2020/135), and further analysis
will be conducted after increasing the sample size.

The Group noted that there are still some important gaps in the temporal and spatial coverage
of the sampling. Improved sampling is needed in the central and western north Atlantic, central
and eastern Mediterranean, and non-equatorial areas of the south Atlantic.

Some scientists have offered collaboration to collect and provide samples of those areas where
there are still gaps. The Group discussed the problems to cover some spatial gaps in the
Mediterranean Sea due to regulations for the Mediterranean swordfish (temporal fishery
closure, etc.).

The Group also discussed the sampling collection protocols for sex-ratio and the need to include
complete data sets in the database to avoid bias in the analysis (Gillespie et al. 2020).

The Group then discussed the importance of using standardized protocols to collect, preserve
and process the samples. The Group noted the difficulties to use a simple protocol due to the
different characteristics of the fisheries and constraints to use fixatives onboard.

5.3. Genetics

The Group was presented with an overview of the results regarding genome assembly and
comparative genomic analysis done to date. An update on the comparison of the assembled
genome with a swordfish genome recently published by a Chinese group (Wu et al. 2021) was
provided, highlighting an high percentage of correspondence. In addition, and thanks to the
availability of the transcriptome at UNIVPM, the description of the chromosome’s genetic
features was also possible in this analysis. The authors then discussed the results from their
genetic population analysis. Double digest restriction-site associated DNA (ddRAD) sequencing
technology was applied to evaluate intra and inter-population differences among 288 samples:
76 North Atlantic (25: BIL92/94A and 51: BIL 94B 94C), 60 South Atlantic (BIL97) and 152 samples
Mediterranean BIL95 (79 CENTRAL MED, 44 EAST MED, 29 WEST MED). The authors showed an
overview of the distribution of different characteristics of samples analysed (i.e. N° of specimens
per area, maturity stages, sex, month of the year and so on). Genetic analyses were performed
using 41277 SNPs examined in ddRAD analysis. Among them 24459 SNPs were found within
genes and 16818 SNPs were found within intergenic region. PCA showed a strong genetic
diversity (PC1=62.3%) between Mediterranean and Atlantic specimens, the presence of 6
animals caught in area BIL94B clustered as Mediterranean. On the other hand, there was a less
marked differentiation between North and South Atlantic (PC2=5.1%). DAPC analysis confirmed
the results and in addition showed the genetic link of BIL94B area with all other areas (BIL
92/94a, BIL97 and BIL 95) analysed. The Heatmap representation of the matrix of pairwise
genetic distances among all the 288 samples confirmed the genetic distance between
Mediterranean and Atlantic specimens, the presence of six animals caught in BIL94B in the
Mediterranean cluster, a less marked genetic distance between BIL92/94A and BIL97 and the



wide ranging distribution of specimens caught in BIL94B within other areas. The same results
were confirmed by a neighbor-joining cladogram analysis performed both with all samples and
with only Atlantic ones.

Fixation index (FST) indicated that the most differentiated specimens are those caught in BIL97
and BIL95 areas, while the less differentiated are those caught from BIL92/94A and BIL94B.
Additional statistics analyses revealed that specimens from all the areas showed a lower value
of observed Heterozigosity (Ho) with respect to the expected ones, and that specimens from
BIL92/94A showed the lowest values of Ho and total allelic richness and the highest value of
inbreeding coefficient. The authors further investigated heterozygosity by analyzing only SNPs
occurring within genes and the resulting heatmap revealed a completely different pattern of
heterozygosity. Most genes with a high degree of heterozygosity in Mediterranean specimens
showed a low degree in Atlantic ones, few genes showed the same pattern and among Atlantic
specimens there are differences that could be related to North and South Atlantic subpopulation
differences.

Finally, genetic structure of different population, in terms of allelic frequencies distribution, was
presented. Using all the SNPs available, the most evident differences have been found between
Mediterranean and Atlantic populations. The authors showed that using separately intergenic
or genic SNPs different and complementary information on genetic structure of sub-population
among Atlantic and Med specimens could be obtained. The authors concluded that currently,
new analyses are ongoing on additional 384 samples coming from all BIL areas available. In
addition, 30 samples (10 NA, 10 SA and 10 Med) will be analysed by WGS (Whole Genome
Sequencing) to identify a set of SNPs that can be used to assign an unknown sample to one of
the described populations and to identify sex-specific regions or markers for further genetic sex
determination of unknown samples.

The Group noted the results are in agreement with results previous obtained and current stock
structure. Information has been requested about the gene families expansion on swordfish. The
Group asked to focus attention on the Balearic area to confirm the presence of a mixing area by
adding new samples coming from this area. The Group discussed the possibility of including new
samples coming from different area in Mediterranean and Atlantic. The Group also requested if
it is possible to apply ddRAD analyses on historical samples or in bone samples. The Group also
noted that so far the genetics do not provide enough evidence to suggest that SWO
management boundaries should be redrawn, noting that when filling the sampling gaps this
perspective may change.

