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1. Background 

At the 9th annual SPRFMO Compliance and Technical Committee meeting, with respect to the ‘New and 
Exploratory Fisheries’ measure (CMM 13-2021), 2 members (the European Union and Russian Federation) were 
assessed with respect to fishing splendid alfonsino (BYS) during the reporting period using pelagic trawl outside 
the evaluated area within the Bottom Fishing CMM, which appeared to be an exploratory fishery without 
Commission approval. The CTC agreed to assign a status of ‘Priority Non-Compliant, No Further Action’ for the 
European Union and the deliberations pertaining to the Russian Federation are ongoing (para 12 CTC9 Report). 

The Commission tasked the SC with evaluating patterns in species catch composition to better define these 
fisheries and distinguish between target and bycatch species. Relevant members were requested to authorise the 
Secretariat to release data at the finest resolution possible across fisheries targeting jack mackerel, redbait and/or 
alfonsino in FAO Statistical Area 87 to the SC for analysis, including logbook data, observer records, Secretariat-
held VMS data and all relevant port inspection information (para 42 COMM10 Report). Once these patterns are 
understood, alternative management measures can be presented to the Commission for guiding management 
decisions. This task was included in the 2022 SC Multi-Annual Work Plan (Section 6). 

The Terms of Reference developed for this request were: 

1. Form a task group to evaluate patterns in species catch composition from fisheries targeting jack mackerel, 
redbait and/or alfonsino in FAO Statistical Area 87 from within the SPRFMO Area 

2. Request members authorise the Secretariat to release tow-by-tow fishing activity and observer data as well 
as VMS and port inspection information for the purposes of these analyses 

3. Analyses must include an evaluation of Russian Federation-flagged vessel(s) 

4. Develop a suite of metrics that characterise the fisheries 

5. Assess the variability of catch by species and catch composition at the haul level for the different fisheries 

6. Develop a report to be presented to SC10 that details the analyses undertaken and results summarising 
patterns in species composition, to include an assessment of target and bycatch species 
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2. Data released for analyses 

There were eight members identified as having data relative to the analyses requested by the Commission (i.e., 
Chile, China, Faroe Islands, Korea, Peru, Russian Federation, and Vanuatu). Letters were sent to all members (21 
July 2022) requesting consent to use all historical data from the SPRFMO Convention area, including: fishing 
activity, observer, VMS, and port inspection data. All eight members provided consent to use the requested data 
for these analyses; seven members provided consent for all historical data and the Russian Federation provided 
consent for 2021 only. 

3. Data analysis 

The Species Composition Task Group took a three-pronged approach to evaluate the species composition 
associated with fishing activities targeting jack mackerel, redbait, and alfonsino: 

1. develop a suite of descriptive metrics and data summaries to characterise general patterns from the data; 

2. use a hierarchical clustering approach to identify major fishing ‘modes’; and 

3. develop a statistical approach (generalised additive model) to quantify relationships between a suite of 
explanatory variables and jack mackerel catch rates. 

3.1. Fishing activity data 

The fishing activity data contains information from eight members having fished for jack mackerel between 2007 
and 2021 (Table 1). 
 
Table 1: Number of fishing activity records available for analyses, by member and year. 

 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2021 

CHL - - - - - X X X X X X X X - 
CHN - - X X X X X X X X X X X - 
EU - X X X X - X X X X X X X X 
FRO - - - X - - - - - - - - - - 
KOR X X X X X X X X X X X X X - 
PER - - - - - X X X - - - - - - 
RUS - - - - - - - - - - - - - X 
VUT - X X X X X X X X X X - - - 
Records - 4 369 9 412 6 698 3 425 1 899 1 577 1 778 4 343 4 949 2 103 1 960 1 721 1 830 

The proportion of jack mackerel as part of the total catch within a fishing event  varied over time, but was on 
average over 90% in all years and in some years  close to 100% (Figure 1). 2021 was the exception to this trend, 
when the proportion dropped to 88%. In almost all years, there were fishing events with very low proportions of 
jack mackerel. 
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The fishing events where the jack mackerel proportion was lower than 0.5 (only 1% of all recorded events), the 
catch composition was generally composed of chub mackerel (MAS), southern rays bream (BRU), jumbo flying 
squid (GIS) and blue fathead (UBA), with chub mackerel representing the vast majority of these catches (Figure 
SM1). 

 

 

Figure 1: Proportion of jack mackerel in the total catch per fishing event over the years. 

