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EXECUTIVE SUMMARY 

Millar, R.B.; Akroyd, J.M.; Walshe, K.A.R. (2001). Incidental mortality of snapper  
i n  S N A  1 a n d  S N A  8. 

New Zealand Fisheries Assessment Report 2001/78. 36 p. 

A dynamic age-length structured model was developed to model incidental mortality of snapper 
in the longline, trawl, seine and recreational fisheries in SNA 1, and the trawl and recreational 
fisheries in SNA 8. SNA 1 was modelled as two separate substocks, Hauraki Gulf/Bay of 
Plenty (HGBP) and East Northland (ENTH). Incidental mortality included losses arising from 
discarding (including high-grading) and from injury due to escape from trawl and seine gears. 

Incidental mortality was quantified in year 2000, and over the period 2000-20 using stochastic 
projections of the stocks. Incidental mortality was quantified herein in terms of the loss of 4yr- 
old equivalents, whereby fish younger than 4 were discounted according to the rate of natural 
mortality and fish older than 4 were inflated at the inverse rate. 

A base case model was specified after inspection of several existing sources of data. Eight 
additional model scenarios with different mortality, size-selectivity and discarding rates were 
also used. 

For the HGBP substock of SNA 1, incidental mortality in the longline fishery in year 2000 never 
exceeded 3% loss (of Cyr-old equivalents) under any model scenario. It was higher in the trawl, 
seine, and recreational fisheries, being about 7% for these fisheries under the base model and 
exceeding 10% under the highest-mortalities models scenario. Trawl incurred greater discard 
losses than seine, but lower escapee losses, resulting in very similar overall losses from these 
two gears. Incidental mortality over the period 2000-20 decreased by about a third compared 
to year 2000. 

Results for the ENTH substock of SNA 1 showed similar patterns to those for HGBP, but a t  
levels of incidental mortality roughly 50% higher. 

Incidental mortality in the trawl and recreational dominated SNA 8 fishery in year 2000 was 
lower than that in HGBP, being 5% and 4% in these two fisheries, respectively, under the base 
model. It may have been "spuriously" low because numbers of 2 and 3 year old fish were lower 
than average in SNA 8 in year 2000. Using projections to year 2020 with fishing capped at 
the minimum of year 2000 effort or year 2000 harvest fraction, incidental mortality in SNA 8 
increased slightly. 



1. INTRODUCTION 

This report presents results for evaluation of incidental mortality of snapper in SNA 1 and SNA 
8 and was carried out under Objective 1 of the Ministry of Fisheries Project SNA9902: 

1. To evaluate the nature and extent of incidental fishing mortality in SNA 1 and SNA 8 
using existing information. 

2. MODEL OVERVIEW 

For the purposes of this work, the SNA 1 stock was partitioned into two substocks, Hauraki 
Gulf/Bay of Plenty (HGBP) and East Northland (ENLD). These substocks are historically 
assessed individually because they are known to diier substantively in both the fishery and the 
biology parameters of the snapper. Hence, individual models were developed for HGBP, ENLD 
and SNA 8. Each of these three groupings will herein be referred to as a stock. 

The results presented herein were obtained for year 2000, and for the period 2000-20 by pro- 
jecting each stock from the present through to year 2020. The model was implemented using 
a fully age and length structured model (Appendix A) written in the S-plus statistical pro- 
gramming language. The model constructs the initial age and length structure of the stock 
using the numbers-at-age from the latest stock assessment (e.g., Gilbert et al. 2000) and the 
length-at-age curve. All fishing and incidental mortalities were modelled as functions of length. 

2.1 Model structure 

The essential feature of the model is the generalization of Baranov's "catch" equation to a 
multigear fishery, and to the partitioning of fishing mortality due to landings, discarding/high- 
grading, and escaping. This results in separate Baranov equations for landings (Appendix A, 
equation (lo)), discardinglhigh-grading (equation (13)), and escapees (equation (14)). Solving 
Baranov's equations for landings gives the fishing efforts exerted by each of the commercial 
gears and the recreational fishery. These efforts are then used in Baranov's equations for 
discardinglhigh-grading and escapees to obtain the losses due to these causes. 

Stochasticity in the projections to year 2020 was incorporated in the following ways. 

1. For the two SNA 1 stocks, stochastic recruitment was incorporated by projecting the 
autumnal sea-surface temperature (SST) series according to a fourth order autoregressive 
process (Appendix A.3.1), and applying the recruitment-SST relationship (fiancis et al. 
1997, Gilbert et al. 2000). For SNA 8, projected recruitments were resampled from 
historical recruitment estimates. 

2. For the two SNA 1 stocks, variability in growth rate was incorporated using the rela- 
tionship (Millar et al. 1999) between annual SST and the growth rate parameter of the 
von-Bertala* growth curve ( ~ ~ ~ e n d k  A.3.3). 

3. In all three stocks, fish were assigned individual asymptotic lengths, l,, at birth ( A p  
pendix A.3.4). 



Comprehensive details of the model can be found in Appendix A. 

3. MODEL INPUTS 

3.1 Catch and discard (incl. high-grading) size-selectivities 

Data 

Several sources of information on size selectivity and discarding were utilised. 

0 1985 and 1994 tagging studies 
These data (from N. Davies, NIWA, Whangarei) are adjusted (relative) capture propor- 
tions of tagged snapper at length (Figures 1, 2). The plotted curves are loess (locally 
smooth regression) fits to the data, with the fit weighted by the number of fish released a t  
each length. These data cover only legal sized snapper. It has been recommended (Davies 
et al. 1999) that the best quantification of size selectivity is given by using the 1985 data 
for larger fish and the 1994 study for smaller fish. 

Note that these data are exclusive of discards and hence are quantifying the size-selectivity 
of landed fish. That is, these curves include both size-selectivity of the fishing gear and 
discard selectivity. 

At sea sampling of single trawl and Danish seine for SNA9802/objl 
The length frequencies of catches from single trawl and Danish seine operating in HGBP 
in the first quarter of the 1998-99 season were compared with the theoretical length 
distribution (Figure 3). The theoretical length distribution was derived from running the 
model using numbers-at-age at the start of the 1998-99 fishing year. 

