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EXECUTIVE SUMMARY 

Manning, MJ.; Sutton, C.P. (2004). Age and growth of giant stargazer, Kathetostoma giganteurn, 
from the west coast of the South Island (STA 7). 

New Zealand Fisheries Assessment Report 2004Ll7.60 p. 

This paper presents the results of the first study of age and gmwth of giant stargazer in STA 7, funded 
by the Ministry of Fisheries under research project MOF2002-01A Objective 1 "Age and growth of 
giant stargazers". The specific objective of the project was to determine the age of giant stargazer in 
STA 7 by reading otoliths collected during west coast South Island trawl surveys by RV Kaharoa, 
1992-2000; to estimate population growth and mortality parameters for giant stargazer in STA 7; and 
to compare the age and growth of giant stargazer in STA 7 with the age and growth of giant stargazer 
in STA 3 and 5. 

A total of 1887 otoliths collected during the trawl survey series were prepared and read. Precision of 
readings within reader was high (index of average percentage error = 2.47% and mean coefficient of 
variation = 3.50%). Precision between readers was lower (index of average percentage error = 8.73% 
and mean coefficient of variation = 12.35%), which is thought to reflect how diicult  giant stargazer 
otoliths are to interpret, rather than any systematic bias; there is no evidence of systematic bias in any 
direction within or between readers. The interpretation protocol remains unvalidated, therefore it is 
unclear whether the age estimates derived are accurate or not. 

A groomed dataset derived from 1784 otoliths (over 94% of all otoliths prepared and read) was 
produced for west coast fish ("final WCSI dataset"). This dataset was merged with existing datasets 
from the east and south coasts of the South Island to produce a combined agslength dataiet for giant 
stargazer from around the South Island ("combined ECSI, SCSI, and WCSI dataset'), derived from 
4247 otoliths. 

Estimated scaled length hquency distributions were produced for each sex for each survey in the 
WCSI trawl survey series. The sex and survey-specific subsets of age-length data in the final WCSI 
dataset were converted to age-length keys, which were then applied to each estimated scaled length 
frequency to yield estimated scaled age ffequency disttibutions. Bootstrapped c.v.s were produced for 
each length and age class h m  300 resamples of the data. The profiles of the estimated length and age 
ftequency distributions for each sex and survey suggest that the recruitment of young fish into the 
WCSI population has continued over the course of the trawl survey series. From this, and fiom the 
reasonably similar numbers of larger, mature fish that seem to be present in the survey catch from 
survey to survey, we conclude that the age structure of the WCSI population, as indexed by the survey 
catch, has remained reasonably stable over time, despite a doubling of the commercial catch during the 
trawl survey series. 

Total mortality estimates were calculated using the Chapman-Robson estimator of total mortality. 
Chapman-Robson estimates were calculated for each sex for each survey from the corresponding 
estimated scaled age ffequency distniutions, assuming six different ages at full recruitment (3-8 years 
inclusive). Analytical and bootstrapped 95% confidence intervals were produced for each estimate. 
We suggest that reasonable estimates for each sex are the averaged estimates for each sex across the 
five surveys assuming age at full recruitment is 5 or 6: i.e. 0.33, 0.27, and 0.30 for males, females, and 
all fish when the age at full recruitment is assumed to be 5, and 0.40, 0.32, and 0.35 for males, 
females, and all fish when the age at full recruitment is assumed to be 6. The range in estimates for 
each sex for each survey for assumed ages at full recruitment greater than 4 suggests that STA 7 has 



not reached a state of exploited equilibrium..Tracking the movement of successful year-classes over 
time may allow a better estimate of Zto be obtained and should be considered by a future study. 

Growth was quantified by fitting additive and multiplicative von Bertalanffy models to the two age- 
length datasets. Von Bertalanffy models assuming a single set of common parameters, separate 
parameters by sex, and by survey and sex, were fitted to the final WCSI dataset; models assuming 
separate parameters by area and sex were fitted to the combined ECSI, SCSI, and WCSI dataset From 
these results, growth appears to vary by sex, and by survey within sex, for WCSI fish, and by area 
within sex for fish around the South Island. Estimates for L, and k from the fit of the additive model 
assuming separate parameters by sex to the final WCSI dataset are 71.91 and 0.1442 for all males, and 
81.16 and 0.1443 for all females. Estimates from the fit of the corresponding multiplicative model are 
73.52 and 0.1335 for all males, and 85.91 and 0.1208 for alI females. 

Likelihood ratio tests were used to compare competing von Bertalanffy growth models. The test 
resul!s suggest that the apparent differences in growth by sex and by survey and sex for WCSI fish and 
by area within sex for South Island fish generally are statistically significant Plots of the approximate 
joint 95% confidence regions for L and k conditioning on to suggest that the differences in growth by 
sex for WCSI fish, and by area within sex for South Island fish, are biologically as well as statistically 
signrficant, whereas the differekes by survey within sex for WCSI fish are not. We hypothesise that 
giant stargazer around the South Island form more than one biological stock with different biological 
properties. 

Pairwise comparisons of individual parameter estimates between groups suggest that although male 
and female WCSI &h appear to grow at similar rates, females appear to be larger on average than 
males following maturity. Furthermore, WCSI fish appear to be slower growing, but larger on average 
at maturity, than fish of the same sex &om other areas around the South Island. The apparently slower 
growth but larger mean maximum size of WCSI fish compared to fish of the same sex h m  around the 
South Island may result from'the strong negative correlation of parameters L, and k in the von 
Bertalanffy model. Refitting the models using a more stable parameterisation of the von BertaIanffy 
model to weighted length-at-age data may be useful. 

Finally, although diagnostic residual plots suggest that the fits of all models to the data were 
acceptable, we prefm the fit of the multiplicative models. This is because we think funnelling present 
in the plots of residuals against fitted values for the additive models is reduced in the corresponding 
plots f& the multiplicative models. We suggest that future modelling of giant stargazer growth use the 
multiplicative rather than the additive model, although alternative error structures should continue to - 
be investigated. Developing a quantitative stock assessment model is the logical next step in research 
for this species; doing so requires properly addressing some of the basic scientific issues and questions 
raised in this paper, in particular validating the otolith interpretation protocol. 



1. INTRODUCTION 

Giant stargazer, Kathetostoma giganteurn, are distributed widely throughout New Zealand waters. 
They are found on muddy or sandy substrates to depths exceeding 500 m, but are most common 
inshore, in waters between 50 and 300 m in depth (Anderson et al. 1998). 

Since the introduction of the Quota Management System (QMS), giant stargazer in the New Z e a h d  
Exclusive Economic Zone (EEZ) have been managed as eight fishstocks (Figure I), each with an 
annual Total Allowable Commercial Catch (TACC). Since the 198-7 fishing year, total annual 
commercial landings have fluctuated between 2000 and 4150 f and average about 3000 t per annum 
(Table 1). Total annual landings in fishstock STA 7 off the west coast of the South Island (WCSI), 
have accounted for 20-35% of total annual landings. 

During the 1990-91 fishing year, the TACC in STA 7 was increased fiom 528 to 700 t under the 
conditions of the Adaptive Management Programme (AMF'). The TACC in STA 7 has been exceeded 
every fishing year since, with total annual landings ranging from 715 t (1993-94 fishing year) to 1440 
t (2000-01 fishing year), and averaging over 900 t. 

Several age and growth studies on giant stargazer around the South Island have been carried out 
(Sutton 1999, Sutton unpublished data, Manning unpublished data). These studies focused on STA 3 
on the east coast of the South Island (ECSI), and STA 5 on the south coast of the South Island (SCSI), 
however. TO date, there have been no age and growth studies on giant stargazer in STA 7, hence the 
basic productivity of STA 7 not well hown, and whether the current TACC overcatch can'be 
sustained is unknown. 

This paper presents the results of the first study of age and growth of giant stargazer in STA 7, funded 
by the Ministry of Fisheries under research uroiect MOF2002-01A Objective 1 "Age and growth of - - - 
giant stargazers". The overall objective of the project was to investigate the age and growth of giant 
stargazer in STA 7 and present information on the productivity and demography of the stocknecessary - 
for its sustainable mana&xnt. The specific objective of the project was to determine the age of giant 
stargazer in STA 7 by reading otoliths collected during west coast South Island trawl surveys by RV 
Kaharoa, 1992-2000; to estimate population growth and mortality parameters for giant stargazer in 
STA 7; and to compare the age and growth of giant stargazer in STA 7 with the age and growth of 
giant stargazer in STA 3 and 5. 



2. METHODS 

2.1 Treatment of Tasman and Golden Bays 

Fishstock STA 7 includes the WCSI and Tasman and Golden Bays (Figure 1). Documentation of the 
WCSI trawl survey series (see Table 2) treat fish. caught in Tasman and Golden Bays separately from 
fish caught on the open west coast. Because very few otoliths were collected from Tasman and Golden 
Bays during the five WCSI trawl surveys 1992-2000 (less than 4% of all otoliths collected), we have 
not treated giant stargazer caught in Tasman and Golden Bays separately fiom those caught on the 
open west coast. 

2.2 Otolith terminology 

Otolith terminology followsthe glossary for otolith studies produced by Kalish et al. (1995). 

2.3 Otolith collection, preparation, and reading 

Giant stargazer sagittal otoliths and length-kequency data were collected during randomised trawl 
' surveys conducted by RV Kaharoa off the WCSI during MarchApril each year in 1992 (KAH9204), 

1994 (KAH9404), 1995 (KAH9504), 1997 (KAH9701), and 2000 (KAH0004). The same two-stage, 
stratified, sampling design, sampling gear, and otolith collection methods were used throughout the 
trawl survey series; interested readers are referred to the trawl survey series documentation (see Table 
2). 

A stratified, '%xed allocation" (Davies et al. 2003) sampling protocol was used to collect otoliths 
fiom the catch at each station in each survey. Up to five otoliths per sex per centimetre size class were 
collected non-randomly h m  random length-hquency samples from the catch. Fish length measured 
to the nearest centimetre below total length and sex were recmded for all fish from which otoliths 
were collected. Otoliths were cleaned and stored dry in paper envelopes immediately following 
collection. A whole otolith showing orientation and major features appears in Figure 2. 

