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Introduction

The roundnose grenadier fishery began in 1967 in Div. JK with subsequent expangion to watere off [abrador, Baffin
Island and West Greenland. Prior to 1979, nominal catches of roundnose grenadier in SA 2+3 were greaier than 20,000 t in
most years (Table 1, Figure 1), but declined to only about2000 ¢ in 1980. Caiches have inareased somewhal in recent years,
fluctuating around 6,000-8,000 t during 1986-1989. The increases in recent years are due to incréased catches by the USSR,
and to some extent, moderate increases by GDR (Tabie 2b). Portugal has reported catches in recent years, primanly from Div.
3L. Catches continue to be greatest in the second half of the year (Table 3b).

Allempis to assess the roundnose grenadier stocks through use of trawl surveys kas not been successful because e
surveys do not cover the entire range of the distribution of these fish. The present work attempts to assess the stock and
potential catch of roundnose grenadier in subarcas 2+3 using combined fisherics data from the USSR and GDR fisherics. In
addition, updaied catch information for subaress (+1 ig presented.

PARTA

MATERLTALS AND MICTIIODS

Abundance and blomans of the exploifted part of the roundnose mre—
nadier slock In Subareas 2+3 are eslimated using VPAL Numbers

and mean weights in cutches by age group and veurs of fishing
{(Table 4 ) are obtained from combined datn of USSE and QDR for
1979-1938. Yor 1989 the USSR data were taken as basic which were
recalculated using the preliminary estimate of the international
cateh. The quantitative composition of the cntches amd meun weights

by age group and year ol fiahing were estimated using combined




ame~length key for 1969-1988, The rationale of veing this combired

AL,

key for roundnose grenadier in Subareas 2+3 1a the consiatency

in linear and weight srowth rates of roundioge girenadier in those

years.

The stoclk stoatus analysia and TAC egtinmetion voe nantural morto-

lity mate of ¥ which i constant for oll arge groups,

b1
To find the start rates of tfishing mortality, VI'A tuning tech-

ninues described in Pope and Shepherd (1983) were applied. This
or that technique wug selected based on maxiiumn coeffici ents of
correlation hetween fishing mortality and effort by age group as

well as minimum error providoed by tuning teconique calculated on
dependent and independent parcts of dota.

'"he stock status and TAC for 1991 are predicted with coefltficients
of partial recruibment caleuluted using Rivard wethod (1983)
taken into aceount.

Optimum exploitation parsmeters for the roundnose grenadicer stock
in Subareas 2+3 are obtained using Thompson-Nell method described
in Hicker (1975%) (Mig. 2.

RESOLTES AnD DISCUSSI0N

The ntock huas heen estipabed for age groups 2 to 19 years. The
more rvealistic eotimotes of abundance by e group and thelir

dyivunics in the preceding yoors were derived when tuning by "i'-
method (Tuble 5) which connints in setting the below regregnion

cquation:

In M (a,y) = L {a) + J%(u)ln Gla,y)

where B (n,y) - mean cbundance of fich ab ape o v year y;

G (a,y) - CPUD dindex of apge group o In yeor y;

This egquation is written for each age group without teking inte
account. the data on the terminal year. Knowing the equation para-
meters and CPUL index in the last year (ymux) allows estimation
of I din the last year,und therefore, calculation of Kg in that

year by formula:

" {a
( *Inax
The calculations are done by way of iteration to an accuracy of
0,07, B valuen estimnted this way wore taken as atart velues for
the terminal yeor (Tabic ). 'Table F ahiows Lhe biomass osbimoates

by age group and yveur of {ishing.