The curves shown are logistic curves with parameters fitted by eye. For Danish seine the 
curve has 1 5 ~  and SR of 27.3 cm and 4.2 cm respectively. For single trawl, these are 25.5 
cm and 3.3 cm respectively. 

Note that these data are quantifying size-selectivity of capture because they were collected 
at sea and are inclusive of discards. 

Harley (1998, p. 53) 
The size-selectivity curves of Harley were compiled from a number of sources, including 
personal communications and conversion of selectivity-at-age to selectivity-at-length. 

0 Longline high-grading study (Anon 1994) 
The market sample and catch-at-sea data from Table 7 of this report were analyzed using 
the SELECT method (Millar 1992). Discard probabilities were estimated to be 0.25, 0.50, 
and 0.75 at lengths 25.7, 25.0, and 24.3 cm, respectively, and there was little evidence 
of high-grading. However, the residuals (Figure 4) indicate severe lack of fit for lengths 
above about 27 cm and hence this fit should not be used to quantify high-grading. 

Length and age compositions of landings 1996-99 
These data (ftom Walsh et al. 2000, and earlier) showed that compliance with the 25 cm 
commercial size limit is good in recent years with under-sized fish seldom exceeding 1% 
of the total numbers landed. 



Discard size-selectivity 

We aie not aware of any definitive information on the extent of discarding (including high- 
grading) in the snapper fisheries. Such information is difficult to obtain &om comparison of 
catches and landings. Indeed, the work of Anon (1994) was specifically designed to quantify 
discarding in the Hauraki longline fishery, but did not succeed. ~ o r & v e r ,  the magnitude of 
high-grading will be susceptible to changing market conditions. 

Here, for the baseline case, discard probabilities for all of the commercial gears were taken to 
be a decreasing logistic curve with discard probabilities of 0.75, 0.5, and 0.25 occurring at 25.7, 
25.0, and 24.3 cm, respectively, corresponding to the values fitted to the data of Anon (1994). 
For the recreational fishery, the lengths of 0.75, 0.5, and 0.25 discard probabiity were taken be 
be 26, 27, and 28 cm, respectively (Figure 5). 

Longline high-grading is considered in the sensitivity analysis. 

Selectivity curves 

The underlying data manipulations behind the various sources of data do not permit a rigorous 
fitting of selection curves to these data. However, general patterns can be observed. 

The general pattern is that, of the commercial gears, single trawl has the highest selectivity of 
small snapper and Danish seine has the lowest. Longline has the highest selectivity for large 
snapper. (Note that the right-hand limb of the selectivities curves is not directly relevant to 
incidental mortality. It does have an indirect effect because it will affect the level of hhing 
effort required of the gear to reach a given catch.) 

The only information for recreational gear is from Figure 1, which suggests that selectivity of 
25 cm fish is close to maximal. 

In this study, the baseline selectivities (Figure 6) were taken to be 

Longline: A product of an ascending logistic (l50=26.3 cm and SR=4.2 cm) and a de- 
scending logistic (lso=80 cm, SR=-25 cm). 

Single trawl: A product of an ascending logistic (l50=25.5 cm, SR=3.3 cm) and a de- 
scending logistic (150=60 cm, SR=-18 cm). 

0 Danish seine: A product of an ascending logistic (150=27.3 cm and SR=4.2 cm) and a 
descending logistic (lso=60 cm, SR=-15 cm). 

0 Recreational: A product of an ascending logistic (/50=22.0 cm and SR=4.0 cm) and a 
descending logistic (150=45 cm, SR=25 cm). 



3.2 Mortalities 

Hook fisheries 

The SNA 1 assessment (Gilbert et al. 2000) assumes a 20% mortality rate of 4-yr-old fish 
returned to the water, and the baseline model used this as the mortality rate for fish of all 
lengths. 

Existing data were also examined to see if they suggested an alternative mortality curve. For the 
longline and recreational fisheries the mortality of discarded snapper is known to depend greatly 
on whether the fish are lip- or gut-hooked: for fish returned immediately to the water, McKenzie 
& Holdsworth (1997) observed liphooked and gut-hooked mortality rates of 0.035 and 0.736, 
and no significant effect of length. These mortality rates were applied to the recreational catch 
data of McKenzie & Holdsworth (1997) and to the longline catch data from SNA9802/obj2 to 
obtain plots of discard mortality versus length (Figures 7, 8, 9). 

These plots suggest that a discard mortality of 0.2 is appropriate for snapper above about 22 
cm, but that discard mortality is lower for smaller snapper (due to the reduced likelihood of 
gut hooking). 

Net fisheries 

Harley (1998) compiled estimates of discard and escape mortality from towed and net gears for 
a variety of species, and from these specified the values of 0.625 and 0.05 for snapper, respec- 
tively. These vaIues were used here in the base model. 

3.3 Biological parameters 

Biological parameters were taken from the base case model of the most recent stock assessment 
(Table I), notwithstanding that some additional biological parameters required specification 
because the model used herein simulates snapper from age 1, rather than age 4 (SNA 1 assess- 
ment) or age 3 (SNA 8 assessment). The values of natural mortality were taken to be 0.3 for 
age 1 fish, 0.15 for age 2 fish, and 0.15 for age 3 fish in SNA 1 (Harley 1998). 

Mean recruitment of age 1 fish was set a t  the value that would give the mean recruitment of age 
4 fish (for SNA 1) or age 3 fish (for SNA 8) estimated by the most recent stock assessment. This 
was achieved by projecting the model (Section 4) from year 2000 to 2003 without stochastic 
variability, and finding the value of age-1 recruitment resulting in the required age4 recruitment. 
This search for the mean age-1 recruitment was started using the value obtained from correcting 
for the natural mortality of fish of ages 1 through 3 (this would be the mean age-1 recruitment 
in the absence of incidental mortality). For example, the estimated mean recruitment of age 4 
fish to  HGBP from the 2000 assessment is 11.73 million (Gilbert et al. 2000). Correcting for 
the natural mortality of fish of ages 1 to 3 gives mean age-1 recruitment (millions) of 

in the absence of incidental mortality. The model projection showed that, in the presence of 
the current levels of incidental mortality, age1 recruitment needed to be 21.81 million for age-4 



recruitment to be 11.73 million. 