All giant stargazer otoliths collected during the five WCSI trawl surveys were retrieved h m  the 
Ministry of Fisheries otolith collection, and all corresponding data extracted from research database 
"age" (h4ackay & George 2000). All giant stargazer catch and length, station, strahun definition and 
area records for each survey were extracted fiom research database "trawl" (h4ackay 2000). The giant 
stargazer catch and number of length frequency records and otoliths collected in each survey are given 
in Table 2. 

A total of 1887 otolifhs (nd = 877 otolifhs, n f d  = 1002 otaliths, and h d  = 8 otoliths) collected 
during the five WCSI surveys were prepared and read using the methods of Sutton (1999). The 
otoliths were baked in an oven for 4 minutes at 285 OC, and then embedded in layers in Araldite K142 
clear epoxy resin. Once the resin blocks had cured, the otoliths were sectioned transversely through 
the nucleus using a revolving diamond-edged saw. The cut surface of each resin block was polished 
with PI200 carborndm paper. 

The otoliths were read under reflected light using a WiId M400 binocular microscope at x 25 
rnagmfication. A thin layer of paraffin oil was applied to the cut surface of each block before reading 
to improve the clarity of the sectiom. All otoliths exhibited alternating light and dark regions under 



reflected light Following Sutton (1999), we assumed that these light and dark regions were opaque 
and translucent' zones formed annually, and that a single light (opaque) zone and a single dark 
(translucent) zone corresponded to a single year's growth (annulus). 

The number of fully formed translucent zones present, a five-point "readability" score (Table 3), and a 
three-point "marginal state" score (Table 4) were recorded for each otolith. All otoliths were.read 
'Wind" (i.e., the corresponding length and sex of each fish was unknown to the reader) although the 
approximate date of capture could be deduced as the WCSI sweys  were all run at about the same 
time each year. Following Sutton (1999), the first Mly formed translucent zone present in each otolith, 
the so-called "six-month" zone, was not counted, but accounted for when counts were converted to 
estimated ages (see section 2.5). A protocol set of giant stargazer otoliths held by NIWA was re-read 
before the otoliths in this study were read 

2.4 Otolith reading precision 

Otolith reading precision was quantified by carrying out a "between" and "within" reader tesf as 
recommended by Campana et al. (1995). A sample of 250 otoliths was randomly selected from the set 
of 1887 prepared otoliths, read by a second reader, and then re-read by the h t  reader. The second 
reader also re-read the protocol set of giant stargazer otoliths before starting his set of readings. Both 
sets of readings were compared with the fist reader's initial set of results. The Index of Average 
Percentage Error (IAPE, Beamish & Foumier 1981) and mean coeEcient of variation (mean.c.v., 
Chang 1982) were calculated for each test using the statistical programming language 'Y (Ihaka & 
Gentleman 1996), a dialect of the "S" language (Becker et al. 1988). Where XU is the ith count of the 
jth otolith, R is the number of times each otolith is read, and N is the number of otoliths read or re- 
read, 

and 

2.5 Converting translucent zone counts to age estimates 

To convert translucent zone counts to age estimates, we treated estimated fish age, ri , as the sum of 
three time components. The estimated age of the ith fish, 4, is 

where t,J is the elapsed time from spawning to the end of the first translucent zone present aper the 
"six-month" mne for the ith fish (following Sutton (1999), the "six-month" zone is not counted), t, , 



is the elapsed time £ram the end of the first translucent zone present following the "six-month" zone to 
the end of the outmost fully formed translucent zone for the ith fish, and ti,, is the elapsed time fiom 
the end of the outermost fully formed translucent zone to the date when the ith fish was captured 
Hence, 

where ni is the total number of translucent zones present after the "six-month" zone for fish i, and w is 
an edge interpretation correction after Francis et al. (1992) applied to ni: w = 1 if the recorded margin 
state = "wide" and fish i was collected after the date when translucent zones are assumed to be fully 
formed, w = -1 if the recorded margin state = 'harrow" and fsh i was collected before the date when 
translucent zones are assumed to be fully formed, otherwise w = 0. Because all five surveys were m 
over the same March-Apnl period, w always takes the value 0 in our study. Hence 
.ti,, = (ni + W) - 1 simplifies toti,, = n, - 1 . 

Because of our present inability to precisely estimate spawning and translucent zone completion dates 
for individual giant stargazer, these dates were generalised far all fish. We followed previous studies 
and assumed an arbitrary spawning date of 1 July based on the annual reproductive cycle and winter 
spawning season of giant stargazer ( h a l a  et al. 2003), and assumed a date of 1 November for 
completion of aU translucent zones. We used the matching trawl station start date as the capture date 
for each fish. Decimalised years were used for all time components. Thus, the estimated age for a fish 
captured on 1 Apnl where a count of "3" was obtained from the prepared otolith, is 
6 = 4 + t, + t, = 1.33 + 3 + 0.42 = 3.75 years (see Figure 3). 

2.6 Data processing 

Once all otoliths had been read, and tramlucent zone counts converted to estimated ages, the data were 
processed as follows. 

2.6.1 Data grooming 

A total of 83 "outlier" cases were identified in the data and re-examined. These were fish deemed to 
be unusually "old" (over 16 years), or following a visual inspection of the length-at-age data, 
unusually large or small at a given age. All outlier otoliths were re-read by the first reader and 
compared with his initial results using the following procedure. 

The database and otolith packet records for each outlier case were cross-checked for 
transcription errors. 

Where the re-reading differed by 2 years or less, the initial result was deemed to be the correct 
interpretation of that otolith, and the otolith was removed from the subset of outlier cases. 

Where' the re-reading differed by more than 2 years, that otolith was read for a third time by 
the first reader, and all three readings compared If the third reading differed fiom the first 



reading by 2 years or less, the first reading was deemed to be the correct interpretation of the 
otolith, and the otolith was removed h m  the subset of outlier cases. 

If the first and third readings differed by more than 2 years, and the second and third readings 
differed by less than 2 years, the second reading was deemed to be the correct interpretation of 
that otolith, and replaced the first reading. There were no cases where the first and third 
readings differed by 2 years or more, and the second and thirddreadings also differed by 2 
years or more. 

Of the 83 outlier cases, 60 were removed h m  the set of outlier cases unaltered. Of the remaining 23 
cases, 21 were deemed to have an initial reading that was a misinterpretation of the otolith and was 
replaced Two cases were deemed to be transcription errors, one of which could be corrected, the other 
was dropped from the dataset. Finally, all remaining cases in the dataset where the initial readability 
score was greater than 4 (93 cases), all remaining unsexed fish were either the recorded length or 
count and hence estimated age was null (1 case), and all remaining unsexed fish (8 cases) were 
dropped h m  the dataset 

2.6.2 The final WCSI dataset 

The dataset used in all subsequent analyses consisted of the groomed initial set of readings and 
corresponding estimated ages produced by the first reader, numbering 1784 cases. We refer to this 
dataset as the "final WCSI dataset" elsewhere in this paper. The final WCSI dataset is summarised in 
Table 5. 

2.6.3 The combined ECSI, SCSI, and WCSI dataset 

The final WCSI dataset was merged with existing age-length datasets for giant stargazer from the 
ECSI (Manning, unpublished data) and SCSI (Sutton 1999) to produce a combined age-length dataset 
for giant stargazer h m  around the South Island. The ECSI dataset was derived from otoliths collected 
aboard RV Kaharoa during five randomised trawl surveys of the ECSI, 1997-2000 (Milanning, 
unpublished data). The'SCSI dataset was derived fiom otoliths collected aboard RV Tangaroa during 
six randomised trawl surveys of the SCSI, '1992-2000 (Sutton, unpublished data). We refer to the 
merged ECSI, SCSI, and WCSI datasets the "combined ECSI, SCSI, and WCSI dataset" elsewhere 
in this paper. The combined ECSI, SCSI, and WCSI dataset is summarised in Table 6. 

The same two-stage, stratitied sampling design and otolith collection methods were used in all 
surveys, hence the estimated numbers-at-length and at-age, and consequently the growth 'estimates 
derived, are assumed to be comparable across the surveys across the areas. Although the design of the 
ECSI survey was changed during the 1996 calendar year from a winter to a summer survey, the ECSI 
dataset includes data derived fiom otoliths collected during the summer series only (calendar years 
1997-2000). 

Different sampling gear was used in each trawl survey series, however. The ECSI trawl survey series 
used an inshore trawl net with a 28 ram (inside-mesh) codend towed at 3.0 knots by RV Kaharoa 
(Beentjes & Stevenson 2001); the SCSI trawl survey series used a hoki trawl with a 60 mm (inside- 
mesh) codend towed at 3.5 knots by RV Tangaroa (O'Driscoll & Bagley 2001); and the WCSI trawl 
survey series used an inshore trawl net with a 60 mm inside-mesh (74 mm hot-to-knot) codend towed 
at 3.0 knots by RV Kaharoa (Stevenson & Hanchet 2000). 



2.7 Estimating length and frequency distributions of WCSI fish using "Catchat-age" 

"Catch-at-age" is a library of S-plus functions developed by NIWA (Bull & Dunn 2002) that computes 
biomass estimates and scaled length ftequency distributions by sex and by stratum for trawl survey 
catch and length frequency data using the calculations in Bull & Gilbert (2001) and Francis (1989). If 
passed a set of age-length data, Catch-at-age constructs an age-length key, which is then applied to the 
estimated scaled length frequency distributions to compute estimated scaled age-frequency 
distributions (Bull & Gilbert 2001). Catch-at-age computes the coefficient of variation (c.v.) for each 
length and age class and the overall Mean-Weighted C.V. using a bootstrapping routine: fish length 
records are resampled within each landing, landings are resampled within each stratum, and the age- 
length data are resampled, all with replacement The bootstrap length and age-frequency distributions 
are computed for each resample, and the c.v.s for each length and age class corhputed &om the 
bootstrap distributions. 

