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EXECUTIVIE SUMMARY 

Dwnan, IJ,.; Hicks, A.C.; Cwmbs, R.F.; Hart, A.C.; Tracey, DM. (2003). Acoustic estimates of 
the abundance of orange roughy in the Mid-East Coast f~hery,  June-July 2001. 

New Zealand Fisheries Assessment Report 2003/4. 22 p. 

An acoustic survey of the Mid-East Coast orange roughy fishery was carried out between 22 June and 
9 July 2001 using Tangaroa (voyage TAN0109) and T a s m  Viking (TVIO101). Transects on flat 
ground were surveyed with a stratified random design and seamounts were surveyed with systematic 
'sitar' transects. The survey covered only the ORH 2A South part of the Mid-East Coast and included 
xiost of the ground at the orange roughy depths. The survey was targeted at the Ritchie Hill area, the 
ma& strata, where spawning takes place and the rest of 2A South, the background, was covered in a 
more limited fashion. 

Three repeats of the main strata around Ritchie Hill were carried out and one of the background. 
There were 52 acoustic transects on flat-seabed areas and 4 on seamounts in the main strata, and 26 
transects on the background. There were 57 trawls for target identification and estimation of species 
c~~mposition: a further 7 trawls were carried out on the Wairarapa Hills, which are outside 2A South, 
and some spawning orange roughy were found there. 

The biomass; of spawning orange roughy, averaged over three snapshots, was estimated to be 14 900 t 
with a C.V. of 38%. From this the biomass of mature roughy was estimated at 25 300 t with a C.V. of 
38%. For stwk assessment, the mature biomass was taken to be 26 700 t, also with a C.V. of 38%. This 
was obtained by averaging estimates based on two independently derived values of orange roughy 
Uuget strength. 



1. INTRODUCTION 

Acoustic techniques have become established as the main fishery-independent source of biomass 
information for the larger orange roughy (Hopbstethus atZunticus) fisheries in New Zealand over the 
last 4 or 5 years (see for example Bull et al. 2000, Doonan et al. 2001). The work described here is the 
fmt comprehensive acoustic survey of the Mid-East Coast (MF,C) orange roughy stock 

The MEC stock covers quota areas ORH 2A South (south of 38" 23's). ORH 2B (Wairarapa) and 
ORH 3A (Kaikoura). It is considered to be separate from the adjacent stocks at East Cape and on the 
Chatham Rise. Before the survey described here, spawning orange mughy had only ever been found 
on and around Ritchie Banks and it is believed that roughy migrate there from Kaikoura and 
Wairarapa to spawn. 

In recent years the MEC fishery has decreased in size, as quota levels have been reduced from over 
6000 t in the early 1990s. to 2100 t between 1995 and 2000, to the present limit of 1500 t. These 
reductions have been associated with strong declines in CPUE, and a contraction of the periods of the 
year when high catch rates can be taken. The fishery has also tended to become spread over a wider 
geographical area. Stock size and yields have been estimated using data from egg surveys carried out 
in 1993 and 1995, standardised CPUE analyses for the entire stock area as well as the Ritchie Banks 
region (Statistical reporting area 013), and length data applied in a stochastic stock assessment 
(Francis & Field 2000). The current assessment depends heavily on the (3PUE data, and it is uncertain 
how well this measure tracks the abundance of orange roughy (Clark 1996), especially while stocks 
are W i g  fished down to relatively low levels. This uncertainty has led to the need for alternative 
abundance information. 

The large characteristic aggregations that roughy form when spawning make them good subjects for 
acoustic estimation. However, because of the short spawning period and the dynamic behaviour of the 
fish, timing is all-important. This is particularly sofor st&& such as MEC where the aggregations 
have become much smaller, harder to locate, less stable, more disrupted by fishing, and generally 
more dynamic in location and time. A series of survey 'snapshots' is needed to capture any build up 
and decline in the overall biomass and to ensure movements of aggregations do not affect the results. 

This report describes an acoustic survey of the MEC to estimate the biomass of mature orange roughy 
which attempted to accommodate the dynamic nature of the stock described above. The survey used a 
stratified random approach and the methodology was similar to that used to estimate roughy biomass 
on the ChathamRise (Bull et al. 2000, Doonan et al. 2001). 

2. METHODS 

The overall approach to the survey was to measure acoustic backscatter together with information on 
the size and age structure of the roughy and the mix of species present in acoustic 'marks' obtained by 
trawling. Survey timing was based on analysis of reproductive data from the area from past biomass 
surveys and from commercial fishing vessels. A stratified random approach was used (Jolly & 
Hampton 1990) and the strata were allocated using commercial catch information together with 
detailed local fishing knowledge supplied by fishers active in the area Stratum boundaries were not 
tightly defined in advance and it was envisaged that they would be reviewed in the light of experience 
at the start of the survey. To expedite this review a rapid preliminary survey was carried out to locate 
spawning aggregations and finalise strata and &ansect allocations. Two vessels were used, NlWA's 
70 m research vessel Tangaroa, which carried out all of the acoustic work and some of the trawl 
sampling, and Tasman Viking, a 37 m trawler chartered from Donker Marine Lhited, which canied 
out trawl sampling for the first half of the survey period. To minimise disruption of orange mughy 
aggregations, commercial fishers were asked to limit their operations during the survey. 