4. MODEL PROJECTIONS 

4.1 Landings 

The SNA 1 landings used in the projections were specified in terms of weight (Table 2). For 
SNA 1, the commercial landings were set to the 1998-99 TACC plus 10% for under-reporting 
and illegal catch (Gilbert et al. 2000). Twenty five percent of these landings were apportioned 
to ENTH, and the remaining 75% to HGBP. Recreational landings were fixed at 1800 t and 
800 t for HGBP and ENTH, respectively. 

For SNA 8, the commercial landing was nominally set to the TACC value in Davies et al. (1999) 
plus 10%) and the recreational landing was nominally set to 300 t. However, the projections 
imposed a maximum total harvest proportion not exceeding that of year 2000, so that in years 
with lower recruited biomass than in year 2000 the combined landings would be correspondingly 
reduced. 

4.2 Random variability 

Recruitment 

For HGBP and ENTH, log-recruitment was linearly related to Leigh sea-surface temperature 
(SST) using the regression coefficients fiom the SNA 1 assessments (Gilbert et al. 2000). An 
ARMA (auto-regressive moving average) model fitted to the SST time series (Appendix A.3.2) 
was used to make stochastic SST projections. (This differs &om Gilbert et al. (2000), who 
created projections by resampling sequences fkom the SST series corresponding to El Niiio os- 
cillations.) For SNA 8, the recruitment projection assumed recruitments to be independent, with 
variance given by the sample variance of the recruitments used in the current SNA 8 assessment. 

Growth rate 

For HGBP and ENTH the relationship between annual average SST and growth rate estab- 
lished by Millar et al. (1999) was also incorporated (Appendix A.3.3). 

Individual lengths 

Fish were given individual asymptotic lengths, L,, a t  birth (Appendix A.3.4). These were 
assumed to  be lognormally distributed with a C.V. of 0.1. This C.V. was obtained by inspection 
of the age-length keys from R.V. Kaharoa spring surveys in the years 1984-90 and 1992-94 
(Langley 1995). 



4.3 Sensitivity analysis 

Sensitivities to assumed specification of mortality, size-selectivity, and discarding were consid- 
ered. 

Mortality 

The model was run under four specifications of mortality. The first three were base case, lower 
mortalities, and higher mortalities (Table 3). The fourth option was motivated by Figures 7, 8, 
and 9, which suggest that discard mortality of hooked fish increases with length. It used base 
case mortalities for the trawl and seine gears but with discard mortality of longline and recre- 
ational fish increasing from 0.05 for very s m d  fish to 0.2 for large fish (with 0.125 mortality 
occurring at 21 cm). 

Discarding 

In addition to the base case, discarding from the commercial gears under an increase of MLS to 
27 cm was considered. This was specified by adding 2 cm to the base case discard curve, result- 
ing in discard probabilities of 0.75, 0.5, and 0.25 occurring at 26.3, 27, and 27.7 cm, respectively. 

The model was run under three specifications of size selectivity. These were base case (Figure 6), 
base case selectivity curves shifted 1 cm to the left (corresponding to an increase in selectivity- 
at-length), and 1 cm to the right (corresponding to a decrease in selectivity-at-length). 

The model was run under three specifications of high-grading. The first was the base case 
model with no high-grading. The second modelled high-grading by increasing the lengths of 
0.75, 0.5, and 0.25 discard probability to 25, 26, and 27 cm, respectively. The third increased 
these lengths further to 26, 27.5, and 29 cm, respectively. 

The various models described above are numbered as follows. 

Model 1: Base case 

Model 2: Lower discardlescapee mortality rates 

Model 3: Higher discardlescapee mortality rates 

Model 4: Alternative hook discardlescapee mortality rates 

Model 5: MLS increased to 27 cm for commercial gears 

Model 6: Selectivity curves shifted 1 cm to the left 



Model 7: Selectivity curves shifted 1 cm to the right 

Model 8: Moderate high-grading 

Model 9: Extreme high-grading 

5. QUANTIFICATION OF INCIDENTAL MORTALITY 

Harley et al. (2000a, 2000b) quantified the efficiency of the fishery in terms of both weight 
and numbers of fish that were killed due to landings, discarding, and escaping. Neither weight 
or numbers is a very meaningful measure in this context - weight underestimates incidental 
mortality because it does not consider the potential future yield of small fish, and numbers 
grossly overestimates incidental mortality because it treats smaller fish as being of the same 
value as larger fish. 

Here, incidental mortality was quantified in terms of 4-yr-old "equivalents". For each age from 
1 to 20, the 4yr-old "equivalent" is the number of fish (relative to the number at age 4) that 
would be in that age-class if the age distribution were in equilibrium (in the absence of fishing). 
Specifically, the value given to a fish of age a is 

Efficiency of a fishery is then defined to be the percentage of the total fishery induced loss of 
4-yr-old equivalents that is due to landings. 

6. RESULTS 

6.1 HGBP 

Year 2000 

For the base case model the efficiencies of the trawl, seine, and recreational fisheries were about 
93%, substantially lower than that of the longline fishery at over 99% (Table 4). 

The longline fishery was very efficient under all mortality scenarios, including Model 9 (extreme 
high-grading) where efficiency was still in excess of 97%. None of the other three fisheries 
managed 97% efficiency under any of the nine models. 