6. Establishment of reference sets, with regards to
6.1. Ageing (incl. spines and otoliths)

- Presentations from invited experts

Invited expert, Freddy Arocha (IOV-UDO), presented the ageing of swordfish from the western
North Atlantic in the 1990s. Ageing was based on 4209 samples collected over 10 years (1990-
1999) that covered a broad geographical area of the western North Atlantic, from 5°N to 55°N
and west of 40°W. The process of the spine sectioning and the age reference spine used in the
study were shown in addition to examples of a variety spine section images with different
features that made the ageing process difficult and showed the broad variability in size for a



given age. The results of this ageing process led to the estimation of the growth function used
in recent stock assessments for the North Atlantic stock.

US and Venezuela scientists will try to locate these historical samples or their images for
inclusion in this study. Furthermore, the US indicated that the 900 samples that have been
provided for this study (located at SABS Canada) are potentially from the same historical
sampling batch and could be reprocessed using current methodologies. It was also noted that it
would be useful to compare the historic and current ageing results. There was also some
discussion concerning data sharing restrictions by different countries and how it could affect
available data.

Jessica Farley (CSIRO) presented an overview of the swordfish age and growth work recently
undertaken in the southwest Pacific. The aim of the study was to determine the degree to which
differences in growth parameter estimates obtained in the southwest Pacific and Hawaiian
regions were methodological or due to spatial variation in life-history. After re-examining
sectioned fin spines from an earlier study in Australia, they found that methodological
differences did exist between studies in the two regions, and they highlighted the need for
consistent reading methods of hardparts among studies. The study also found that otoliths
tended to give much higher ages than those estimated from spines in large/old fish. Since
otoliths are the preferred structure to age most fish species, the results suggest that swordfish
live longer and grow more slowly than previously estimated in the southwest Pacific.

Discussion centered on ageing and age validation. In terms of ageing, questions were asked
concerning the ageing of spines vs. otoliths. The expert noted that otoliths are more difficult to
age for young specimen but are ‘easier’ for older specimen and that the reverse is true for
spines. The effect of vascularization in spines was also discussed and whether measuring the
distance to the 1stincrement can help in correcting ageing bias. However, it was noted that even
with an adjustment there was still an ageing bias between spines and otoliths and that overall
age is being under-estimated for older fish when using spines. It was noted that besides the
vascularization the increments that are further away from the core could also be suffering from
remobilization, which could account for the underestimation in larger specimens’ spines. It was
noted that some spines do present a clear pattern and that some had higher counts than
otoliths. The Group also inquired about the timing of deposition between the two structures
and if different types of gear could introduce ageing bias. For spines the period of formation of
the translucent band would be during winter (south Pacific).

In terms of validation, the expert noted that methods that could be considered are bomb-
radiocarbon and a tagging program (i.e. OTC mark-recapture). She noted that for tagging you
would require a long time at liberty before recapture which might not be ideal. On the other
hand, bomb radiocarbon has potential and is something that should be further explored in the
future. It was questioned if the small size of the otoliths would be a problem for this analysis, it
was noted that this method has been applied successfully in billfish species—otoliths which are
similar in size to swordfish otoliths.

Indirect validation through analysis of length frequency distribution was also discussed, the
presenter noted that they have not looked at this but that in general smaller fish are missing
which would make this method difficult as it would not be possible to track the modes in the
data.

Back calculation to estimate missing increments due to vascularization and a method for
combining increment measurement with date landed to determine ageing bias were also
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mentioned. It was noted that back-calculation has not been attempted with swordfish, but the
method has biases that need to be considered.

Kyne Krusic-Golub (FAS — Fish Ageing Services) followed and provided an overview of the
technical aspects in the development of the methods for Pacific swordfish otolith preparation
and the ageing protocols and interpretation. Initially the three otolith structures (sagitta, lapilli
and asteriscus) were investigated for the possibility of providing daily age estimates. Through
that process, it became evident that the sagittal otolith was the preferred structure and that
while microincrement structure was clearly identified in the nucleus and may provide important
information on the juvenile growth, it was considered unlikely that counts of microincrements
would provide accurate estimates of annual age. Furthermore, in the process of examination,
one large sagittal otolith showed clear annual like structure along the rostrum. Transverse
sectioning of that sample provided a preparation that showed clearly alternating opaque and
translucent zones and the potential for accurate annual age estimation. In total a further 300
samples were selected for preparation and the annual ageing methods were developed from
these samples.

As with other tuna species that have investigated, the first few annuli in the otolith sections
were difficult to interpret. Counts of microincrements were used to verify the age and position
of the first opagque zone and proxy measurements for the first three annuli were determined
from the samples that showed relatively clear increment structure. The approximate age at the
first opaque zone was 150 days and the average distance to the first, second and third opaque
zone was 0.516mm, 0.715mm and 0.856mm, respectively. The methods developed for Pacific
swordfish were then applied to Atlantic swordfish otolith samples that were provided to Fish
Ageing Services (FAS). Preliminary results suggest that Atlantic swordfish otoliths are similar to
Pacific swordfish otoliths and should be a useful structure in providing annual age. Currently
126 (121 annual and 5 daily/microincrement) otoliths samples from Atlantic swordfish have
been processed and aged. A further 208 samples are in the process of being completed and the
results will be made available once completed. Table 6.1 provides the average distance to the
first 5 opaque zones used in the estimation of annual age, and Figure 6.1 provides the image of
a reasonably good otolith.