The top bycatch (i.e., species other than jack mackerel) species for all members was chub mackerel. It should be 
noted that some members have not reported any bycatch at all, throughout the time series evaluated. 
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Figure 2: Time series of bycatch trends, for top five bycatch species across all fleets and years, by flag and species (southern 
rays bream (BRU), splendid alfonsino (BYS), redbait (EMM), chub mackerel (MAS), and blue fathead (UBA). All panels are scaled 
from 0- 10,000 tonnes. 

Overall, fishing took place at depths between 5-110 m (25th-75th percentile) across  years; however, gear depth 
information was not available for all fishing events. Typically, jack mackerel was caught  within the upper layers of 
the water column, leaving between 3000-4000m between the position of the gear to the seafloor. However, there 
were a few hauls  where this distance was  less than a few hundred meters (Figure 3). 
 

 

Figure 3: Distance between the fishing gear and the seafloor (m), across years. Note: gear depth is not available for all fishing 
events. 

There was no apparent relationship between trawl duration and proportion of jack mackerel caught, except for 
very long hauls (>15h) where jack mackerel was almost exclusively caught. Nets with a smaller net opening (height) 
showed higher variation in the proportion of jack mackerel in the catch while the opposite was true for net width 
(i.e., larger net widths showed higher variability). There were, however, no clear patterns in the relationship to net 
opening (Figure SM2). 

There were differences in the proportion of jack mackerel caught by member. For example, China caught almost 
exclusively jack mackerel whereas the vessels from Vanuatu (2008-2009) and Chile operating in the SPRFMO area 
had lower proportions of jack mackerel in the total catch. 

The spatial distribution of the jack mackerel fishery has changed substantially over the years. In the early part of 
the time-series (i.e., 2008-2012), the fishery extended all the way to 240◦ west with a latitudinal center of 
approximately -40◦. In the years following,  catches were taken closer to the eastern border of the SPRFMO area, 
from  approximately -40◦ to north of the Juan Fernandez Islands to  approximately -30◦. In 2017, the fishing activity 
was observed as far north as -20◦ and in 2021 the fishery went into the same area and further west of that. 
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Figure 4: Distribution of catch from the jack mackerel fishery between 2008 and 2021. 

Once a vessel targeted and caught jack mackerel, it was common to continue fishing and catching jack mackerel.  

When clustering hauls, defined as hauls being within a 24h time-limit from a previous haul and within 100km from 

the previous haul, sequential hauls showed very similar jack mackerel proportions. Clusters usually consisted  of  
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1-10 hauls while in some cases, clustered hauls of more than 30 were recorded. The majority of haul clusters had 

a proportion of jack mackerel well above 95% (Figure 5). It was highly unlikely to see several clustered hauls with 

proportions dropping below 0.5.  

 

Figure 5: Mean proportion of CJM in the catch by number of sequential hauls in a trip. Observations were weighted by the 

total catch in the trip. 

Furthermore, it was highly uncommon to have sequential hauls without  any catches of Jack mackerel . For the 
majority of trips, having 1 or 2 hauls without any Jack mackerel was common and the number increases for trips 
with more hauls. However, the average number of sequential hauls without any Jack mackerel for trips up to 15 
hauls varied between 1 and 3.   
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Figure 6: Maximum sequence of hauls without Jack mackerel within a trip. 

 

 

  



 

8 

SC10-Doc13 
Species composition TG 

3.2. Hierarchical clustering 

To evaluate the species composition, at the event level (i.e., haul-by-haul), a hierarchical clustering approach was 
taken. The haul-level catches of all species reported were converted from biomass estimates to a percentage of 
total catch, from that fishing event. These data were then converted into a dissimilarity matrix using the Bray-
Curtis method (Bray and Curtis, 1957) and the R vegan package (Oksanen et al., 2022), 
 

 

where yij represents the catch percentage of the ith fishing event (i = 1,2,...,p) for jth species (j= 1,2,...,n). 

The dissimilarity matrix was then squared and clustered, hierarchically, using the Ward’ minimum variance method, 
which is based on a sum-of-squares criterion (i.e., method=‘ward.D2’ in the R hclust function) (Murtagh and 
Legendre, 2014). To determine the optimal number of cluster groupings, the output from the clustering algorithm 
was plotted as a dendrogram to visually identify event clustering. In addition, the mean silhouette statistics were 
evaluated to quantitatively assess the individual and overall cluster groupings, with the number of groupings based 
on the clustering with the highest mean value (Figure SM3).  

