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1. Purpose 
 The purpose of this work was to “Investigate catchability of benthic bycatch [of VME indicator taxa] 
using existing data to support design of a wider research programme”, which is a 2022+ task of the 
2022 Scientific Committee Multi-Annual Plan (COMM10-Report, Annex 4a COMM10-Doc06_rev2). 
 

2. Background 
Bottom trawl gear, designed to catch fish, is relatively inefficient at catching benthic invertebrates, 
including vulnerable marine ecosystem (VME) indicator taxa. Depending on their size and structure, 
some organisms may be broken into small fragments and lost from the net before it is recovered to 
the surface for examination of the bycatch, while other organisms might be able to withstand or avoid 
the passage of the trawl net and therefore not be included in the bycatch. Estimating catchability of 
benthic bycatch is important for informing future review of the VME encounter protocol included in 
CMM03-2022 by allowing the potential extent of the impact on the VME corresponding to a given 
encounter threshold level to be estimated. Knowing the catchability would also inform a review of the 
appropriateness of the encounter thresholds themselves. However, the relationship between the 
biomass of benthic bycatch recorded on the surface vs the biomass on the seafloor is poorly 
understood. 

Previous analyses for SPRFMO described in SC7-DW21-rev1 (Pitcher et al. 2019), SC7-DW14 (Geange 
et al. 2019) and SC8-DW07 rev 1 (Cumulative Bottom Fishery Impact Assessment (BFIA) for Australian 
and New Zealand bottom fisheries in the SPRFMO Convention Area, 2020,  p149 - 151) showed that 
fish-trawls typically catch (into the net) only very small proportions of VME indicator taxa abundance 
on the seabed, and that catchability of VME indicator taxa was taxa-dependent (likely reflecting 
morphological differences determining taxa-specific susceptibility to impacts from bottom trawl gear). 
Quantitative catchability estimates for VME indicator taxa from these previous studies were only 
available for a subset of taxa and remained uncertain (i.e., catchability estimates had a wide ranges of 
possible values), in large part because of the availability and quality of the data. Since these studies, a 
substantial amount of new data has become available from within the New Zealand EEZ (e.g., towed 
camera data from Campbell Plateau, Anderson et al., 2021) which could be used to augment previous 
analyses, and some trawl headline camera imagery is of potential use also (e.g., NORFANZ survey; 
Clark & Roberts, 2008). 
 
Following discussion of SC7-DW14 and SC7-DW21-rev1, SC7 agreed that available information on the 
catch efficiency of trawl gears for VME indicator taxa is broadly consistent and indicates that these 
catchabilities are generally very low, meaning that only a small fraction of VME indicator taxa on the 
seafloor are caught and retained by demersal fish trawls. SC9 discussed the need for better estimates 
of catchability to inform the setting of threshold weights in the encounter protocol, which should be 
linked the catchability of VME indicator taxa, and that future reviews of encounters would be 
improved by the explicit use of catchability estimates. Subsequently, the SC recommended to the 
Commission that it adds to the VME Encounters and Benthic Bycatch task in the SC Multi-Annual Work 
Plan a 2023+ subtask to develop a research programme within the SPRFMO Convention Area to allow 
the determination of taxon-specific estimates of catchability for VME indicator taxa. The SC also 
recommended that in the interim, the best available catchability estimates are used to improve the 
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Commission’s understanding of the implications of the current encounter thresholds with regard to 
preventing significant adverse impacts on VMEs. 
 
To address the need to develop better estimates of catchability of VME indicator taxa and to support 
design of a wider research programme, we: 

1. Summarised and critically appraised previous approaches used to assess the catchability of 
VME indicator taxa by trawl fisheries. 

2. Collated newly available seabed imagery data from suitable biodiversity surveys and bycatch 
data from fisheries research surveys and commercial trawl fisheries.  

3. Using preferred analyses (identified from step 1) and existing and newly collated data (from 
step 2) we investigated the relationship between the biomass of benthic bycatch recorded on 
the surface vs the biomass on the seafloor for different sampling methods.  

4. Based on results from step 3 and critical appraisal of key uncertainties and gaps in knowledge, 
we provide recommendations for the development of “a research programme within the 
SPRFMO Convention Area to allow the future determination of robust taxon-specific 
estimates of catchability for VME indicator taxa” (i.e., informing subtask (2) identified for 
2023+ in COMM10-Report, Annex 4a COMM10-Doc06_rev2 Scientific Committee Multi-
Annual Plan). 

 

3. Methods 
3.1 Literature review 
A literature review was carried out to summarise and critically appraise previous approaches used to 
assess the catchability of VME indicator taxa by trawl fisheries, including previous SPRFMO studies 
SC7-DW14, SC7-DW21-rev1, and the 2020 BFIA (SC8-DW07 rev 1). 

3.2 Catchability analysis 
3.2.1 Data 

Co-located data 

Trawl surveys have been performed at various locations across the South Pacific Ocean, in some cases 
using headline cameras. Imagery from headline cameras can be used to identify benthic invertebrate 
fauna before they are caught or not caught by the trawl. The camera data and the bycatch data are 
thus co-located and are therefore ideal for estimating the catchability of VME indicator taxa. We co-
located headline camera data and benthic bycatch data from several sources to determine their 
suitability for inclusion in an analysis of catchability. A still camera mounted on the trawl headline took 
slide photographs at regular intervals on eight research trawls on the Norfolk Ridge and West Norfolk 
Ridge in 2003 (32 images in total) during the NORFANZ Survey (TAN0308) (Clark & Roberts, 2008). 
These were examined and found to be of insufficient quality, covering too little seafloor area, and 
capturing too little relevant VME indicator data to be of use in the analysis. Within the New Zealand 
EEZ, we identified six surveys (TAN1008, TAN1208, TAN1210, TAN1308, TAN1309, TAN2105) with 
Acoustic Optical Systems (AOS) headline video available to NIWA. However, only one survey on the 
Chatham Rise (TAN1208) was deemed usable for the current analysis because the headline video data 
had already been processed. Headline video from the remaining surveys was unprocessed. 
Furthermore, examination of a selection of the headline camera videos from these surveys showed 
that benthic fauna was not easily identifiable, with the seafloor typically out of focus, too distant, and 
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the towing speed much faster than used in dedicated camera surveys of benthic fauna, such as with 
the NIWA Deep Towed Imaging System (DTIS) (see below). 

Co-located data from TAN1208 comprised processed video and trawl catch faunal observations from 
four sampling locations, representing the most usable data from the survey following earlier analyses 
comparing the efficiency of a range of survey methodologies (Bowden et al. 2015). The sample 
locations were selected to represent each of the four depth strata (300–400 m; 500–600 m; 700–800 
m; 950–1050 m) used in the TAN1208 survey (see Annex 1 for sample location figure). Video data were 
of relatively low quality, with smaller taxa frequently seen in the still images (taken using a separate 
camera system) absent from the videos (see Annex 2 for example comparison of video and still 
images), but video covered the entire length of the trawl tow. The “ratcatcher” trawl used on the 
survey was a full-wing, fine-mesh trawl with a 50 m ground rope, designed primarily to maximise fish 
captures. The video field of view covered only the central 2–3.5 m portion of the trawl (see Annex 2 
for schematic of the headline camera field of view compared to trawl to path). 