2.1 Acoustic principles 

The conventional approach of echo-integration was used to estimate areal backscatter of acoustic 
elnergy by :fish (Burczinsky 1979, Do & Coombs 1989, Doonan et al. 2001) which was then 
~pportioned using a mark classification scheme derived by comparing echograms and trawling results. 
h e a l  backscatter that has been apportioned to different species is converted to numbers of that 
slpecies by dividing by its target strength and to biomass by multiplying by its average weight. 

The detailed mathematical analysis used to estimate biomass from the survey results is the same as 
that used by Doonan et al. (1999). 

There are a :number of physical factors that affect the accuracy of the estimates of backscaner, and the 
most important for orange roughy surveys are shadowing, towed body motion, and absorption of 
ssound by seawater. 

Shadowing is a problem where the fish are on the sides of seamounts or on sloping seafloors. The 
acoustic transducer projects a conical beam down through the water column with the wave-front 
forming part of the surface of a sphere. If the axis of the beam is perpendicular to a flat sea bottom, 
then the sea bottom reflection from the central part of the beam swamps the reflections from fish 
close to the bottom in the outer parts of the beam. There is thus a volume close to the sea bottom 
which is nct visible to the acoustic gear, called the 'shadow zone'. The size of the shadow zone 
depends on the distance of the transducer from the bonom and patticularly on the steepness of the 
nominal bottom. For the transducers used in this survey, on a flat seafloor it is typically about 1 m, 
but on steep hillsides it can be over 30 m. We estimated the thickness of the shadow zone using the 
method of Barr (in Dwnan et al. 1999) and assumed that the orange mughy density in the shadow 
zone was the same as that in the 10 m immediately above. Corrections were calculated for groups of 
10 pings and reported as the mean of these for a stratum and snapshot. The h a 1  biomass estimate 
includes shadow zone correction. 

Transducer motion during a transmit results in the transducer pointing in different directions when 
transmitting; and receiving. Corrections for the decrease in acoustic signal strength due to this motion 
vvere made using the method of Dunford (pets. c o r n ) .  Transducer movement data were collected 
synchronously with the acoustic data at 50 ms intervals. These data were interpolated to match the 
acoustic data which were then corrected on a sample-by-sample basis. The corrections required are a 
function of the difference in pointing angle between transmission and reception and are therefore 
gteatest at longer ranges and when transducer motion is most pronounced. Backscatter was calculated 
toth with and without motion correction for each stratum and snapshot. The final biomass estimate 
includes motion correction. 

The absorption of sound by seawater is not well hown at 38 kHz (Do & Coombs 1989, Doonan et al. 
1.999) and this uncertainty is a signifcant factor where long ranges are involved (e.g., flat background 
strata). The absorption coefficient was estimated from temperature and salinity data using the 
relationship derived by Dwnan et al. (in press) and this was used to correct the data from the nominal 
a~bsorption coefficient (8 d~.km-') applied by the receiver. 

14 further problem in this survey is that not all spawning fish were in aggregations and an unknown 
fiaction was in a 'background layer- a bonom layer of low backscatter 5-15 m thick The 
background is a further problem because it is composed of a mixture of species with a low density of 
orange roughy. 

2 Ac~oustic equipment 

The acoustic data were collected with NIWA's Computerised Research Echo Sounder Technology 
(CREST) (Cwmbs 1994) and the configuration used was described by Doonan et al. (2001). The 



backscatter data were collected with a single split-beam system towed at between 200 and 400 m deep. 
This was calibrated in the large tank at Greta Point before and after the survey and a deepdrop 
calibration (see Doonan et al. 2001) was carried out during an ore0 survey in November 2001. The 
calibrations are based on Foote et al. (1987). A 38.1 mm f 2.5 pm diameter tungsten carbide sphere with 
a nominal target strength of 42.4dB was used as a calibration standard. The transducer 3 dB 
beamwidths were 7.0' x 6.9' (alongship and athwartship) and its effective beam angle f a  integration 
was 0.0083 sr. The effective pulse length was 0.78 ms and the sample rate 4 kHz. The in-circuit voltage 
at the transducer terminals for a target of unit backscattering cross-section at unit range ('SL+SRT') 
was 1259V and the voltage gain of the receiver at 1 m with the system configured for echo- 
integration was 12 600. 

