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Executive summary 
 

This paper describes a generic acoustic survey design which is appropriate for surveying spawning 

aggregations of orange roughy in the SPRFMO area. The purpose of the paper is to allow specific 

survey designs to be quickly written and accepted by reference to the generic design in this document. 

The generic design discusses all aspects of an acoustic survey of spawning orange roughy. The 

requirements of the vessel, equipment, personnel, survey design, and data analysis are all considered. 

A fishing or research vessel that can safely operate on the high seas is required. The vessel must 

have a bottom trawl and be capable of operating it at depths of at least 1000 m to enable trawl 

sampling of acoustic marks for species identification and biological sampling of orange roughy. The 

vessel must be equipped with a 38 kHz echosounder which can detect orange roughy spawning 

aggregations at 1000 m of depth in good sea conditions and record data suitable for scientific 

interpretation and analysis. If the acoustic survey is in an area where trawl catches may contain a 

significant mix of species then a towed multi-frequency system which can identify orange roughy 

marks is preferred. The echosounder must be checked by qualified personnel before and (ideally) 

after the voyage to ensure it is setup appropriately and is operating properly. The echosounder must 

be calibrated before or after the voyage (and ideally both before and after). 

The personnel on the voyage must include: a voyage leader who is a person familiar with the 

requirements of an acoustic survey and the associated trawling and biological sampling; one or more 

people capable of designing acoustic transects to survey a spawning orange roughy aggregation 

detected on the echosounder (this could be the voyage leader); one or more people capable of 

operating the echosounder and recording the acoustic data on specified transects (this could be the 

voyage leader); sampler(s) which are one or more people capable of recording catch composition for 

target identification trawls and performing the biological sampling (this could be the voyage leader). 

There are two main transect designs which are appropriate for surveying orange roughy 

aggregations: a “grid” which is a set of parallel transects and a “star pattern” which is a set of 

transects that intersect at a common point which is centred on the aggregation. The grid design is 

suitable for aggregations which clearly have one dimension longer than the other. The transects 

should be perpendicular to the longer axis of the aggregation. The star design is suitable for roughly 

circular aggregations which may be on the top or the side of a hill or perhaps on the flat. 

Trawling is done to identify the species composition of the acoustic marks and to collect biological 

samples from orange roughy (in particular). Gonad stages (at a minimum the females) are needed to 

check that the timing of the snapshots is adequate (i.e., that it is near peak spawning). Length 

frequency data are needed so that the size of the fish and hence their target strength can be 

determined (using a given length-target strength relationship). Otoliths need to be collected so that 

an age frequency can be constructed for each surveyed spawning aggregation. Length-weight data 

for individual fish may be needed. Genetic samples may also be required. 
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1. Introduction 
This paper describes a generic acoustic survey design which is appropriate for surveying spawning 

aggregations of orange roughy in the SPRFMO area. The purpose of the paper is to allow specific 

survey designs to be quickly written and accepted by reference to the generic design in this 

document. 

The generic design discusses all aspects of an acoustic survey of spawning orange roughy. The 

requirements of the vessel, equipment, personnel, survey design, and data analysis are all 

considered. The generic design, by nature, is far less specific than a design for a particular area. A 

specific survey design will include details that are relevant to the particular survey and the area 

being surveyed and may include objectives for species other than orange roughy. 

All research and scientific survey plans, together with details of key scientific staff (including 

authorised observers) should be submitted to the Secretariat in a timely manner to be made 

available to members, CNCPs and Observers.  

To ensure data reliability, access to underlying data to evaluate the soundness of scientific research 

will be dealt with under current and any revised SPRFMO data access requirements and the research 

CMM (if adopted). 

 

2. Vessel, equipment, and personnel 
A successful acoustic survey can be conducted on a dedicated research vessel or on a suitable 

commercial vessel (e.g., see ICES 2007). A vessel that can safely operate on the high seas is required. 

The vessel must have a bottom trawl and be capable of operating it at depths of at least 1000 m to 

enable trawl sampling of acoustic marks for species identification and biological sampling of orange 

roughy. The vessel must have the capacity to process and/or store the large catches of orange 

roughy which can be expected during the survey. Acoustic surveying must be possible while fish 

processing or storage is occurring. The vessel must be sufficiently staffed and provisioned to allow a 

voyage duration of at least two weeks. 