Table 6.1. Average distance to the first 5 opaque zones used in the estimation of annual age.

Opaque increment # Measurement distance (mm)
1 0.516
2 0.715
3 0.856
4 0.972
5 1.060
(=]




Figure 6.1. Example of a reasonably clear to interpret pacific swordfish otolith (arrows show opaque
zones).

There was discussion concerning the timing of formation of bands and if it would differ between
the hemispheres. FAS took increment measurements for 240 samples and it showed that
opaque zone formation was completed at the end of the summer (Pacific). In terms of otolith
processing, it was noted that damaged otoliths are still viable as long as the core is present. Age
validation using shape analysis was also discussed. Swordfish otoliths would be a good candidate
for shape analysis due to high variability in shape, length and weight, as long as this variability is
by age class, related to stock growth, and not to differences related to individual traits. It was
also noted that swordfish otoliths are very brittle and it is common to get damaged otoliths.

- Discussion on the age exchange exercise

Daniela Rosa presented the results of the age exchange exercise. The exchange sample
composition was presented, with 25 otolith-spine pairs of varying length classes and both sexes.
There were five readers (4 readers for spines and 4 readers for otoliths) from different
laboratories in this exercise. For some samples, there was low agreement between readers both
in otoliths and spines, underscoring the importance of standardized methods and continued
work on a reference set.

The results were discussed in relation to the level of expertise of the readers (i.e., non-experts
vs. experts and otolith readers vs. spine readers). For spines, agreement was lower between
non-expert readers and expert readers, however the agreement between expert readers was
also low indicating that the level of expertise was not the only driving factor in the observed
difference. Regarding otoliths, agreement was also low, however in this case only one reader
had previous expertise with swordfish otoliths. The results indicated that there was inherent
difference in interpreting spines and otoliths: better agreement for young individuals and poorer
agreement for older individual in spines while for otoliths the differences in agreement between
small and large individuals was not so marked. One reader noted the need for each reader to
make 2 readings separate at least 1 week apart, as multiple interpretation might aid in reducing
ageing errors.

The Group discussed which structure should be used for ageing and if specific structures should
be used depending on age class. The current ageing exercise is important to determine the
limitations of each structure and how they should be used. However, the availability of each
structure might be a limitation as spine collection is more feasible compared to otoliths (e.g. for
some CPCs there is the need to buy the whole fish). It was suggested that new sampling methods
could be explored (i.e. using a hole saw method) to expand otolith collection. It was noted that
future work on validation is needed. The results of that work should determine sampling
prioritization of hard parts.

The Group discussed ageing procedure, methods, and techniques. Expert readers commented
that otolith reading might be more consistent if they were read live vs. from images, as one
would be able to change magpnification, lighting, and focal area. Furthermore, enhancement of
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the images was considered a potential to increase readability and agreement between readers,
especially for the most difficult to read spines and otoliths. In terms of difference between
ageing protocols for reading the various hard structures, experts commented that due to
counting opaque bands on otoliths and translucent bands on spines, this might result in a 6-
month lag. This should be taken into consideration when comparing zone counts and will be
corrected by the age algorithm used to convert zonal counts to age. The results indicated that
in general for the older fish the spines seem to be under-estimating ages due to reabsorption,
while otoliths from young individuals are hard to interpret and it was suggested that proxy
measurements would be quite useful moving forward for otolith-based ageing. Invited expert
Kyne Krusic-Golub (FAS) confirmed that the juvenile period in the otoliths is the more difficult
to interpret. The spines seem to be much clearer until 2 or 3 years of age, and from then on, the
otoliths seem to be more reliable. It was proposed that ageing standardization continue
intersessionally.

The presenter noted that there are different configuration of spines and currently only
configuration A is being used for the ageing (Gillespie et al., 2020). This is consistent with what
has been done in the past, as type A configuration is by far the most common in swordfish and
has been used preferentially both historically and currently. The other configurations might be
used in the future for comparative purposes. It was further noted that from the Indian Ocean
there are also differences in the spine configurations, the Group wondered if there was a genetic
basis for different spine configuration. It was noted that the genes for bone formation/growth
could be investigated between swordfish with the various spine configurations.

It was mentioned that a third structure (i.e. vertebrae) could be used for ageing comparisons.
However, vertebrae samples are problematic in this case as removal from the animal is very
invasive and would require purchase of the entire fish but warrants further investigation in
future studies.

Potential differences in growth between the Mediterranean and the Atlantic swordfish were
mentioned by two readers. It was noted by several participants that stock (or area) specific
growth curves will need to be developed (i.e. N-ATL, S-ATL, MED).

Using epigenetics as a validation method was discussed. However, it was pointed out that
epigenetic ageing has to be calibrated through direct ages so it cannot be used as a method of
validation. Genetic labs were open to attempting other methods to assist with ageing (e.g. FTIR
and raman spectroscopies) and also looking into epigenetic ageing.

One participant showed a software that can make comparisons between readers, with
estimations of various age bias metrics. It was noted that much of this can also be currently done
in R (FSA package — Ogle et al., 2021), and that as this age exchange exercise continues those
metrics will be calculated and presented.