In the base case and all sensitivity runs, Danish seine always had greater escapee losses than 
trawl, but conversely, trawl always had greater discard losses than Danish seine. (This is to be 
expected due to the higher selectivity of small snapper by the trawl gear (Figure 6).) The overall 
effect was that the Danish seine and trawl gears typically had very similar overall efficiencies, 
differing only by a fraction of a percent, except for Model 5 (commercial MLS increased to 27 
cm) and Model 6 (selectivity curves shifted 1 cm to the left). In these two models the increased 
discarding of the trawl gear results in a lower overall efficiency compared to Danish seine. Model 
5 produced the lowest overall efficiencies for the net fisheries, 88% for trawl and 90% for seine. 



Overall efficiency of the recreational fishery was surprisingly similar to that of the net fisheries 
under most model scenarios. Recreational efficiency varied between a low of 89% for Model 3 
(increased discard/escapee mortality) and a high of 96% for Model 2 (reduced discard/escapee 
mortality). Model 5 (commercial MIS increased to 27 cm) was the only scenario under which 
performance of the net fisheries differed by more than 2% from that of the recreational fish- 
ery, with overall efficiencies of %%, 90%, and 88% for recreational, seine, and trawl, respectively. 

Years 2000-20 

The projection was run 1000 times under the base case model to corroborate year 2020 biomasses 
against the results of Gilbert et al. (2000). The year 2020 biomasses (Figure 10) are slightly 
more optimistic than in Gilbert et al. (2000). This is to be expected because the model herein 
adjusted for incidental mortality by using a slightly higher level of recruitment. 

The efficiencies were insensitive in the stochasticity built into the projections, with the standard 
deviation never exceeding 0.2% for any gear under any model scenario. For this reason, it was 
more than sufficient to run 100 projections for each of the alternative model scenarios, resulting 
in standard errors of the average efficiencies of less than 0.02%. 

The relative patterns of efficiencies (Table 5) between the fishing methods is unchanged from 
the year 2000 results. However, overall efficiencies were uniformly higher because losses due to 
discards decreased by about a third, and those due to escapees decreased by about a quarter. 

6.2 East Northland 

Year 2000 

The relative patterns observed in HGBP were repeated for ENTH (Table 6 ) ,  but with discard 
and escapee losses about 50% higher. This widened the performance gap between longlining and 
the other three gears. For example, the lowest longlining efficiency was 96.5% (Model 9), but 
the other gears did not exceed 95% efficiency under any model scenario. The lowest efficiency 
was 84% for trawl gear under Model 5 (commercial MIS  increased to 27 cm). 

Years 2000-20 

The efficiencies were again reasonably insensitive to the model stochastics, with the standard 
deviation never exceeding 0.5%, and hence 100 projections under each model scenario was 
adequate. 

The relative patterns of overall efficiencies (Table 7) were again preserved, but with higher 
overall efficiencies due to discard and escapee losses decreasing by about a third, and a quarter, 
respectively. 



6.3 SNA 8 

Year 2000 

Under all model scenarios, the efficiencies of the commercial (trawl) and recreational fisheries 
are noticeably higher in SNA 8 than in HGBP or ENTH. These efficiencies are 95% and 96% 
for the trawl and recreational fisheries, respectively. 

Under all model scenarios, the trawl gear in SNA8 has about one-half the discard loss of HGBP 
and one-third of that in ENTH. Escapee loss is also smaller, though not to the same extent. 
The recreational gear has about 0.6 the discard loss of HGBP and 0.4 the escapee loss of ENTH. 

Years 2000-20 

The standard deviation of efficiencies did not exceed 0.6%, and 100 projections were performed 
under each model scenario. 

Unlike the SNA 1 substocks, the efficiencies for 2000-20 are all slightly lower than in year 2000. 
Under the base model the efficiencies of the trawl and recreational fisheries decreased to 93% 
and 94%, respectively. Under all model scenarios, the reduced efficiencies were due to discard 
loss of the trawl and recreational fisheries increasing by almost one-half, and escapee loss of the 
trawl fishery increasing by about one-fifth. 

7. CONCLUSIONS 

Nine different model scenarios were employed here. It is interesting to note that the change in 
incidental mortalities between scenarios can often be approximated well by linear approxima- 
tion. For example, Model 2 (lower discard/escapee mortality rates) differs from the base case 
by specifying a 50% reduction in the mortality of fish discarded from hooks and escaping trawls 
and seines, and a 40% reduction in discard mortality from trawl and seine. These respective 
changes occur almost precisely in the proportions of fish lost (Tables 4-9). Similarly, seine has 
the same (ascending) size-selectivity under Model 6 as trawl does under the base model. Zn both 
these models, seine has just over 3 times the discard mortality probability than trawl (0.625 cf 
0.2, Table 3). The SNA 1 results (Tables 4-7) show that discard losses from seine under Model 
6 are about 3 times that from longline under the base model. 

The above paragraph suggests that it should be possible to accurately infer the incidental 
mortality arising from scenarios outside of those modelled here. This assumes that additional 
scenarios are not outside of the general range of input values used herein. 

7.1 SNA 1 

The patterns and conclusions from HGBP and ENTH are almost identical, notwithstanding 
that, under the projected landings used in the model, incidental mortality is about 50% greater 
in ENTH than HGBP. 



From the range of model scenarios (Section 4.3) considered, we conclude the following from 
Tables 4-7. 

Longlining incurs considerably less incidental mortality than the other fisheries. 

This is not surprising given that the discard mortality rate of longlining was specsed to 
be about one-third that of the net fisheries, and that no mortality of longline escapees was 
assumed. It was only under the extreme high-grading scenario (Model 9) that discards 
from longlining exceeded those of Danish seine, but the difference was not sufficient to 
offset the additional loss of seine escapees and longline continued to  incur the lowest total 
incidental loss. 

Unseen losses (escapees from trawl and seine) are a substantial component of overall losses, 
especially for seine. 

Escapee losses were at least half of the total loss from seine under all model scenarios, 
and for all but Model 5 (MLS increased to 27 cm) and Model 6 (selectivity curves shifted 
1 cm to the left) for trawl. 

Trawl and Danish seine losses are similar. 

The higher selectivity of trawl gear results in higher discard losses than seine, but in turn 
results in lower escapee losses. 

Recreational efficiency is similar to that of the net fisheries. 