The vessel must be equipped with a calibrated 38 kHz echosounder which can detect orange roughy 

spawning aggregations at 1000 m of depth in good sea conditions. If the acoustic survey is in an area 

where trawl catches may contain a significant mix of species then a towed multi-frequency system 

(38 kHz and 120 kHz) which can identify orange roughy marks is preferred (e.g., an AOS system, see 

Kloser et al. 2013). The echosounder must be checked by qualified personnel before and (ideally) 

after the voyage to ensure it is setup appropriately and is operating properly. The echosounder must 

be calibrated before or after the voyage (and ideally both before and after). SPRFMO have 

established protocols for calibration of echosounders on commercial fishing vessels (SPRFMO 2015). 

The personnel on the voyage must include: 

• A voyage leader who is a person familiar with the requirements of an acoustic survey and 

the associated trawling and biological sampling (this could be the skipper, an officer, or a 

scientist). See example instructions to a skipper (Appendix 1). 
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• One or more people capable of designing acoustic transects to survey a spawning orange 

roughy aggregation detected on the echosounder (this could be the voyage leader). 

• One or more people capable of operating the echosounder and recording the acoustic data 

on specified transects (this could be the voyage leader). 

• Sampler(s):  one or more people capable of recording catch composition for target 

identification trawls and performing the biological sampling (this could be the voyage leader 

or an authorised observer; see example instructions for an observer in Appendix 2). 

There must be at least one person in the survey team who has previous experience with fishing 

and/or acoustically surveying spawning orange roughy. In particular, they have a good idea of what 

a spawning aggregation of orange roughy looks like on an echosounder. 

 

3. Survey design 
The generic survey design is specified below under several headings.  

Timing 

The survey should be timed to coincide with peak spawning. Where previous data are available for 

the survey area, or related areas, it should be analysed and presented in the survey design to 

support the timing of the survey. Such data could include previous biomass estimates (e.g., a trend 

in a series of “snapshots” that suggests a peak in spawning) but ideally would be based on gonad 

staging (for example, NIWA define peak spawning to be when 20% of female orange roughy are 

spent; this is considered more reliable than the proportion of running ripe females which can be 

affected by the size of the catch due to compression of the gonads). When the survey is of multiple 

spawning sites then the timing of occupation for each site should be specified. 

Spawning aggregations 

An orange roughy spawning aggregation is much more substantial than a single acoustic mark that 

looks like it could deliver a good catch of orange roughy if it was targeted. It is difficult to be 

prescriptive in terms of what a spawning aggregation will look like on the sounder. However, it must 

have, at least in places, a vertical extent of at least 20 m. If the roughy are not pluming up into the 

water column then it is not a spawning aggregation.  

Snapshots 

Each survey of an aggregation is called a “snapshot”. The design must allow for multiple snapshots of 

each aggregation  whenever possible. However, the emphasis should be on good quality snapshots 

rather than many poor quality snapshots.  When an aggregation of spawning orange roughy is 

encountered it should be surveyed as many times as possible given the constraints of the voyage, 

the number of other aggregations that are expected to be encountered, and the size of the 

aggregation. Ideally, there should also be a “resting period” specified between snapshots after 

trawling (e.g., a new snapshot will not occur until at least 6 hours after a trawl on the aggregation).  

Transect design 

There are two main transect designs which are appropriate for surveying orange roughy 

aggregations: a “grid” which is a set of parallel transects and a “star pattern” which is a set of 
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transects that intersect at a common point which is centred on the aggregation. The grid design is 

suitable for aggregations which clearly have one dimension longer than the other. The transects 

should be perpendicular to the longer axis of the aggregation. The star design is suitable for roughly 

circular aggregations which may be on the top or the side of a hill or perhaps on the flat. 

Haphazard transects which do not follow a grid or star design can still be analysed using 

geostatistical methods (e.g., Niklitschek and Patchell 2015, Roa-Ureta and Niklitschek 2007). 

However, a haphazard set of transects is not a genuine design. It does not preclude analysis but it is 

not ideal. 

There needs to be a good idea of the location and extent of the aggregation before the design is 

made. Preferably the extent of the aggregation would be quickly mapped with a preliminary search. 