For continuing the work, the ICES Smartdots software was proposed as a potential tool for future
ageing among readers. This open-source technology is especially appropriate for collaborative
age readings. It was originally developed for otoliths, but some recent developments have made
it more useful for spines as well.

There was then some discussion on staining of the sections. Invited expert Kyne Krusic-Golub
(FAS) noted that this has not been applied to swordfish, however from his previous experiences
staining has not helped much with ageing of most species. The Group agreed that for spines the



Quelle et al. (2014) measurement method will be followed. For the otoliths, Kyne Krusic-Golub
(FAS) will provide a diagram with the standard measurement method for otoliths.

The Group then carried out the ageing exchange exercise on the subset of structures, which is
reflected in Appendix 3.

6.2. Reproduction biology (histological scales)

The main topic to consider during the workshop was the establishment of a reference set for
microscopic stages. A calibration exercise among experts was performed to reach this objective.
For this, the Group had the advice of invited experts Jessica Farley (CSIRO) and Freddy Arocha
(UDO).

A presentation on the reproduction of swordfish from the western North Atlantic in the 1990s
was given to the Group by Freddy Arocha. The developmental stages of oocytes (histological and
whole fresh) and macroscopic appearance used for maturity classification were based on 2538
samples collected over 5 years (1990-1995) that covered a broad geographical area of the
western North Atlantic, from 5°N to 55°N west of 40°W. The process to define the
developmental stages of oocytes included a combination of histological and whole fresh oocyte
morphological characterization and the construction of size frequency distributions for each
developmental stage of the maturation process. The macroscopic maturity stages for males
were shown. In addition, the developmental stages of oocytes that were used to define the
major spawning grounds in the western North Atlantic were indicated, as well as those used to
identify the precise developmental stage of oocytes to produce the fecundity relationship at-
size and at-age.

Jessica Farley presented an overview of methods to estimate the maturity status of swordfish in
the southwest Pacific. One of the aims of the study was to determine if spatial differences in
maturity ogives in the Pacific were due to methodological differences in how females were
classified as mature or immature, or whether they were due to spatial variation in life-history.
Ovary histology obtained from a previous study in the southwest Pacific was assessed using a
modern classification scheme. Immature and regenerating (mature-resting) females were
differentiated using ‘maturity markers’ including muscle bundles, brown bodies and
encapsulated hydrated oocytes. The new maturity ogive obtained in the study was similar to
that obtained for swordfish in the Hawaiian region, suggesting that methodological differences
existed between studies. The presentation highlighted differences in ovary histology from fresh-
and frozen-fixed samples but noted that frozen-fixed samples can provide similar results
provided readers are aware of whether samples were fresh or frozen and be used for
reproductive studies of swordfish.

The Group discussed the importance of differentiating between immature (i.e. juveniles) and
regenerating females, as well as between developing female that coming from the immature
stage from those mature females at the beginning of the annual reproductive cycle. The Group
noted that the use of maturity markers aid to solve these issues.

The Group also noted the importance to provide macroscopic pictures of gonads to establish
reference sets for macroscopic maturation. A call for macroscopic images could be useful for
complete the gaps in macroscopic maturity images collected by the SWO Biology Project.



The calibration exercise was presented to the Group. Four experts from three different
laboratories participated in the exercise. Five sets of microscopic images were used three from
the Mediterranean Sea and two from the north Atlantic (n=98). Two different scales for
histological classification were used. The reading of each expert and the agreements among
readers were presented.

The Group noted that the two maturity classification scales used in the histology staging exercise
were very similar and that the maturity status for each fish would be the same using either
classification method. The only difference was that the IEO-Malaga scale had an additional stage
to specifically differentiate mature-developing from regenerating females. The Group agreed
that this scale was clearer and decided to use it for the staging the gonads for the reference set.

The Group discussed the choice of the readers and why there was no data call for readers. The
Group noted that all the readers participating in the exercise are experts in histological maturity
staging and due to the limited time, readers were selected among the Group. However, any
additional inputs from the Group during this exercise at the meeting were welcomed.

The Group also discussed if the number of samples and readers participating in the exercise are
sufficient. The task leader noted that in a similar ICES workshop the number of samples per
exercise was recommended to be kept to less than 120.

All the microscopic images selected were examined by the Group to identify stages hard to
distinguish, resolve interpretation differences between readers and select the images for the
reference set.

The Group noted that the quality of the sample is an important parameter. The quality of all the
sets was not homogeneous. The staining was irregular and the quality or resolution of the
picture could be improved. It isimportant to get good quality samples in order to stain the tissue
in good condition. The Group also noted that doing such exercise from digital images is more
difficult than having the slides under the microscope and making the readings directly. It is
crucial to be able to cover different areas of the slide and also to zoom in to observe in detail
the tissues. Given the current situation the only option was to conduct this workshop online
using digital images, but the Group agreed that such exercises should be returned to in-person
workshops as soon as possible with the samples and readers together in the same laboratory.

The Group suggested to prepare a grid with all the criteria used to identify the stage (no POFs,
early vitelogenic oocytes, etc.) in a way that each reader could tick each column when they
observed the structures. The final stage assignment would then be done almost automatically.
In addition, this “process” could be used to identify more easily the disagreements between
readers.

