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Abstract 
At its 2011 meeting, the Scientific Committee agreed that a time series of relative abundance from a 
well-designed survey could be a useful input into the Ross Sea stock assessment model. The first 
survey was completed in February 2012, and the second survey in February 2013. In this paper we 
provide results of the third survey in the time series. The objectives of this third survey were: (1) To 
carry out a longline survey to monitor subadult toothfish in the southern Ross Sea (strata A–C) using 
standardised gear in a standardised manner; and (2) To sample additional experimental stations in an 
adjacent area to identify areas of high subadult abundance which could be included as strata in future 
annual surveys. 
 
The 2014 survey was successful in completing all the planned stations. Standardised catch rates for 
the core strata showed a slight decline across the three surveys but this decline was not significantly 
different. Age frequency data from the surveys have shown the progression of a cohort from age 7 in 
2012 to age 9 in 2014. These results suggest that the surveys are indexing local abundance and will 
provide a reliable means of monitoring recruitment and estimating recruitment variability. In contrast, 
standardised commercial catch rates in the core area have been highly variable throughout the history 
of fishing in the survey area and the age data do not show modal class progression suggesting they are 
not useful for monitoring recruitment. Stations in the experimental stratum near Ross Island had high 
catch rates and much larger fish than in the other strata, and warrant future monitoring due to their 
unique nature. We recommend the survey be continued to provide information on year class strength 
and an index of local abundance to be incorporated in the stock assessment.  

This paper is presented for consideration by CCAMLR and may contain unpublished data, analyses, and/or 
conclusions subject to change. Data in this paper shall not be cited or used for purposes other than the work of 
the CAMLR Commission, Scientific Committee or their subsidiary bodies without the permission of the 
originators and/or owners of the data. 
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Introduction 
 
At its 2010 meeting, the Scientific Committee noted that the research and assessment work in Subarea 
88.1 and SSRUs 88.2A–B on the distribution, abundance and demography of Antarctic toothfish (D. 
mawsoni) has led to an estimate of the fisheries potential yield, and allowed the CCAMLR Scientific 
Committee to provide advice to the Commission on appropriate harvest levels and other aspects of 
conservation over the last eight years (SC-CAMLR-XXIX 2010, para 3.129). Although robust stock 
assessments are now available, there is still uncertainty over key aspects of Antarctic toothfish 
reproductive dynamics, including recruitment variability, recruitment autocorrelation, and the value of 
the stock recruitment relationship steepness parameter.  
 
A periodic survey to monitor the abundance of subadult Antarctic toothfish in areas where subadult 
sized fish have been regularly found (e.g., in the southern Ross Sea) has been designed to better 
estimate recruitment variability and provide an important early-warning signal of changes in 
recruitment, and additionally as an opportunity for targeted data collection to better understand the life 
cycle and ecosystem role of Antarctic toothfish. Although changes in age structure caused by changes 
in recruitment strength would likely be detected from the fisheries catch data themselves, they would 
not likely be detected until the relevant cohort is of sufficient age to be fully selected by the fishery — 
and even then the signal is likely to be confounded with changing effort patterns. 
 
The first subadult survey for Antarctic toothfish in the Ross Sea was conducted in 2012, 
demonstrating the feasibility of a targeted subadult survey and setting the survey methodology 
standards and core survey strata (Hanchet et al. 2012b). The second subadult survey was conducted in 
2013. The spatial pattern of catch rates, and the catch composition in terms of species mix and 
toothfish length, were very similar between the 2012 and 2013 surveys. Overall, standardised catch 
rates were slightly lower in each stratum in 2013. Length and age compositions were similar between 
years but evidence of cohort progression was observed in males and combined sexes, and was 
marginal for females (Parker et al. 2013). Preliminary stock assessment runs showed the importance 
of these data to estimate year class strength, and the need for continued time series to adequately 
model these year class strengths and autocorrelation between year classes (Mormede et al. 2013). The 
2014 survey was the third of the series as proposed in Parker et al. (2013). 
 