The dendrogram (Figure 7) was visually assessed with group partitions ranging from 2-10. Based on these 
diagnostics, splitting the fishing events into five groups emerged as the most reasonable option. 

 

Figure 7: Dendrogram from hierarchical clustering approach, highlighting the partitions associated with splitting the fishing 
events into five groupings. 

The species composition of the five groups, in order of grouping cluster, comprised of 1. almost entirely jack 
mackerel (CJM); 2. almost exclusively chub mackerel (MAS); 3. a mixture of alfonsino (BYS), redbait (EMM/EMT), 
blue fathead Cubiceps caeruleus (UBA), with small amounts of jack mackerel, chub mackerel, and jumbo squid 
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(GIS); 4. almost exclusively southern rays bream Brama australis (BRU); and 5. unclassified marine fishes (MZZ) 
(Figure 8). 

 

Figure 8: Catch composition, by cluster grouping, aggregated across all years and fleets. 

The trend in cluster association and catch composition was assessed by looking at the distribution of events, by 
cluster, flag, and year. It is clear that the jack mackerel (1) and chub mackerel (2) clusters are the by far the 
dominant modes of species composition. The alfonsino/redbait (3) cluster appears to be a more recent 
phenomenon in these fisheries and is largely characterised by the distinct species composition as well as the spatial 
distribution of the catches, which appears to be north of the main jack mackerel fishing grounds (Figure 9), fished 
at deeper depths (Figure 10), and concentrated along a region of seamounts. Cluster 4, the southern rays bream 
group, has the smallest number of fishing events associated with it, and suggests a similar spatial overlap and gear 
depth profile as the jack mackerel fishery. The MZZ (5) cluster is suggestive of a potential data quality artefact, 
given it is largely associated with a single fleet for a discrete period of time (2009, 2010), and has substantial spatial 
overlap with the main jack mackerel fishing grounds. 
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Figure 9: Frequency of cluster association by flag and year. 

 

Figure 10: Distribution of fishing events (represented as the log number of fishing sets), by cluster association, across all flags 
and years. 
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Figure 11: Distribution of gear depth (m), by cluster groupings. 

3.3. Generalised additive modelling 

Two different approaches were taken to model Jack mackerel catches through the use of GAMs. The first one 
models catch rate as a function of a number of co-variates while the second models catch as a function of co-
variates. These two models could be combined at some stage to make interpretation simpler but given the 
similar results we present them both.  

 

Catch rate modelling 
We used a Tweedie generalised additive modelling (GAM) approach to model jack mackerel catch rate (t) at the 
haul-level as a function of covariates predicted to influence the catch rates. The Tweedie is a flexible distribution 
suitable for non-negative continuous data with a density of observations at zero. Specifically, jack mackerel catch 
from fishing event i (Ci) was modelled as, 

Ci ∼ Twp(µi,φ) 

where 
µi = ηi 

log(ηi) = β0+ β1Yeari + β2GearDepthi + s(Loni, Lati)+ offset(log(TotCatchi)) + εi 

and ηi is the linear predictor for the observed jack mackerel, at the haul-level, using a log-link function. Here, β0 is 
the global intercept, β1 is the year effect (year is treated as a factor); β2 is the fixed effect associated with gear 
depth (m); s represents an additive smooth effect for the spatial location of the catch; and an offset term of the 
log total catch (plus a small constant). The model component had an observation level random effect i. The variance 
of Ci is assumed to be a function of the estimated dispersion φ and power p parameters (see Jorgensen, 1997 and 
Bonat and Kokonendji, 2017 for details). 

V (Ci) = φµp
i 
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We fit the GAM using the R package mgcv (Wood and Wood, 2015). 

The GAM model suggested that all covariates included in the model were significant in explaining variability in jack 
mackerel catches. Generally, jack mackerel catches decreased with the depth of the fishing gear, was variable 
through the years (Figure 12), and showed a spatial pattern that highlighted the areas of higher productivity and 
the peripheral areas demonstrating lower catches. 

 

Figure 12: Gear depth effect plotted against the range of depths (m) observed in the data (left); the year effect (center); and 
spatial effects estimated from the GAM (right). 