It was noticed that parasites are present in some gonads and could alter the quality of the slide.
It is also possible to confuse such parasites with encapsulated oocytes.

Regarding Sets from North Atlantic, the Group discussed the difficulties for staging histological
sections from individuals that spawned a long time ago. Some indicators as gonad weight could
aid to avoid stage misclassification. The Group also discussed the issue of skip spawners. Some
juvenile SWO could enter in regressing before reaching the final stage of maturation. The Group
also discussed the issue of skip spawners and the potential existence/presence of precocious
females noted by the observation of younger smaller fish showing signs of maturity markers
commonly observed in sexually mature females. Therefore, these fish do not produce eggs in
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this reproductive season. Advice from experts from different areas is important as their
knowledge of the fishing grounds and ecology of swordfish are crucial to interpret the
histological images.

The Group agreed in establishing separate reference sets by stocks (or area) and also reference
sets for images coming from frozen samples. These reference sets could take part in a manual
that also includes the maturity scales, the description of morphological structures used in
staging and, a decision tree or key to facilitate the staging of individuals.

In order to illustrate this “manual”, good quality images should be selected among the sets. It
was also suggested to keep the ones where the readers did not get consensus in order to
highlight potential uncertainties.

Finally, the Group selected a set of images to establish the reference set, and agreed on the
need to solve quality issues. These final images are presented in Appendix 4 of this report.

7. Discussion
7.1 Discussion on any future sampling needs

- Qverview and revision of the program objectives and general observations

The Group was presented with plans for future sampling needs and project next steps by the
project leads. The Coordinator began by reminding the Group that the original goal of this
biology program—as envisioned by the Swordfish Species Group—is to conduct sampling and
research that supports assessment, MSE, and other SCRS work. Future sampling and research
should support the core objectives: generate and compare new growth curves; support
knowledge on stock age structure; calculate and compare new maturity ogives; identify
spawning areas and timing; identify stock boundaries and mixing areas; and estimate scale of
mixing. The Coordinator noted that in many cases, sampling has done a good job of supporting
this research, however there are spatial and temporal sampling gaps that are hindering some
aspects of the Project. He encouraged the project leads to continue identifying sampling gaps
important to addressing their research questions. It was also noted that some port sampling and
rules related to carrying chemical fixatives aboard vessels can hinder some sampling plans. To
address these gaps, the next phase of the Project may need to direct funds to support sampling
in high priority areas. Furthermore, the Group will continue to address data confidentiality
regulations that may be preventing inclusion of some samples.

There were no comments specific to the points raised by the Coordinator of the project.

One participant asked about the transparency of the Project participation and on why the
current Project has such a small participation in terms of composition of the Consortium leading
the project. Both the Project leader and the vice-Chair of the SCRS clarified that the Project is
currently composed of 25 institutes from 17 different CPCs, which makes this one of the more
collaborative projects in ICCAT. They then added that the Project has been discussed and
regularly updated on all SWO Species Group meetings since 2018, and that the results and
workplans are shown in the SCRS reports, so all CPCs are fully aware of the state of the Project.

One participant asked about why a particular Italian genetics laboratory that applied to the
original data call is not part of the Project. The Project leader explained that the possibility to
integrate that institute in the genetic study was made, but there was no further reply. The same
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participant also questioned why Morocco was not part of the Project. The Project leader clarified
that Morocco is part of the Project. Morocco clarified that there are difficulties because the fleet
that operates in that area are mainly small coastal fisheries and it is not possible to take samples.
Buying the fish could make sampling possible. Morocco will contact the Project coordinator for
follow up on this possibility.

One participant highlighted that the opportunistic sampling that is taking place is important, but
to consider that CPCs may have other historical samples already collected through other national
programs and projects. As such, it would be advisable to make call for samples in a more official
manner, asking CPCs to provide previous samples they may have from other sources. It was
clarified by the Project leader that in the original call for the project such a request was made
and it was possible to recover some historical samples from other projects. We can make now
another recommendation for CPCs with historical samples to provide information to the SCRS
on the existence and possibility to integrate historical samples in the project (see
recommendations section).

- Summary of sampling representativeness as related to ageing and growth studies.
Identification of sampling gaps related to ageing and growth analysis.

The following maps provide the spine and otolith spatial distribution (Figures 7.1 and 7.2)
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Figure 7.1. Map with the distribution of swordfish spine samples
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Figure 7.2. Map with the distribution of otolith samples

The following points were noted by the Group:

The general areas where sample gaps still exist are mainly the East Mediterranean, the
western-north Atlantic and the Southern Atlantic in general. It is noted that for some of
those areas it is challenging to obtain samples, and as such the option for chartering a
vessel for a few days can be considered.

There are much less otoliths available than spines. As such, an effort should be put into
sampling more otoliths from the various regions.

For the Mediterranean, it is also noted on the need to obtain samples from larger fish,
as most samples from there are currently from relatively smaller fish.

For the western North Atlantic it would be particularly important to get samples from
the area between 15°N and 35°N, west of 40°W during the months of November-March.
That would be critical for both ageing and reproduction.

Note that CPCs need to know, as early in the year as possible, about the need for
samples so they can plan the sample collection during the year.

Comment that for the Mediterranean the fishery is stopped between January and
March, so in order to sample in those months there would be the need for permission
from the Commission.