Preliminary results of the 2014 survey were presented to WG-SAM-2014 (Mormede et al. 2014). The 
working group recommended that commercial catch data be analysed, in particular to investigate 
whether commercial data could be used directly to inform year class strength in the survey area 
(paragraph 2.24 to 2.27). A large amount of additional information on toothfish and bycatch species, 
as well as cetacean monitoring, is routinely collected during these surveys. Data collected during the 
2014 survey were reported in detail by Mormede et al. (2014) and have not been repeated here.  
 
 
METHODS AND RESULTS 
 
Scientific staff 
 
The survey was designed to include a strong international science team. The survey was led by Sophie 
Mormede of NIWA, New Zealand, who was joined by Susan Gregory from the British Antarctic 
Survey, UK. Two experienced scientific observers remained on board from the commercial portion of 
the voyage and collected biological data and samples.  
 
Survey design 
 
The 2014 survey closely followed the design of the 2012 and 2013 surveys, with two main objectives:  
  
To carry out a longline survey to monitor subadult toothfish in the southern Ross Sea (strata A–C) 
using standardised gear in a standardised manner; and  
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To sample additional experimental stations in adjacent areas to identify areas of high subadult 
abundance which could potentially be included as strata in future annual surveys. 
 
The survey focussed on the southern portion of SSRUs 881.J and 881.L (Figure 1). The first two 
surveys found the highest catch rates of 70–110 cm TL toothfish (defined here as subadult toothfish) 
in two large strata (A and B) as well as in the 500–600 m depth stratum (C). Hence, the 2014 survey 
primarily targeted fish of this size range in these three core strata in the southern Ross Sea.  
 

 
 
Figure 1: The Ross Sea Region – CCAMLR Subareas 88.1 and 88.2 showing the small-scale research 
units (SSRUs) used for management, with 1000 m depth contour. 
 
Although the optimum depth range for sampling subadult toothfish has been established, there is still 
some uncertainty over the full extent of their distribution in the southern Ross Sea. Additional 
experimental strata were derived to examine the distribution of subadult toothfish in adjacent areas 
where little fishing has occurred historically, and where bathymetry suggests a potential movement 
corridor between the shelf and the upper slope. Various strata for these experimental stations have 
been investigated over the last two surveys, but low catch rates of subadult toothfish were achieved in 
those strata. Further strata were considered for investigation for the 2014 survey and it was concluded 
that the area to the north and west of Ross Island (stratum I in SSRU 88.1M) was the best location for 
assigning these experimental stations. 
 
Four strata were surveyed: A, B, C, and I (Figure 2). Two backup strata in the area of deep water to 
the north of strata A and I (strata H and J respectively) were developed in case sea ice or other factors 
prevented the survey in any of the four defined strata. These two backup strata were not required.  
 
Survey data from 2012 and 2013 were used to determine the number of longline sets required for each 
of the survey strata to achieve an overall target c.v. of 10%. Because the overall c.v. obtained from the 
past two sub-adult surveys has been less than 10%, the same total number of sets in the core strata in 
the 2013 survey were carried out on the 2014 survey, although two stations were moved from stratum 
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B to C to increase the sample size in C (Table 1). To minimize survey duration (as fuel supply can be 
limiting), the 5 sets conducted in D in the last two surveys were discontinued, and 15 experimental 
sets were conducted in stratum I, making 60 sets in total, which is 5 sets fewer than proposed in 2012 
or 2013. 
 
Table 1: Stratum details, planned number of stations, median and interquartile range of catch rates of 
Antarctic toothfish (kg · 1000 baited hooks-1) of all fish in strata A–C from the 2012 and 2013 surveys. 
Expected catch rates in strata H, I and J are only approximate. Nominal catch based on 4600 hooks per 
set and CPUE. 
  

     

CPUE  
kg/1000 baited 
hooks 

 Nominal catch (t) 

Stratum 
name 

Area 
(km2) 

Depth 
range (m) 

Numbe
r of 
sets Median 

25–
75% 
range  

  Based 
on 
median 

Based on 
25–75%  

A 6 632 600–800 13 100 75–167 6 5–10 
B 13 921 600–800 23 104 85–140 12 10–16 
C 3 061 500–600 9 135 73–224 4 2–7 
I 8 084 600–1000 15 100 50–150 7 3–10 
Total   60   29 20–43 

 
H1 8 102 500–850 15 100 50–150 7 3–10 
J1 5 399 600–800 15 100 50–150 7 3–10 

1Stratum H or J were backup options if stratum I was not accessible. 
 