Densities at the start and end of each transect should be essentially zero (i.e., outside of the extent 

of the aggregation). For a grid design, the “first” and “last” transects should show zero densities over 

the full extent of each transect (they are not necessarily the first and last transects recorded but all 

other transects lie between them). 

The star design requires a minimum of two transects centred on the mark (see Figure 1). The 

number of transects should be decided before the snapshot begins so that they can be evenly 

spaced around the centre. There should be a random direction for the first transect and the 

direction of other transects should be chosen so that the final design has approximately equal angles 

between the transects. 

The grid design should ideally be performed as an “interlaced grid”. That is, transects across the 

aggregation are performed successively in one direction, covering the full extent of the mark (the 

first sub snapshot), and then transects are performed in the opposite direction, again covering the 

full extent of the mark (the second sub-snapshot) (Figure 1). This approach allows for fish movement 

as the two sub snapshots can be analysed separately and then combined to produce a total estimate 

(using the geometric mean of the two sub snapshots).  

For a grid, the transects on each sub snapshot should be evenly spaced (e.g., 0.5 n.m. apart). There 

should be a minimum of three transects within the mark for each sub snapshot. The first transect of 

the first sub snapshot should not cross the mark and neither should the last transect of the first sub 

snapshot. For the second sub snapshot, the first transect is allowed to cross the mark but the last 

transect should not. Therefore, if the aggregation moves, the number of transects is not really 

known before the survey begins. The spacing must be chosen in advance and should be adhered to 

for each sub snapshot. It is acceptable to have a different number of transects in the two sub 

snapshots (and would be expected if the aggregation moves). The transects should be designed to 

cross the shorter dimension of the mark (they go across the aggregation not along it). 
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Figure 1: Two transect designs for different orange roughy aggregations (thin lines). The interlaced design 

has two sub snapshots (black then red). The transects are numbered in the order they were done with the 

number close to the start position. The star pattern is in green. 

 

It is acceptable to have a grid which is not interlaced. However, if the aggregation is moving a non-

interlaced design can lead to a considerable bias in the estimate. Therefore, the interlaced design is 

preferred.  

Execution of the transects 

Ideally an aggregation should not be surveyed immediately after fishing on the aggregation. The 

fishing operation may cause some disturbance which could reduce the biomass of fish in the 

spawning mark. It is best to survey an aggregation before fishing on it. 

 

The quality of each acoustic recording is crucial. Electronic equipment that could cause interference 

to the survey echosounder must be turned off when a transect is recorded. This includes any other 

echosounders even if they are synchronised with the survey echosounder. See Appendix 1 for an 

echogram with an example of an interference pattern. 

 

The sea conditions have to be suitable for doing a recording. For example, under 25 knots of wind 

and less than 2 m of swell could be used as a guide. If the vessel is doing too much pitching and/or 

rolling then the echogram will be “patchy” and the biomass will most likely be under estimated (see 

Appendix 1 for an echogram that shows poor quality data). Vessel speed should be constant during 

each transect and no more than 10 knots. For a grid design, in poor conditions, it may be possible to 

do all of the transects in one direction, with the sea, so that good quality data can be collected. 

 
Preferably, the recording system should be turned on at the start of each transect and turned off at 

the end of each transect so that each separate transect is in a separate data file. However, another 
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option is to have just a single data file for the whole voyage. In the latter case an acoustic logbook is 

essential (see below). 

Acoustic data and ancillary data 

The voyage leader is responsible for ensuring that the setup of the acoustic equipment is 

appropriate and that acoustic data from the specified echo sounder is recorded during the survey 

transects (at a minimum). Transect start and finish positions must be recorded (automatically or in a 

manual electronic log if need be). The basic requirement is that a suitably experienced person will be 

able to retrieve the data and analyse it to produce biomass estimates for each snapshot.  

It is very helpful if an acoustic survey logbook is kept with details of the snapshots recorded and 

start and finish times of transects and some notes on the snapshots. This can be done in a 

spreadsheet or a Word document. The idea is to provide helpful information for someone who has 

to analyse the data to produce biomass estimates. If start and finish times of transects are recorded 

this provides a useful check for the person that they are working on the correct data files. The name 

of the data file associated with each transect could also be recorded in the logbook. An example of a 

logbook is given as part of Appendix 1. 