Comment that the involvement from Cyprus could be important, noting that there have
been some contacts with that CPC for opportunities in sampling in their fisheries.

The USA commented that besides the spines already provided, they likely also have a
collection of historical otoliths that can be shared. The Project leader will contact the
USA to coordinate on that. Work is underway to attempt to associate locations with
those samples to make the useful for the project.
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- Summary of sampling representativeness as related to reproduction studies. Identify
sampling gaps related to reproduction analysis

The following maps provide the spatial distribution of the macroscopic and microscopic samples
(Figures 7.3 and 7.4)

75°W 60°W 45°W 30°W 15°W 0° 15°E 30°E

0° 15°N 30°N 45°N

15°S

Bathymetry (m)
0

30°S

Figure 7.3. Map with the distribution of macroscopic samples

The following points were noted for the macroscopic samples:

e North Atlantic: no samples are available from the central north Atlantic and, low
sampling coverage for the western North Atlantic.

e South Atlantic: the majority of the samples comes from tropical areas.

e Mediterranean: the majority of the samples come from Western Mediterranean.
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Figure 7.4. Map with the distribution of microscopic samples

The following points were noted for the microscopic samples:

e North Atlantic: Poor spatial coverage. No samples processed from spawning areas.

e South Atlantic. No samples available at the moment.

e Mediterranean: Few samples in general, and all from the Western Mediterranean. There
is need for samples from the central and Eastern Mediterranean.

e At the end of the discussion, scientists from Uruguay mentioned they are willing to
collaborate in the reproduction and genetics components of the project with samples
from the SW Atlantic. They will contact the Project leader and the tasks leaders of those
sections about their sample availability and participation.

- Summary of sampling representativeness as related to genetics. Identify sampling gaps
related to genetic analysis

The following map provide the spatial distribution and needs of the genetic samples (Figure 7.5)
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Figure 7.5. Map with the distribution of genetic samples.

The following points were noted with regards to the genetic samples:

The sample needs for the Atlantic are mainly samples between the equatorial and East
Atlantic boundary, samples from the more southern parts of the South Atlantic (BIL 97
and BIL 96) and additional samples from the central North Atlantic (BIL 92).

For the Mediterranean, more samples are needed for new areas like Malta and Corsica,
and samples from the Eastern Mediterranean

As much as possible we need samples for different periods of the year and that cover
the various maturity stages.

In terms of numbers, the minimum number of samples for population genetics would
be 25-30 for each area.

As in the reproduction section, Uruguayan scientists confirmed they wish to collaborate
with samples from the SW Atlantic for the genetics work.

One main objective for the project mixing areas, it is noted that there are already
considerable samples from the Balearic Islands in the Mediterranean and from Portugal
and the Canaries Islands from the Atlantic. With regards to the Gibraltar strait, Morocco
will contact the Project leader to try to get samples from that region.

The Group discussed on the need to sample undersized fish from the Mediterranean
with an RMA. There is a certain percentage of fish under the minimum size that can be
retained, so scientific samples can be retained from those. In that regards, it would be
also important to involve the Albacore fishery in the Mediterranean as they may capture
young of the year swordfish in the Mediterranean.

There was also a note that Cyprus has additional observers through the EU/DCF and
might be able to collect samples from the east Mediterranean. The Project coordinator
will contact after the meeting on that issue.

7.2 Discussion and plans for sample processing completion and data analysis
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The tasks leaders briefly commented on the plans for the work until completion of the current
contract (30 June 2021):

For the ageing we will send more samples for processing to FAS and will continue the
work on the reference set intersessionaly.

For the reproduction we are now expecting samples from Italy and Taiwan. Once the
samples arrive the analysis will continue with those.

For the genetics, it was noted that new samples need to be sent to Italy as soon as
possible, to be forwarded for processing. A new analysis will be performed for all the
samples together (update of the preliminary analysis showed here). Another point is to
look into the genes involved in bone formation and differentiation to see if there are
genetic differences between Mediterranean and Atlantic as the age readers mentioned
phenotypic differences in the structures. There will also investigate on any differences
in gonads structures between Mediterranean and Atlantic populations. Finally, they will
continue to apply whole genome sequencing to have that available for all the swordfish
populations in the Atlantic and Mediterranean.

7.3 Discussion on any other priority areas for the project

The task leaders and the Group discussed on any additional priority areas for each task of the

project:

For the ageing, the main next step will be age validation, especially with bomb-
radiocarbon. Current costs will be investigated intersessionaly. Canada and USA have
equipment for that type of work and can assist on this, and Jessica Farley can also help.
It was noted that the otoliths that will be used for such analysis will have to be
destroyed. While originally the method was only used for long lived species, recent
developments have also been successful in shorter lived species and recent samples,
such as yellow fin tuna. We will work on a research line and budget for this until
September to be included in the SWO workplan for 2022.

For the genetics, it is possible to carry out these types of analysis on historical samples
to have also a picture of the past situation to compare with the present. So a next step
could be to do DNA analysis of historical samples. Spanish scientists (David Macias) has
some historical samples and will provide to Italy, so they can check if it is possible to
conduct such analysis. Epigenetic was also suggested as a future next step for
complementing the ageing work.