 

 
Figure 2: Location of the three core strata (A, B, C), experimental stratum (I), and previously considered 
strata (D, E, F, G, H, I), and allocated random station positions for the 2014 subadult survey.  
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Vessel and fishing gear standardisation  
 
To develop a time series of relative abundance indices it is critical that the fishing gear and other 
aspects of the survey are standardised among years. The New Zealand flagged longline vessel FV San 
Aotea II was used for the survey. The standard fishing gear used by New Zealand autoliners as 
described by Fenaughty (2008) was used for the research. Integrated weighted line (IWL) was used 
for all lines — this has ca. 50 g of lead weight per metre of backbone. The hooks and snoods were 
spaced at 1.4 m intervals and connected to rotors and swivels that were permanently attached to the 
backbone (see Fenaughty 2008, Figure 1). The snoods were 300–400 mm long. The hooks used were 
standardised to 15 /O EZ-Baiter hooks. These hooks have been proven capable of catching toothfish 
of the target length and also considerably smaller (i.e. 50-60 cm) when fish are available (Hanchet et 
al. 2012b, Mormede et al. 2011). Hooks were baited with Chilean squid (Dosidicus gigas) bait using 
an automatic baiting machine (~42 g per hook).  
 
All aspects of the survey design were identical to that used for the 2012 and 2013 surveys. Following 
Hanchet et al. (2012a), midpoints for the sets were randomly generated using the NIWA random 
station programme, with a minimum separation of 12 km between sets. The direction of the sets were 
determined by a number of factors, including the bathymetric profile, weather and/or ice conditions, 
and efficient steaming distance to the next station. The order of priority for the survey strata was A, B, 
C, and I. A target mean soak time of 18 hours with a range of ± 6 hours was used subject to 
environmental conditions (ice, weather, etc.) and operational requirements. Soak time was calculated 
as the time from setting first grapnel to hauling first grapnel, plus half the setting time and half the 
hauling time. All sets were configured to comprise 4600 hooks per set. Clusters of four to seven sets 
were deployed in the allocated locations requiring a 30-36 h period for each cluster.  
 
Biological sampling 
 
The aim was to measure length, total weight, gonad weight, as well as record sex, and reproductive 
stage for all Antarctic toothfish in each set, and to sample up to 40 fish per set in more detail including 
liver weight, stomach weight, and stomach contents. The first 40 toothfish retained at each station were 
weighed on Salters Scales to the nearest 0.1 kg, measured to the nearest cm, sex determined and 
reproductive status staged using the CCAMLR 5-stage system (CCAMLR 2010). The gonad weight and 
liver weight were recorded using a digital POL scale to the nearest 10 g. Stomach fullness, stomach 
freshness and stomach contents were recorded. 
 
Toothfish otolith collections were stratified by sex, length and area with a target of at least 5 otoliths 
to be collected from each 1 cm size class for each sex between 75 and 110 cm for the core survey 
strata.  
 
Toothfish were double-tagged at a rate of five fish per tonne, aiming to achieve a high tag overlap 
statistic. 
 
Ageing 
 
A total of 455 fish were randomly selected from the full size range of toothfish from strata A–C. The 
otoliths were read following the ageing protocol described by Sutton et al. (2012). A single age-length 
key was constructed for the core strata A, B, and C for 2014. Scaled length composition for the survey 
strata were then translated to age composition.  
 
 
Analysis  
 
Mean catch rates of all toothfish (including tagged and released fish) from strata A, B, and C were 
calculated and weighted by stratum areas to give a mean-weighted relative abundance index and c.v. 



 

 6

for the survey. For this analysis, tagged fish were assumed to have the same mean weight as the 
retained fish in the set from where they were released. 
 