Paired data 

Newly available DTIS seabed imagery data from New Zealand’s EEZ were collated from biodiversity 
surveys to compare with paired bycatch data from fisheries research surveys and commercial trawl 
fisheries (see Annex 2 for schematic of DTIS transect paired to adjacent trawl tow path and Annex 3 
for figures showing location of all available data and paired data).  

DTIS data were available from biodiversity surveys conducted on the Chatham Rise (TAN0705, 
TAN1306, TAN1503 and TAN1701), Campbell Plateau (TAN2004) and Challenger Plateau (TAN0707) 
(described in: Bowden et al. 2019, Roberts et al. 2018, Anderson et al. 2021 and Nodder 2007). Data 
were prepared for each area using the following steps: (1) Swept areas were calculated using transect 
distance and video field of view; (2) All transects were defined as slope transects except for data from 
the TAN1503 survey on the Chatham Rise which were all conducted on Underwater Topographic 
Features (UTFs); (3) Video transect data for benthic invertebrate taxa (provided as number/1000 m2) 
were assigned to VME indicator taxa categories as defined in Annex 5 of CMM 03-2022.  

Fisheries research trawl data were obtained from the Fisheries New Zealand trawl database. Data 
were separated by area (Chatham Rise, Campbell Plateau and Challenger Plateau), and in each area: 
(1) Swept areas were calculated using trawl tow distances and mean trawl wing distance records. Tow 
distances less than 50 m or over 6000 m were removed; (2) Tow start and end positions were adjusted 
for the vessel to gear offset; (3) Data were defined as a slope tow unless they were within 3 nautical 
miles of a DTIS UTF data point. However, no research trawl tows meet this criterion and were 
therefore all considered slope tows; and (4) Catch data (weight (kg)) for invertebrate bycatch were 
assigned to VME indicator taxa categories, and removed from the dataset if not VME indicator taxa. 

Commercial trawl fisheries observer data were obtained from the Fisheries New Zealand Centralized 
Observer Database (cod). Observer trawl data was groomed to only include bottom trawl data (i.e., 
data for midwater trawls were removed). Data were separated by area (Chatham Rise, Campbell 
Plateau and Challenger Plateau) and in each area: (1) Swept areas were calculated using tow distance 
and ground gear width. Where ground gear width was calculated by assigning tows to gear categories 
(developed in the trawl footprint and benthic impact studies, Rowden et al. (in review)), thereby 
providing default doorspread widths for set classes of trawls. Doorspreads were converted to ground 
gear widths using a conversion factor (0.163) derived from a gear workshop (Mormede et al. 2017); 

SC10-DW04

https://www.sprfmo.int/assets/Fisheries/Conservation-and-Management-Measures/2022-CMMs/CMM-03-2022-Bottom-Fishing-7Mar22.pdf


5 
 

(2) Trawl start and end positions were adjusted for the vessel to gear offset and if records were missing 
or incorrect, then they were removed; (3) Average depths were calculated for each tow from recorded 
depth information or from a depth raster when depth data was missing; (3) Data were defined as a 
slope tow unless they were within 3 nautical miles of UTF data point and had a tow duration of <30 
minutes; (4) Catch data (weight (kg)) for benthic invertebrate bycatch were assigned to VME indicator 
taxa categories as defined in Annex 5 of CMM 03-2022. 

3.2.2 Data analysis 

Co-located data 

Faunal count data from the four TAN1208 videos were assigned into VME indicator taxa categories 
and converted to biomass (kg) for the whole trawl by scaling up to the full 50 m trawl width using the 
average of the reported range of values for the video field of view (i.e., (2+3.5)/2=2.75 m), and the 
conversion factors shown in Table 1. Trawl catch was recorded by weight (kg), and these data were 
also assigned to VME indicator taxa categories for direct comparison with weight estimates from the 
scaled-up video data.  

Paired data 

This analysis involved pairing DTIS and trawl bycatch data, and then calculating the catchability of each 
VME indicator taxon. The DTIS, and bycatch research and observer trawl data were paired separately 
for the Chatham Rise, Campbell Plateau and Challenger Plateau. The paired analysis followed these 
steps:  
(1) VME indicator taxa biomass was calculated for the research and observer trawl data in g/1000 

m2 using catch weight and trawl swept area. Records were removed if the trawl length was 
greater than 6000 m, because this is approximately the longest DTIS transect length. In the final 
paired data set, the mean gear width for the research trawl data was 22.53 m (Chatham Rise) and 
22.8 m (Challenger Plateau). In the final paired data set, no research trawl data was available for 
the Campbell Plateau. In comparison, in the final paired data set, the mean gear width for the 
observer trawl data was 27.38 m (Chatham Rise), 28.52 m (Campbell Plateau) and 22 m 
(Challenger Plateau);  

(2) For the DTIS data, densities (numbers/1000 m2) of VME indicator taxa were converted to biomass 
in g/1000 m2 using published conversion factors (Table 1, Rowden et al. 2010, Durden et al. 2016) 
and trawl swept area. The exception was the mean weight for Hydrozoa, which was determined 
based on 61 trawl caught samples of non-stylasterid hydrozoans held in the NIWA Invertebrate 
Collection (Table 1). DTIS transect distances were no greater than 6000 m and no less than 50 m. 
The mean DTIS field of view widths, in the final paired data set, were 2.28 m (Chatham Rise), 3.2 
m (Campbell Plateau), and 1.5 m (Challenger Plateau);  

(3) For the research and observer trawl data, start and end coordinates were used to remove tows 
which were previously fished. The date of a fishing event and its trawl tow track were determined. 
If two or more trawl tow tracks overlapped, then the earliest fishing event was kept, and any 
overlapping events were removed. If two or more overlapping fishing events occurred on the 
same date, then a fishing event was randomly picked and overlapping events were removed;  

(4) For each data set, depths were grouped into biologically significant depth classes of <300 m, 300 
– 800 m, 800 – 1600 m for New Zealand waters (e.g., Rowden et  al. 2004), within the typical 
maximum depth of trawling (i.e. 1600 m);  
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(5) Research and observer trawl data were joined to create a combined ‘trawling’ dataset to pair 
with DTIS data;  

(6) The trawling dataset and the DTIS data were separately grouped by the type of tow (UTF or slope) 
and depth class. In each group, if a DTIS transect occurred within 5 years of a trawling event and 
if the mean trawl track position occurred within 5 nautical miles, then data were paired;  

(7) For each VME indicator taxon in the paired data, the mean, standard deviation, and median 
biomass was calculated. Catchability was calculated as the mean trawl biomass (𝑇𝑇𝑚𝑚) divided by 

the mean DTIS biomass (𝐷𝐷𝑚𝑚), and then multiplied by 100 to give a percentage ((𝑇𝑇𝑚𝑚 𝐷𝐷𝑚𝑚� ) × 100). 