7.4 Final comments from the invited experts

The Group received final comments from the Invited experts. Those are reflected in Appendix 5
of this report.

7. 5 Recommendations

The following final Recommendations were agreed by the Group:
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Recommendations related with the ongoing work of the Project

Agreement to use the open-source SmartDOTS platform for the ageing work. The
software was developed for otoliths, but the Project is in contact with the developers to
make it more useful also for spines.

With regards to the maturity stages, the Group agreed and recommended to use the
stages from the IEO-Malaga Group (adapted from ICES).

For the maturity staging, consider a more standardized way for each reader to provide
input in the structures they are observing (e.g., excel table with tick marks for each
structure)

With regards to genetics, the Group agreed that once the current ageing work is
calibrated and finalized, it would be possible to explore ageing work with epigenetics.
Consider the possible implications of the project results for the ongoing MSE and
especially if further axis of uncertainty need to be considered in the OMs.

Coordinate with the Secretariat to create an owncloud space to store digital images
from the ageing (spines and otoliths) and reproduction work

Establish a set of best practices for saving and archiving images of the structures. The
practices that are used by FAS are shown in Appendix 6.

Coordinate among project collaborators for long term storage of physical samples.
Encouragement for reference sets for whole oocytes (preferably fresh) be created and
calibrated with histology for potential use in future studies by any CPC with limited
resources.

The use size frequency distribution of oocytes should also be considered as an ancillary
method in the identification of maturity status and developmental phases of swordfish
ovaries.

Encouragement to create and share videos with the processing and cleaning of the
spines and otoliths. Such videos would then be uploaded to the ICCAT owncloud.

Recommendations to be passed to the SWO Species Group

Make an official call for CPCs to inform the SCRS on availability of historical samples from
other projects that may be available to integrate this study.

This research shows the need to have a wide geographical and temporal collection of
biological samples for swordfish stocks and the integrated collaboration of scientific
institutions and CPCs. It is recommended that the SCRS considers developing a network
of institutions/entities available and qualified to centralize, store, process, and maintain
biological samples such as otoliths, spines, muscle, gonads, etc. in the correct
conservation status that are accessible for current and future research.

The Group recommends that CPCs should ensure that their main fisheries should
provide regularly a minimum number of biological samples for swordfish. Samples such
as hard parts for ageing, reproductive tissues, and other tissues for genetic studies, from
the same individual fish. These samples should be collected and stored following
guidelines provided by the SCRS and made available for scientific research. A summary
of the samples collected so far, either under national programmes or by individual
research teams/scientists, should be provided as part of the regular fisheries statistics
Task 3 biological samples to ICCAT.
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e The Group recognizes that most of the biological sampling comes from commercial
fisheries operations, which put restrictions on what the scientific samplers can collect
minimizing the damage of the product; alternatively, in some cases, it requires the
purchase of the whole fish which substantially limit the number of samples collected.
Therefore, it is suggested that the Commission provides a scientific allowance to
registered National Scientific Observer programs and/or field sampler for the collection
of biological samples, independent of the quotas allocations; implications concerning
the prohibition to take on board or land beheaded specimens for the Mediterranean
swordfish should be taken into account. The SCRS shall provide in advance the
requested scientific allowance based on approved research programs that will make use
of such biological samples.

e Consider research cruises for filling important areas with sample gaps and where it is
difficult or even impossible to sample from commercial fisheries. A budget will have to
be prepared for the SWO Species meeting in September.

e Consider a pilot study for comparing the 3 ageing structures: otoliths, spines and
vertebrae. Given that for collecting vertebrae the process is very invasive, we would
need to acquire the fish or parts of the fish for collecting the 3 structures. The pilot study
should be conducted both for the Mediterranean and Atlantic stocks, with around 30-
50 samples for each stock that should cover the size range of the species. It was noted
that vertebra are different the various body regions, so that should be considered when
designing the study. The Group will prepare a research line and budget for this study to
present to the SWO Species Group in July.
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Appendix 1 — Meeting agenda

1. Opening
2. Adoption of the agenda
3. Nomination of the rapporteurs
4. Status update of the ICCAT swordfish project
5. Update of the sample collection and sample processing
5.1. Ageing (spines and otoliths)
5.2. Reproduction
5.3. Genetics
6. Establishment of reference sets, with regards to
6.1. Ageing (incl. spines and otoliths)
6.2. Reproduction biology (histological scales)
7. Discussion
7.1. Discussion on any future sampling needs
7.2. Discussion and plans for sample processing completion and data analysis
7.3. Discussion on any other priority areas for the project
7.4. Final comments from the invited experts
7.5. Recommendations
8. Workshop report and adoption
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Appendix 3 — Exchange exercise carried out for the ageing component — Spines and
otoliths

This will continue to be done intersessionally by the age readers and the final annotated
images will be placed in a separate document when finished
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Appendix 4 — Exchange exercise carried out for the reproduction task — Histology

This will continue to be done intersessionally by the histology readers and the final annotated
images will be placed in a separate document when finished
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Appendix 5 — Final comments from the invited experts on the SWO Biology Project

- Jessica Farley (CSIRO Oceans and Atmosphere)

Jessica Farley noted that the project is progressing very well, and that the main aspect for its
success is the huge collaboration that is taking place in terms of sampling and analysis. Specific
for the ageing, she noted that collecting both otoliths and spines is very positive, and that the
comparison between the structures will be a key aspect resulting from this project. The
development of the reference set with the standardization of readings between laboratories is
also a key positive aspect.