The length data were scaled up to the population for each stratum and then combined across the three 
strata to give a population estimate of numbers by length (and c.v.) for the survey using the NIWA 
catch at age and length software (CALA, Bull & Dunn 2002). The age-length key was used to convert 
the numbers at length to numbers at age (with c.v.s) also using CALA. 
 
Standardisation of the catch rates in strata A, B and C was carried out using a generalised linear 
model. The log of the total weight caught in each line was modelled using a Gaussian model with log 
link function. All three strata were included in a single model. The explanatory variables offered were 
fishing season, the number of hooks on a line, soak time, percentage of hooks baited, and depth. 
Fishing season was forced into the model as a factor. All other parameters were offered as third 
degree polynomials. Parameters were added in a stepwise manner in order of the largest change in 
model deviance, until the residual deviance changed by less than 0.5%. Commercial catch rates were 
standardised in the same manner; extra parameters offered were recent effort (defined as the number 
of sets carried out in the previous two weeks within 20 km), whether the set was a research or 
commercial set, and gear type; all potential impacts that are standardised in the survey. Although 
regulations changed through time, research sets generally had to achieve a minimum line separation 
and b carried out in specific block locations. 
 
 
RESULTS 
 
Survey performance 
 
Sixty stations were completed as planned, with a total hauled toothfish weight (including those tagged 
but excluding those lost at the surface) of 27.0 t, and a retained catch of 25.1 t of Antarctic toothfish (
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Table 2). The survey required 17 days to complete, comprising 12 clusters of sets. Raw catch rates 
were lower than previous years in strata B and C, and similar in stratum A. However, the median fish 
weight was higher in all strata, in particular in stratum A where it was 14.7 kg · fish-1 compared with 
12.2 in the 2013 survey and 11.6 kg · fish-1 in the 2012 survey. The median fish weight in stratum I 
was much higher, at 17.7 kg · fish-1.  
 
Set clusters were made in a west to east direction across the survey area (Figure 3). Set numbers 
began at 151 to separate survey sets from earlier commercial sets. Some stations were moved slightly 
from their original allocated locations because of the proximity to the ice shelf (in A and B); no pack 
ice was encountered. One station was reallocated from an extra stations list because it could not be 
moved to a suitable location within 9 km. The original allocated station positions and the actual 
stations and the order fished within a cluster are shown in Figure 3. Note that the image of the edge of 
the Ross Ice Shelf in graphics is inaccurate, and the ice edge changes between years. All sets near the 
ice edge were shifted to at least 2 km from the ice shelf to minimize risk from calving ice.  
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Table 2: Number of stations completed by stratum, along with observed catch rates of Antarctic toothfish 
(kg hauled · 1000 baited hooks-1) and relative standard error of its mean (r.s.e.m.), total hauled catch, 
retained catch, mean soak time, and fish size. 
 
Stratum Stations 

completed 
CPUE 
mean 

CPUE 
r.s.e.m. 

Total 
hauled 
(kg) 

Retained 
catch (t) 

Median 
Soak time 
(h) 

Median 
kg/fish  

A 13 138 0.14 7 751 7.22 17.3 14.7 
B 23 94 0.10 9 283 8.88 17.6 12.1 
C 9 89 0.13 3 411 3.13 17.8 12.4 
I 15 101 0.19 6 534 5.89 18.1 17.7 
        

Total 60 104 0.07 26 979 25.12 17.7 14.1 
 

 
Figure 3: Locations of allocated stations (circles), reallocated station (cross moved to triangle); station 
start and end locations connected by a grey straight line, and set clusters (black dashed lines) for each 
stratum in the southern Ross Sea during the 2014 survey. Grey line shows the 500 m depth contour and 
the red lines the strata boundaries. 
 
As in previous surveys, there was no obvious relationship between catch per set and soak time or 
depth fished (Figure 4). Soak times ranged from approximately 12 to 29 h, with a mean of 17.7 h for 
the 13 clusters of sets (Figure 4). Clusters consisted of 4 to 6 sets, determined by station spacing and 
weather conditions. This was consistent with the number of sets per cluster conducted in the 2012 
survey, and lower than that conducted in 2013 (typically 6). Note that the two high soak times were 
due to station spacing. 
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Figure 4: Scatterplot and relationship between catch per set and (A) depth and (B) soak time. Dashed 
lines show the upper and lower 95% confidence limits of the linear regression. 
 