These metrics were calculated across all paired data and separately for each UTF and slope trawl, 
and for each depth class. 
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Table 1: Median wet weight for VME indicator taxa from Durden et al. (2016), Rowden et al. (2010), and the 
present study used to convert video-derived abundance counts to biomass. 

VME indicator 
taxon 

Source Median preserved 
wet weight (range) 
(g) 

Porifera Durden et al. (2016) 8.0 (5.23 - 11.57) 

Alcyonacea Rowden et al. (2010) 34.73 

Gorgonian 
Alcyonacea  

Rowden et al. (2010)  93.63 

Scleractinia Rowden et al. (2010) 21.22 

Antipatharia Rowden et al. (2010)  38 

Actiniaria Rowden et al. (2010) 24.17 

Pennatulacea Rowden et al. (2010) 39.50 

Zoantharia Durden et al. (2016) 0.10 (0.01-0.43) 

Hydrozoa This study 2.1 (0.2-17.1) 

Stylasteridae Rowden et al. (2010) 5.44 

Crinoidea Durden et al. (2016) 0.7 (0.05 - 1.59) 

Brisingida Rowden et al. (2010) 218.50 

 

 

4. Results 
4.1 Literature review  
While the catchability of fish by trawl gear has been well studied because gear efficiency parameters 
are used in stock assessments (e.g., Francis et al.  2001), there are few similarly robust studies of the 
catchability of invertebrates, unless the invertebrate is the target of the fishery (e.g., scallops, Marsh 
& Williams 2021; see also details of stock assessments in FNZ 2021). Studies of invertebrate bycatch 
species have used different approaches to assess catchability. Most often the method used is an 
indirect assessment of catchability, e.g., a comparison of trawl catches with density estimates from 
samples taken nearby by separate trawl or video camera (so-called ‘paired’ analyses). Only a few 
studies have derived catchability estimates from direct approaches, e.g., comparison of trawl catches 
with density estimates from video taken from trawl headline camera (so-called ‘co-located’ analyses). 
We reviewed 5 relevant studies of catchability published in the primary scientific literature, focusing 
on those studies that used trawls designed to catch fish. Prawn trawl catchability studies were not 
included in the review because such trawls are not used in the SPRFMO area. Most invertebrate 
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bycatch catchability studies in the primary literature have been carried out at water depths much 
shallower than those trawled in the SPRFMO area. We reviewed 4 studies of invertebrate catchability 
carried out by RFMOs, which better aligned with the water depths trawled in the SPRFMO area.  

Sainsbury et al. (1997) estimated the catchability of large sponges (>15cm) based on observations of 
trawl headline video from seven 30-minute trawls on sandy mud substrate on the NW Australian shelf 
(<200 m). This co-located study observed that ∼90% of large sponges were removed from the seafloor, 
and 8% of all observed large sponges were retained in the trawl net. Freese et al. (1999) inferred 
similarly large density reductions for sponges (40-90%) and anthozoans (57%) from the passage of 
bottom trawls based on an analysis of observations from video taken along trawl paths (8 x 5 to 7-
minute trawls), which they compared to video taken on a nearby untrawled area. This paired study 
took place in the Gulf of Alaska at 206-274 m on pebble/cobble/boulder substrate. Freese et al. (1999) 
could only infer catchability estimates for a limited number of taxa identifiable in the trawl bycatch; 
these were <1% for asteroids, echinoids and molluscs, 4.6% for holothurians, and 46.3% for a shrimp 
species. None of these taxa are VME indicator taxa in the SPRFMO area. Moran & Stephenson (2000) 
conducted video transects in an area of the seafloor which they then experimental trawled (4 trawls 
in 2 ‘blocks’) before repeating the video transects after the trawling. Data from before and after the 
trawling were used to estimate the reduction in the density of benthic invertebrate fauna caused by 
the passage of the trawls. This analysis indicated a 15% reduction in density from a single trawl and 
“about half” reduction in density from the 4 tows. Moran & Stephenson (2000) estimated that 2% of 
the unspecified benthos (>20 cm) was retained in the trawl net, or 4% of what was detached by the 
trawl was landed on the deck. The paired study by Moran & Stephenson (2000) was carried out on the 
NW Australian shelf at 50 m water depth on sandy mud substrate. A later co-located study by 
Wassenburg et al. (2002) was also conducted on the same shelf but across a wider depth range (25-
358 m). Wassenburg et al. (2002) used a headline video camera on three to six 30-minute trawl tows 
to examine the number of fauna observed in front of trawl and number removed by trawl, and damage 
to impacted fauna and their survival. Catchability for sponges was estimated to be 13.8% overall, but 
this varied by sponge size (0-300 mm, 15.2%, 301-500 mm, 11.1%; >500 mm, 27.3%). Overall, 
catchability of octocorals was 1.1%, but rates varied between the observed taxa (Junceella sp., 0%; 
Alcyonaria, 1.6%; gorgonians, 2%). Catchability for octocorals was lower than for sponges because 
most of the observed taxa flexed under the trawl, although abrasion damage to the gorgonians was 
observed as they passed under the net (Wassenburg et al. 2002). A paired study by Chimienti et al. 
(2018) was carried out in the Ionian Sea in shallow water (60-70 m) on sandy mud substrate, which 
compared data from three adjacent trawls and video transects. This study converted density estimates 
for seapens from the video to biomass values for comparison with the catch weights for this taxon 
from the trawls. Catchability of seapens was estimated to be very low (0.9%), but the authors noted 
that incidental mortality of those individuals not caught by the net may be very high due to encounter 
damage (Chimienti et al. 2018). 