Ancillary data that would ideally be collected include: 

• True wind speed and direction during each transect 

• Vessel pitch and roll data during each transect (or for a towed system if that is used) 

• CTD data from a range of stations (either dedicated equipment or a probe attached to the 

trawl gear) 

 

Trawling and trawl sampling 

Trawling is done to identify the species composition of the acoustic marks and to collect biological 

samples from orange roughy (in particular). Gonad stages (at a minimum the females) are needed to 

check that the timing of the snapshots is adequate (i.e., that it is near peak spawning). Length 

frequency data are needed so that the size of the fish and hence their target strength can be 

determined (using a given length-target strength relationship). Otoliths need to be collected so that 

an age frequency can be constructed for each surveyed spawning aggregation. Length-weight data 

for individual fish may be needed. Genetic samples may also be required. 

The procedures to ensure safe and efficient sampling will be specific to each vessel. The voyage 

leader must ensure that the sampler(s) works out an appropriate procedure in consultation with 

the factory manager before the first trawl is sampled. 

There must be a minimum of one trawl on each spawning aggregation. Ideally at least three trawls 

because the sex and/or age composition of orange roughy can vary markedly across tows on the 

same aggregation. For each trawl the required government records will of course be filled out. This 

will include the species composition for each tow and details of benthic capture and any required 

measurements of live or dead sharks. 
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Biological samples for orange roughy are needed: 

• Otoliths collected from sexed and measured fish with a target of at least 300 fish from each 

surveyed aggregation. This can be achieved in different ways depending on the number of 

trawls expected to be made on the aggregation.  

o If there are to be three trawls, then a sexed length frequency with a minimum of 100 

fish per trawl with gonad staging (at least the females).  

o For a single trawl, with a large catch: three samples (each of 100 fish) should be 

taken (e.g., from near the rear, near the middle, and near the front of the codend; or 

if the fish are processed then, for example, a sample in the first hour, a sample in the 

second hour, and a sample in the third hour).  

o For each sample the total weight of the sample should be recorded by sex. 

• Individual length-weight data if not recently collected from that specific location (i.e., in the 

last five years from where the aggregation was found) or if more samples are required. A 

minimum of 300 sexed fish per surveyed aggregation. 

• Genetic samples if not previously collected from that specific location (where the 

aggregation was found) or if more samples are required. A target of 100 samples per 

aggregation. 

The protocols that will be followed to ensure random sampling and accurate measurement and 

classification will be specified in the specific survey design document (either by referencing an 

existing document (e.g., government “observer manual”) or in an appendix). Likewise the protocols 

for data capture and the storage and transport of samples should be provided (e.g., where to send 

the genetic samples).  

It is particularly important that otoliths are properly cleaned and dried before being put into 

sleeves/envelopes and that they are stored and transported carefully to avoid breakage. 

The trawl catch is very unlikely to be representative of the species composition that is ensonified by 

the acoustic beam. Although in the past there have been attempts to partition acoustic backscatter 

by species using the species mix within the trawl catches, it is not a recommended procedure when 

orange roughy is the target species. Therefore, it is not necessary to obtain length frequencies for 

each species caught in every target trawl. However, some biological sampling of other species is 

always desirable. 

Biological samples from bycatch species should be taken if there is a large bycatch (on a particular 

trawl) or if there is a persistent bycatch (i.e., a species that is often caught).  

For a large catch of a species that is not orange roughy, a sexed and staged length frequency should 

be taken for a random sample of at least 100 fish. If time permits then otoliths should also be taken 

from those fish. The total weight of each sample should be recorded by sex. 

For a persistent bycatch, length frequencies (sexed or not) should be taken from some trawls as time 

permits. 
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4. Data analysis 
 

The generic design presented in this document excludes an analysis of mixed species aggregations. If 

the spawning orange roughy are in a mixed species mark then there is currently no defensible 

method for producing a biomass estimate of the orange roughy. There are two very difficult 

problems. The first is trying to obtain a representative sample of the species mix in the mark. The 

trawl catch is unlikely to be representative because of potentially very different responses of the 

species to the trawl gear and/or different mesh selectivities. Secondly, the target strength of each 

species in the mark needs to be estimated reasonably accurately. For many deep-water species the 

length-target strength relationships are poorly known. 