2.3 Trawl gear 

Tangaroa used the standard six-panel bottom orange roughy trawl for hill fishing and the Ml wing 
trawl ('ratcatcher') for fishing on flat ground. For fishing on hills and smooth bottoms, Tusman Viking 
used an orange roughy, winged bottom trawl with small rubber rollers in place of steel bobbins and 
100 mm codend mesh. She used a wingless 'rockhopper' trawl, also with 100 mm codend mesh, for 
fishing on rough bottoms. 

2.4 Survey design 

The overall survey area is shown in Figure 1. The area included part of ORH 2B (Wairarapa) and 
three subareas of ORH 2A South. The survey was centred on Ritchie Hill and covered the subareas 
Tolaga, Portland, and Madden on the map. Wairarapa was not part of the formal survey but was 
included to check for migration and the presence of spawning roughy. It was anticipated that roughy 
aggregations would occur in patches within the overall area and that the survey would need to be 
targeted at these. Strata established to survey these are designated 'main' strata. However, roughy 
were also expected to be more widely spread throughout the area as a whole and strata established to 
survey these are designated 'background' strata. 

2.4.1 Main strata 

As noted above, a rapid preliminary survey using a hull mounted acoustic system was carried out to 
identify aggregations and to establish final strata that reflected their locations. It also provided 
information on types of acoustic marks outside the aggregations, allowing trawls on different mark 
types to be planned. Two different transect patterns were used, depending upon the characteristics of 
the ground being surveyed. 

0 Conical hill features (e.g., North Hill, Tolaga Knol: Figure 1) were surveyed using a radial star 
pattern (Doonan et al. 2003). Each star included 2 to 4 transects, centred on the top of the main 
mark, at approximately equally spaced angles. An initial search was carried out on the hills with 
the hull system and only hills with marks were surveyed during each snapshot. This procedure 
freed time to concentrate on a thorough survey of the known aggregations. 

0 More extensive areas of slope and elongated features (e.g.,Ritchie Hill, Figure 1) were surveyed 
using systematically positioned parallel transects, usually oriented east-west. The position of the 
first transect was randomly assigned. 

Rapid surveys using the hull system were carried out in the main strata before each repeated survey 
(snapshot). Quick, wide-area echosounder surveys were also carried out by Tasman Viking to ensure 



that the dislribution of marks had not changed and to give reasonable confidence that no roughy 
aggregations had been missed. 

In allocating: trawl tows and acoustic transects to strata, three sources of variation were considered: 

1. samplin;: error in the acoustic data, 
2. sampling error in the proportions of spawning orange roughy in the species mix as measured by 

data from trawling, 
3. experimental error in the determination of the target strength of both orange roughy and other 

species. 

2:.4.2 Background strata 

Tolaga, Portland, and Madden were further divided into two or three background strata. The area 
within each of these that was not included in a main stratum was surveyed during the last snapshot 
using syste~uatic parallel transects. There were between two and five transects in each background 
stratum, depending on its size and importance and the time available. 

21.5 Biological sampling 

Elefore the survey, roughy length and gonad stage data were collected from two commercial landings. 
During the :survey, the catches from each successful tow were sorted and weighed by species to the 
marest 0.1 kg. For catches too large to be weighed, the orange roughy catch was estimated from the 
weighed, pmessed catch using a conversion factor. 

A random sample of 200 orange roughy was selected from each tow and staged length hquency 
measurements (standard length to the nearest centimetre below, sex, and gonad stage) were made. For 
lmge catches, at least three samples of 200 orange roughy were taken from different parts of the net to 
ensure sampling was representative of the catch. A further 20 roughy (more for large catches) were 
randomly selected for more detailed examination. Data collected were standard length (mm), weight 
(g), sex and gonad stage and stomach fullness, digestion, state, and contents. Length measurements (to 
the nearest centimeme) and weights to the nearest gram were collected for samples of bycatch species. 

Orange roughy mean lengths scaled by catch and sex ratio data were calculated by area and by mark 
type. The length-weight relationship for all species was estimated from data collected during the 
survey. 

6 Estimating absolute abundance 

The overall procedure for estimating biomass was essentially the same as in previous orange roughy 
riurveys (Bd et al. 2000, Doonan et al. 2001). The total recruited biomass of the stock is reauired for 
s,tock-asses!jment and for roughy this is taken to be equal to the biomass of mature fish.   ow ever, 
this survey directly estimated only the biomass of spawning orange roughy in the areas surveyed. 
These were then scaled up to estimate recmited biomass. Spawning roughy were defined as those 
with a gonad stage of 3 or more. The variability associated with each estimate was also estimated 
and a sensitivity analysis carried out. 

The following sections expand on aspects of the overall analyses that are specific to the MEC fishery. 



The character of this fishe~y was h o w  to differ fromthe larger fisheries on the ChathamRise where a 
large proportion of the biomass is in large aggregations which are almost exclusively orange roughy. 
In the MEC other aggregating species are also present (e.g., alfonsino and cardinalfish) and, as noted 
earlier, roughy aggregations are smaller and more scattered. We anticipated that a more complex mark 
classification scheme, of the type used for oreos (Doonan & McMillan 2000). would be required. 
Different mark-types were established as the survey progressed and trawls were targeted accordingly. 
These data were then analysed after the survey to give the final mark-types to be used to estimate the 
abundance. 