The catchability of seapens and sponges were assessed by Kenchington et al. (2011) in their study for 
the North Atlantic Fisheries Organisation (NAFO) Scientific Committee’s Working Group on 
Ecosystems Approach to Fisheries Management (NAFO SCR Doc. 11/75). This study was carried out on 
the Grand Banks at water depths between 1400-1800 m. This paired analysis compared mean 
densities converted to biomass from photograph and video transects (two of each) to mean biomass 
caught by trawls in the same area (but non-overlapping). Catchability estimates ranged from 0.3-1.6% 
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for sponges, and 3.7-8.2% for seapens (Kenchington et al. 2011). Geange et al. (2019) took a similar 
paired approach for estimating catchability in the SPRFMO area, using data from 3 seamounts of the 
Louisville Seamount Chain (SC7-DW14). Observer-derived biomass data for VME indicator taxa from 
commercial trawls (a total of > 200) were compared with density data from video transects (a total of 
16) within 3 nautical miles and at similar water depths to estimate catchability (reported as gear 
efficiency in the report). Density counts from the video were converted to biomass from a previously 
published study (Rowden et al. 2010). Mean catchability estimates were very low (<1%) for all but one 
of the taxa examined. The exception was for stony corals, with catchability values ranging between 0-
64%, and a mean catchability of 21.7%. Pitcher et al. (2019) also produced catchability estimates for 
the SPRFMO Scientific Committee using a paired approach (SC7-DW21-rev1). This regression- and 
extrapolation-based analysis used a series of cross-data comparisons between trawling (prawn trawls, 
fish trawls, sleds) and video transects in the Great Barrier Reef area, as well data from video transects 
and sled tows (the latter gear was sometimes referred to as a dredge in the report) from a survey of 
seamounts off SE Australia. Emphasis was placed in this analysis on estimating likely impact on VME 
indicator taxa in a “seabed-up” approach to review VME indicator taxa encounter thresholds. This 
study used catchability values derived from sled to trawl comparisons (rather than video to trawl 
because video data were for % cover of fauna). Catchability estimates for sled were 2-6% for coral, 4–
5% for sponges and 8–22% for alcyonarians, which the authors expected would be higher than for 
trawls. The analysis approach of SC7-DW21-rev1 was extended using an additional dataset and further 
analyses, and included in the Cumulative Bottom Fishery Impact Assessment for Australian and New 
Zealand bottom fisheries in the SPRFMO Convention Area, 2020 (SC8-DW07 rev 1). This analysis again 
included pairing data from two or more sampling gears, now including data from the NORFANZ survey 
(including Lord Howe Rise in the SPRFMO area) and additional data from the seamounts off SE 
Australia. New catchability estimates were derived from comparisons of fish trawl data with data from 
scientific beam trawls combined with sleds. These catchability estimates were: very low (<1%) for 
anemones, brachiopods, and hydrozoans; 1-5% for zoantharians, solitary corals, soft corals, seapens, 
and sponges; 6-10% for stony corals, stylastrids, and gorgonians; and 12% for bryozoans. For this 
study, the authors also compared the density data for VME indicator taxa (combined) from sled and 
beam trawls against data from photo transects. This analysis estimated that beam trawls and sleds 
catch only ∼1.1% and ∼1.7% of what is seen on the seabed by the camera. This finding suggests that 
the catchability estimates for trawls based on beam trawl/sled and sled data reported above, could 
arguably be reduced by approximately this proportion to provide a more realistic estimate of the 
catchability of VME indicator taxa by trawls.  

4.2 Catchability analysis 
Co-located data 
Total biomass from the video observations and the trawl catches was calculated for each VME 
indicator taxon, and catchability then estimated as trawl biomass/video biomass and expressed as a 
percentage (Table 2). Two VME indicator taxa, Actinaria and Zoantharia, were clearly not well 
captured in the video data – indicated by catchability estimates much greater than 100%. Larger, 
protruding, taxa were more reliably observed, and catchability of these taxa was low (0% for 
Gorgonian Alcyonacea and 1% for Pennatulacea). Brisingid starfish, although easily broken up by the 
trawl will often be at least partially retained as they are easily tangled in the meshes, and the trawl 
and video biomass estimates were similar for this taxon (∼100%). 
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https://www.sprfmo.int/assets/2019-SC7/Meeting-Docs/SC7-DW21-rev1-Uncertainty-in-model-predictions-and-VME-thresholds-for-CMM-03-2019.pdf
https://www.sprfmo.int/assets/2020-SC8/SC8-DW07-rev-1-Cumulative-Bottom-Fishery-Impact-Assessment-for-Australia-and-New-Zealand.pdf
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Table 2: Co-located data from TAN1208. Total biomass from weighed trawl catches and scaled-up counts from 
headline video, catchability (trawl biomass/video biomass), and the number of trawls in which the taxon was 
observed in the video, by VME indicator taxon.  

VME indicator taxon 

No. of trawls 
where observed 
(in headline video) 

Total trawl 
biomass (kg) 

Total video 
biomass 

estimate (kg) 
Catchability 

(%) 

Gorgonian Alcyonacea 1  0.0  1642.781  0  
Stylasteridae 0  0.0  0.000  –  
Scleractinia 2  0.3  0.000  –  
Antipatharia 0  0.0  0.000  –  
Pennatulacea 1  0.2  24.418  1  
Brisingida 1  28.1  23.836  118  
Porifera 1  0.4  0.000  –  
Actiniaria 3  4.4  1.318  334  
Bryozoa 0  0.0  0.000  –  
Zoantharia 2  0.2  0.005  4231  
Hydrozoa 0  0.0  0.000  –  
Alcyonacea 0  0.0  0.000  –  
Crinoidea 0  0.0  0.000  –  

 

Paired data 
Analyses of the paired data were conducted separately for the Chatham Rise, Campbell Plateau and 
Challenger Plateau. In each area the mean, standard deviation, and median biomass was calculated, 
and catchability (%) was estimated. 

For the Chatham Rise, overall catchability estimates are given across UTF and slope trawls, and depths, 
in Table 3. Results are also given by UTF (Table 4) and slope trawls (Table 5) and by depth classes <300 
m, 300-800 m, and 800-1600 m (Table 6, 7 and 8). In general, catchability is low and mostly below a 
catchability of ∼5%. However, the taxa Stylasteridae, Porifera and Zoantharia have catchability rates 
of >100% (Table 3). Catchabilities differ among seafloor habitat, being typically lower on UTFs 
(compare Tables 4 and 5, but note sample size is small for UTFs), and they also vary markedly across 
depth classes (Table 6, 7 and 8). 

For the Campbell Plateau, data were only available for slope tows. Therefore, overall catchability 
estimates are given for slope tows, and across depths, in Table 9. Results are also given for depth 
classes <300 m (Table 10) and 300-800 m (Table 11). No data were available for the depth class 800 -
1600 m. Sample sizes were small for all Campbell Plateau catchability estimates. Overall, the 
catchability of VME indicator taxa is generally low (<4%) (Table 9). Catchability for Actiniaria is 
relatively high (22%) at a depth class of <300 m, but this estimate is based on only a single data pairing 
(Table 10). 