One recommendation from Jessica with regards to the age was for the age validation. That is
something still missing for swordfish from all Oceans and will be important to resolve in the near
future. The best option will likely be bomb-radiocarbon methods. Another alternative could be
OTC tag-recapture, but the logistics of the tagging, high mortality of swordfish when captured,
and need to recapture, correctly identify it is an OTC tagged fish, and return the hard structures
for laboratory processing might complicate the applicability of such method. The Project will
consider especially the bomb-radiocarbon method, and will prepare a budget for consideration
for the SCRS plenary in 2021.

With regards to the reproduction study, Jessica Farley noted that the classification scheme we
are using (IEO-Malaga scale) seems very good and appropriate. She pointed that the
standardization exercise between laboratories is also a key positive aspect from this project.
One recommendation with regards to the reference set was to provide annotated images, so it
is clearer what the readers are interpreting in terms of the various structures.

- Kyne Krusic Golub (FAS — Fish Ageing Services)

Kyne Krusic Golub noted it was encouraging for the project to see the general level of agreement
among age readers, especially in the otoliths and despite having access to images alone and not
physical samples. He made a point that collecting all those samples in extremely valuable, so we
need to continue with that but also make sure they are properly curated and stored. He believes
that in moving forward, otoliths will likely prove more useful than spines, but continuing with
the spines especially for the younger age classes will also continue to be useful. He also fully
agrees that age validation on both of those structures needs to be a priority, and that bomb-
radiocarbon is probably the best option.

- Freddy Arocha (I0V-UDO - Instituto Oceanogrdfico de Venezuela, Universidad de Oriente)

Freddy Arocha made several comments on the project. A general comment on the sampling of
swordfish biological parts for the ageing and reproduction study is that efforts made are
commendable, but not exempt of spatial coverage issues common in highly migratory species.
The swordfish study undertaken is no exception, but it has overcome and excelled in the
sampling of biological parts from the Mediterranean stock and part of the South Atlantic stock.
However, samples from the North Atlantic stock are less than desired. Nonetheless, it is
expected that a broader coverage in hard part structures for ageing, as well as from tissue
samples, will be expanded in the next few months allowing for a broader spatial coverage in all
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three stocks as indicated by the coordinator in charge of ageing the hard structures. In the case
of reproductive samples for the microscopic analysis it appears to be limited spatially and
temporally in all three stocks. It must be acknowledged that sampling for reproductive studies
is more complicated and demanding. Therefore, efforts should be increased to collect the
necessary and adequate samples across the Atlantic and Mediterranean that would include all
known spawning grounds from all stocks to produce robust reproductive parameters (i.e., L50
and Fecundity) to be used in future stock assessments of each stock.

On the ageing section, it is commendable the advances made to produce age readings based on
paired hard parts (i.e., spines and otoliths). However, it is recognized that otolith extraction is
complicated at sea and the volume of severed head parts may be an issue for some cooperating
fleets; thus, efforts should continue in the use of spine sections for ageing. Another issue that
should be addressed during the study is age validation. Despite of the age validation conducted
for the western North Atlantic on couple of studies, where a ring formation (opaque +
translucent band) in anal spine sections represent growth for one year (SCRS/1995/099), new
techniques for age validation have become available and should be used to confirm previous
findings for the North Atlantic and new ones for the other two stocks.

Regarding the reproduction section, again it is commendable the advances made to produce
reference sets for the identification of maturity status and developmental phases from
histological analysis of oocytes. It became clear during the exercise that frozen samples to be
used in histology are challenging, and reference sets for frozen samples and freshly fixed should
be the norm for the Atlantic stocks and the Mediterranean, due to potential differences in the
observation of some of the structures in sectioned ovaries. It was considered helpful that the
images used is the reference sets be annotated with the key structures that would help define
the developmental stage.

It is important to remind the Group that histological analysis is an expensive technique not
available to many CPCs, and that there are other techniques less expensive and equally accurate
that when properly calibrated with histology will produce robust reproductive estimates in
swordfish (SCRS/1995/098). Therefore, it should be encouraged that reference sets for whole
oocytes (preferably fresh) be created and calibrated with histology for potential use in future
studies by any CPC with limited resources. Also, the use size frequency distribution of oocytes
should also be considered as an ancillary method in the identification of maturity status and
developmental phases of swordfish ovaries.

Considering the investment made on the collection of biological samples for the present study,
and for other similar studies undertaken by the different ICCAT SCRS Species Groups, it should
be acknowledged that the storage, conservation, and maintenance of the samples collected
should be addressed at the highest level to preserve them as reference collections for future
studies. It became evident in the discussions during the Workshop that samples from past
studies that would be useful as reference collection are not available due to the absence of a
curation protocol by interested parties.
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Appendix 6 — Practices for saving and archiving images of structures used by FAS —
Fish Ageing Services

Set of practices used by FAS to be considered by this group and updated in later documents
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