In cage of using VFA, the abundance estimate ol the initial age
group of the population commercial part in tie terminal year
(1989 two-year-olda) ig most wnetable. Thevelore, in case of
stock stutus vrediction and TAC csiimation, tho value of recruit-

ment teo commercizl parvt of the populatioen (abuiéance of spge 2



group) in the terminal, first, and second year under prediction
ig the mean for this greup Cor TUB5H-14950,

The stock status prediction and TAC Fop 19291 with partial recrult-
mentt coefficients (Table 8) faken into account are presented in
Table 9. :

Abundance - 236.9 x ‘IO6 fish, blomass - 43,1 x 103 t

3

TAC at FO 1= 0,24 amounts to 3.5 x 107 ¢
B = 0.42 - 5.6 % 10° ¢

max 3
- 65,0 ¥ 107 %

P1991= Fryay

I'ig. 2 showg variations in the total catch, TAC and VPA-estimoted
biomags of grenadicr for a number of recent years in Subareas 2
and 3. The estimated bliomass is very low and, in cur view, do

not reflect the actual stock status of this species. Thisg may be
corroborated by cumparing our estimates of the roundnose grenadier
stock to those from the Japan trawl curvey in Subarea 1 in 1987-
1988 (=sec the text table below).

Biomass of roundnese grenadier cétimated through
YPA and by the 19837-1988 lrawl survey, 10j tonnes

Estimating Subareag Biomass

technique

{country) 1987 1G85
VvPA (USER} Cr1+2+3 74.5 81.6
VPA (USSR) 2+3 51.7 50,7
VP4 (USSR) O+ 23.1 30.9

Trawl survey

(Japan) 1 13.6 45,7
{Yateu,Jorgen- ‘

gen, 1988)

Using VPA we derived some preliminary biomass estimates in Sub-
areas 0, 1, 2, 3 for a number of yearyg. A1l of them are not cited
in the present paper. In 1987 the grenadier biomass was 74,83 x
103 t,and 81.6 % 103 t in 1984, The rrenadier blomase in Subareas
0+1 for these vears was eslbimated as the difference bhetween the

bicmags values in Subareas 0,1,2,3 and Subareas 2,73.

It is apparent from the text table above that the roundnose gre-
nadier biowmags In Subarcan 0+1 was lower than in Subarea 1 a3
aatimated in Lhe frawl surevey (Yatow, Jopeeoosen, 13880 Horsovel,
the auvthors themselves note Lhat the biomass in Subarea 1 iz
underestimated because the survey did not cover the whole of the

grenndier vertical distribution.

s s , . . -
Size compositiocn and the perccentage of roundnose grenadier in
catches taken from various deplhs differ between years and vary

greatly within one year which appears to be related to Lhe yeuar-
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to-year and scusonal vertical migrations., availability of Lhe
roundnose grenadier concentrations for fishing gear seems to be

governed by wmigration rates and times.

The USSR trawl curveys din Subareas 2 and 3 did not cover the
greater depths {mainly down to 1000-1100 m) and,therefore,are

not indicative of the actual age-length structure of the popula-
tion. The trawl surveys also indicate an abrupl increase in size
of roundnoge grenadier with increasing depth of fichery (Savva-
timsky, 1986,1987,1948,1989). Taking into account the fact that
the roundnose grenadier live, according to some aunthors, at depths
dovn to 2500 m {Atkinson et al,, 1981), and according to others,
down to 3000 m {Sahrhage,1986), it may be stated that the commer-
cial ond resesrch fisbing gear only cover the upper purt of the
vertical distribution of this species and our knowledge about

its way of life and distribution is limited. How lsrge is the
porticn of the grenadier biomass distributed at depths out of

reach of the fighing gear remains unknown.

The roundnose grenadier is known to be distributed and to foim
concentrations not only in the Northwest Atlantic but also in

the Northeast and central Narth Atlantic {Uavvatimsliy, Shibanov,
1987}, Providing reliable stock estimates of roundnose grenadier
as well as rationalization of the fishery are impossible unless
its populationsl structure, which has nol been studied as yet, is
allowed for. The roundnosge grenadier fishery off Labrador and
Newfoundland has been mainly supported by immature fish coming
from the spawning grounds in the central #orth Atlantic and Horth-
east Aflantic and on the Nova Scotia continental slope. In recent
years a hypothesis has bccome common aboul the transport of gre-
nadier eggs and larvae in a current system from the sparming
grounds over the whole of the North Atlontic (Savvatimsky, Shi-
banov, 1987). Thin tden 1z corroborated by capture of 3.9 wmm
larvae in the #ortheast Atluntic (Johnsen, 1927: Merrveti, 19738)
off Greenland {(Jensen,1948) and of juveniles of 7=8 cm in length

all along the Canada continental slope (Grigoryev, 1972).