For the Challenger Plateau, data were only available for slope tows at a depth of 800 – 1600 m. 
Therefore, only results for slope tows in this depth class are presented in Table 12. Sample size for this 
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paired analysis is very small (n=2). In addition, catchability could only be estimated for the VME 
indicator taxon Porifera as it was the only taxon on the Challenger Plateau to have non-zero trawl and 
DTIS biomass data. Trawl biomass data were available for Scleractinia and Pennatulacea, but these 
taxa were not observed in the paired DTIS transects, and therefore catchability of these VME indicator 
taxa could not be estimated. 
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Table 3: Chatham Rise sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability estimates (%) 
(derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates taken across UTF and slope trawls, 
depths, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Sample size, 
n (trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

134 89 2.4 22.79 0 1250.83 3636.24 0 0.19 

Stylasteridae 134 89 1066.14 10638.41 0 128.18 904.82 0 831.76 

Scleractinia 134 89 5.66 41.16 0 196.54 460.31 15.92 2.88 

Antipatharia 134 89 3.4 28.81 0 139.25 905.22 0 2.44 

Pennatulacea 134 89 0.64 4.28 0 1158.4 5400.25 15.01 0.06 

Brisingida 134 89 2.63 16.28 0 114.59 373.98 0 2.29 

Porifera 134 89 374.37 1360.03 0 212.5 988.19 11.63 176.18 

Actiniaria 134 89 19.4 70.16 0 367.91 635.6 98.61 5.27 

Bryozoa 134 89 0 0 0 10.11 35.82 0.29 0 

Zoantharia 134 89 0.21 0.82 0 0.06 0.17 0 373.49 

Hydrozoa 134 89 0.38 4.03 0 8.8 19.6 0.6 4.28 

Alcyonacea 134 89 0.01 0.1 0 2373 12431.4 36.66 0 

Crinoidea 134 89 0 0 0 1.65 7.71 0 0 
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Table 4: Chatham Rise tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for UTF tow 
type, taken across depths, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Tow type 
(UTF or 
slope) 

Sample size, 
n (trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

UTF 6 1 0 0 0 567.4 - 567.4 0 

Stylasteridae UTF 6 1 0 0 0 8281.75 - 8281.75 0 

Scleractinia UTF 6 1 50.09 122.69 0 0 - 0 - 

Antipatharia UTF 6 1 50.09 122.69 0 6295.46 - 6295.46 0.8 

Pennatulacea UTF 6 1 0 0 0 0 - 0 - 

Brisingida UTF 6 1 0 0 0 0 - 0 - 

Porifera UTF 6 1 344.02 294.08 386.62 1092.79 - 1092.79 31.48 

Actiniaria UTF 6 1 0 0 0 48.82 - 48.82 0 

Bryozoa UTF 6 1 0 0 0 0 - 0 - 

Zoantharia UTF 6 1 0 0 0 0 - 0 - 

Hydrozoa UTF 6 1 0 0 0 0 - 0 - 

Alcyonacea UTF 6 1 0 0 0 2315.45 - 2315.45 0 

Crinoidea UTF 6 1 0 0 0 0 - 0 - 
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Table 5: Chatham Rise tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for slope tow 
type, taken across depths, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Tow type 
(UTF or 
slope) 

Sample size, 
n (trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

Slope 128 88 2.51 23.31 0 1258.59 3656.34 0 0.2 

Stylasteridae Slope 128 88 1116.12 10884.23 0 35.52 235.13 0 3141.83 

Scleractinia Slope 128 88 3.57 32.92 0 198.77 462.46 16.9 1.8 

Antipatharia Slope 128 88 1.21 12.99 0 69.29 623.11 0 1.75 

Pennatulacea Slope 128 88 0.67 4.38 0 1171.57 5429.76 15.21 0.06 

Brisingida Slope 128 88 2.75 16.65 0 115.89 375.92 0 2.37 

Porifera Slope 128 88 375.8 1390.54 0 202.49 989.31 11.37 185.59 

Actiniaria Slope 128 88 20.31 71.67 0 371.54 638.32 111.91 5.47 

Bryozoa Slope 128 88 0 0 0 10.22 36.01 0.38 0 

Zoantharia Slope 128 88 0.22 0.83 0 0.06 0.17 0 386.6 

Hydrozoa Slope 128 88 0.39 4.12 0 8.9 19.69 0.78 4.43 

Alcyonacea Slope 128 88 0.01 0.1 0 2373.65 12502.64 34.15 0 

Crinoidea Slope 128 88 0 0 0 1.67 7.76 0 0 
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Table 6: Chatham Rise tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for depth class 
<300 m, taken across UTF and slope trawls, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Depth class Sample size, 
n (trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

<300 m 7 6 0 0 0 98.68 241.72 0 0 

Stylasteridae <300 m 7 6 0 0 0 35.16 73.36 0 0 

Scleractinia <300 m 7 6 53.03 140.3 0 404.04 379.49 408.55 13.12 

Antipatharia <300 m 7 6 0 0 0 0 0 0 - 

Pennatulacea <300 m 7 6 0 0 0 0 0 0 - 

Brisingida <300 m 7 6 0 0 0 0 0 0 - 

Porifera <300 m 7 6 65.53 133.9 0.78 36.27 36.43 27.49 180.67 

Actiniaria <300 m 7 6 67.36 84.8 3.14 284.36 303.1 111.7 23.69 

Bryozoa <300 m 7 6 0 0 0 0.28 0.7 0 0 

Zoantharia <300 m 7 6 0 0 0 0 0 0 - 

Hydrozoa <300 m 7 6 0 0 0 5.53 7.76 3.31 0 

Alcyonacea <300 m 7 6 0 0 0 2.03 4.98 0 0 

Crinoidea <300 m 7 6 0 0 0 0.33 0.82 0 0 
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Table 7: Chatham Rise tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for depth class 
300 – 800 m, taken across UTF and slope trawls, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Depth class Sample size, 
n (trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

300 - 800 69 54 0.75 5.61 0 1217.25 3127.85 0 0.06 

Stylasteridae 300 - 800 69 54 0 0 0 50.76 298.39 0 0 

Scleractinia 300 - 800 69 54 1.11 4.46 0 267.87 557.39 17.96 0.42 

Antipatharia 300 - 800 69 54 2.13 17.67 0 3.83 17.06 0 55.62 

Pennatulacea 300 - 800 69 54 1.23 5.92 0 1888.48 6858.37 60.35 0.06 

Brisingida 300 - 800 69 54 0.81 4.68 0 118.41 429.13 0 0.68 

Porifera 300 - 800 69 54 683.25 1844.14 11.4 257.35 1244.48 6.52 265.49 

Actiniaria 300 - 800 69 54 6.43 18.37 0 506.26 720.48 204.64 1.27 

Bryozoa 300 - 800 69 54 0 0 0 11.56 39.52 0.53 0 

Zoantharia 300 - 800 69 54 0 0 0 0.05 0.2 0 0 

Hydrozoa 300 - 800 69 54 0.69 5.6 0 13.04 24.08 1.17 5.26 

Alcyonacea 300 - 800 69 54 0.02 0.13 0 3814.46 15844.83 131.63 0 

Crinoidea 300 - 800 69 54 0 0 0 2.16 9.22 0 0 
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Table 8: Chatham Rise tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for depth class 
800 – 1600 m, taken across UTF and slope trawls, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Depth class Sample 
size, n 
(trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