2.6.2 Target strength 

The target strength relationships used in this assessment were the same as used by Doonan et al. 
(2001). For orange mughy these are based on measurements of live fish in a tank (McCIatchie et al. 
1999) corrected for depth (McClatchie & Ye 2000) and combined with in situ results from Barr & 
Coombs (2001). An alternative relationship derived fromKloser et al. (2000) was used as a sensitivity 
case. 

For other common species we used relationships based on swimbladder modelling (Macaulay et al. 
2001). Generic relationships were used for other species as detailed by Doonan et al. (1999). The 
relationships between tilt-averaged target strength, OS>, and length are shown in Table 1. 

2.6.3 Estimating spawning fraction 

Because not all mature roughy spawn in any year, an estimate of the fraction, Smat, that do not spawn 
is required to convert spawning biomass to total biomass. Mature, but non-spawning, fish were 
incorporated into the acoustic estimate with the ratio Smat = B,,,JBs which was estimated with female 
data only, i.e., BwJ/Bsfi where BmJis the female mature biomass and Bsfis the biomass of females 
that spawned. Males were assumed to have the same ratio. Thus, the acoustic estimate of B,, is 
Bs x Smat, where Bs is estimated biomass of spawning fish (both sexes) from the acoustic survey of 
the spawning area. 

The data to calculate Smut need to come from the total area from which spawners are drawn and to be 
collected during the months leading up to spawning. For MEC, appropriate data are from Ritchie 
Bank (TAN9203, March-April 1992; TAN9303, March-April 1993; and TAN9403, March-April 
1994). East Cape (TAN9506 May 1995), and the hills and flats of the northwest area of the Chatham 
Rise m 9 4 0 6 , 2 5  May4 June 1994). 

Before to 2000, a roughy was considered mature if it was in gonad stage 3 (ripe) or higher and at least 
32 cm long (Bull et al. 2000). This was thought to exclude some mature fish and the gonad stage was 
revised down to 2 (intended to include fish in the 'resting' state), without a length criterion, for the 
2000 Chatham Rise survey (Doonan et al. 2001). However, we now consider that this revised 
defmition includes immature fish and for the analysis here we have re-introduced a length cut-off. In 
the absence of a definitive length-maturity ogive, we have taken a limit of 3 1 cm based on the work of 
Francis &Horn (1997). Thus for this analysis a mughy is considered mature if it is in gonad stage 2 or 
more and at least 3 1 cm long. 

For the MEC stock, the mean of three estimates from the Ritchie Bank surveys was used, which gave 
an estimated Smat of 1.70 with a C.V. of 7%. Using the previous defmition of matme (gonad stage 2 or 
more), Smat would have been 2.5. 



2.6.4 Esti~mating variance and bias 

Analysis of variabity was based on the sampling variability of acoustic transects and trawl catches, 
and on the u~icertainty in the target strengths of orange roughy and bycatch species. The three sources 
of' variation were combined by a bootstrapping method. For each bootstrap iteration, the trawl catches 
were resampled within each mark-type and kansect backscatter was resampled within each stratum. 
Tuget strength variations were treated in one of three ways. For orange roughy, the data used to 
estimate the target strength-length relationship were resampled and the relationship reestimated. For 
species where the target strength was derived from swim-bladder data and for smooth oreo, the 
intercept of the target strength-length relationship was adjusted by a random amount that was drawn 
from a normal distribution with a zero mean and a standard deviation of 3 dB. For species that used a 
general target strength-length relationship, resampling was nested in a way which reflected the way 
the data were collected and combined to form the relationships (see Doonan et al. 1999 for details). 
Biomass estimates were then recalculated. The process was repeated for 500 bootstrap iterations and 
c.v.s of the bootstrapped biomass estimates were calculated. 

3. RESULTS 

The survey was preceded by an analysis of commercial catch data for June and July between 1995 and 
21000 and consultation with fishers operating in the area in recent years. Fishing on spawning fish 
occurred mid to late June, but large catches came from a few sites only. Results h m  egg surveys in 
1'993 and 1995 (Zeldi et al. 1997a, 1997b) show increasing active spawning from about 25 June and 
high levels through to early July. Spent fish increased from about 30 June, but this may be deceptive 
ZE spent fish in 1995 were thought to have left the spawning aggregations early. 

The survey was carried out between 22 June and 9 July 2001 with Tangaroa covering the whole 
period and k m m  Viking 23-29 June. 

3.1 Strata 

T'he preliminary rapid survey focused on Tolaga Knoll, North Hill, Ritchie HZ, and Rock Garden, 
which were the areas identified by the commercial catch analysis. 