 
Toothfish abundance 
 
Antarctic toothfish comprised 99% of the catch by weight and 82% of the catch by number (Table 3). 
Note the catch summary table does not include invertebrates other than octopus. A total of 1921 
toothfish were landed, but 129 were tagged and released, leaving 1792 retained with a total weight of 
25.1 t. 
 
Table 3: Landed catch by weight and number, hauled catch (including tagged fish) by weight and 
number, and the percentage of catch hauled by weight and number. Species codes are TOA, Dissostichus 
mawsoni; TRT, Trematomus spp.; BAM, Bathyraja maccaini; POG, plunderfish spp. (Pogonophryne); JIC, 
Neopagetopsis ionah; OCT, Octopus spp. Species are sorted by total weight retained.  
 
Species Landed kg Landed no. Hauled kg Hauled no Percentage wt Percentage no 

TOA 25 120.01 1 792 26 979.93 1 921 99.35 81.78 
TRT 131.79 396 131.79 396 0.49 16.86 
BAM 35.36 3 35.36 3 0.13 0.13 
POG 6.97 21 6.97 21 0.03 0.89 
JIC 2.53 5 2.53 5 0.01 0.21 
OCT 1.21 3 1.21 3 <0.01 0.13 
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Catch rates in core strata 
 
The mean catch rates were generally consistent for stratum A, but highly variable for strata B and C 
(Table 4, Figure 5). The highest catch rates per set were observed close to the ice shelf, and in the 
deeper waters bordering stratum C (as per previous surveys). The pattern was unchanged if catch rates 
were summarised as numbers of fish hauled per 1000 baited hooks instead of catch weight (Figure 6). 
The overall scaled catch rate for the three core strata was 107 kg·1000 baited hooks-1 with a relative 
standard error of the mean of 0.07, lower than the previous years: 142 kg· 1000 baited hooks-1 in 2013 
and 161 kg·1000 baited hooks-1 in 2012. 
 

 
 
Figure 5: Catch rates of Antarctic toothfish (kg hauled · 1000 baited hooks-1) by set for the 2014 Ross Sea 
survey (orange circles), the 2013 Ross Sea survey (blue circles) and the 2012 survey (green circles). Circle 
area is proportional to the value of catch rate.  
 
Table 4: Comparison of unstandardised catch rate (kg hauled · 1000 baited hooks-1) and relative standard 
error of the means (r.s.e.m.) by for each core stratum for the 2012 to 2014 surveys, and for all strata 
combined scaled to stratum area.  
 

 Unstandardised mean catch rate 
(r.s.e.m.) 

Stratum 2012 2013 2014 
A 168  

(0.16) 124  (0.16) 
138  
(0.14) 

B 127  
(0.12) 133  (0.10) 

94  (0.10) 

C 185  
(0.19) 126  (0.17) 

89  (0.13) 

    
A-C 154 (0.09) 130 (0.07) 104 (0.07) 
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Figure 6: Catch rates of Antarctic toothfish (number hauled · 1000 baited hooks-1) by set for the 2014 
Ross Sea survey. 
 
Comparison with 2012 and 2013 
 
The 2014 standardised catch rate was very similar to that in 2013, even though the unstandardised 
catch rate was lower. Standardised catch rates of both the 2013 and 2014 surveys were lower than that 
of the 2012 survey, but that decrease was not significant (Figure 7). The effect variables are 
summarised in Table 5; the percentage bait, soak time and depth were all significant factors 
contributing to the catch rate in each set, even within the standardised survey parameters. 
 
Table 5: Variables in order of selection by stepwise regression and the % deviance and cumulative 
percentage of the deviance explained.  
 