800 – 1600 m 58 29 4.66 34.13 0 1551.71 4758.8 51.5 0.3 

Stylasteridae 800 – 1600 m 58 29 2463.15 16142.35 0 291.58 1537.05 0 844.77 

Scleractinia 800 – 1600 m 58 29 5.34 39.45 0 20.79 33.16 0 25.71 

Antipatharia 800 – 1600 m 58 29 5.32 39.46 0 420.22 1566.36 0 1.27 

Pennatulacea 800 – 1600 m 58 29 0.03 0.21 0 38.61 73.13 0 0.07 

Brisingida 800 – 1600 m 58 29 5.12 24.11 0 131.19 296.39 0 3.9 

Porifera 800 – 1600 m 58 29 44.19 136.8 0 165.43 352.81 16.49 26.71 

Actiniaria 800 – 1600 m 58 29 29.04 98.72 0.39 127.58 415.33 31.9 22.76 

Bryozoa 800 – 1600 m 58 29 0 0 0 9.42 32.42 0.47 0 

Zoantharia 800 – 1600 m 58 29 0.49 1.19 0 0.09 0.13 0 571.15 

Hydrozoa 800 – 1600 m 58 29 0.05 0.41 0 1.59 2.87 0 3.37 

Alcyonacea 800 – 1600 m 58 29 0 0 0 179.44 531.93 10 0 

Crinoidea 800 – 1600 m 58 29 0 0 0 0.96 4.94 0 0 
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Table 9: Campbell Plateau tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for slope tow 
type, taken across depths, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Tow type 
(UTF or 
slope) 

Sample size, 
n (trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

Slope 4 3 0 0 0 677.57 1173.58 0 0 

Stylasteridae Slope 4 3 0 0 0 423.05 732.75 0 0 

Scleractinia Slope 4 3 0 0 0 6.51 11.27 0 0 

Antipatharia Slope 4 3 0 0 0 0 0 0 - 

Pennatulacea Slope 4 3 0 0 0 0 0 0 - 

Brisingida Slope 4 3 0 0 0 690.46 1195.91 0 0 

Porifera Slope 4 3 12.29 24.58 0 850.08 1469.85 2.93 1.45 

Actiniaria Slope 4 3 18.49 11.82 17.16 517.56 364.92 648.96 3.57 

Bryozoa Slope 4 3 0 0 0 65.38 111 2.32 0 

Zoantharia Slope 4 3 0 0 0 0 0 0 - 

Hydrozoa Slope 4 3 0 0 0 12.16 12.47 11.55 0 

Alcyonacea Slope 4 3 0 0 0 0 0 0 - 

Crinoidea Slope 4 3 0 0 0 104.77 181.46 0 0 
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Table 10: Campbell Plateau tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for depth class 
<300 m, taken across UTF and slope trawls, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Depth class Sample size, 
n (trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

<300 m 1 1 0 - 0 0 - 0 - 

Stylasteridae <300 m 1 1 0 - 0 0 - 0 - 

Scleractinia <300 m 1 1 0 - 0 0 - 0 - 

Antipatharia <300 m 1 1 0 - 0 0 - 0 - 

Pennatulacea <300 m 1 1 0 - 0 0 - 0 - 

Brisingida <300 m 1 1 0 - 0 0 - 0 - 

Porifera <300 m 1 1 0 - 0 2.93 - 2.93 0 

Actiniaria <300 m 1 1 23.31 - 23.31 105.14 - 105.14 22.17 

Bryozoa <300 m 1 1 0 - 0 2.32 - 2.32 0 

Zoantharia <300 m 1 1 0 - 0 0 - 0 - 

Hydrozoa <300 m 1 1 0 - 0 0 - 0 - 

Alcyonacea <300 m 1 1 0 - 0 0 - 0 - 

Crinoidea <300 m 1 1 0 - 0 0 - 0 - 
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Table 11: Campbell Plateau tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for depth class 
300 – 800 m, taken across UTF and slope trawls, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Depth class Sample size, 
n (trawling 
data) 

Sample 
size, n 
(DTIS data) 

Mean Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

300 - 800 3 2 0 0 0 1016.35 1437.34 1016.35 0 

Stylasteridae 300 - 800 3 2 0 0 0 634.58 897.43 634.58 0 

Scleractinia 300 - 800 3 2 0 0 0 9.76 13.8 9.76 0 

Antipatharia 300 - 800 3 2 0 0 0 0 0 0 - 

Pennatulacea 300 - 800 3 2 0 0 0 0 0 0 - 

Brisingida 300 - 800 3 2 0 0 0 1035.69 1464.69 1035.69 0 

Porifera 300 - 800 3 2 16.39 28.39 0 1273.66 1801.22 1273.66 1.29 

Actiniaria 300 - 800 3 2 16.88 13.93 11.02 723.77 105.79 723.77 2.33 

Bryozoa 300 - 800 3 2 0 0 0 96.92 136.66 96.92 0 

Zoantharia 300 - 800 3 2 0 0 0 0 0 0 - 

Hydrozoa 300 - 800 3 2 0 0 0 18.24 9.46 18.24 0 

Alcyonacea 300 - 800 3 2 0 0 0 0 0 0 - 

Crinoidea 300 - 800 3 2 0 0 0 157.15 222.25 157.15 0 
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Table 12: Challenger Plateau tow type, sample size, mean biomass, standard deviation in biomass, and median biomass estimates for trawl and DTIS data, and catchability 
estimates (%) (derived from mean biomass estimates from DTIS imagery (𝑫𝑫𝒎𝒎) and bottom trawl tows (𝑻𝑻𝒎𝒎)) for each VME indicator taxon. Estimates given for slope tow 
type, taken across depths, and for tow lengths less than or equal to 6000 m. 

VME indicator 
taxon 

Tow type 
(UTF or 
slope) 

Depth class Sample 
size, n 
(trawling 
data) 

Sample 
size, n 
(DTIS 
data) 

Mean 
Trawl 
biomass 
estimate 
(𝑻𝑻𝒎𝒎) 

Trawl 
biomass 
standard 
deviation  

Median 
Trawl 
biomass 
estimate 

Mean DTIS 
biomass 
estimate 
(𝑫𝑫𝒎𝒎) 

DTIS 
biomass 
standard 
deviation  

Median 
DTIS 
biomass 
estimate 

Mean 
catchability 

(𝑻𝑻𝒎𝒎 𝑫𝑫𝒎𝒎
� ) ×

𝟏𝟏𝟏𝟏𝟏𝟏 

Gorgonian 
Alcyonacea  

Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Stylasteridae Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Scleractinia Slope 800 – 1600 m 2 2 24.74 34.99 24.74 0 0 0 - 

Antipatharia Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Pennatulacea Slope 800 – 1600 m 2 2 6.19 8.75 6.19 0 0 0 - 

Brisingida Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Porifera Slope 800 – 1600 m 2 2 19.29 7.71 19.29 180.06 254.64 180.06 10.71 

Actiniaria Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Bryozoa Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Zoantharia Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Hydrozoa Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Alcyonacea Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 

Crinoidea Slope 800 – 1600 m 2 2 0 0 0 0 0 0 - 
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5. Discussion 
5.1 Estimates of catchability for VME indicator taxa 
Previous studies, and the results of the present analyses, indicate that in general the catchability of 
VME indicator taxa by bottom trawls is very low to low (<5%), but for some taxa it can be moderately 
(5-10%) or relatively high (>20%) (Table 13). In addition to variation by taxa, the previous and present 
paired data analysis for SPRFMO (the most comparable analyses), indicate that catchability can vary 
by geographic area and depth (Table 13). However, there are a number of issues that relate to these 
catchability estimates that provide cause for concern about their robustness, despite all the measures 
that were taken to make them as reliable as possible.  