No orange roughy marks were seen on Tolaga Knoll in this preliminary survey and it was not 
included as a 'main' strahlm. It was also apparent that there were few aggregations and more of the 
background layers than encountered on previous orange roughy surveys. 

Ille p k j  survey area was around Ritchie Hill and the Rock Garden, in which five main strata, 
tbree parallel and two hills, were established as follows: 

The parallel strata (i.e., surveyed using parallel transects) were Ritchie A @A), Ritchie B (RB), 
and Rock Garden (RG), as shown in Figure 2. 

1 The hills were North Hill and Hill 814. The latter was ins'ide RA but formed a separate, 
independent stratum. 

There were three snapshots in the main strata and a rapid survey was carried out before each, the 
boundaries being set depending on the results. As a consequence, the area of each stratum changed 
t~tween snapshots and not all hill strata were surveyed each time. 

!hapshot 1 was from 23 to 27 June and included RA, RB, RG, North Hill, and Hill 814. Snapshot 2 
was from 2'7 to 30 June and no marks were seen on either hill during the rapid survey so only RA, RB, 
and RG were covered. A commercial vessel fished on Hill 814 during both snapshots 1 and 2. The hill 



was successfully surveyed in the fust snapshot but the mark seen at the start of snapshot 2 had 
disappeared by the time the commercial operator had finished. Snapshot 3 was from 30 June to 9 July, 
and again there were no marks on the hills and only RA, RB and RG were included. The main strata 
are summarised in Table 2. 

Eight background strata were allocated before the start of the survey. After the main strata had been 
established it was found that background stratum 3 more or less coincided with RG and hence was not 
covered again. The seven background strata surveyed are shown in Figure 3 &d summarised in Table 
2. They were surveyed during snapshot 3 from 30 June to 9 July. 

3.2 Trawls 

During the first seven days of the survey, T n s m ~  Viking carried out 29 trawls. Three of these were in 
the Wairarapa region near Castlepoint Hills and one trawl was completed early in the survey in 
background stratum 2. As indicated in the Methods section, the Wairarapa was included solely to 
check on the fraction of spawning fish in a faraway region close to spawning time. According to 
current stock assessment assumptions there should have been no spawning fish, but in fact there were 
spawning roughy in two of the three trawls, in one of which nearly half of the roughy were ripe, 
running ripe, or spent. We have not attempted to incorporate this finding in the present biomass 
estimate. 

The remaining trawls were in the main strata and sampled many different types of marks. Tangaroa 
completed the trawling with 35 shots, 16 of which were in background strata. Table 3 shows the 
number of trawls for each vessel in each stratum. 

3.3 Mark identification 

As expected, the MEC did not show the distinctive large plumes and uniform background that are 
characteristic of the larger roughy fisheries in areas such as the Graveyard on the Chatham Rise. 
There were orange roughy marks scattered amongst the hiUs and valleys in the area and also layers 
with some roughy mixed with other species. Intense marks from swimbladdered species such as 
cardinalfish and alfonsino were common, as were light m k s  from Johnson's cod that could easily be 
mistaken for mughy. Seven mark types were identified and used to partition the backscatter. These 
were: 

1. ORANGE ROUGHY 
2. REDMARKSGREYLAYER 
3. GREY LAYER RED FLECKS 
4. REDFLECKS 
5. INTENSE 
6. LAYER INTWSECTS B m O M  
7. BACKGROUND 

3.4 Biological sampling 

Orange roughy formed a large proportion of the catch for the ORANGEROUGW, 
RED MARKS GREY LAYER, GREY LAYER RED FLECKS, and BACKGROUND mark-types (Table 4). 
However, except for ORANGE ROUGHY, the numbers of spawning roughy were diluted by other 
species and non-spawning roughy. Roughy catches in the other mark-types were very low or zero. 

Strongly unimcdal length distributions, typical of orange roughy spawning aggregations, were found 
in the ORANGE ROUGHY and RED MARKS GREY LAYER marks. Broader distributions with smaller fish 



were present in the GREY LAYER RED FLECK and BACKGROUND marks. The distributions were 
influenced by the small immature and resting roughy sampled from the background and outer strata 
tows. 

Mean lengths were calculated from the frequencies and ranged from to 31.1 to 35.9 cm (females), and 
27.4 to 33.!2 cm (males) (Table 4). Mean lengths varied between mark-types depending on the 
proportion of spawning fish and the sex ratio. Larger fish were found in ORANGE ROUGHY and 
REDMARKS GREY LAYER. h g e  roughy sampled in the flat areas away from the spawning 
a,ggregations, where there were high proportions of non-spawning fish, had smaller mean lengths of 
31.1 cm (females) and 27.4 cm (males). There was a higher proportion of males in the 
ORANGE ROlJGHY Category, but females dominated RED MARKS GREY LAYER marks. 