These efficiencies were very similar under the base model. Under alternative models, 
recreational efficiency could be either lower or higher depending on the model scenario. 

An increase of commercial MLS to 27 cm will increase incidental mortality. 

An increase of MLS to 27 cm increases the loss due to discarding by about 2.5 times, for 
all commercial gears. It does not substantively affect loss due to escapees. 

The projected results for 2000-20 are reasonably insensitive to stochasticity in the model. 

In the projections, the largest standard deviation on any average proportional loss of 4- 
yr-old equivalents aver the years 2000-20 is 0.005 (Table 7). The standard error over the 
100 projections is therefore no more than 0.0005. 

Incidental mortality will decrease over the period 2000-20. 

This is to be expected because, as biomass rebuiids, the fishing effort required to achieve 
the fixed TACC and recreational catch will be reduced. 

7.2 SNA 8 

From the range of model scenarios (Section 4.3) considered, we conclude the following fiom 
Tables 8 and 9. 

1. Recreational efficiency is higher than t h a t  of the net fisheries. 

This result held under all model scenarios. 



2. An increase of commercial MLS to 27 crn will increase incidental mortality in the trawl fishery. 

The results match those of SNA 1, that is, loss due to discarding increases by about 2.5 
times, and escapee loss is not greatly affected. 

3. The projected results for 2000-20 are reasonably insensitive to stochasticity in the model. 

In the projections, the largest standard deviation on any average proportional loss of 4 
yr-old equivalents over the years 2000-20 is 0.007 (Table 7). The standard error over the 
100 projections is therefore no more than 0.0007. 

4. Incidental mortality is likely to be higher over 2000-20 than in year 2000. 

This result was surprising because it was observed that the SNA 8 biomass was higher in 
2020 than in 2000 in 94 of the 100 projections. However, closer inspection showed that 
biomass was often below the 2000 level for the first several years of the projection. Also, 
the latest SNA 8 stock assessment (data from Nick Davies) shows substantially lower than 
average number of 2 and 3 year old fish in year 2000, and this would result in incidental 
losses being temporarily reduced. 
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Table 1: Biological parameters for SNA 1 (HGBP and ENTH), and SNA 8. 

SNA 1 Natural mortality 

Weight at length (cm to g.) 

HGBP Von-Bertalane (age to cm) 

Mean recruitment (1000's) 

ENLD Von-BertalanfTy (age to cm) 

Mean recruitment (1000's) 

Natural mortality 

Weight at length (cm to g.) 

Von-BertalanfFy (age to cm) 

Mean recruitment (1000's) 

SNA 8 

Table 2: Proportion of landings attributed to longline, trawl, and seine in the projections. 
SNA 8 landings were proportionally reduced if necessary so that the year 2000 harvest 
fraction would not be exceeded. (TACL, total allowable commercial landings). 

TACL (t) Longline (%) Trawl (%) Seine (%) Recreational (t) 
HGBP 3375 50 30 20 1800 
ENTH 1125 70 25 5 800 
SNA8 1500 0 100 0 300 

Table 3: Mortality values used for discarded snapper, and for snapper escaping the gear. 

Longline Trawl Seine ~ec~eatl 'onal 

Discard Escape Discard Escape Discard Escape Discard Escape 
Base 0.2 0 0.625 0.050 0.625 0.050 0.2 0 
Lower 0.1 0 0.375 0.025 0.375 0.025 0.1 0 
Higher 0.3 0 0.875 0.100 0.875 0.100 0.3 0 



Table 4: Proportion of HGBP snapper (in terms of 4--yr-old equivalents) killed by fishing 
activity in year 2000. 

Base case 
Line 
Trawl 
Seine 
Rec 

Lower discard 
and escapee mortalities 

Line 
Trawl 
Seine 
Rec 

Higher discard 
and escapee mortalities 

Line 
Trawl 
Seine 
Rec 

Alternate hook 
discard mortalities 

Line 
Trawl 
Seine 
Rec 

Commercial MLS 
increased to  27 cm  

Line 
Trawl 
Seine 
Rec 

Selectiwities shifted 
1 cm to the left 

Line 
Trawl 
Seine 
Rec 

Selectivities shifted 

Moderate 
high gmding 

Line 
Trawl 
Seine 
Rec 

Extreme 
high gmding 

Line 
Trawl 
Seine 
Rec 

Landed 

0.991 
0.932 
0.935 
0.925 

0.996 
0.962 
0.965 
0.962 

0.987 
0.886 
0.887 
0.894 

0.992 
0.932 
0.935 
0.934 

0.978 
0.881 
0.904 
0.924 

0.987 
0.920 
0.930 
0.912 

0.994 
0.939 
0.937 
0.937 

0.985 
0.932 
0.935 
0.925 

0.974 
0.932 
0.935 
0.925 

Discarded 

0.009 
0.027 
0.018 
0.075 

0.004 
0.017 
0.011 
0.038 

0.013 
0.036 
0.024 
0.106 

0.008 
0.027 
0.018 
0.066 

0.022 
0.077 
0.048 
0.076 

0.013 
0.042 
0.027 
0.088 

0.006 
0.017 
0.012 
0.063 

0.015 
0.027 
0.018 
0.075 

0.026 
0.027 
0.018 
0.075 
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Escaped 



Table 5: Proportion of HGBP snapper (in terms of 4yr-old equivalents) killed by fishing 
activity over the period 2000-20. (Standard deviation of individual projections in paren- 
theses.) 

Landed Discarded Escaped 
Base case 

Line 
Trawl 
Seine 
Rec 

Lower discard 
and escapee mortalities 

Line 
Trawl 
Seine 
Rec 

Higher discard 
and escapee mortalities 

Line 
Trawl 
Seine 
Rec 

Alternate hook 
discard mortalities 

Line 
Trawl 
Seine 
Rec 

Commercial MLS 
increased to 27 cm 

Line 
Trawl 
Seine 
Rec 

Selectivities shifted 
1 ern to the left 

-Line 
Trawl 
Seine 

Selectivities shi ed f 1 c m  to the ri t E ine 
Trawl 
Seine 
Rec 

Moderate 
high grading 

Line 
Trawl 
Seine 
Rec 

Extreme 
high grading 

Line 
Trawl 
Seine 
Rec 



Table 6: Proportion of ENTH snapper (in terms of 4yr-old equivalents) killed by fishing 
activity in year 2000. 