Catch-at-age was used to calculate estimated scaled length-frequency distributions for each sex for 
each survey in the final WCSI dataset. The sex and survey-specific subsets of length-at-age data in the 
final WCSI dataset were passed to Catch-at-age, converted to age-length keys, and then applied to the 
estimated length distributions to calculate estimated age frequency distributions for each sex for each 
survey. Bootstrapped c.v.s were produced for each age class by Catch-at-age from 300 resamples of 
the data Following the documentation of the WCSI trawl survey series, we included only catches and 
length frequency records fhm stations where the recorded gear performance score was 2 or better in 
our calculations (see Mackay (2000) for the dehition of gear performance). 

2.8 Estimating total mortality of WCSI fish 

We calculated 2, the Chapman-Robson estimator of total mortality (Chapman & Robson 1960), for 
each sex from each survey h n  the estimated age-ffequency distribution for each sex fiom each 
survey using the "R" language, and assuming six different ages at full recruitment, 3 to 8 years 
inclusive. Analytical and bootstrapped 95% confidence intervals were calculated for each estimate 
using the methods below. 

2.8.1 The Chapman-Robson estimator of total mortality 

The Chapman-Robson estimator of total mortality is 

where;, the estimated survival rate, is 

where yi is the true age of the ith fish in terms of years after recruitment, and N is the total size of the 
recruited population. The number of individuals that survive to exactly age y is unknown, so the 
approximations 



and 

were used, where N, is the number of individuals in the population or catch between age x and age 
x+l ,  and k is the number of age groups in the recruited population minus one (Jensen 1985). The 
Chapman-Robson estimator assumes that the population sampled has a stable age structure, i.e., that 
recruitment and mortality are constant, that fish greater than the age at full recruitment are equally 
vulnerable to sampling, and that there are no age-estimation errors (Ricker 1975). 

2.8.2 An analytical confidence interval for the Chapman-Robson estimator 

The estimated variance of 2, f (2 ) ,  is (Jensen 1985) 

where V(3, the estimated variance of ;, is (Chapman & Robson 1960) 

Thus a 100fJ-a) % confidence interval for 2 is approximately 

where Z@<a/z)) is the fJ-(al2))th quantile of the standard normal distribution. 

2.8.3 Bootstrapping confidence intervals for the chapman-~obson estimator 

We calculated bootstrapped 95% confidence intervals around each estimate, firstly by calculating 2 
for each assumed age at full recruitment for each of the 300 resampled age distributions produced by 
Catch-at-age when calculating bootstrapped c.v.s for each age class for each sex, then by taking the 
2.5th and 97.5th percentiles of the bootstrapped distributions of 2 produced as a result. 

2.9 Fitting different von Bertalanffy growth models to the final WCSI and combined 
ECSI, SCSI, and WCSI datasets and comparing the fit of these models. 

We used the '12" language and maximum likelihood methods to fit different von BertalanfFy growth 
models to the fkal WCSI and combined ECSI, SCSI, and WCSI datasets and to compare the fit of 
these models. Likelihood methods for the von Bertalanffy growth model were given by Kimura 



(1980), compared with competing methods by C m t o  (1990), and discussed by Quinn I1 & Deriso 
(1999) among others. We review those aspects of theory pertinent to ow analysis, specifically the 
derivation of the maximum likelihood estimates and the likelihood ratio test for comparing von 
Bertalanffy curves. We loosely follow the notation of both Kimura (1980) and Quinn II & Deriso 
(1999). 

2.9.1 The von Bertalanffy growth model assuming additive or multiplicative normal 
errors 

For age-length data collected h m  some group of fish, the von Bertalanffy of the mean length, Lj, of 
thefi fish at age 4 is (Bertal- 1938) 

where L, is the mean asymptotic maximum length, where k is a rate parameter indicating how quickly 
L, is approached (the "Brody rate parameter", Quinn I1 & Deriso (1999)), and where to is the time, or 
age, at which mean length equals zero. 

Fitting the von Bertalanffy curve to age-length data and estimating parameters L, k, and to requires 
assumptions to be made about the error structure of the data. Assuming that variation in length-at-age 
is constant as a function of age, the "additive" error model, the data are modelled by 

where q is an independent normally distributed random variable, with mean p = 0, and variance d. 
Assuming that variation in length-at-age increases as a function of age, the "multiplicative" error 
model, the data are modelled by 

where q is an independent normally distributed random variable, with mean p = 0, and variance d. 
Taking the natural logarithm of this equation yields 

Note that the expected value of Lj in the multiplicative model E[L]], is 



i . .  ~(E[L,]) is not equal to ~ [ h  L,] . 

2.9.2 The maximum likelihood estimates of L, k, and for the additive and 
multiplicative normal error models 

Where an age-length dataset has been partitioned into i groups, such as by sex or area, where Kj is the 
actual length of the jth fish in the ith group, where$ is the predicted length of the jth fish in the ith 
p u p  fiom either the additive or multiplicative normal error models with parameters 
Q, ={L,,,,k,,t0,,}, and assuming that the variance, 2, is the same across all of the i groups, and 
where nl is'the number of fish in the I* group, the likelihood function for either the additive or 
multiplicative von Bertalanffy models can be written as 

and the joint likelihood function for all i groups is 

where C3 is the vector of von Bertalanffy parameter estimates for all i groups. 

.From equation (17), L,(@,,d) is maximised when the sum of squares of (I;, -$)is mininiised. 
Hence, the problem of finding the maximum likelihood estimates (MLEs), of L, 1, kt, and to, reduces 
to one of finding non-linear least squares estimates of L,, ,, ki, and 9, on the data in group i. Note that 
this is a general property of the normal error model and not peculiar to the von Bertal- equation. 
Note also that the sum of squares to be minimised depends on the form of the model fitted. When the 
additive model is fitted, 

is minimised, and 

is minimised in the multiplicative case. The MLE for 2 for either model is 

where RSSI is the residual sum of squares for the P group. 

Once the MLEs of 0, and 2 have been calculated, the maximum likelihood for group i is 

max[~, (6 , ,8~)]  = ( 2 ~ 8 ~ ) - * / ~  exp(-nl 12) 



and the joint maximum likelihood for all i groups is 

Estimation calculations are usually more easily done on a log-scale. The log-likelihood function for 
the ith group in the additive model is 

I and the joint likelihood function for all i groups is 

with the MLEs for L,, ki, to, and calculated as described above. The maximum log likelihood for 
the ith group is hence 

and the joint maximum likelihood for all i groups is hence 

2.9.3 The likelihood ratio test for comparing von Bertalanffy models 

The likelihood ratio test is used throughout statistics to quantitatively compare the fit of competing 
models. Conventionally, the fit of a more 'complex 'W model is compared with the fit of a less 
complex '?educed" model nested within the fullmodel in a manner analogous to a conventional 
analysis of variance or deviance. The competing models must be fitted to the same dataset - the 
likelihood ratio test makes no sense otherwise. 

The likelihood ratio test hence provides a fhmework to quantitatively compare the fit of different, 
nested von Bertalanffy models fitted to the same age-length dataset; e.g., to compare the fit of a von 
BertalanfFv model that assumes different parameters, L,, k, and to, for males and females for a given 
age-length dataset (full model) with one that does not (reduced model). In a simulation study 
comparing the performance of the likelihood ratio test with other statistical tests for the von 
Bertalanffv model, including univariate t- and x2-squared tests and the multivariate test, Cerrato 
(1990) found that the likelihood ratio test outperformed the competing tests considerably. 

The likelihood ratio test comparing two von Bertalanffy models is as follows. Where 0, is a vector 
of parameters for the full model, and 0, is a vector of parameters for the reduced model, the null (Ha) 
hypothesis is 

Ho: 0, and OR satisfy some set of linear constraints, a,, such that OF = O R ,  

and the alternative (HI) hypothesis is 



HI: 8, and 8, satisfy no linear constraints such that 8, # 8, . 

Where a von Bertalnnffv model assuming different parameters for males and females is compared with 
one that does not, the linear constraints may be of the form 

The likelihood ratio test statistic is 

where max 1, is the maximum log likelihood of the reduced model, where rnax 1~ is the maximum log 
likelihood of the full model, and where ,$ has an approximately chi-squamd distribution with degrees 
of fieedoq f; equal to the difference in the number of parameters between the full and reduced 
models. Thus, where a von BertalanEy model assuming different parameters for males and females is 
compared with one that does not, and where d is assumed to be the same for all groups within the 
data in each model, the full model has 7 parameters, the reduced model 4, and hence the likelihood 
ratio test statistic has f = 7 - 4 = 3 degrees of kedom. Thus, the likeliiood ratio test provides 
sufficient evidence to reject Ho at the a level of significance, if X2 is greater than the critical value 
equal to the (1-d)th quantile of the $=3 distniution. 

2.9.4 Von Bertalanffy models fitted and likelihood ratio tests carried out 

We fitted 10 different models to our data, 6 to the final WCSI dataset, and 4 to the combined ECSI, 
SCSI, and WCSI dataset. Models assuming a common set of von Bertalam parameters for all the 
data, separate parameters by sex, and separate parameters by survey and sex were fitted to the final 
WCSI dataset; models assuming separate parameters by sex, and by area and sex, were fitted to the 
combined ECSI, SCSI, and WCSI dataset. Each model was fitted fust using the additive model, then 
refitted using the multiplicative model. Each model, regardless of structure, assumed a single, 
common variance parameter. 

As noted in section 2.9.2, the problem of finding maximum likelihood estimates of von Bertalanffv 
model parameters, assuming some normal error structure and constant variance across the data, 
reduces to one of finding non-linear least squares estimates of the parameters. We used the 'hls" 
function in the "R" language to 6nd non-linear least-squares estimates for each parameter in each 
group in each model and to compute analytical 95% confidence intervals around each estimate. We 
also calculated bootstrapped 95% confidence intervals around each estimate by samplmg with 
replacement each dataset 1000 times, finding the non-linear least-squares estimates for each resampled 
dataset, then finding the 2% and 97.5th percentiles of the bootstrapped distributions produced for 
each estimate as a result. We used the "ellipse" function in "R" to find the approximate joint 95% 
confidence regions around the estimates forLand k. The MLE of a2 and the joint maximum log- 
likelihood for each model were calculated from the "nls" output produced for each model fit using the 
equations given in section 2.9.2,. 