The standardized residuals (observed catch minus the predicted value from the GAM) show reasonably good 
predictions throughout the main range of the jack mackerel fishery, with large residuals observed along the fringe 
areas (Figure 13). The area along the seamounts where redbait and alfonsino fishing has occurred show large 
negative residuals with some areas farther north showing large positive residuals. 
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Figure 13: Standardized residuals from the Tweedie GAM. 

Catch modelling 
We also used a negative binomial generalised additive modelling (GAM) approach to model jack mackerel catch (t) 
at the haul-by-haul level as a function of covariates predicted to influence the catch rates. We bin the jack mackerel 
catch as the data is rounded in different ways in the input data and different rounding rules are applied. Bins have 
a width of 10t each. Jack mackerel catch from fishing event i (Ci) was modelled as, 

 
log(C) = β0+ s(Year) + s(Month)+ β1 Flag + β2 HaulDuration + s(GearDepth) + s(Lon, Lat)+ 

s(NetOpeningWidth)+s(NetOpeningHeight)+ε 

and ηi is the linear predictor for the observed jack mackerel, at the haul-level, using a log-link function. Here, β0 is 
the global intercept, β1 is the intercept correction due to the Flag state effect (factorial); β2 is the fixed effect 
associated with Haul duration; s represents an additive smooth effect for the year, month, gear depth, net opening 
and spatial location effects. The model component had an observation level random effect.  

We fit the GAM using the R package mgcv (Wood and Wood, 2015). 

The GAM model suggested that all covariates included in the model were significant in explaining variability in jack 
mackerel catches except for haul duration. Generally, jack mackerel catches decreased with the depth of the 
fishing gear, was variable through the years and months (Figure 14) and shows no clear pattern for net opening. 
All flag states are well distinguished from each other, except for the Russian fleet as their time-series only includes 
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2021. 

 

Figure 14: Fit plots for the smoother effects in the GAM  
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Predicting from the GAM to indicate which observations would be considered outside credibility intervals did not 
result in any new insights as variability in the observations is large while number of observations is high and 
therefore prediction intervals tight.  

 

4. Conclusions 

1. In total five different fisheries have been identified: (1) almost exclusively Jack mackerel (CJM); (2) almost 
exclusively chub mackerel (MAS); (3) a mixture of alfonsino (BYS), redbait (EMM/EMT), blue fathead Cubiceps 
caeruleus (UBA), with small amounts of jack mackerel (CJM), chub mackerel (MAS), and jumbo squid (GIS); (4) 
almost exclusively southern rays bream Brama australis (BRU); and (5). unclassified marine fishes (MZZ). 

2. Metrics could only be defined for the (a) Jack mackerel fishery due to limited availability of data on any of the 
other fisheries.  

3. The Jack mackerel fishery targets and catches almost exclusively jack mackerel within almost each haul.  
4. The proportion of Jack mackerel in a haul is generally 90% or higher 
5. If Jack mackerel proportions are low in a haul, chub mackerel (MAS) makes up for the largest part of the catch 
6. Bycatch of any other species is rare and usually account for only a few percentage of total catch 
7. Jack mackerel is caught in areas associated with a sea bottom depth between 2000-4000m  
8. Jack mackerel is caught high up in the water column at depths between 5-110m and fishing at greater depths 

is generally avoided 
9. Consecutive hauls contain in almost all cases Jack mackerel. Multiple consecutive hauls without Jack mackerel 

are rare 
10. The spatial location where Jack mackerel has been caught is greatly variable and has changed substantially 

over the years 

 

5. Quality considerations 

The analyses presented in this paper indicates that metrics can be defined for the jack mackerel fishery but that 
sufficient data is lacking for all the other fisheries active in the eastern area of the SPRFMO convention area to 
define similar metrics. Issues with data completeness are highlighted in the paper, suggesting that not all bycatch 
species are recorded and submitted to the SPRFMO secretariat. Having had access to similar data obtained from 
fisheries in areas under national jurisdiction would have likely resulted in better defined metrics as e.g. fishing 
data from inside the Chilean EEZ was not available for this study.  

The task group has not been able to evaluate in more detail the Alfonsino and redbait fishery by Russian flag 
vessels as these records were listed as redbait fishery related rather than jack mackerel.  
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Supplementary tables and figures 

 

 

 
Figure SM1. Bycatch species by year in hauls where the Jack mackerel proportion was smaller than 0.5 
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Figure SM2: Proportion of Jack mackerel in a fishing event by net opening height (left) and width (right).   

 
Figure SM3: Mean silhouette statistic as a function of the number of groups the data were clustered into. 
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