The analysis of acoustic survey data collected from spawning orange roughy aggregations is a job for 

acoustic specialists. There are a number of critical steps. A brief outline is given below. 

The data collected during the calibration must be analysed to determine a calibration constant that 

scales the acoustic backscatter recorded during the survey. There will also be corrections for the 

sound speed and absorption coefficient (from CTD data collected during the survey or previous 

surveys in a similar location). This is important for deep water acoustic surveys because of the large 

distances between the transducer and the target species. Currently, not everyone agrees on the best 

formula to use for estimating absorption at 38 kHz. There is the original analysis of Francois and 

Garrison (1982),  but many people prefer the later analysis of the same data by Doonan et al. 

(2003b). 

The analysis of the acoustic snapshots involves several steps. The bottom must be clearly defined on 

each transect and separated from the fish echoes. This can be done automatically in many cases but 

it must always be checked to make sure that no bottom echoes are integrated as if they were fish 

(this could create a very large positive bias). The echoes from orange roughy must be clearly defined 

and separated from echoes from other species. This is done on the basis of the appearance of the 

traces (orange roughy marks are often distinctive) and other evidence obtained from multi-

frequency systems, trawling, and perhaps cameras. 

The biological data are used to estimate a mean target strength and mean weight for each surveyed 

aggregation. The mean calibrated backscatter is turned into a density for orange roughy by dividing 

by the linear equivalent of mean target strength, and the density by numbers is turned into a 

biomass estimate by multiplying by the mean fish weight and the size of the area. There are 

currently two length-target strength relationships that are suitable for use with the size of orange 

roughy in the SPRFMO area. Both are based on in-situ data collected from AOS systems (Kloser et al. 

2013, Macaulay et al. 2013) and a slope from tank experiments on live orange roughy (McClatchie et 

al. 1999): 

TS = 16.15 log10(L) – 76.81  (NZ relationship) 

The slope of 16.15 came from a draft of the paper McClatchie et al. (1999). When the paper was 

eventually published the slope of the relationship given in the paper was 16.374 which gave rise to 

the other relationship: 

TS = 16.37 log10(L) – 77.17  (McClatchie-Kloser relationship) 
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The two relationships are almost identical. 

The calculation of the mean backscatter and variance for each snapshot depends on the design. For 

star patterns, which are centred on the mark, there must be a correction for the over-sampling of 

the centre of the mark (Doonan et al 2003a). For a single grid design, the first and last transects 

should not be included in the calculation of mean density, the variance, or the size of the area (see 

Cordue 2008 which is based on Jolly and Hampton 1990).  For the interlaced grid design, each sub 

snapshot is analysed as if it were a simple grid (except for the second sub snapshot, where if the first 

transect crossed the mark then it must be included in the calculation of mean density, variance, and 

area).  For the interlaced design the final biomass estimate is the geometric mean of the two sub 

snapshots. 

A deadzone correction is often calculated for each snapshot based on the slope of the bottom and 

the estimated densities of orange roughy, in a few metres near the bottom, on each transect (e.g., 

Doonan et al. 1999, Hampton et al. 2013, Ona and Mitson 1993). The deadzone estimate and the 

above bottom estimate should always be reported separately. If there is a large proportion of the 

biomass estimate in the deadzone then that may preclude the use of the total estimate in a stock 

assessment. In any case, the deadzone estimate should be assigned a very high CV (e.g., 50%) 

compared to the observation error calculated for the above-bottom estimate.  

The results of the acoustic survey should always be presented to a meeting of the appropriate 

working group  (e.g., in New Zealand, Fisheries NZ’s SPACWG) for their information and 

consideration. It will be up to the working group to decide which snapshots of which aggregations, if 

any, will be taken forward for use in a stock assessment. Therefore, it is important that all sources of 

evidence are presented to the working group (e.g., the timing as evidenced by gonad staging and 

trends in biomass estimates; results of multi-frequency transects; the species composition of 

targeted trawls; all biomass estimates including zeroes and those not calculated because little or no 

backscatter was seem). 
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6. Recommendations 
It is recommended that the Scientific Committee: 

• Agrees that the generic acoustic survey design described here is appropriate for 
aggregations of orange roughy within the SPRFMO Area and adopts it as a yardstick for 
considering research proposals for such work. 
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8. Appendix 1: Example instructions to the skipper 
 

Many of these surveys will be led by the skipper of the vessel. It is a good idea to provide the skipper 

with their own instructions in a short and practical guide. An example of the type of instructions is 

given below. 