Model fit was investigated with standard residual diagnostics. For each model, a plot of model 
residuals against fitted values, and a plot of model residuals against the quantiles of the standard 
normal distribution, was produced An even band of plotted points in the first plot, and plotted points 
distributed about a 1:l line drawn through the first and third quantiles of the residuals and quantiles of 
the standard normal distribution, indicates that the model has fitted the data well, and that the model 
assumptions are justified. 

Six likelihood ratio tests were camed out. 

To test for a sex effect in the final WCSI dataset, an additive model fitted to the data assuming 
separate parameters by sex was tested against a reduced model that did not assume separate 
parameters by sex. 

To test for a survey effect within sex in the final WCSI dataset, an additive model fitted to the 
data assuming separate parameters by survey and sex was tested against a reduced model 
assuming separate parameters by s& only. 

To test for an area effect within sex in the combined ECSI, SCSI, and WCSI dataset, an 
additive model fined to the data assuming separate parametem by area and sex was tested 
against a reduced model assuming separate parameters by sex only. 

The tests were repeated with the corresponding multiplicative models. AU reduced models were fitted 
to the same dataset with the same error struchue as the full models they were tested against. The null 
hypothesis for all tests was that the parameters in the full and reduced models satisfied a set of linear 
constraints such that the full and reduced models were equivalent. The alternative hypothesis for aII 
tests was that the parameters satisfied no such constraints, i.e., the full and reduced models were not 
equivalent. The full and reduced models in each test, the number of parameters in each model, and the 
linear constraints for each test are summarised in Table 7. 

2.9.5 Pairwise comparisons of differences between individual parameters between 
groups in each model 

Following the likelihood ratio tests, painvise significance tests of differences between individual 
parameters for groups in each model were made by comparing the overlap between the parameter 
estimate for the h t  group and the 95% confidence interval about the estimate for the parameter in the 
second p u p ;  an implicit hypothesis test at the 5% level of significance. If the interval for the second 
group does not contain the estimate for the first group, then the test provides d c i e n t  evidence at the 
5% level of significance to reject the null hypothesis that the two parameters are equal in favour of the 
alternative hypothesis that they are not equal. 



3. RESULTS 

3.1 Otolith readings 

All 1887 otoliths prepared and read exhibited alternating light (opaque) and dark (translucent) regions 
under reflected light Although alternating opaque and tramluce& zones were visible, the contntst 
between zones was generally poor. Translucent zones were typically quite diffuse with many growth 
checks present, which we assume to be false annual bands. The width between successive translucent 
zones narrowed with increasing age, with most new growth appearing to be deposited on the dorsal 
margin of the otolith. These results are consistent with previous studies (Sutton 1999, Sutton 
unpublished data, Manning unpublished data). 

Both readers counted translucent zones along a line extending from the nucleus towards the dorsal 
margin. Due to the poor contrast between zones, the count produced along this axk was compared 
with counts produced along other axes, and a "most likely" count for each otolith recorded. Counting 
fkom the nucleus along the sulcus, and from the nucleus towards the ventral margin, were found to be 
especially useful. 

Photomicrographs taken under reflected light of typical prepared otolith fkom young, maturing, and 
mature fish are given in Figure 4. The translucent zones are marked with white dots and the "six- 
month" zones with white asterixes, giving our interpretation of each otolith and of giant stargazer 
otoliths generally. 

All otoliths read are tabulated by survey and readability score in Table 8, and by survey and margin 
state in Table 9. Counts were produced for over 95% of all otoliths, even though many otolith were 
found to be di£ficult to read (over 25% of d otoliths had a readability score of four or worse 
recorded). 

3.2 Otolith reading precision 
. . 

The IAPE and mean C.V. were 2.47% and 3.50% for the within-reader test and 8.73% and 12.35% for 
the between-reader test (Table 10). Diagnostic bias plots following Campana (1995) are presented in 
Figure 5. The symmetry of the histograms in Figure 5(A), the relatively even distniution of plotted 
points about the zero-line in Figure 5@), and the position of the erm bars about the 1:l line in Figure 
5(C) all suggest that no systematic bias exists either within or between readers. 

3.3 Age-length relationship 

Lengths-at-age were plotted by sex (Figure 6) and by survey and sex (Figure 7) for the final WCSI 
dataset, and by area and sex for the combined ECSI, SCSJ, and WCSI dataset (Figure 8). In all plots 
there is a period of relatively fast initial growth that flattens out and appears to approach some meari 
arymptotic length as age increases. Females appear to grow larger than males, but the rate at which 
each sex approaches its mean length appears to be similar. These results are consistent with other giant - 
stargazer age and growth studies (Sutton 1999, Sutton unpublished data, Manning unpublished data). 
The smallest and largest, youngest and oldest male and female fish in the final WCSI dataset are given . 
in Table 11. Note that all otoliths £tom fish 15 cm or less in length had no other translucent zones 
present other than the "six-month" zone present in theu otoliths (counts of "0" recorded), i.e., no fish 
15 cm in length or smaller had seen its second winter. The sample minimum, maximum, mean, and 



standard deviation of length-at-age by sex for all distinct age classes in the h a l  WCSI dataset are 
given in Table 12. 

3.4 Length and age-frequency distributions 

Estimated scaled length-frequency distributions for each sex for' each survey in the WCSI trawl survey 
series are plotted in Figure 9. Conesponding estimated scaled age frequency distributions are plotted 
in Figure 10. The estimated scaled numbers-at-age and bootstrapped c.v.s for each age-class calculated 
fiom 300 resamples of the data are given in Appendix A. The sex and survey-specific subsets of 
length-at-age data used as age-length keys to convert the estimated scaled numbers at length to 
estimated scaled numbers at age are plotted in Figure 7. 

Across the surveys, there are reasonably consistent, small modes in the estimated numbers-at-length at 
about 20-25 cm and 25-30 cm, with a much larger mode at about 4(MO cm. Although there does not 
seem to be the same amount of plymodality in the estimated numbers-at-age, some age-classes may 
be traced from survey to survey, e.g. "Z+" males in KAH9504 appear to have shifted to the "4+" class 
in -701. The overall shape of the estimated age frequency distributions, specifically the height 
and width of the tails containing older fish, does not seem to change greatly from survey to survey, 
suggesting that similar numbers of older, mature fish are present in the s k e y  catch across the 
surveys. 

As well as being larger, WCSI females seem to be somewhat longer lived than males, with slightly 
more females than males present in the older age classes, although roughly equal numbers by sex are 
present in the dataset a.  a whole (see Table 5). Sutton (unpublished data) found that about 4% of all 
male and over 10% of all female SCSI giant stargazer reached an age greater than 14; about 1% of all 
male and 5% of all female WCSI giant stargazer reach an age greater than 14 (see Table 5). 

3.5 Total mortality estimates 

Total mortality estimates for each sex for each survey assuming Age at Full Recruitment (A@ is 3-8 
years (inclusive) and analytical and bootstrapped 95% coddence intenrals around each estimate are 
given ~ ~ p e n d i x  B. Thd densities of the bokrapped distributions for each estimate are plotted in 
Figure 1 1. 

Across the different assumed AFRs, the estimates range from 0.2092 -404, AFR = 3) to 0.5961 
-504, AFR = 8) for males, *om 0.1623 -204, AFR = 3) to 0.5772 (KAH9504, AFR = 8) 
for females, and from 0.1870 (KAH9204, AFR = 3) to 0.5870 (KAH9504, AFR = 8) for all fish. For 
assumed ages at full recruitment greater than 4, for both sexes and for all h h ,  the estimates are higher 
for the 1995 survey (KAH9504) than for any other survey in the trawl survey series. 

3.6 Von Bertalanffy growth models fitted to the final WCSl and combined ECSI, SCSI, 
and WCSI datasets 

Parameter estimates, and analytical and bootskapped 95% confidence intervals about the estimates, 
are given for the additive and multiplicative models fitted in Table 13 and Table 14. The variance 
estimates for all models are given in Table 15. The fitted curves for all models are overlaid on the 
length-at-age plots in Figures 6 to 8. Cross-sections of approximate joint 95% confidence regions 



around the estimates forLand k, conditioning on to, are plotted by sex and by survey and sex for the 
h a l  WCSI dataset in Figures 12 and 13, and by area and sex for the combined ECSI, SCSI, and 
WCSI dataset in Figure 14. 

The L, and k estimates suggest that growth varies by sex, and by survey within sex, for WCSI fish, 
and varies by area within sex for fish around the South Island. 

Estimates for L, and kfnnn the fit of the additive model assuming separate parameters by sex 
tothefinalWCSIdatasetare71.91 and0.1442forallmalesand81.16and0.1443 f o r d  
females. Estimates from the fit of the corresponding multiplicative model are 73.52 and 
0.13'35 for all males and 85.91 and 0.1208 for all females. 

Estimates for L, and k from the fit of the additive model assuming separate parameters by 
survey and sex tothe final WCSI dataset range fiom 67.74 and 0.1882 (KAHOOO4) to 77.20 
and 0.1285 -701) for males, and fiom 77.60 and 0.1575 -204) to 89.69 and 
0.1 160 (KAH9504) for females. Estimates fromthe fit of the corresponding multiplicative 
model range £?om 69.52 and 0.1702 (KAH0004) to 79.26 and 0.1050 (KAH9504) for males, 
and from 84.55 and 0.1313 -404) to 92.30 and 0.1072 (KAH9504) for females 

w Estimates for Z, and k h m t h e  fit of the additive model assuming separate parameters by area 
and sex to the combined ECSI, SCSI, and WCSI dataset are 57.74 and 0.2156 for ECSI males, 
60.92 and 0.1801 for SCSI males, 71.35 and 0.1647 for ESCI females, and 72.95 and 0.1706 
for SCSI females. Estimates £?om the fit of the corresponding multiplicative model are 56.18 
and 0.2345 for ECSI males, 59.89 and 0.1963 for SCSI males, 70.91 and 0.1652 for ECSI. 
females, and 74.53 and 0.1525 for SCSI females. 