Figure 4 summarises by date the gonad state for female orange roughy before and during the survey. 
CInset of spawning is defined by the presence of 20% spent females. and this occurred around 24-25 
Jlune. Spawning females (mming ripe) dropped to below 20% around 29 June. Towards the end of the 
swey, when the outer strata and smaller fish were sampled, there was an increase in the numbers of 
immature an.d resting fish. The data show that timing of the survey was appropriate for all areas. 

3'.5 Biomass estimates 

?he estimates of biomass of spawning orange roughy from the survey are shown in Tables 5 and 6. 
Table 5 contains estimates by snapshot and summarised strata, together with totals and estimated c.v.s 
fix each snapshot In compiling snapshot abundances, we assumed that the abundance for Hill 814 in 
snapshot 2 was the same as in snapshot 1, because a mark was present even though fishing prevented 
us surveying it. We also assumed that the abundance in the background strata in snapshot 3 applied to 
the first twc~ snapshots. Table 6 gives a detailed breakdown by mark-type and stratum averaged over 
snapshots 1 and 2 for the main strata and for snapshot 3 for the background strata. These estimates 
include conections for the shadow zone and towed body motion as described below and were made 
using the target strength relationships given in Table 1 with the fmt orange mughy value. The mean 
biomass for the three snapshots is 14 873 t, which we have rounded to 14 900 t for stock assessment 
p~urposes. Using the 'sensitivity' target strength relationship for orange roughy in Table 1 gives 
16 500 t. 

Sources of variance are summarised in Table 7. 

Adjusting for the proportion of mature fish not present on the spawning grounds (i.e., Smut of 1.7) 
gives estimates of 25 330 and 28 050 t for the two target strength values with a C.V. of 38%. 

3.6 Corrections 

l l e  shadow zone corrections applied are shown by mark-type and stratum in Table 8 and by snapshot 
and stratum in Table 9. The backscatter was increased by up to 47% for some mark-types and up to 
62% by stratum. The largest corrections occurred in background strata 5,6, and 8 because these areas 
contained some steep sea bottom and the towed body was operated at a relatively shallow depth. 
Average co~mtions for the main suata were about 7% and background strata corrections ranged from 
(I to 62%. 

Average corrections for the movement of the towed body ranged from 13 to 84% (Table 10). The 
higher values occurred during rough weather. 



3.7 Sensitivity 

The sensitivities of the flat ground abundance estimate to changes in the values of the contributing 
parameters are presented in Tables 11 and 12. Most sensitivities considered here did not represent 
potential changes, but are based on doubling and halving parameter values (e.g., a 3 dB change in 
target strength represents a factor of two in the fish-per-square-metre scale). 

For the total abundance of orange roughy, the largest sensitivities occurred when the intercepts of the 
target-strength length relationships for other species were changed by +3 dB. The 3 dB used in the 
sensitivities was only a guess at the range for future revisions. The next most important sensitivities 
were changes in the catchab'ities of other species relative to orange roughy. 

Catchabilities of other species are unknown, and it is also not known if orange roughy are more or less 
catchable than other species. The sensitivities used should be viewed as a mean change for all the 
other species because individual species would be expected to have a range of values. When 
individual species were excluded from the catch (Table 12), the exclusion of Johnson's cod produced 
a change in total abundance of 24%. Johnson's cod was important in both the main and background 
strata considered separately (Table 12). In the background strata, the white rattail was the most 
important species. 

Reducing the number of mark-types to two, ORANGE ROUGHY and all the rest combiied, did not affect 
the abundance for the main strata, but it substantially changed the abundance in the background strata 
(Table 11). The later is a bit artificial since the background strata had only GREY LAYER RED FLECKS 
and BACKGROUND mark-types and so comb'lning these with RED MARKS GREY LAYER introduced 
trawls that had a high catch rate relativeto the others of which orange roughy made up a substantial 
proportion (Table 4). None of the later trawls were in the background strata. 

4. DISCUSSION 

This was a difficult survey for timing because the period of peak spawning was very short, there was a 
large area to cover, and there were constraints on the availab'ity of the vessels. In the event the 
survey did manage to cover the peak period with good sampling density of the main spawning 
locations. This was undoubtedly achieved only because two vessels were used. Tasmmt Viking 
skippers had considerable experience fishing in the area and their local knowledge led to effective 
sampling of the different types of mark. In terms of number of marks in the Ritchie W area, all 
major spawning aggregations were likely to have been surveyed because extensive hull surveys were 
conducted by Tangaroa and on several occasions Tarman Viking was given a free hand to find other 
roughy schools. The sensitivity analysis shows that the ORANGE ROUGHY mark-type is important for 
the main strata, so accurate identification of marks of this type is crucial. The identification of marks 
other than ORANGE ROUGHY is unimportant in the main strata. 