Table 13. Estimates of catchability (%) for VME indicator taxa from previous studies compared to the present 
study. Estimates are recorded in this table only if the published study provides information that allows the 
estimate to be allocated directly to the VME indicator taxa categories used by SPRFMO, and if estimates are 
made using direct comparisons with bycatch data from bottom fish trawls (from either co-located or paired 
analyses). * = estimates >100%, which are excluded as obviously unreliable estimates. 
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VME indicator taxon  Catchability (%) 

Gorgonian 
Alcyonacea -  0-2  -  -  

<0.01 0 
 

0.19 - 0 

Stylasteridae - - - - 0.07 - * - 0 

Scleractinia  -  -  -  -  
21.67 - 

 
2.88 - 0 

Antipatharia  -  -  -  -  
0.01 - 

 
2.44 - - 

Pennatulacea  -  -  3.7-8.2  0.9  
0 1 

 
0.06 - - 

Brisingida  -  -  -  -  
<0.01 * 

 
2.29 - 0 

Porifera  8  11.1-27.3  0.3-1.6  -  
0.21 - 

 
* 10.71 1.45 

Actiniaria  -  -  -  -  
0.01 * 

 
5.27 - 3.57 

Bryozoa  -  -  -  -  
- - 

 
0 - 0 

Zoantharia  -  -  -  -  
- * 

 
* - - 
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Hydrozoa 
  

- 
  

- 
  

- 
  

- 
  

- - 
 
 

4.28 - 0 

Alcyonacea 
  

- 
  

1.6 
  

- 
  

- 
  

- - 
 
 

0 - - 

Crinoidea  -  -  -  -  
- - 

 
0 - 0 

 

First, it should be noted that some of the catchability estimates presented here are based on low 
sample sizes, and that uncertainty around the estimates was sometimes very high. Second, even when 
sample sizes are relatively high (i.e. Chatham Rise analysis) catchability estimates from paired analyses 
of trawl and adjacent video transects may be unreliable because it is uncertain whether the video 
transects covered the same type of seafloor and benthic communities as those traversed by the trawl. 
That is, the distance between video and trawl was up to 5 nautical miles, a distance over which it is 
possible that the types and densities of VME indicator taxa could vary considerably and thereby 
provide spurious comparisons. Third, catchability for some taxa of over a 100% clearly indicate issues 
with the estimates. That such estimates can result from even co-located analyses, such as that done 
using data from TAN1208 headline camera survey in the present study, emphasise these potential 
issues. For example, estimates of >100% may be partly due to the small field of view of the camera 
system relative to the trawl width (with considerable potential for individual VME indicator taxa to 
pass into the net unseen), the poor resolution of the video images such that some fauna cannot be 
reliably identified or not be observed at all, which can be related to the small size of some taxa (e.g., 
Zoantharia) or that some taxa may sometimes be partially buried in the sediment (e.g., Actinaria). 
However, larger, protruding, taxa were more reliably observed by the headline camera, and 
catchability of these taxa, e.g., 0% for Gorgonian Alcyonacea (represented in the TAN1208 videos by 
the sea-whip Radicipes sp.) and 1% for Pennatulacea, is in line with values from published analyses for 
other sea-whips (0% for Junceella sp., Wassenburg et al. 2002), and sea-pen species (e.g., 0.9%, 
Chimienti et al. 2018). Other general issues that impact upon the robustness of the catchability 
estimates presented here include the potential systematic error inherent in using scaling factors to 
make video and trawl data comparable. A scaling factor for swept area had to be used for video data 
in both the co-located and paired analysis, and also to convert abundance counts from the video to 
biomass to make them comparable to trawl bycatch weight data. The biomass conversion factors used 
were mainly from the scientific literature, and while these were in part based on weights of taxa from 
the South Pacific Ocean and from depths comparable to trawling depths (Rowden et al. 2010), others 
were for taxa from the NE Atlantic Ocean found at depths >3000 m where trawling does not occur 
(Durden et al. 2016). These conversion factors were used because there is a dearth of such factors for 
deep-sea fauna in general, which is illustrated by our having to determine a biomass conversion factor 
for Hydrozoa specifically for this study. The latter conversion factor was based only on specimens 
caught by bottom trawls, in order to limit the weight range to that which includes individuals which 
can be caught by trawls and also typically seen on video. The conversion factors of Rowden et al. 
(2010) and Durden et al. (2016) are not derived from similarly limited weight ranges. All of the 
aforementioned variation among the biomass conversion rates used could have a substantial impact 
on the reliability of the catchability estimates for VME indicator taxa presented here.  
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Overall, while the results of the present paired catchability analysis for VME indicator taxa are in line 
with those from previous analyses conducted for SPRFMO, they also share the same issues that impact 
their reliability (SC7-DW14, SC7-DW21-rev1). Catchability estimates for VME indicator taxa derived 
from co-located analyses are likely to be more reliable. However, the availability of data for such 
analyses are very limited in the region, with only one dataset from the New Zealand EEZ being included 
in the present study. Although it is possible that such data could become available from headline 
camera surveys conducted by the fishing industry in the New Zealand EEZ, even these data will likely 
be insufficient to determine reliable catchability estimates for some of the reasons indicated above 
for co-located data.  

5.2 Designing a programme to better determine catchability of VME indicator taxa 
Despite the increased data availability and careful treatment of these data for analysis there is still 
high uncertainty in estimates of the catchability of VME indicator taxa of the SPRFMO Convention 
area. The ideal estimates are those obtained from analyses of co-located data obtained from trawl 
and headline cameras. Because, as noted above, it is likely that the catchability of VME indicator taxa 
varies by gear, habitat, depth, and biogeographic location, an extensive sampling programme is 
required to assess this variability so that it can be accounted for in the development of catchability 
estimates and their practical application. That is, co-located data would likely be the best data to 
inform any revision of the VME encounter thresholds, provide more reliable information for the 
encounter review process, and to be used as a conversion factor for the inclusion of trawl-derived 
biomass data used in any future abundance modelling of VME indicator taxa.  