Instructions for the Voyage Leader 

The key to a successful acoustic survey of orange roughy is data quality. Data has to be recorded in 

good sea conditions without interference from other electronic equipment. The transects need to 

cover the full extent of the marks when the fish are undisturbed. Always keep an eye on the quality 

of the data being collected. No amount of poor quality data is of any use in assessing the size of a 

stock. 

 

1. Check that the equipment is working 

The first step is to ensure that data are actually being recorded.  

The vessel will be equipped with an echosounder that can record acoustic data electronically in files 

written to a hard disk. The settings on the echosounder will have been set by qualified people when 

the equipment was installed. Ensure that they have given you instructions on how to check those 

settings and change them if necessary (e.g., the pulse interval may need to be changed depending 

on the depth of water in which you are working). 

You should know how to turn on and turn off the recording system so that separate acoustic 

transects can be recorded in separate data files. 

Do some test recordings on your way to the spawning grounds (when you are in deep water). Make 

sure that you know which directory the files are stored in and check that they are being written to 

that directory (and the files are not empty – i.e., the file size is not 0 bytes). 

Ideally, an automatic backup system would have been installed for the data files. If not, make sure to 

backup the data files after every snapshot. 

 

2. Designing acoustic snapshots 

When a spawning aggregation is located then a design for surveying the aggregation needs to be 

made. One survey of an aggregation is called a “snapshot”. Each snapshot consists of a number of 

straight line “transects” that the vessel needs to steam along while acoustic data are being recorded. 

Before a design is made there needs to be a good idea of the extent and shape of the mark so that 

the best design can be chosen and the spacing of transects decided (so, do a “pre-survey” and get an 

idea of its shape and extent). Each aggregation should be surveyed at least three times if possible 

(that is, at least three snapshots). We want multiple estimates of the same aggregation because 

they are often not “static” and can contain more or less biomass at different times. 

There are two main designs that can be used for a single snapshot: a “star pattern” or a “grid”. 
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A star pattern is exactly what it sounds like and is used when the mark is roughy circular. The star 

design requires a minimum of two transects centred on the mark. The number of transects should 

be decided before the snapshot begins so that they can be evenly spaced around the centre. There 

should be a random direction for the first transect and the direction of other transects should be 

chosen so that the final design has approximately equal angles between the transects (Figure 1). 

 

Figure 1: A star design with three transects centred on a roughy circular mark. The transects are numbered 
with the number near the start of each transect. The transects start outside the mark, cut across it, and 
finish outside the mark. Each transect is recorded in a separate file. 
 

The minimum number of transects for a star pattern is two but more is better. The bigger the mark 

the more transects that should be used (no more than 5 should be necessary). It is crucial that each 

transect starts outside the mark, cuts across it, and finishes outside the mark (see Figure 1). We 

need to record the full extent of the mark. 

A grid design is a series of equally spaced parallel transects which are used when the mark is roughly 

rectangular (has one dimension that is longer than the other). The transects cut across the mark 

(across the smaller dimension) rather than going along the mark. To ensure that we cover the full 

extent of the mark and we know that we have, it is crucial that the first and last transects do not 

cut across the mark (see Figure 2). Also, as for a star pattern, it is crucial that each transect starts 

outside the mark, cuts across it, and finishes outside the mark (see Figure 2). 

 

Figure 2: A grid design with five equally spaced transects. The transects are numbered with the number near 
the start of each transect. The first and last transects do not cut across the mark. The other transects start 
outside the mark, cut across it, and finish outside the mark. At least three transects must cross the mark. 
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For a grid, there must be at least three transects that cut across the mark, so the minimum number 

of transects for a grid is five. The transect spacing (the distance between each transect) must be 

decided before the first transect is done and the spacing must be maintained until the last transect is 

done. 