Lower discard 
and escapee mortalities 

Line 
Trawl - 
Seine 
Rec 

Higher discard 
and escapee mortalities 

Line 
Trawl 
Seine 
Rec 

Alternate hook 
discard mortalities 

Rec 

Commercial MLS 
increased to 27 cm 

Line 
Trawl 
Seine 
Rec 

Selectivities shifted 
1 c m  to the left 

Line 
Trawl 
Seine 
Rec 

Selectivities shi ed 
1 c m  to the ri l!? t 

t i ne  
Trawl 
Seine 
Rec 

Moderate 
high grading 

Line 
Trawl 
Seine 
Rec 

Extreme 
high gnzding 

Line 
Trawl 
Seine 
Rec 

Landed 

0.986 
0.894 
0.898 
0.897 

0.993 
0.940 
0.943 
0.947 

0.979 
0.828 
0.828 
0.858 

0.988 
0.894 
0.898 
0.912 

0.969 
0.837 
0.862 
0.897 

0.980 
0.879 
0.892 
0.879 

0.990 
0.904 
0.900 
0.915 

0.978 
0.894 
0.898 
0.897 

0.965 
0.894 
0.898 
0.897 

Discarded 

0.014 
0.041 
0.028 
0.103 

0.007 
0.026 
0.017 
0.053 

0.021 
0.053 
0.035 
0.142 

0.012 
0.041 
0.027 
0.088 

0.031 
0.096 
0.062 
0.103 

0.020 
0.062 
0.041 
0.121 

0.010 
0.025 
0.018 
0.085 

0.022 
0.041 
0.028 
0.103 

0.035 
0.041 
0.028 
0.103 
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Escaped 

- 
0.065 
0.075 - 

- 
0.034 
0.039 

- 

- 
0.12 

0.137 
- 

- 
0.065 
0.075 

- 

- 
0.067 
0.076 - 

- 
0.059 
0.068 

- 

- 
0.071 
0.082 

- 

- 
0.065 
0.075 

- 

- 
0.065 
0.075 

- 



Table 7: Proportion of ENTH snapper (in terms of 4-yr-old equivalents) killed by fishing 
activity over the period 2000-20. (Standard deviation of individual projections in paren- 
theses.) 

Lower discard 
and escapee mortalities 

Line 
Trawl 
Seine 
Rec 

Higher discard 
and escapee mortalities 

Line 
Trawl 
Seine 
Rec 

Alternate hook 
discad mortalities 

Line 
Trawl 
Seine 
Rec 

Commercial MLS 
increased to 27 c m  

Line 
Trawl 
Seine 
Rec 

Selectivities shifted 
1 c m  to  the left 

Line 
Trawl 
Seine 
Rec 

Selectivities shi ed 
1 c m  to  the ri f t 

%ine 
Trawl 
Seine 
Rec 

Moderate 
high grading 

Line 
Trawl 
Seine 
Rec 

Extreme 
high grading 

Line 
Trawl 
Seine 
Rec 

Landed Discarded 

0.005 0.000 
0.019 0.001 
0.013 0.001 
0.040 1 0.002 1 
0.016 0.001 
0.042 0.002 
0.028 0.001 
0.115 I 0.004 1 
0.009 0.000 
0.031 0.001 
0.021 0.001 
0.070 I /  0.002 

0.026 0.001 
0.084 0.004 
0.055 0.003 
0.079 I 0.004 1 

0.007 0.000 
0.019 0.001 
0.014 0.001 
0.064 I 0.002 I 
0.017 0.001 
0.031 0.001 
0.021 0.001 
0.079 1 0.003 I 
0.032 0.001 
0.031 0.001 
0.021 0.001 
0.078 1 1  0.003 

Escaped 



Table 8: Proportion of SNA8 snapper (in terms of 4yr-old equivalents) killed by fishing 
activity in year 2000. 

Base case 
Trawl 
Rec 

Lower discard 
and escapee mortalities 

Trawl 
Rec 

Higher discard 
and escapee mortalities 

Trawl 
Rec 

Alternate hook . 
discard mortalities 

Trawl 
Rec 

Commercial MLS 
increased to  27 c m  

Trawl 
Rec 

Selectivities shifted 
1 c m  to the left 

Trawl 
Rec 

~electzwities shifted 
1 c m  to the riiht  

Trawl 
Rec 

Modernte 
high gmding 

Trawl 
Rec 

Extreme 
high grading 

Trawl 
Rec 

Landed 

0.947 
0.960 

0.971 
0.978 

0.907 
0.939 

0.947 
0.964 

0.926 
0.959 

0.940 
0.951 

0.951 
0.967 

0.947 
0.960 

0.947 
0.960 

Discarded 

0.014 
0.040 

0.009 
0.022 

0.019 
0.061 

0.014 
0.036 

0.035 
0.041 

0.022 
0.049 

0.008 
0.033 

0.014 
0.040 

0.014 
0.040 

Escaped 

0.039 
- 

0.020 
- 

0.075 
- 

0.039 
- 

0.040 
- 

0.038 - 

0.041 
- 

0.039 
- 

0.039 
- 



Table 9: Proportion of SNA8 snapper (in terms of 4-yr-old equivalents) killed by fishing 
activity over the period 2000-20. (Standard deviation of individual projections in paren- 
theses.) 