3.7 Comparing the von Bertalanffy growth models fitted to the flnal WCSI and 
combined ECSI, SCSI, and WCSI datasets 

The results of the likelihood ratio tests, calculated from the results presented in Tables 13 and 14, are 
given in Table 15. The p-values for all tests, the probability of obtaining the calculated test statistic 
given that the null hypothesis is true, are all very low, providing very strong evidence against the null 
hypothesis for all tests. Hence, the full and reduced models, both additive and multiplicative, appear 
not to be equivalent for any of the tests performed. Growth, therefore, appears to differ significantly 
by sex, and by survey within sex, for WCSI fish, and by area within sex for fish from different areas 
around the South Island. Diagnostic residual plots for the fits of all models are presented in Figures 15 
to 18. 



4. DISCUSSION 

4.1 Otolith reading and interpretation 

Although precision within reader was high (2.47% IAPE and 3.50% mean c.v.), precision between 
readers was somewhat lower (8.73% IAPE and 12.35% mean c.v.). We suggest thisreflects how 
difficult giant stargazer otoliths are to interpret, specifically the diffuse nature of many translucent 
zones, the large number of presumably false annual checks present, and the natural interpretative 
differences between two people that result from the presence of these features, rather than any 
systematic bias; there is no evidence of systematic bias in any direction. However, because the 
interpretation protocol we used is unvalidated, we have no way of knowing whether the age estimates 
are accurate or not. Given that this is the fourth large age and growth study to be carried out on this 
species (Sutton 1999, Sutton unpublished data, Manning unpublished data), 'validating the 
interpretation protocol is an important topic of future research for this species. 

Although the combined ECSI, SCSI, and WCSI dataset incorporates data merged from three different 
studies produced by two different readers, the same otolith preparation and interpretation protocol was 
used in all three studies, both readers were involved in the reader comparison tests canied out in this 
study, no evidence of systematic bias exists in any direction between the two readers, and before 
beginning reading in this study and in the two previous studies, both readers had read a standard 
protocol set of giant stargazer otoliths. Hence, the chance of a drift in interpretation over time by either 
or both or between readers is thought to be low. 

4.2 Length and age frequency distributions 

Although small modes (20-25 cm and 25-30 cm) are present in the estimated numbers at length for 
most surveys, because of the overlap in lengths-at-age, they are unlikely to be composed entirelq; of 
consecutive ageclasses. The large mode between 40 and 60 cm is almost c d y  the amalgamation 
of a number of age classes. These results are consistent with Sutton (1999, unpublished data) who 
noted little evidence of length mode progression in survey catches from either the ECSI (Sutton 1999) 
or SCSI (Sutton, unpublished data). 

We infer from the profiles of the estimated age frequency distributions, which are reasonably similar 
from survey to survey, that similar numbers of older, mature fish have been present in the survey catch 
over time. Despite using a small-mesh codend (60 mm insidemesh or 74 mm knot-to-knot, 
Drummond & Stevenson (1995a)), young and hence small fish are likely to be under-represented in 
the survey catch. Hence the true numbers of young fish are likely to be higher than is indicated. We 
infer fiom the relatively consistent, relatively large numbers of young fish in the estimated age 
frequency distributions for each survey that young fish have continued to recruit into the adult 
population over time. If both inferences are conect, then the age composition of giant stargazer in 
STA 7 has remained relatively stable, despite a doubling of the annual commercial catch since the 
199691 fishing year. 

The lack of exceptionally weak or strong year classes &ding through the survey catch may be real, 
or it may result from imprecision in the otolith readings, with strong year classes blurred with adjacent 
year classes due to the random misreading of some otoliths by some margin. We suggest that given the 
high degree of within-reader precision, and that the final WCSI dataset was composed solely of the 
groomed initial results produced by the first reader, that the lack of exceptionally strong or weak year 



classes in the survey catch is probably real; hence, the stock appears to be composed of a number of 
successful year-classes, rather than a few or a single year-class. Total mortality estimates 

The Chapman-Robson estimator assumes that the population sampled is in a steady state. For assumed 
ages at full recruitment greater than four, for each sex and for ail fish, the estimates calculated are 
higher for the 1995 survey (KAH9504) than for any other survey in the trawl survey series. This is 
probably because of the larger numbers of 5 to 10 year-old fish that appear to be present in the catch 
for that survey, leading to a steeper decline in the limb of the catch curve. This suggests that the 
steady-state assumption, including constant recmitment and mortality and hence a stable age structure, 
may not have been met. However, Durn et al. (1999) found the Chapman-Robson estimator to be 
robust to departures from the steady-state assumption, including stochastic noise in sampling, 
mortality, recruitment, and age estimation. 

Although the research trawl nets aboard RV Kaharoa may under-sample young fish, they probably 
sample maturing and mature fsh, say fish 3 4  years old and over 30 cm in length, reasonably well. If 
large fish are equally selected for, then Z and L, estimates produced for fish in the final WCSI dataset 
are unlikely to be biased by the sampling gear. 

From the profiles of the numbers-at-age di&ibitions, giant stargazer on the WCSI are probably fully 
recruited by age five or six. We suggest that reasonable estimates of total mortality for giant stargazer 
on the WCSI are the mean estimates by sex across the five surveys assuming that theage at full 
recruitment is five or six. This produces values of 0.33, 0.27, and 0.30 for males, females, and all fish 
when the age at full recruitment is assumed to be five, and values of 0.40, 0.32, and 0.35 for males, 
females, and all fish when the age at full recruitment is assumed to be six. These results are similar to 
estimates produced by Sunon (unpublished data) for male and female fish &om the SCSI of 0.35 and 
0.20 respectively. 

Given the catch history, we are unable to calculate estimates for natural mortality, M, from the slopes 
of the catch curves. However, we infer that from the relatively few fish older than 10 years in the 
survey catch, that M is probably fairly high, at least on the same order as M estimates presented for 
other giant stargazer stocks, i.e., about 0.20 (Annala et al. 2003). Furthermore, we infer from the catch 
history and from the variation in the estimates across the surveys, that STA 7 may not have reached a 
state of exploited equilibrium; variation in fishing mortality, F, from year to year, or at least survey to 
survey, may be driving the variation in total mortality. 

Assuming that the west coast South Island surveys are accurately sampling the age structure of the 
post-recruit STA 7 population, and validly reflect relative biomass, we may obtain better estimates of 
Z by tracking the relative abundance of age classes through successive surveys; even though the 
surveys are more than one year apart. This should be considered in a future study. 

4.3 Fitting different von Bertalanffy models fitted to the final WCSI and combined 
ECSI, SCSI, and WCSI datasets and comparing the fit of the different models 

Although the results of all likelihood ratio tests are highly significant, the approximate joint 95% 
confidence regions for L, and k suggest that although all effects are statistically significant, the survey 
effect within sex may not be biologically significant. The regions by sex show wide separation in the 
parameter space; in contrast, the regions by survey and sex are close together, but the regions by area 
and sex are also widely separated. We suggest that the wide separation of regions by sex, and by area 
and sex, indicate biological significance, and that the relatively narrow separation of regions by survey 



and sex indicate statistical significance only. Therefore, considering the growth of WCSI giant 
stargazer separately by survey, and by extension from year to year, may not be meaningful. We 
speculate that it is the position of the KAH0004 region relative to the other regions in the parameter 
space causing the statistically significant survey effect. This could be tested by refitting the models 
excluding the KAH0004 data and re-nmning the relevant likelihood ratio tests. From the strength of 
the apparent differences in growth by area within sex for South Island fish, we suggest that giant 
stargazer around the South Island form different biological stocks with different biological properties, 
in particular growth. 

We have assumed that the ECSI, SCSI, and WCSI surveys have sampled giant stargazer similarly, and 
hence that growth estimates can be compared validly across the areas in the combined ECSI, SCSI, 
and WCSI dataset. Although the same sampling design and otolith collection methods were used in all 
surveys, different sampling gear was used in each trawl survey series. Although large fish are probably 
fully selected for by the sampling gear used in each series, smaller fish may not have been. 
Nevertheless, small fish (under 30 cm) were caught in each series (Stevenson & Hanchet 2000, 
Beentjes & Stevenson 2001, O'Driscoll & Bagley 2001), had their otoliths collected, and were 
included in the combined ECSI, SCSI, and WCSI dataset. 

Assuming that comparing growth between areas using the ECSI, SCSI, and WCSI dataset is valid, 
how can we best interpret the parameter estimates for the different areas and for other groups in the 
other models fitted? Francis (1996) suggested that comparing the rate at which asymptotic growth is 
approached, i.e., comparing estimates for parameter k, is the most natural method for comparing 
different growth curves where mean asymptotic maximum size differs, producing common sense 
results. 

The estimates and 95% confidence intervals for L, from the fits of the models assuming separate 
parameters by sex to the final WCSI dataset suggest that female giant stargazer on the WCSI grow to a 
larger mean asymptotic size than males, and that these differences are significant at the 5% level, 
regardless of whether the additive or multiplicative model is considered. The estimates for k, on the 
other hand, are almost identical for the fit of the additive model. Although different for the fit of the 
multiplicative model, these differences are not significant. Therefore, following Francis (1996), given 
that L, differs by sex whereas k does not, male and female giant stargazer on the WCSI grow at 
roughly the same rate, although female fish tend to be larger on average than males after maturity. 

The estimates and 95% confidence intervals for L, from the fits of the models assuming separate 
parameters by area and sex to the combined ECSI, SCSI, and WCSI dataset, suggest that ECSI fish are 
smaller than SCSI fish, which are smaller than WCSI fish of the same sex following maturity, i.e., 
k , ( M  ECSI) < 'k(M. SCSI) < L.(K W&D and i ( F .  ,I) < L,@, S a t )  < '&, WIj . differences 
between areas are all significant at the 5% level for males for both models, as are the differences 
between ECSI and WCSI females, and between SCSI and WCSI females, but not between ECSI and 
SCSI females for either model. 

Pairwise differences between the estimates for k between WCSI and ECSI fish, and between WCSI 
and SCSI fish, suggest that k is generally significantly less at the 5% level for WCSI fish than for fish 
of the same sex from the other two areas, i.e., generally I;(MWCsl) <iMScsr) <i(MECSI) and 
&, wcsO c &, scso < I;(,,ECSO ; although the direction and significance of the relationship at the 5% level 
varies by sex and the error structure of the model fitted. 