If there is a concern that the mark may move while it is being surveyed then an interlaced grid 

should be used. This is just a sequence of two grids done in opposite directions (Figure 3).  The 

transects on each of the two “sub snapshots” should be evenly spaced (e.g., 0.5 n.m. apart). There 

should be a minimum of three transects within the mark for each sub snapshot. The first transect 

of the first sub snapshot should not cross the mark and neither should the last transect of the first 

sub snapshot. For the second sub snapshot, the first transect is allowed to cross the mark but the 

last transect should not. The number of transects is therefore not really known before the survey 

begins if the aggregation moves. The spacing must be chosen in advance and should be adhered to 

for each sub snapshot. It is acceptable to have a different number of transects in the two sub 

snapshots (and would be expected if the aggregation moves). 

 

Figure 3: An interlaced grid design. It has two sub snapshots (black then red). The transects are numbered in 
the order they were done with the number close to the start position. The first and last transects of the first 
sub snapshot must not cross the mark. The last transect of the second sub snapshot must not cross the 
mark. Each sub snapshot must have at least three transects that do cross the mark. 

 

3. Recording acoustic transects 

Ideally you should not survey an aggregation immediately after fishing on the aggregation. The 

fishing operation may cause some disturbance which could reduce the biomass of fish in the 

spawning mark. It is best to survey an aggregation before fishing (if you are sure it is actually orange 

roughy). 

 

The quality of each acoustic recording is crucial. Make sure that other electronic equipment that 

could cause interference is turned off when a transect is recorded. An interference pattern is very 

obvious on the echogram – there will be something overlaid on a normal echogram and it will be 

systematic (e.g., Figure 4). If you see anything like that then you need to look for the cause of the 
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interference and turn it off. Certainly, the survey echosounder must be the only 38 kHz sounder on 

at the time of the recording. 

 

The sea conditions have to be suitable for doing a recording. If the vessel is doing too much 

pitching and/or rolling then the echogram will be “patchy” and the biomass will likely be under 

estimated (e.g., Figure 5). Vessel speed should be constant during each transect and no more than 

10 knots. For a grid, it may be possible to get a good recording by doing all of the transects in one 

direction, with the sea. 

 
Be sure to turn on the recording system at the start of each transect and turn it off at the end of 

each transect so that each separate transect is in a separate data file. 

 

 

 

Figure 4: An example of an interference pattern which was caused by a second echosounder being switched 

on part way through the recording. 
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Figure 5: An example of poor data quality caused by bad weather with ping “drop outs” and noise “spikes” 

apparent in the echogram. 

 

 

4. Fill out the acoustic logbook 

It is very helpful to anyone analysing the acoustic data to have a logbook available that records when 

and where each snapshot was done. The exact positions at the start and end of each transect should 

be stored automatically in the acoustic data file but notes recording the approximate position (e.g., 

the name of the hill) are helpful in the analysis. 
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An example of recordings in an acoustic logbook (which can be in a spreadsheet or a Word 

document) is given below. 

       

Snapshot Transect Date Start time End time Notes 

1 1 25 Jul 18 22 10 23 10 Mark on top of Fred’s Nob. 
Star pattern. 

 2  23 40 24 30  

 3 26 Jul 18 00 35 01 20  

2 1 29 Jul 18 10 05 10 30 Mark on the flat at about 171 
30 E, 38 15 S. Simple grid. 

 2  10 45 11 05  

 3  11 25 11 55  

 4  12 10 12 30  

 5  12 45  13 05 Out of marks – stopping 
snapshot. 

 

 

5. Target identification trawls 

Commercial fishing will normally be adequate for identifying orange roughy aggregations. However, 

if there are substantial marks near to the orange roughy marks then it would be very helpful to 

identify the species composition of those marks.  It is important to understand whether there are 

other species mixed in with the roughy marks or whether the other species are in their own marks 

and separate from the orange roughy. 

 

6. Sampling of the trawl catch 

Please make sure that the sampler(s) on the voyage is familiar with the sampling requirements for 

an orange roughy acoustic survey. They need to be informed which trawls are targeting the roughy 

aggregations that have been or will be acoustically surveyed. A safe and suitable workspace needs to 

be organised for them with the factory manager before the first trawl is sampled. 
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9. Appendix 2: Example instructions (e.g., to an authorised observer) 
 

On many of these surveys the only sampler will be a government observer. It is a good idea to give 

them some simple and practical instructions to inform them of the sampling requirements of an 

acoustic orange roughy survey. Permission for a change in emphasis of their role on the voyage must 

be agreed to by Fisheries NZ before the voyage begins. 