This survey diered from past orange roughy surveys in having a high C.V. of about 61% in the 
backscatter in the main strata, compared to 20-30% in other surveys. It was expected that there would 
be scattered schools of orange roughy, apart from those on some hills, and these were accommodated 
with the parallel transect design. Most of the roughy were in ORANGE ROUGHY mark-types in RA, 
RB, and RG, and their distribution amongst the transects effectively determines the variance of the 
backscatter. whilst, overall, 10 out of 51 &ansects had ORANGEROUGW marks (which seems 
adequate from a design perspective), only RA in snapshot 1 had more than one meet (4 out of 8) 
with ORANGE ROUGHY. The others had either one such transect (out of a total of 6 transects over all 
snapshots and strata) or none (out of 2 transects). Having one transect in a stratum with 
ORANGE ROUGHY marks leads to a high between-transect variabity and suggests that the survey 
could have been more targeted or that the number of transects should have been higher (perhaps 
double.) 



The survey was somewhat vulnerable to the fish being disturbed by commercial fishing activities and 
our request that fishing be l i i t e d  during the s w e y  was only partly successful. Hill 814 was fished 
durir~g snapshots 1 and 2 and the Rock Garden in snapshot 3 which compromised those data. 

In retrospect, the last snapshot may have been too late. All main strata had far fewer spawning fish in 
the third snapshot than in the first two and the total for the main strata dropped by 80% from about 
10 000 t to 2000 t. Although this change was not statistically significant (because of the large c.v.s of 
the individual results), it may nevertheless have been real and the background strata might have 
included fish that had moved from the spawning areas (i.e., some fish may have been counted twice). 
However, the distribution pattern of roughy in the background layer does not support this idea and 
there is no obvious pattern of dispersion radiating away from Ritchie W. Such a pattern could exist 
but be masked by the low precision of the acoustic data from the background strata because it relies 
on prtitioning a thin, but extensive, layer of backscatter accurately into species components. The 
number of orange roughy, and their contribution to this backscatter, is small although they are a one 
of the major species caught by weight. This uncertainty is reflected in the sensitivity analysis which 
shows that there are potentially large biases. A further problem is that the background strata 
contribute half the abundance, when the three snapshots are averaged, and so they have a large 
influence on the total abundance. This experience underlines the necessity for dealing more 
effe:tively with roughy in background layers as opposed to spawning aggregations. 

For stock asser;sment, the three snapshots were averaged to give a spawning abundance of 14 900 t. 
Using the orange roughy target strength estimate from Kloser et al. (2000) gave 16 500 t and these 
two estimates were further averaged to give 15 700 t. Scaling up to the mature stock (a factor of 1.7) 
gave 26 700 t with a C.V. 38%. In contrast, using the main strata estimates from snapshots 1 and 2, and 
ignoring the background, gave a mature abundance of about 30 000 t. 
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Tabl'e 1: Length-target strength relationships used where relationships are of the 
form <TS>=a + b loglo(1ength). 

Species common name 
Orange roughy (lfoplosrethus atlanticus) 
Orange roughy st:nsitivity 

Basketwork eel (.Dimtobranchus capensis) 
Blaclk javelinfish (Mesobiu antipodwn) 
Black oreo (Allocytfus nger) 
Four-rayed rattail (Coryphae~ides subsemlam) 
Hold (Macruronus rwvaezelandiae) 
Javellinfish (Lepiiorhyncu denticulatus) 
Johnson's cod (hralargyreus johnsonio 
Notable rattail (Coelorinchus innotabitis) 
Ribaldo (Mora n ~ r o )  
Ridge xaled rattail (Macrourus carinatus) 
Robust cardinalfish (Epigonus telescopus) 
Semllate rattail (Coryphae~ides serrulatus) 
Smooth oreo (Pseudocytfus maculates) 
White rattail (Trachyrincus aphyodes) 

Cod-like 
Deep water swin~bladdered 
No swimbladder 

Code 
ORH 
ORH 

BEE 
BJA 
BOE 
CSU 
HOK 
JAV 
HJO 
CIN 
RIB 
MCA 
EFR 
CSE 
SSO 
WHX 

Intercept (a) 
-74.34 
-76.15 

-76.7 
-70.6 
-62.9 
-92.5 
:74 

-73.5 
-74.0 
-1W.8 
-66.7 
-95.5 
-70.0 
-135.0 
-89.16 
-62.1 

-67.5 
-79.4 
-77.0 

Table 2: Number of transects and the total area for al l  strata. B1 etc. are background strata '-', not 
surveyed. For Hill 814 (marked '*') the total number of transects was 3 but the last traasect 
was not used. 

Snaoshot 1 Sna~shot 2 Snaoshot 3 
Stralhm &ber of Area Number of ATea Numbs of Area 

wansects (Ianz) transects (Ianz) transects (lad) 
121 10 164 7 126 
149 5 149 6 194 
37 4 27 3 25 

RA 
RB 
RG 
Nonth Hill 
Hill 8 14 
B 1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 



Table 3: Number of tows per stratum for the two vesssIs 

Stratum 

RA 
RB 
RG 
North Hill 
Hill 814 
B 1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
Wairarapa 
Total 

Tasman 
Viking 

Tangaroa Total 

Table 4: Number of tows and percentage by weight of orange mughy (ORH) by mark-type together 
with the mean length of the sampled orange mughy sealed by catch. 