WCSI fish thus appear to grow at a slower rate than fish of the same sex from the ECSI and SCSI, 
although WCSI fish appear to be larger, on average, after maturity than fish of the same sex from the 



other two areas. Nevertheless, the k estimates for WCSI fish are still much greater than any of the 
estimates given by Tracey et al. (2000) for long-lived, slow-growing, deepwater species such as 
orange roughy, black and smooth oreos, mbyfish, and black cardinalfish. Black cardinalfish, for 
example, grow to a similar mean asymptotic size as WCSI giant stargazer (LeMalc =67.8 cm fork 
length and .&- =70.9 cm fork length; Tracey et al. 2000); .however their k estimates 
(i,, = 0.034 and k,,, = 0.038 ; Tracey et al. 2000) are about one-fouah of those for WCSI giant 
stargazer of the same sex. Although apparently slower growing than other South Island giant stargazer 
fishstocks, WCSI giant stargazer are still comparatively fast growing compared with other species. 

The phenomenon of slower growth but larger mean asymptotic maximum size for WCSI fish may be 
caused by the strong negative correlation of parameters L, and k in the von Beaalanffy model. 
Reparameterising the von Bertalanffy model with statistically more stable parametem, such as the 
parameterisations of Cerrato (1990) or Francis (1988), and re-fitting to the data may be useful to 
establish whether these differences are real or are artefacts of the models fitted 

Finally, although the residual plots suggest that all models fit the data fairy well, b e l l i n g  is present 
in the plots of residuals against fitted values for the additive models that is reduced in the plots of 
residuals against fitted values for the multiplicative models. This suggests that the multiplicative 
models fit the data slightly better than the additive models, and hence we prefer the fit of the 
multiplicative models. We suggest that future modelling of giant stargazer growth with the von 
BertalanEy model use the multiplicative rather than the additive model, although alternative error 
structures should continue to be investigated; we agree with a reviewer who stated rather strongly that 
a case could be argued for preferring the fit of the additive models. 

4.4 On fitting growth models to weighted length-at-age data 

Davies et al. (2003) discussed how non-random, fixed allocation, otolith sampling design can 
introduce bias in growth estimates. A fixed sample size allocated to all length intervals in a sample can 
result in a sample that is not representative of the length composition of the population being sampled, 
leading to bias in estimates of mean length-at-age, mean weight-at-age, and consequently growth 
parameters ( ~ o o d ~ e a r  1995). 

To overcome otolith sampling design bias, Davies et al. (2003) suggested that otolith samples should 
be weighted by the approximate population length composition to derive estimates of the population 
distniution of length-at-age. They found bias was evident in comparisons of von Bertalanffy curves 
fitted to weighted and unweighted snapper (Pagrus auratus) length-at-age data that varied depending 
on the otolith sample collected, and that calculating growth estimates fiom weighted length-at-age data 
avoided any bias introduced by the otolith sampling design. Refitting the von Bertalanffy models we 
used to weighted length-at-age data and comparing these results with the results presented in this 
paper may be useful. 

4.5  On the implications of the results for the future management of STA 7 and 
suggestions for future research 

The results presented here are the first on the productivity and demography of STA 7. Although they 
quantify some of the basic biology of giant stargazer in STA 7 and give some idea of the status of the 
stock (i.e., that it appears to have remained reasonably stable over time, that it seems to be composed 
of a number of successll year-classes rather than a few or a single year-class, and that fish in STA 7 



appear to grow differently h m  fish of the same sex h m  other areas around the South Island), 
establishing whether the current TACC over-catch can be sustained, and what a reasonable harvesting 
regime might be if not, requires a quantitative stock assessment, involving, perhaps, the development 
and fitting of an age-structured stock assessment model. 

Although the development of such a stock assessment model is the logical next step, doing so requires 
properly addressing some of the basic scientific issues and questions raised here. In particular, we 
suggest that validating the otolith interpretation protocol is of primary importance. In addition, we 
suggest that the otoliths collected aboard RV Kaharoa during the 2003 WCSI trawl survey be 
prepared and read, and the analyses presented in this paper be updated to see if the apparent trends in 
numbers-at-length and at-age continue. We also suggest that testing the multiple biological stocks 
hypothesis, advanced on the strength of the apparent differences in growth by area within sex, is 
pertinent to the development of a multi-stock assessment model. Finally, fitting a more stable 
parameterisation of the von Bertalanffy model to weighted length-at-age data may be useful to 
elucidate whether the apparent trends in growth between the areas are real or artefacts of the models 
fitted. 

4.6 Conclusions 

8 Otolith reading precision was acceptable. No systematic bias in interpretation seems to exist 
either within or between readers. 

The length and age composition of the WCSI trawl survey catch seems to have remained 
reasonably stable, despite a doubling of the commercial catch h m  1990-91 to 2001-02. The 
survey catch seems to be composed of a number of successhl year classes. 

8 Reasonable estimates of total mortality are 0.33,0.27, and 0.30 for males, females, and all fish 
when the age at fill recruitment is assumed to be five, and 0.40, 0.32, and 0.35 for males, 
females, and all fish when the age at full recruitment is assumed to be six. It is unclear 
whether giant stargazer in STA 7 have reached a state of exploited equhbrium. Tracking the 
movement of successful year-classes over time may allow a better estimate of Z to be 
obtained, and should be considered by a future study. 

Growth appears to differ significantly by sex, and by survey within sex, for giant stargazer in 
STA 7, and to differ by area within sex for giant stargazer around the South Island (STA 3,5, 
and 7). The differences by sex for fish in STA 7, and by area within sex for fish around the 
South Island, are probably biologically significant as well; the differences by survey within 
sex for 6sh in STA 7 probably are not. 

Male and female giant stargazer in STA 7 appear to grow at similar rates, but females are 
larger on average than miles at maturity. 

Giant stargazer in STA 7 seem to grow at a slower rate and be larger on average at maturity 
than fish of the same sex in other areas around the South Island From the strength of the 
apparent differences in growth between areas for fish of the same sex, giant stargazer around 
the South Island may form multiple biological stocks. 



Although the fits of all models to the data are acceptable, the fits of the multiplicative models 
are preferred. Using the multiplicative model for future modelling of growth for this species is 
suggested, although alternative error structures should continue to be investigated. 

0 Refitting the von Bertalanffy models using a statistically more stable parameterisation of the 
von BertalanEy model to weighted length-at-age data, a d  comparing these results with the 
results presented in this paper, may be useful. 

Developing a quantitative stock assessment model of giant stargazer around the South Island 
requires properly addressing some of the basic scientiiic questions and issues raised in this 
paper, in particular validating the otolith interpretation protocol. 
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Table 1: Reported landings (t) of giant stargazer by QMA and fishing year from 1986-87 to 2001-02 
(Annala et aL 2003). The TACC in STA 7 was increased in 1990-91 nuder the conditions of the AMP. 

Fishing year 

1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 

Fishing year 

1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 

Fishing year 

1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 

STA 4 
Lmdii  TACC 

STA.8 
Landings TACC 

STA 2 
Landings TACC 

STA 5 
Landings TACC 

STA 10 
Landings TACC 

STA 3 
Landings TACC 

STA 7 
Landings TACC 

Total 
Landings TACC 



Table 2: Giant stargazer catch, numbers measured, and numbers of otoliths collected during WCSI trawl 
surveys by RV Kaharoa, 1992-2000. TBGB, Tasrnan Bay-Golden Bay; WCSI, west coast 

S w e y  Area 

KAfI9204 TBGB 
WCSI 
AU 

KAH9404 TBGB 
WCSI 
AU 

KAH9504 TBGB 
WCSI 
All 

-701 TBGB 
WCSI 
All 

KA.0004 TBGB 
WCSI 
All 

AU TBGB 
WCSI 
AU 

Calendar 
Year 

1992 

1994 

1995 

1997 

2000 

- 

Survey Fish Otoliths Otoliths Reference 
catch measured coUected prepared 

and read 

0 Dnuumond & Stevenson 
373 (1995a) 
373 

14 Dnuumond & Stevenson 
440 (199%) 
454 

18 Dnuumond & Stevenson 
310 (1996) 
328 

19 Stevenson (1998) 
338 
357 

19 Stevenson (2002) 
356 
375 

70 The trawl survey series, 
1817 except for KAH0004, 
1887 was reviewed by 

Stevenson & Hanchet 
(2000) 



Table 3: Fivepoint "readabilityn score used in otolith readings. 

Readability Description 
score 

1 Otolith very easy to read; excellent contrast between opaque and translucent zones; f 0 between 
subsequent counts of this otolith 

2 Otolith easy to read; good contrast between opaque and translucent zones, but not as marked as in 
1; + 1 between subsequent counts of this otolith 

3 Otolith readable; less contrast between opaque and translucent zones than in 2, but alternating 
zones still apparent; f 2 between subsequent counts of this otolith 

4 Otolith readable with difficulty; poor contrast between opaque and translucent zones; f 3 or more 
between subsequent counts of this otolith 

5 Otolith unreadable 

Table 4: Three-point "marginal state" score used in otollth readings. 

Readabiity Description 
score 

Narrow Last translucent zone present deemed to be Mly formed; a very thin, hairline layer of opaque 
material is present outside the last translucent zone 

~ e d i u m  Last translucent zone present deemed to be fully formed; a thicker layer of opaque material, not 
very thin or hairline in width, is present outside the last translucent zone; some new translucent 
material may be present outside the thicker layer of opaque material, but generally does not span 
the entire margin of the otolith 

Wide Last translucent zone present deemed not to be fully formed; a tbick layer of opaque material is 
laid down on top of the last fully formed translucent zone, with new translucent material present 
outside the opaque layer, spanning the entire margin of the otolith 



Table 5: Summary of 5 a l  WCSI dataset. 

Dataset h e y  Sex 
Males Females Unsexed All 

All prepared otoliths -204 162 205 6 
KAH!3404 218 234 2 
KAH9504 154 174 0 
KAH9701 168 189 0 
KAHOO04 175 200 0 
All 877 1 002 8 1 

Final WCSI dataset KAH9204 153 193 0 346 
-404 210 221 0 43 1 
KAH9504 146 163 0 309 
-701 158 181 0 '  339 
KAHOO04 171 188 0 359 
AU 838 946 0 1 784 

Table 6: Summary of combined ECSI, SCSI, and WCSI dataset. 