Df Deviance Resid. Df Resid. Dev R2 

NULL   133 46.43  

Season 2 2.98 131 43.45 0.06 
poly(log(percent bait), 
3) 3 2.24 128 41.21 0.11 

poly(log(depth), 3) 3 1.74 125 39.47 0.15 

poly(log(soak time), 3) 3 1.30 122 38.17 0.18 
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Figure 7: Comparison of standardised catch rates for the Ross Sea subadult surveys 2012–2014. Error 
bars indicate the 95% confidence intervals. 
 
 
Comparison with commercial catch data 
 
Commercial catches per month, mean catch rate, and date of last commercial set in the core strata for 
each of the last three years are summarised in Table 6. About 150 t were caught commercially in the 
zone each year in the last three years, although the timing became progressively earlier. The fishing 
season has also been contracting in the last three years, with the last set carried out in the core strata 
on 6 February in 2013 but 16 January in 2014. Mean catch rates were at least 50% higher than those 
achieved during the surveys (summarised in Table 4). It is unsurprising survey catch rates are lower 
than those achieved by the fishery, as locations are random and fixed in the survey while commercial 
fishing is able to target high catch areas.  
 
In 2012, commercial effort occurred mainly in stratum B along the ice shelf edge (Figure 8). Although 
the catch rate was higher for commercial sets, relative reported catch rates in space were similar to 
those obtained during the survey apart from one or two locations. Little evidence existed that the 
commercial catch preceding the survey had a significant impact on catch rates during the survey 
(Hanchet et al. 2012c). 
 
In 2013, 50 commercial sets were carried out in the core strata of the survey (Figure 9), totalling 133 t 
in strata A, B, F and G, but was minor in F and G (3 sets in each stratum). In stratum A, 51 sets were 
conducted, 41 of which occurred less than two weeks prior to the start of the survey. Catch rates were 
similar among five of six commercial vessels in this area, but reported catch rates for one vessel 
increased from an average rate (~ 250 kg · 1000 baited hooks-1) to nearly five times that average by 
the time of the fishery closure two weeks later. Therefore, a significant number of sets were 
conducted just prior to the survey effort in stratum A, which was correlated with lower catch rates for 
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the survey in the first cluster of seven sets. If these seven sets were to be excluded from the 
comparison, the catch rate for stratum A would be 189 (c.v. = 0.39, n = 6, See Table 4). 
 
In 2014, commercial catch rates were broadly spatially similar to that obtained in the survey in core 
stratum A. In stratum B, 74 sets were carried out commercially (Figure 10), about 75% of which were 
carried out less than two weeks before the start of the survey. In this stratum, larger catch rates were 
achieved commercially than during the survey.  
 
 

 
 
Figure 8: Survey catch rates of Antarctic toothfish from the 2012 survey (shaded circles) and commercial 
catch rates from the fishery (open circles) in the 2012 season. The area of each circle is proportional to the 
catch per 1000 baited hooks in each set. Maximum circle size is 465 kg · 1000 baited hooks-1. Reproduced 
from Figure 8 (Hanchet et al. 2012b). 
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Figure 9: Catch rates (kg hauled · 1000 baited hooks-1) by set for the 2013 survey (blue circles), and for 
the commercial fishery in the 2013 season (red circles). 
 

 
 
Figure 10: Catch rates (kg hauled · 1000 baited hooks-1) by set for the 2014 survey (orange circles), and 
for the commercial fishery in the 2014 season (blue circles). 
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Table 6: Reported catch in tonnes from the commercial fishery in the 2012, 2013 and 2014 seasons within 
the survey core strata by month, date of the last set and mean catch rate in kg . 1000 baited hooks. “-“ 
denotes no catches. 
 
Season December January February Total Mean catch rate 

(kg . 1000 baited 
hooks-1) 

Last commercial set in 
core areas 

2012 136 24 14 174 263 06 February 2012 

2013 32 100 - 132 221 22 January 2013 

2014 11 134 - 155 151 16 January 2014 

 
 
Standardised commercial catch rates are shown in Figure 11. Parameters of importance for the 
commercial catch rates were number of hooks and soak time, whilst other parameters such as recent 
effort or percent bait were not significant parameters for the standardisation. Although the set type 
(research or commercial) was not a significant parameter, this parameter could be partly confounded 
with year, as in 2001 a third of the sets were research sets and in 2004 all sets were research sets, 
whilst all other years had only commercial sets.  
 