Base case 
Trawl 
Rec 

Lower discard 
and escapee mortalities 

Trawl 
Rec 

Higher discard 
and escapee mortalities 

Trawl 
Rec 

Alternate hook 
discard mortalities 

Trawl 
Rec 

Commercial MLS 
increased to 27 cm 

Trawl 
Rec 

Selectiwities shifted 
1 crn to the left 

Trawl 
Rec 

Selectivities shi ed 
1 c m  to the rig f t 

Trawl 
Rec 

Moderate 
high grading 

Trawl 
Rec 

Extreme 
high grading 

nawl  
Rec 

Landed 

0.933 0.005 
0.943 [0.005] 

0.964 0.003 
0.971 [0.002] 

0.881 0.007 
0.912 (0.0051 

0.935 0.004 
0.951 (0.004) 

0.904 0.007 
0.943 [0.005] 

0.922 0.005 
0.929 [0.005] 

0.941 0.004 
0.955 [0.003] 

0.933 0.004 
0.943 (0.005] 

0.934 0.005 
0.943 [0.005] 

Discarded Escaped 

0.047 (0.003) 
- 

0.024 (0.001) 
- 

0.092 (0.006) 
- 

0.046 (0.003) 
- 

0.047 (0.003) 
- 

0.046 (0.003) 
- 

0.048 (0.003) - 

0.047 (0.003) 
- 

0.047 (0.003) 
- 



Longline Sinqle Trawl 

Danish Seine 

Beach Seine 

Paired Trawl 

Recreational 

Figure 1: Size selectivity curves fitted to 1985 tagging data using the loess smoother. 

Longline Single Trawl 

Danish Seine 

F i g u r e  2: Size selectivity curves fitted to 1994 tagging data using the loess smoother. 
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Figure 3: Size selectivity curves fitted to catch data from at-sea sampling project 
SNA9802/objl. 
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Figure 4: Retention of caught fish in Anon (1994) study of high grading. 
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Figure 5: Discard probabilities used in base model. 
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Figure 6: Size selectivity curves used in base model. 
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Figure 7: Mortality estimates calculated from recreational mortality study of McKenzie & 
Holdsworth (1997). 
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Figure 8: Mortality estimates calculated from longline study of SNA9802/obj2. 



Winter longline data 
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Figure 9: Mortality estimates calculated from longline study of SNA9802/obj2. 
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Figure 10: Histogram of HGBP recruited biomass in year 2020 under base model. 



APPENDICES 

A. Model description 

The approach used herein uses a formal partitioning of instantaneous mortality rates and in- 
corporates these into the Baranov equation. This approach is consistent with the model used 
in the latest SNA 1 and SNA 8 assessments. For example, the Baranov equation (equation 8) 
is analagous to equation (1.2) of Gilbert et al. (2000). Here, however, the equation has been 
generalised to include the incidental fishing mortality arising due to escapees and discards. 

A.2 Components of fisheries mortality 

Here, we focus on three sources of fisheries induced mortality. 

1. Accounted mortality: Mortality quantified by the reported landed catch. 

2. Discard mortality: Unaccounted mortality of caught fish that are returned to the water. 

3. Escapee mortality: Unaccounted mortality of fish that contact the fishing gear but escape 
f?om it before being brought on deck. 

The total fishing induced instantaneous mortality of a length I fish by gear g will be denoted 

where ~6 is the instantaneous mortality corresponding to reported landings, FD is the instanta- ? g 
neous mortality corresponding to discards, and F$ is the instantaneous mortal~ty corresponding 
to escapees. 

The total (i.e., over all gears) fishing-induced mortality of a length 1 fish will be denoted 

This present study does not include other potential sources of fishing induced mortality such 
as  misreported landings, ghost fishing, and habitat degradation. 

It is usual to assume that instantaneous fishing mortality is proportional to effort. Here, we 
apply this assumption to the three instantaneous mortalities defined above. That is, 

4: = E,Q& (3) 

F; = ~ g ~ g  (4) 

F$ = E,Q$ ( 5 )  

where Eg is the fishing effort exerted by gear g and Qk,  Q g  and Q$ are the landability, discard 
vulnerability, and escape vulnerability (see section A.2.2) of length 1 fish by gear g. 

Collectively, this gives 
F~~~ lg = E~(Q& + ~g + Q$) = E~Q;$O~ 



where Qic is the total instantaneous vulnerability of length 1 fish to gear g. 

A.2 Estimation of mortality components 

Here, it is assumed that landed weight (by gear) is known. It is necessary to determine the 
effort, Eg, required to achieve the landed catch, from which the mortality arising due to dis- 
carding and escaping is obtained using equations (4) and (5). 

A.2.1 Estimation of effort 

The total instantaneous mortality on a length 1 fish is 

zl = %",t + M, = E,Q;~ + & ~ ; f  + ... + E G Q ; ~  + MI (7) 

where F;to$ is given in (2) and Ml is the instantaneous natural mortality of a length 1 fish. 

If Nl is the number of length 1 fish and Llg is the number of these landed by gear g then 
Baranov's catch equation gives 

Multiplying by weight at length, wl, and summing over length gives the landed weight 

Substituting equation (3) into (9) gives 

where ~ i " ,  is the landability of length 1 fish, and Eg is the required estimate of effort of gear g. 

Harley et al. (2000a) used an approach which is equivalent to making the linear approximation 
1 - e -Z~  x Zl. Substituting this into (10) gives 

L, = E, C NWQ& (11) 

which gives the estimate of effort by gear g, 

This linear approximation underestimates the true effort because, in effect, it does not take 
into account that the stock is being diminished as  fishing effort is applied and also by natural 
mortality. 

This study will consider the implementation of a more precise approach if this can -be done so 
in a computationally efficient manner. 



A.2.2 Estimation of landabilities, and discard- and escape-vulnerability 

The Q quantities (Q&, Qg, Q;) each denote instantaneous relative rates of fishing induced 
mortality. They are relative rates because they scale up to the actual mortality according to 
the effort (equations (3)-(5)). In the rest of this section the gear subscript has been dropped 
for ease of notation. 