Area 

ECSI 

SCSI 

WCSI 

All 

Source 

Manning 
(unpublished data) 

sutton 
(unpublished data) 

Final WCSI dataset 

- 

slwey Sex 
Males Females Unsexed All 

KAH9704 90 
-809 138 
-917 110 
KAHOO14 78 
All 416 

TAN9301 107 
TAN9402 226 
TAN9502 209 
TAN9604 120 
All 662 

All 83 8 



Table 7: Summary of all likelihood ratio tests carried ou t  Descriptions of the full and reduced models, number of parameters in each model, and linear constraints for 
each test are provided. The null hypothesis for aU tests is that the parameters satisfy the set of h e a r  constraints, m ,  such that the full and reduced models are 
eouivalent The alternative hmothesis for all tests is that the oarameters satlsfir no such b e a r  constraints, such that the full and reduced models are not equivalent . * 
M, male; F, female. 

S1uvsy erect - scpmte "0" 

wimim the final Bafalulffy 

combined paramclcrs 
ECSI, SCS4 =sum4 far 
and WCSI 

(or above) 

(or .,bow) 



Table 8: All otoliths read by survey and readability score 

Survey Readability score 
"1" "2" "3" "4" "5" Total 

KAH9204 3 45 226 79 . 20 373 
KAH9404 18 102 220 93 21 454 
KAH9504 11 60 177 62 18 328 
KAH9701 16 85 176 62 18 357 
KAH0004 12 86 162 99 16 375 
Total 60 378 96 1 395 93 1 887 

Table 9: AU otoliths read by survey and margin state. 

survey Mar@ state 
"Nmw" "Medium" "Wide" No margin Total 

stage assigned 

KAH9204 
KAH9404 
KAH9504 
KAH9701 
KAH0004 
Total 

Table 10: Precision of results for within and between reader tests. 

Precision metric Within reader test Between reader test 

C.V. (%) 
IAPE (%) 

Table 11: Summary of smanest and largest and youngest and oldest 6sh in the final WCSI dataset by sex. 

Male Smallest 12 0.76 KAHOO04 
Largest 73 12.75 KAH9701 

Youngest 16 0.72 -404 
Oldest 67 18.77 -404 

Female Smallest 12 0.76 KAH9504 
Largest 83 15.76 KAII9504 

Youngest 20 0.73 KAH9504 
Oldest 74 25.78 KAH9404 



Table 12: Snmmaly of sample length-at-age by sex for all distinct age elasses in the final WCSI dataset. 

Age Males Females 
Max. Mi. Samule Samvle n Max. Min. Sample Sample class n 

Age AU fish 
class n Max. Min. Sample Sample 

Mean' SD 
20 16.81 2.62 
32 24.08 3.24 
38 30.16 3.47 
49 35.89 4.18 
60 40.48 4.94 
66 46.12 5.99 
70 51.36 6.79 



Table 13: Results of fitting the additive von Bertalanffy models to groups within the fioal WCSI and combined ECSI, SCSI, and WCSI datasets. 
Non-Linear least-squares estimates and analytical and bootstrapped 95% confidence intervals are provided for each parameter. 

KAH9204 
KAH9404 
KAH9504 
KlllI9701 
KAH0004 
All malu 

C ~ m b l n l d m r .  S W  ond WCildamrcr by s u d o r e a  

EM1 
SCSI 
WCSI 
All mk 1916 43137.17 

ECSI 519 1575029 
SCSI 866 19540.32 
WCSI 946 30945.M 
All funalm 2331 74482.15 





Table 15: Results of likemood ratio tests comparing von Bertalanffy models fitted. 

(A) Testing for a sex effect within the final WCSI dataset (n = 1784): 

Additive modelsfitted: 

Model Number of 
parameters 

Full model 7 
Reduced model 4 

Multiplicative modelsfitted: 

Model Number of 
parameters 

Full model 7 
Reduced model 4 

RSS 5 2  Max. log- 
l i i i o o d  

' x2 

RSS 8 2  Max. log- 
likelihood 

x2 

(B) Testing for a survey effect within the final WCSI dataset (n = 1784): 

Additive modelsfitted: 

Model . Number of RSS 5 2  Max. log- 
likelihood 

x2 
P m -  

.Full model 31 48514.40 27.1942 -5477.665 126,0081 
Reduced model 7 52065.00 29.1844 -5540.669 

Multiplicative modelsfitted: 

Model Number of RSS 5 2  Max. log- 
likelihood 

x2 
parameters 

Full model 31 21.6111 0.012114 1405.373 145.5467 
Reduced model , 7 23.4481 0.013144 1332.600 

(C) Testing for an area effect within the combined ECSI, SCSI, and WCSI dataset (n = 4247 ): 

Additive modelsfitted: 

Model Number of RSS $2 Max.log- x2 
parameters likelihood 

Full model 19 102910.60 24.2314 -12795.20 567.3685 
Reduced model 7 117619.30 27.6947 -13078.89 

Multiplicative modelsfitted: 

Model Number of RSS 8 2  Max.log- 
parameters likelihood 

x2 

Full model 19 49.7204 0.011707 3418.145 661.3395 
Reduced model 7 58.0982 0.013680 3087.476 

f p-value 

3 < 2 ~ 1 O " ~  

f p-value 

3 < 2 ~ 1 O " ~  

f p-value 

24 < 2 x  

f p-value 

24 < 2  x 10-l6 

f p-value 

12 < 2 x  10''~ 

f p-value 

12 <2x10-l6 



Figure 1: Map of the New Zealand EEZ showing the boundaries of giant stargazer fishstocks. The 250 m 
and 1000 m depth contours are overlaid in grey. The inset shows the location of Tasman and Golden Bays 
in fishtock STA 7. 



Figure 2: Photomicrograph of thedistal surface of a whole giant stargazer left sagittal otolith, taken at x 
10 magnification under reflected light. Orientation and some important features are noted. The position 
and approximate size of the nuclens is indicated by the black circle. The section plane is indicated by the 
red dashed lime. The otolith is from a 69 em female with an estimated age of 7.73 years (sukey KAH9701). 

Figure 3: Diagram of a generalised giant stargazer otolith illustrating how translucent zone counts were 
converted to estimated ages. Four fully completed translucent zones are present in this example and are 
represented by the thick blacklines. Following Sutton (1999), the translucent zone count for this otolith is 
"3" (the inner-most translucent zone, the "six-month" zone, is not counted). Assuming that the otolith was 
collected from a f ~ h  captured on 1-April, 6 ,  the estimated age derived from this otolith, is 
i = t 1 + t 2 + t 3 = 1 . 3 3 + 3 + 0 . 4 2 = 3 . 7 5 .  



Figure 4: Photomicrographs of prepared giant stargazer otoliths from (A) young, (B) maturing, and (C) 
mature fish. Photomicrograph (A) is from a 19 cm female collected during KAH9404 (1 translucent zone 
counted; estimated age = 1.76 years), (B) is from a 60 cm female collected during KAII9404 (5 translucent 
zones counted; estimated age = 5.74 years), and (C) is from a 71 cm female collected during KAH9204 (14 
translucent zones counted; estimated age = 14.76 years). Translucent zones are marked with white dots 
and the "six-month" zones are marked with white asterixes. AU photomicrographs were taken at x 20 
magnification under reflected light. All otoliths are orientated with their dorsal edge to the left and 
proximal surface upwards. 



Within reader Between reader 
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(0 

Between reader 

0 5 10 15 20 25 

Flnt count 
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Figure 5: Results of within and between reader comparison tests: (A) histograms of differences between 
counts; (B) differences between first and second count relative to first count; and (C) bias plots. Note that 
each plotted point in (B) may represent more than one data point. Note also that each error bar in (C) is 
the 95% confidence interval about the mean count produced during the second reading for a given count 
from the first reading. 



All males 

Age (years) 

All females 

Age (years) 

Figure 6: Length-at-age for all WCSI giant stargazer by sex. Fitted von Bertalanffy curves are overlaid: 
the solid line is the fitted additive model, the dashed line the fitted multiplicative model (see Table 13 and 
Table 14 for parameter estimates). 



Figure 7: Length-at-age for all WCSI giant stargazer by sex and survey. Fitted vou Bertalang. curves are 
overlaid: the solld Line is the fitted additive model, the dashed line the fitted multiplicative model (see 
Table 13 and Table 14 for parameter estimates). The sex and survey-speeific subsets of data are the "age- 
length keys" used to convert the: scaled length-frequency distributions in Ngure 9 to the sealed age- 
frequency distributions in Figure 10. 



ECSl males ECSl females 

SCSl females 

5 1- 

WCSl males WCSl females 

Figure 8: Leugth-at-age for all ECSI, SCSI, and WCSI giant stargazer by sex and area. Fitted vou 
Bertalanffy curves are overlaid: the solid line is the fitted additive model, the dashed line the fitted 
multiplicative model (see Table 13 and Table 14 for parameter estimates). 



Figure 9: Male and female estimated scaled length-frequency distributions by survey for giant stargazer 
caught during WCSI trawl survey series, 1992-2000. 



K A H W  ma183 

Figure 10: Male and female estimated agefrequency distributions by survey for giant stargazer caught 
during WCSI trawl survey series, 1992-2000. Estimated age-frequency distributions were calculated by 
applying the survey-specific agelength keys in Figure 7 to the estimated scaled length-frequency 
distributions in Figure 9. 



Figure 11: Density plots of bootstrapped i estimates, calculated for male, female, and all fish by survey 
for WCSI trawl survey series, 1992-2000, assuming age at full recruitment = 3 to 8 (inclusive). 
92, -204; 94, -404; 95, KAH9505; 97, KAH9701; and 00, KAH0004. 