The commercial standardised catch rates have been highly variable over the time of the fishery, 
including the period overlapping with the survey. Therefore these are unlikely to represent a biomass 
index. During this period, the survey catch rates were more stable and did not show the same pattern 
as standardised commercial catch rates. 

 
Figure 11: Standardised catch rates of the survey (black) and the commercial fishery (blue) in the core 
strata, with 95% confidence interval.  
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Length distribution 
 
Of the 1792 toothfish retained, length was recorded for 1785; the remaining 7 were not measured 
because of extensive amphipod damage.  
 
The overall length distribution for the core strata of the survey (A-C) showed a mode of about 90 cm 
fish, with a distinct mode of larger fish extending to 160 cm (Figure 12). The size distributions for 
fish in each of the strata showed the second mode was prevalent in strata A and I, whilst strata B and 
C showed very few large fish (Figure 14). Changes in the mean weight per fish were due mainly to 
changes in the relative proportions of fish larger and smaller than 110 cm in the different areas rather 
than a shift in the length of the two size modes the catch (Figure 13), although the mode of small fish 
in stratum I was slightly right shifted compared with the other strata. 
 
This size distribution was similar to that of the 2012 and 2013 surveys, although the mode of small 
fish has been progressing with time (Figure 12). 
 
 

 
 
Figure 12: Overall length frequency distributions of Antarctic toothfish in the core strata (A, B, and C) 
from the 2012, 2013 and 2014 subadult surveys in the southern Ross Sea. 
 
Exploratory stratum I 
 
The catch rate in exploratory stratum I was in between that of stratum A and strata B-C. Sets 
presented a larger proportion of large fish than in other strata, in particular in the two sets closest to 
Ross Island in the south and to Terra Nova Bay in the north (  
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Table 2, Figure 13). Catch rate were low everywhere else in that stratum, both in terms of number of 
fish and weight caught.  
 

 
Figure 13: Relative catch rates (kg hauled · 1000 baited hooks-1) of toothfish <= 110 cm (green circles) and 
all toothfish (black circles) in the 2014 survey.  
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Figure 14: Length frequency distributions of male and female toothfish in the catch from each stratum in 
the 2014 subadult toothfish survey. 
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Age distribution in core strata 
 
Ages ranged from 4 to 32 years, with a mean of 11 years and an interquartile range of 8 to 13 years. 
Scaled age frequencies show a modal progression of 7 year old fish in 2012 to 8 years old fish in 2013 
and 9 year old fish in 2014 (Figure 15).  
 

 
Figure 15: Scaled age frequency distributions of male and female toothfish in the core strata in the 2012, 
2013 and 2014 subadult surveys. A vertical line at 7 years is plotted to allow easier comparison between 
the years. 
 
 
Age distribution in the commercial fishery 
 
Age frequencies of the commercial data in the core strata were calculated using the age length key 
used in the stock assessment for the shelf and slope fishery. (Otoliths have not yet been read from the 
commercial fishery for the 2014 season so age frequencies for 2014 could not be calculated.) Age 
frequency of the commercial fishery calculated with the commercial age data over the history of the 
fishery does not show obvious cohort progression through time (Figure 16). 
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Figure 16: Core strata scaled age frequency of commercial data with commercial ages over the 
history of the fishery. 
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Tagging 
 
Fish in suitable condition for tagging were selected randomly and tagged at a target rate of at least 
five fish per tonne caught. Based on a mean fish weight of 12 to 17 kg in these strata, this equated to 
tagging and releasing every 14th to 17th fish.  
 
One hundred and twenty nine fish were tagged and released during the survey. The overall tagging 
rate achieved was 5.14 fish per ton of retained catch. The tag size overlap statistic was 91.2 %. There 
was no conflict between sampling small fish for otoliths and tagging small fish to achieve the desired 
tag overlap statistic, and there was no conflict in obtaining enough fish suitable to tag throughout the 
size range encountered. 
 