To be relevant, a research programme to robustly determine VME indicator taxa catchability will need 
to take place in the SPRFMO Convention Area, most likely focused on the Evaluated Area where the 
majority of current bottom trawling takes place. Sampling should be stratified by biogeographic 
region, faunal depth zone, and seafloor habitat. Biogeographic regions can be identified using 
available biogeographic schemes (e.g., Costello et al. 2017) or Fisheries Management Areas, which are 
currently used as practical proxies for biogeographic regions in the Evaluated Area (SC8-DW07_rev-
1). Globally accepted faunal depth zones (Carney 2005), or regionally specific ones like the one used 
in the present analysis, can be used to stratify the sampling by depth. Sampling should also be 
stratified by the two main types of seafloor habitat that are trawled in Evaluated Area. Namely, 
seamounts – also referred to as underwater topographic features (UTFs) – and generally flat or gently 
sloping seafloor (referred to collectively as slope). Within these strata, sampling should for most 
relevance use a commercial trawl, and the use of this trawl should also mimic commercial trawling 
operations in deployment characteristics. The latter should include typical tow lengths and target 
ground coverage. Trawling predominantly takes place on soft sediment habitat in the Evaluated Area, 
although some hard substrate is also trawled, most likely on seamounts. Sample replication within the 
sampling strata should be relatively high to achieve the most reliable estimates of catchability. 
Sensitivity analyses should be conducted a priori to determine the ideal level of replication to achieve 
the most precise estimates of catchability possible. However, because sampling will affect the seafloor 
and benthic communities, it may be necessary to scale back the ideal level of replication and accept 
higher levels of uncertainty in catchability estimates in order to reduce the impact caused by the 
sampling programme. 

To determine the most useful estimates of catchability the headline cameras should be of the highest 
resolution possible and have a field of view that covers the highest possible proportion of the footrope 
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and the area of the seafloor in front of the trawl. To achieve the latter, the use of multiple cameras 
should be considered. Cameras should also be capable of taking still images as well as video to assist 
in the identification of fauna to the lowest possible taxonomic level. Lightening should also be 
adequate to allow identification of benthic fauna to at least that of the taxonomic levels used for 
SPRFMO VME indicator taxa. While the placement of headline cameras will allow for the gross 
estimation of the catchability of VME indicator taxa, it would be ideal to also determine the fate of 
the caught and uncaught benthic fauna to refine the catchability estimates as well as understand how 
the catchability estimates relate to the impact of the trawling on VMEs. For example, additional 
cameras could be placed inside the net to observe the retainment of fauna caught by the trawl (i.e. to 
determine if/which caught fauna are broken down and lost from the catch that is returned to the deck 
for weighing) (e.g., Wassenburg et al. 2002). To understand the impact of the trawl on the benthic 
fauna, cameras could be placed backward facing on the outside of the trawl to image the trawl path 
and determine the survivorship, damage, and mortality of those VME indicator taxa not caught by the 
trawl. However, the view of such cameras can be obscured by the sediment resuspended by the 
trawling or move too much to provide useable imagery. Therefore, to understand the relationship 
between the amount of VME indicator taxa caught by the trawl and amount of impact caused to these 
taxa by the trawling, it will probably be necessary to image the trawl path with a separately deployed 
towed camera after the trawl/headline camera sampling has taken place (e.g., Freese et al. 1999). The 
use of such gear is desirable because towed cameras can be towed at slower speeds than a trawl and 
therefore be used to better quantify the benthic fauna and their condition than net cameras. If such 
towed cameras are to be part of the sampling programme, then they should ideally also be deployed 
before the trawl/headline camera sampling to better quantify the composition of the benthic 
community before it is trawled (e.g., Moran & Stephenson 2000). To allow for the use of towed 
cameras as part of the sampling programme, it will be necessary for their position and that of the trawl 
to be known, which will therefore require the use of transponders and instruments to accurately and 
precisely detect these transponders on the towing vessel. 

Another important component of the programme will be to improve upon the biomass conversion 
factors that are currently available for VME indicator taxa. This work will require a substantial time 
investment in sourcing and weighing the largest possible number of specimens caught by trawls and 
retained as part of the observer programme or from research trawls. Ideally, these specimens would 
have been caught in the Evaluated Area (including those caught as part of the proposed sampling 
programme), although some reliance on specimens from within the New Zealand EEZ is likely.  

Clearly such a programme to determine the catchability of VME indicator taxa, as outlined above, is 
extensive and will be costly. Estimating the cost of such a programme would be one of the first steps 
in determining its feasibility. Cost considerations should include the possible use of fishing industry 
vessels to conduct the sampling, although this may not be practicably feasible given the complexity 
and time demands of the proposed programme. 

6. Recommendations 
It is recommended that the Scientific Committee: 

• Notes that a pragmatic, data-informed approach has been used to further evaluate the 
availability of New Zealand data to assess the catchability of VME indicator taxa; 
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• Agrees that the data evaluated in this analysis, as per the previous analysis, is insufficient to 
yield quantitative estimates of catchability for VME indicator taxa with certainty, but that 
these represent the best available estimates; 

• Agrees that the most robust approach to quantifying catchability of VME indicator taxa would 
be to compare the biomass of VME indicator taxa landed on deck with estimates of seabed 
biomass from headline and other fit-for-purpose net cameras with suitable resolution and 
coverage of the trawl footrope; 

• Recommends that the feasibility of developing and funding a research programme to achieve 
robust estimates of catchability for VME indicator taxa in 2023+ should be explored 
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9. Annex 1 
 

 

Map of the Chatham Rise showing the location of the four stations from voyage TAN1208 that 
were used in the co-located analysis of headline video and research trawl bycatch data 
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10. Annex 2 
  

Schematic of headline camera field of view compared to trawl tow path, i.e., for co-located data 
(left) and towed camera transect compared to adjacent trawl tow path, i.e. for paired data (right). 
Schematics are not to scale. 

    

 

Images of same individual of Pennatulacea from headline video (left) and headline still (right) 
cameras. 
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Images of same individual of Zoantharia from headline video (left) and headline still (right) cameras. 

 

 

 

  

SC10-DW04



32 
 

11. Annex 3 

 

 
Maps of the Chatham Rise showing: (top) the 357 DTIS video transects (red dots), 16473 research 
trawls (black lines/crosses), and 33662 observed trawls (blue lines/black crosses) available for the 
paired analysis (top); and (bottom) the final set of paired data comprised 89 DTIS transects and 134 
trawls. 

 

  

Maps of the Campbell Plateau showing: (left) data available from 86 DTIS video transects on 
Campbell Plateau (red dots), 6146 research trawls (black lines/crosses), 40695 observed trawls (blue 
lines/black crosses) available for the paired analysis; and (right) the final set of paired data 
comprised 3 DTIS transects and 4 trawls. 
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Maps of the Challenger Plateau showing: (left) data available from 55 DTIS video transects on 
Challenger Plateau (red dots), 2693 research trawls (black lines/crosses), and 6585 observed trawls 
(blue lines/black crosses) for the paired analysis; and (right) the final set of paired data comprised 
2 DTIS transects and 2 trawls. 
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