The existing opinion sugprests that the whole of the roundncse
grenadier range 1s broken dovn into a numbher of local groups
between which a large-scale exchonge ccours at early life stages,
Statistically reliahle difrevences were found in rounduosec pre-
nadier living in various arcas of the Horth sfluantic on many
indications such as the form and relative cive of otoliths, 1e-
lative weight of buiain snd its scceliono, aome morpholesival [ea-
tures, [reguencies of esterase phenotypes, stability ol nize

and gex structure of the catches, parasiitofauna features (Savva-
timsky, 5hibanov,1987; Savvatimslky, 1982; Dushchenko, Savvatimalky,
1937; Dushchenko, 1988; Sauka,1975,1980}). The Horth Atlontic
cyclonic cuvrent circulation {the LHorth Atlantic, Irminger, West
Greenland, and Lubrador Currenis) make for passive wosbward trans-

fer of eggs and larvae.




It is quite probable that the offspring of the roundnose grena-
dier living in the central Morth Aflantic contribute to the North-
wapl Atlontic poepulatien, Th is aloo fairly plausible thot epes
amd larvae are bransperted in the Guls Siream northwestwards,

i.e. these popnlations are interrclated to 2 certain extent,

That sugsests that providing right stock estimates of roundnose
grenadier and development of vaticnal fishery require allowance
for the extent of population inauletion and amournt of recruit-

ment {rom egps and larvae transported in the oceanic currents.

The ubove saild suggesls thal conventional mathematical melbhods
do not always fit the roundnose grenadier stock assessment and
may lead te ervors. The vertical distribution of fish and popu-
lational structure featurés should be taken into account when
egtimating the sloclks.
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PARTB
S uhdre as 0+1

Since 1980, nominal caiches of roundnose grenadicr have been below 1000 ¢ in SA 0+t (Table 1, Figwe 4). In 1988
there were no reported landings by Denmark (G) (Table 2a) but Japan took about 300 & in 1987 and 250 tin 1988, and the
USSR reported 120 t tsken in 1988, [n both years, the majority of the caich was taken in the second half of the year (Table
3a), but some landings were reported in April-June in {988.

A general production analysis was carmied out in 1985 (Atkinson MS 1985), but the lack of sufficient data has
precloded any updates, Based on the resulls of a Crmadian Survey conducied in 1986 the current TAC level of 8,000 t
represents an exploitation rate of about 10%, whereas it is almost 20% based on the resulls of 1987 and 1988 surveys carried
out by Japan and Greenland in Subarea 1 (NAFO 8¢, Coun. Rep., 1987, page 71; 1988, page 96).

Subareas 243

Methods and Results

As in previous assessments, (wo st of catch and cffort data exist [or roundnose grenadier in SA 2+3. The first is
that contained in the NAFO database for the years 1967 (start of the fishery) to 1988, and the second is that compiled by
Canadian obzervers (FOP) for 1978-1989. The NAFO dalabase is aggregated on a monthly besis whereas the FOP data are
available on a sct by set basis. For both datasets, only those catches where roundnose grenadier comprised >50% of the total
catch were selected. As in the past, the category types of country-gear-tonnage class (CGT), NAFQ division, month and year
were used. The two new category types arealed for last year's assessment {the first based on percentage catch, and the second
bascd on depth of fishing) were not used again this year. The depth calegory was only created o address a special issue. and
the trends, ovet time, of the different percent levels was not different. Although the FOP data were first categorized on a sct by
set bagia, they were aggregaled by trip before input into the ansalyses.