A toothfish with two white CCAMLR tags was recovered at station 196 (stratum B, southern part of 
SSRU 88.1L). This fish had been double tagged in December 2012, and was recovered 13 km from 
where it was released. It had both tags remaining. The fish had grown from 79 to 83 cm and increased 
in weight from 5.5 to 6.0 kg. 
 
Amphipod damage was moderate in many sets and was related more to location than to soak time. 
However, this did not influence the availability of fish suitable for tagging even with the higher tagging 
rate of 5 fish per tonne.  
 
 
DISCUSSION 
 
The 2014 survey was successful in completing all the planned stations within the core strata and in 
surveying one additional stratum for local abundance of toothfish. The spatial pattern of catch rates, 
and the catch composition in terms of species mix and toothfish length, were similar to the 2012 and 
2013 surveys, although catch rates in 2014 were slightly lower than in the previous two years in strata 
B and C. Overall, standardised catch rates for the core strata showed a slight decline across the three 
surveys but this decline was not significantly different. The discrepancy between unstandardised and 
standardised CPUE trends shows the importance of standardisation, even on a survey which is already 
standardised in terms of gear, soak time etc: even within depth-stratified strata and standardised soak 
times, differences in these values eventually accounted for differences in catch rates observed in the 
unstandardised data. 
 
Commercial fishing within the survey strata has occurred in all survey years. High levels of catch in 
2013 and 2014 have potentially influenced survey catch rates slightly, although standardisation did 
not show recent effort as an important factor influencing catch rate. Large removals from part of a 
stratum could create a higher variance in the observed catches due to local depletion just prior to the 
survey effort, which would influence the ability to detect trends or changes in abundance in the future. 
 
Standardised survey catch rates were similar between years, showing the survey could also be used as 
a reliable index of local abundance. In contrast, standardised catch rates of the commercial catch data 
in the core survey area showed very large fluctuations through time, and are not useful as an index of 
local biomass. 
 
The modal age was 7 years in 2012, 8 in 2013, and 9 in 2014, but the minimum and maximum ages 
for the mode of young fish were 5–11 in each year. The patterns suggest that 4 and 5 year olds are still 
recruiting to the area (or to the gear), that 6 and 7 year olds are nearly fully recruited and remain in the 
area, and that older fish slowly exit the area. This pattern is ideal for monitoring the relative year class 
strength of 6–10 year old toothfish in this area. This evidence of cohort progression shows that the 
survey data is potentially able to track the relative abundance of cohorts. In contrast, commercial data, 
even limited to the core area, showed no evidence of cohort progression. This highlights the 
importance of the standardised survey to inform year class strengths for the stock assessment model.  
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The exploratory stratum comprised the area to the north and west of Ross Island (stratum I in SSRU 
88.1M). This stratum was designed as it provides the preferred depth range for subadult toothfish 
(600–1000 m); and to determine if this area of deep water would provide a migration corridor for 
toothfish moving west then northward to Terra Nova Bay (Hanchet et al. 2011). Catch rates in stratum 
I were lower than that in adjacent stratum A, but similar to that achieved in strata B and C. However, 
the average fish size was much bigger, at 17.7 kg compared with 12 to 14 kg per fish in the other area. 
The length composition was strongly double-moded, in particular in the two stations closest to Ross 
Island in the south and the station closest to Terra Nova Bay in the north. As noted by WG-SAM (SC-
CAMLR-XXXIII/05 2014, paragraph 4.26), the different characteristics of toothfish caught in this 
area suggest further surveys of this area would be beneficial in the future. 
 
In conclusion, the surveys have shown a consistent pattern across years with similar estimates of 
relative abundance and patterns of year class strength, which should provide a reliable means of 
monitoring recruitment and estimating recruitment variability. In contrast, standardised commercial 
catch rates in the core area have been highly variable throughout the history of fishing in the survey 
area and the age data do not show modal class progression suggesting they are not useful for 
monitoring recruitment. It is therefore recommended that the survey be continued to provide 
information on year class strength and an index of local abundance to be incorporated in the stock 
assessment. We also recommend that consideration be given to monitoring the Ross Island stratum in 
future surveys.  
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