Mark type 
ORANGE ROUGHY 
RED MARKS GREY LAYER 
GREY LAYER RED F L K X  
RU)FLECKS 
KNTENSE 
LAYER INTERSEClS BOlTOM 
BACKGROUND 

Number Average. 
of tows % 0RH 

10 83 
4 71 
22 22 
3 3 
1 <1 
2 5 
7 35 

Number 
of ORH males Mean length (cm) 
measured (46) Males Femalts 

2456 70 33.9 35.9 
562 5 30.6 34.9 
1263 30 27.4 31.3 

- - 

Table 5: Abundance of spawning orange mu& (t) by snapshot and stratum. The italicised values are 
not direct measurements but assumed to be the same as adjacent estimates 

Stratum 

W 814 
North W 
RA 
RB 
RG 
Background 
Totals 
C.V. of total 



Table 6: Abundance of spawning orange roughy (t) by mark type and stratum. For strata RA, RB, RG, 
Hill 814, and North Hill, the abundance is an average of snapshots 1 and 2. 

a 
0 

RA 1 100 
RB 4 600 
RG 2 700 
Hill 814 164 
North Hill 370 

B4 
B5 
B6 
B7 
B8 

Tal 

Source 

Catches 

Cv. (%) by source calculated when bootstrapping that source only. Catches, backscatter, and 
target strength VS) of orange roughy were bootstrapped using available data. Target 
strengths of other species were varied by shifting the intercept up or down with a standard 
deviation of 3 dB. 

Stratum 
AU Main Back 

Backscatter 38 61 11 
TS of other spec:ies 23 27 49 
TS of ORH 5 8 0 



Table 8: Shadow zone wrrectiom for backscatter from each stratum and mark-type. Comtion is a 
weighted mean of the sampled marks that were on the bottom for each combination of mark- 
&and stratum, adjustG for the fraction of marks off the bottom (which were assumed to 
have a zero correction). 

Stratum 
W 814 
North Hill 
RA 
RB 
RG 
B 1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 

Table 9: Mean correction factors for the shadow zone by snapshot and stratum. The values indicate 
the mean amount of backscatter after the correction is applied, compared to the original 
amount. 

Stratum 
W 814 
North Hill 
RA 
RB 
RG 
B1 
B2 
B4 
B5 
B6 
B7 
B8 

Snapshot 
1 2 3 



TablelO: Mean correction factors for the towbody motion by snapshot and strahun. The values 
indicate the mean amount of backscatter after the correction is applied, compared to the 
original amount 

Stratum 
Hill 814 
North Hill 
RA 
RB 
RG 
B 1 
B2 
B4 
B5 
B6 
B7 
B8 

- Snapshot 
1 2 3 

Table 11: Sources of bias for acoustic survey abundance estimates, orange roughy, snapshot 1 
main strata and background strata. t, magnitude exceeds cv. of the estimated 
abundance when averaged over the 3 snapshots (all strata, 38%; main strata, 36%; 
baclkground, 64%). TS, target strength 

Source 

TS estimate, other species 
Lower intercepts by 3 dB 
Increase intercepts by 3 dB 

TS  estimate of target orange roughy 
Lower intercept by 3 dB 
Increase intercept by 3 dB 

Catchability of other species 
Twice that for target orw 
Hal:f that for target orw 

Mark-types 
Two mark-types: ORANGE ROUGHY, all others combined 

Abundance change (%) 
Strata 

AU Main Background 



Table 12: Bias from species mix used: effed of excluding one species at a time. Only species which 
cause a change of 10 % or more in abundance are shorn 

Species excluded 

Total abundance 
Deepsea cardinalfish 
Four-rayed rattail 
Ribaldo 
White rattail 
Johnson's cod 

Abundance in the main strata 
Deepsea cardinalfish 
Johnson's cod 

Abundance in the background strata 
Johnson's cod 
Ribaldo 
Four-rayed rattail 
White rattail 

Abundance change (9%) 



Figwe 1: Map of the MEC survey area showing part of ORH 2B and the three subareas of ORH 2A 
SouVh. Important features are also listed 

Figme 2: Locations of the main strata in ORH 2A South. 
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Figure 3: The background strata that were surveyed during snapshot 3 in ORH 2A South. 
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Figure 4: Percentage of each female gonad stage from samples on each day. Points represent the actual 
percentages and the lines are smoothed lines through though points to show a trend. The solid 
vertical lines show the timing of each snapshot and the dotted vertical line shows the beginning 
of the background survey. The two samples before the start of the survey were from 
commercial vessels. 