Each Q can be modeled by the relative probability of a fish experiencing that fate (landed, 
discarded, or escaping gear) multiplied by the respective probability of survival. For landed fish 
this gives 

Qf = SI x (1 - dl) x 1 

where SL is the population selectivity (Millar & Fryer 1999) of length 1 fish and dl is their discard 
probability. The explicit 1 simply denotes the fact that mortality of landed fish is 100%. . 
For discards, 

Qf = s ~ x ~ ~ x P ~  

where is the probability of mortality for a discarded fish of length 1. 

For escapees, 
Qf = (1 - SI) X p? 

where P? is the probability of mortality for a fish of length 1 that escapes the gear. 

Harley (1998) performed an extensive literature search to obtain information about discard and 
escapee mortality. Selectivities at length were obtained from selectivity-at-age curves derived 
from the tagging studies. For SNA 1999/02 it will be necessary to extend Harley's approach to 
SNA 8. Also, the Q's will need altering for different gear and discard practices (e.g., for Barnes 
modified longline hooks). 

A.2.3 Estimation of discard and escapee losses 

An immediate consequence of equations (3), (4) and (5) is that the losses of length I fish by 
gear g due to landing, discarding and escapee mortality are directly proportional to ~ 6 ,  Qg 
and Q;. Thus, when landability, Q& is nonzero we have 

and 

Specifically, the Baranov catch equation gives the number of length 1 fish killed by discarding 



and the number of length I fish killed as escapees from gear g is 

These losses are estimated by replacing Eg with fig from equation (12). 

A.3 Population dynamics 

The population dynamics will be simulated beginning from the current best estimates of the 
population structure from the most recent stock assessment. 

Letting Nl, denote the number of length I ,  fish in year y (see equation (15)), the population 
equation for numbers a t  length is 

Nly+l = ~ l , , e - ~ ~ u  . 

The losses due to landing, discard and escape mortality are given by equations (8), (13), and 
(14), respectively. 

A.3.1 Sea-surface temperature projections 

Both recruitment and growth of SNA 1 snapper were modeled a s  varying with SST. The SNA 1 
assessments use a linear relationship between log-recruitment and average autumnal SST, and 
Millar et al. (1999) demonstrated a linear relationship between the growth rate parameter, k, 
and average annual SST. 

An ARMA (auto-regressive moving average) approach was used to generate projected autumnal 
and annual SST time series. This approach has the advantage of also modeling the correlation 
between these two series. Specifically, an ARMA analysis (Harley 1998) of the annual SST and 
autumnal SST time series resulting in an AR(4) model for annual SST, 

with E distributed iid normal with mean 0 and variance 0.27. The corresponding autumnal SST 
was modeled with inclusion of a term for the annual time series, resulting in the MA(3) fit, 

with E: independently and identically distributed (iid) normal with mean 0 and variance 0.08. 

A.3.2 Recruitment 

For SNA 1, the slopes of the linear relatiokhip between autumnal SST and log-recruitment 
were estimated by Gilbert et al. (2000) to be 0.535 for HGBP, and 0.488 for ENLD. These 
values were used here. 



A.3.3 Growth rate 

Expected length at age for SNA 1 included the relationship between the growth rate param- 
eter of the von-BertalanfTy curve and annual sea-surface temperature-anomoIy, as detected by 
Millar et al. (1999). (Millar preferred the power curve to describe growth of snapper of age 
2 and older, but noted that the von-Bertalanffy curve was preferable for younger fish. These 
younger fish are the particular focus of this study.) Hence, the growth rate parameters, k, of the 
von-Bertalanffy growth curves (Table 1) for SNA 1 fish were varied linearly with annual SST 
anomalies. Millar et al. (1999) estimated that each one-degree increase or decrease in annual 
SST produces a 16% increase or decrease (respectively) to k. 

A.3.4 Individual variability in growth 

The SNA 1999/02 tender explicitly stated that individual variability in length at age would not 
be modeled, however, the model will be far more useful and realistic if such variability is included 
and it has been included here using the "assigned-at-birth" approach where individual fish are 
given randomly assigned different growth rates (rather than the variable growth increment 
approach of Harley et al. (2000a).) 

The distribution of asymptotic lengths can be discretised using 20 length classes, say. Denote 
(1) (2) 'the midpoints of these length classes by lm , lloo , ..., lgO). Consequently, the length distribution 

of each cohort will also comprise 20 length classes, with the midpoint of length class i given by 
the SST modified von-BertdanfTy growth curve (Millar et al. 1999) calculated using asymptotic 
length l g .  

The fish in each cohort grow according to the incremental form of the von-Bertalanffy. That is, 
the midpoint of length class i in year y + 1 is given by 

The values of the length class midpoints (@, lg) ,  ..., lgO), say) were chosen according to the 
quantiles of a lognormal distribution having mean given by the L, value in Table 1, and with 
a C.V. of 0.1. 

B Better approximation for Eg's 

Suppose that G gears are fished. The objective is to solve the G Baranov catch equations 

simultaneously to obtain El,  E~, ..., EG. Note that Zl is a h e a r  function of the fishing efforts 
(equation (7)) and consequently the system of equations in (16) can not be solved analytically. 

One could explore the use of (complex) approximations to find E ~ ' S  (e.g., Evans 1989), but the 
extension to the multiple gear case may be problematic. Alternatively, the approximate iterative 
technique used by Davies et al. (1999; equation 1.6) could be used. Another alternative would 



be to employ the Newton-Raphson algorithm. This would require calculating and inverting the 
matrix of derivatives with elements 3 at each iteration. 

Here, for the sake of parsimony between accurate estimation of efforts and computational in- 
tensity, an intermediate approach was taken which performs a one-step improvement on the 
linear approximation in equation (12). This was achieved by calculating the approximate ef- - approz 
forts, Eg from equation (12) and then performing a one-dimensional optimization to find - approz 
the value k such that the efforts E~ = kEg give total estimated landings equal to total 

The accuracy of these effort was examined by comparing the estimated and actual landings for 
the individual gears. For HGBP in year 2000 this resulted in: 

Longline Seine Trawl Recreational 
Actual landing (t) 1856.25 1113.75 742.50 1800.00 
Estimated landing (t) 1857.02 1113.95 742.43 1799.14 