Additive model Multiplicative model 

Figure 12: Cross sections of approximate joint 95% confidence regions around L, and k from the fit of the 
additive and mnltiplicative models assumlng separate parameters by sex to the final WCSI dataset 
M, male; F, female. 
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Figure 13: Cross sections of approximate joint 95% confidence regions around L, and k from the fit of 
the (A) additive and (B) multipldative models assuming separate parameters by survey and sex to the 
final WCSI dataset. 92 , KAE9204: 94, KAE9404; 95, -505; 97, KAE9701; and 00, KAH0004. 
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Females multiplicative model 

Figure 14: Cross sections of approximate joint 95% confidence regions around L, and k from the fit of the 
(A) additlve and (B) multiplicative models assuming separate parameters by area and sex to the combined 
ECSI, SCSI, and WCSI dataset. E, ECSI dataset; S, SCSI dataset; and W, WCSI dataset. 
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Figure 15: Diagnostic residual plots for the additive von Bertalanffy models fitted to the final WCSI dataset. 

separate p a r a m m  by sex ;y 
= 
i 

separate parameters by s- ma asr 

Figure 16: Diagnostic residual plots for the multiplicative von Bertalanffy models fitted to the 5 a l  WCSI 
dataset. 
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F i g u r e  17: Diagnost ic  res idua l  p lo ts  f o r  t he  addi t ive v o n  Berta lanf fy  models f i t t ed  t o  t h e  comb ined  ECSI, SCSI, 
a n d  WCSI dataset. 

Separate parameters by area Separate parameters by area 

2 5  3.0 3.5 4.0 4.5 -4 -2 0 2 4 

Fmed values Quantiles of the standard normal dlsbibution 

Separate parameters by a k a  and sex Separate parameters by area ans sex 

Y) 
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Fitted values Quantiles of the standard normal distribution 

F i g u r e  18: Diagnost ic  res idua l  p lots fo r  t he  mul t ip l icat ive v o n  Berta lanf fy  models f i t t ed  t o  t h e  combined ECSI, 
SCSI, a n d  WCSI dataset. 



Appendlx A: Estimated scaled-numbers-at-age 

Table Al: Estimated scaled-numbers-at-age (NU) by sex for trawl survey KAH9204. Bootstrapped coefficients 
of variation (c.v.s) and overall Mean-Weighted CoefReients of Variation (MwCVs) are provided. 

Males 
NAA 

303 
1256 
2428 
11862 
14708 
17149 
27132 
28028 
'22163 
12159 
7890 
8554 
3576 
3651 
607 
0 

839 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Undefined 0 

C.V. (%) 

167.9 
145.8 
66.8 
28.7 
34.2 
30.9 
28.6 
28.8 
28.7 
36.1 
52.8 
44.6 
57.4 
58.7 
119.5 

- 
93.0 

- 
- 
- 
- 
- 
- 
- 
- 
- 

226.7 

35.7 

Females 
NAA 

43 1 
712 
1514 
10232 
12775 
14408 
19135 
12255 
23584 
10676 
17291 
11500 
8810 
9023 
4676 
5339 
5361 
1586 
1959 
712 
0 
0 
0 
0 
0 
0 
0 

C.V. ("h) 

146.0 
157.9 
91.8 
39.0 
34.8 
34.6 
25.8 
35.0 
27.2 
37.5 
30.7 
39.4 
39.4 
45.9 
58.8 
55.6 
60.1 
119.3 
87.3 
99.3 

- 
- 
- 

- 
197.0 

38.9 

Unsexed 
NAA 

1938 
269 
1317 

0 
0 

1283 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

82141 

All fish 
NAA 

2672 
2237 
5259 
22094 
27483 
32840 
46267 
40283 
45747 
22835 
25181 
20055 
12386 
12674 
5283 
5339 
6201 
1586 
1959 
712 
0 
0 
0 
0 
0 
0 

82141 

C.V. (%) 

64.9 
89.8 
51.7 
23.9 
25.3 
24.0 
20.3 
23.6 
20.0 
26.4 
27.5 
30.2 
34.3 
37.1 
53.1 
55.6 
52.9 
119.3 
87.3 
99.3 - 

- 
- 

- 
- 

302 

2k7 



Table A2: Estimated scaled-numben-at-age (NU) by sex for trawl survey KAH9404. Bootshpped coefficients 
of variation (ev.s) and overall Mean-Weighted Coefficients of Variation (MWCVs) are provided. 

NAA 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Undefined 

mcv (%) 

C.V. (%) 

247.6 
44.8 
31.4 
39.3 
32.2 
28.9 
31.6 
33.6 
40.0 
33.4 
36.1 
62.1 
84.2 
96.7 
99.3 
72.8 

94.7 
137.9 
166.0 

166.1 

- 
- 

218.5 

37.7 

Females 
NAA C.V. (%) 

133.3 
41.5 
35.6 
44.0 
42.3 
32.0 
28.0 
28.6 
27.9 
29.2 
48.6 
73.2 
49.6 
62.2 
90.7 
81.7 

100.2 
- 

77.8 
130.2 

- 
- 
- 

132.2 

130.8 
168.1 

35.4 

Unsexed 
NAA 

339 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

All fish 
NAA 

1128 
17248 
27654 
13180 
34012 
46883 
65467 
53397 
46334 
64538 
35344 
8326 
7814 
6307 
3444 
1994 
93 1 

I235 
2816 
373 

0 
273 

0 
369 

0 
172 

0 

C.V. (%) 

107.5 
33.2 
26.9 
30.5 
30.5 
25.1 
23.4 
23.4 
24.7 
25.5 
30.6 
50.5 
54.9 
57.4 
75.2 
57.1 

100.2 
94.7 
67.4 

110.2 
- 

166.1 
- 

132.2 
- 

130.8 
134.8 

29.3 



Table A 3  Estimated sealed-numbers-at-age (NU) by sex for trawl survey KAH9504. Bootstrapped coefficients 
of variation (c.v.s) and overall Mean-Weighted Coefficients of Variation (MWCVs) are provided. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Undefined 

MWCV (%) 

Males Females 
NAA C.V. (%) NAA C.V. (%) 

Unsexed AU fish 
NAA C.V. (%) NAA C.V. (%) 



Table A4: Estimated scaled-nnmben-at-age (I+kU) by sex for trawl survey KAH9701. Bootstrapped coefficients 
of variation (c.v.~) and overall Mean-Weighted Coefficients of Variation (MWCVs) are provided. 

Males 
NAA C.V. (%) 

Undefined 351 

MWCV (%) 

Females Unsexed 
NAA C.V. (%) NAA 

All fish 
NAA 

3888 
47436 
32679 
51839 
31914 
45451 
54767 
67888 
68946 
53036 
32175 
18039 
7623 
3638 
3651 
571 
1776 
3544 

0 
0 
0 

370 
0 
0 
0 
0 

351 

C.V. (%) 

60.2 
29.0 
30.2 
25.5 
31.4 
26.4 
26.3 
24.6 
25.2 
28.3 
31.2 
41.1 
66.9 
64.0 
64.8 
143.0 
87.1 
103.5 

- 
- 
- 

148.7 
- 
- 
- 
- 

114.6 

30.0 



Table A5: Estimated sealed-numbers-at-age (NU) by sex for trawl survey KAH0004. Bootstrapped coefficients 
of variation (c.v.~) and overall Mean-Weighted Coetaeients of Variation (MWCVs) are provided. 

Age Males 
(years) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
I9 
20 
21 
22 
23 
24 
25 
Undefined 

MWCV (%) 

NAA C.V. (%) 

143.5 
45.7 
40.5 
30.8 
27.0 
30.6 
23.3 
32.1 
33.0 
38.5 
40.2 
65.2 
57.9 
92.9 

145.0 
105.8 

- 

- 
- 
- 
- 

- 
- 
- 

220.3 

34.6 

Females Unsexed 
NAA 

725 
12041 
17726 
32638 
21217 
17468 
27932 
23578 
13377 
11545 
7391 
7967 
2120 
4756 
6402 
1010 
363 

0 
708 

0 
0 

708 
525 

0 
0 
0 

0 

C.V. (%) NAA 
All fish 

NAA 

2321 
30197 
38030 
69297 
61346 
55429 
73960 
45185 
37440 
26072 
22043 
10788 
7462 
7101 
7339 
2856 
363 

0 
708 

0 
0 

708 
525 

0 
0 
0 

0 



Appendix B: Chapman-Robson estimates of total mortality 

Table B1: The Chapman-Robson estimator of total mortality, 2 ,  calculated by sex for trawl survey KAH9204 
assuming six different Ages at Full Recruitment (AFR; 3-8 years, inclusive). Analytical and bootstrapped 95% 
confidence intervals (95% CIS) are provided. 

AFR Sex 95% CI (bootstrap) 95% CI (analytical) 

3 Male 
Female 
All 

4 Male 
Female 
All 

5 Male 
Female 
All 

6 Male 
Female 
All 

7 Male 
Female 
All 

8 Male 
Female 
All 

Table BZ: The Chapman-Robson estimator of total mortality, 2 ,  calculated by sex for trawl survey KAII9404 
assuming six different Ages at Full Rec*tment (AFR; 3-8 years, inclusive). Analytical and hootstrapped 95% 
confidence intervals (95% CIS) are provided. 

AFR Sex i 95% CI (analytical) 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 



Table B3: The Chapman-Robson estimator of total mortality, 2, ealcolated by sex for trawl sumey -504 
assuming six different Ages at  Full Recruitment (AFR, 3-8 years, inclusive). Analytical and bootstrapped 95% 
contldence intervals (95% CIS) are provided. 

Am Sex 95% CI (analytical) 

3 Male 
Female 
All 

4 Male 
Female 
All 

5 Male 
Female 
All 

6 Male 
Female 
All 

7 Male 
Female 
All 

8 Male 
Female 

' A l l  

Table B4: The Chapman-Robson estimator of total mortality, 2, calculated by sex for trawl survey -701 
assuming six Merent  Ages at Full Recruitment (AFR; 3-8 years, inclusive). Analytical and bootstrapped 95% 
contldence intervals (95% CIS) are provided. 

AFR Sex 95% CI (analytical) 95% CI (bootstrap) 

3 Male 
Female 
All 

4 Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 



Table B5: The Chapman-Robson estimatqr of total mortality, 2, calculated by sex for trawl survey KAH0004 
assuming six different Ages at Full Recruitment (AFR; 2-8 years, inclusive). Analytical and bootstrapped 95% 
confidence intervals (95% CIS) are provided 

Sex 2 95% CI (analytical) 

Male 
Female 
AU 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
All 

Male 
Female 
AU 