Instructions for the Lead Sampler 

As an observer you should be aware that your role on this survey may entail some shift in emphasis 

compared with your normal duties, although some data collection within the SPRFMO Area will 

remain mandatory. The emphasis is on collecting biological data from the acoustically surveyed 

orange roughy aggregations to support the calculation of biomass estimates and the development of 

orange roughy age frequencies. 

Trawling is done to identify the species composition of the acoustic marks and to collect biological 

samples from orange roughy (in particular). Gonad stages (at a minimum the females) are needed to 

check that the timing of the snapshots is adequate (i.e., that it is near peak spawning). Length 

frequency data are needed so that the size of the fish and hence their target strength can be 

determined (using a given length-target strength relationship). Otoliths need to be collected so that 

an age frequency can be constructed for each surveyed spawning aggregation. Genetic samples are 

required. Length-weight data for individual fish are needed if time permits. 

Talk to the voyage leader and factory manager to work out a safe and efficient procedure for 

sampling the catch before the first trawl is sampled.  

Follow your normal protocols to ensure random sampling and accurate measurement and 

classification. Fill out your usual forms including catch composition on each trawl and benthic 

capture.  

There is a target for the voyage leader of at least three trawls on each spawning aggregation, but be 

aware that they may do less. Keep in communication with them so you know how many trawls they 

are planning to do on each aggregation. The priority is to sample trawls from aggregations that 

have been or will be surveyed.  

Biological samples for orange roughy are needed: 

• Otoliths collected from sexed and measured fish with a target of at least 300 fish from each 

surveyed aggregation. This can be achieved in different ways depending on the number of 

trawls expected to be made on the aggregation.  

o If there are to be three trawls, then a sexed length frequency with a minimum of 100 

fish per trawl with gonad staging (at least the females).  

o For a single trawl, with a large catch: three samples (each of 100 fish) should be 

taken (e.g., from near the rear, near the middle, and near the front of the codend; or 

if the fish are processed then, for example, a sample in first hour, a sample in the 

second hour, and a sample in the third hour).  
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o For each sample the total weight of the sample should be recorded by sex. 

• Individual length-weight data if not recently collected from that specific location (i.e., in the 

last five years from where the aggregation was found) or if more samples are required. A 

minimum of 300 sexed fish per surveyed aggregation. 

• Genetic samples if not previously collected from that specific location (where the 

aggregation was found) or if more samples are required. A target of 100 samples per 

aggregation. 

It is particularly important that otoliths are properly cleaned and dried before being put into 

sleeves/envelopes and that they are stored and transported carefully to avoid breakage. 

Biological samples from bycatch species should be taken if there is a large bycatch (on a particular 

trawl) or if there is a persistent bycatch (i.e., a species that is often caught).  

For a large catch of a species that is not orange roughy, a sexed and staged length frequency should 

be taken for a random sample of at least 100 fish. If time permits then otoliths should also be taken 

from those fish. The total weight of each sample should be recorded by sex. 

For a persistent bycatch, length frequencies (sexed or not) should be taken from some trawls as time 

permits. 

Genetic samples will be required on this voyage (target of 100 samples per aggregation). Details of 

the sampling are given below. Every third fish that is being sampled for otoliths (target at least 300 

fish per aggregation) should be sampled for genetics as well. 

• Storage – samples taken and frozen.  Sample quality critical so sooner frozen the better.  
Alternative to freezing is placement in preservative.  

• Cut off a sample piece of tissue from the belly flap, place it in a zip lock bag and freeze it. 
Alternate place in 2mL tubes contain a high-salt preservative (no-freezer option):  1 fish 
sample = one tube. 

• The sampling kits for location samples should contain: 
• 2mL tubes contain a high-salt preservative (no-freezer option):  1 fish sample = one 

tube 
• Zip lock bags (65 x 75 mm) for individual tissue samples (freezer option): 1 fish sample 

= one zip lock bag 
• Larger zip lock bags to hold a set of samples from one location/tow 
• Small sharp knife, if needed for the person sampling 
• Sample record sheet or link to observer data books 

 

 