Both datasets were analysed using the multiplicative mode] (Gavanis 1980) to derive standardized calch raies. To
reduce bias associared with rounding of low values of catch and effort, afl catch/effort <10 units were removed from the
datasets. In addition, any category types with <5 points (excepi years) were removed prior to analyses. The data were not
weighted.

The results of the analysis using the FOP data (Table 10) indicate that the regression is significant, explaining about
42% of the variation in the data. All of the categories were significant. Examination of the residuals (Figure 5) did not reveal
any problematic outliers. The regression caplained about 47% of the variation in the NAFO data (Table 11). Using these data,
the monih category was not significant. No outliers were detected (Figure 6).

The catch raies from the two serics (Table 12, Figure 7) suggest a gradual decline over time, particalmly with the
longer NAFO based series.  Both indicate an increase in 1984, more noticeably with the FOP data, followed by further
declines. Standardized effort (Table 12, Figure 8) has gradually increased in recent years, similar to the increases in catches,
and reflective of a gradusl decline in catch rates.

General production analyses were not carried out on the datas &s these have not been successful in the recent past, and if
was fell that the addition of one more point would not suddenly give meaningful resulis.

Commerdal Jength frequencies for 1979-1988 from the FOP were presented last year (Atkinson and Power MS51989).
Additional information, available for 1989 (Figure 9), indicates a gradual decrease in the size of fish taken over the year in both
the GDR and USSR fisherics.

Estimates of the catch- and weight-at-age for 1979 through 1989 were also available this year (Table 4). In most
years, there appears 1o be & normal distribution of ages in the caich, with the mode at about age 9 (Figure 10).

These data were input into verious formulations of ADAPT. Catch rae-al-age was calculated using the FOP
standardized effort serics, Calibrations were atiempted using all ages, and assuming both flat topped and dome shaped partial
recruiiment (PR) (Annex 1). Results from a run asswming e domed PR are presented.  Differenoes between this and a run
assuming flat topped PR were small, the esiimates only differing for ages 16-19. The parmneter estimaies (except age 2} were

. all significant (Table 13). Some of the calculawed F's were very high, pamicilarly on the older ages.  Since these ages
represent only a relatively small proportion of the total catches, this was not considered to be problematic. Examination of the
correlation matrix (Table 14) docs not reveal any serious problems. The residuals (Table 15) tend to reflect some of the inter-
ennual variahility that exists in the catch rate series. Plots of the predicted vs. actusl population data peints (Fig. 11) indicate
reasonaflzlc fits f](ir many of the ages. 1l does appear, however, that those ages which are dominant in the catches (ages 8-13)
are not fit as well.

Because of the above observation, the model was re-formulated (Annex II) so that only ages 6-13 were used for
calibration. The results (Table 16, 17 and 18) indicate that the parameters were oncr again well estimated. The estimates of
population szc for ages 6-13 are lower for ages 6-9, bul quite close for ages 1013, Differences ocur for other ages because
the PR for these was fixed. Age by age, the estimates do nol appear to be greatly improved (Fig. 12).
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Annual partial recruithient was calcutaied from the F matrix derived from the formulation including ali ages (Table 19).
From this, the snnual exploitable biomass (beginning of year)was calculated (Table 20). Comparison of the overell CPUE
from the multiphicative model with age 6+ exploitable biomass indicates & good fit (Fig. 13). The cstimates of cxﬂoilahlc
biomass do, however, appear low. When plotied with the annual reported landings (Fig. 14), it can be seen that catch
excecded age 2+ cxploitable biomass in 1986, 1987 and 1989, Dased on this, the population cstimates from ADAPT are
thought to be too low, and are not usefut as the basis for the provision of management advice.
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Final Dis cussion and Sunemary

Rescarchers in different laboralorics have applied SPA lechniques in an attempt t determine the population size of
roundnose grenadier in SA 2+3. Comparison of the results for 1989 (Fig. 15) show some differences, perticularly for ages 2
through 8. This is probably a result of the different calibration techniques used. The respective estimates of 1989 biomass
(48.7x 103 tin Part A, and 57.7 x 10? t in Parl B) are quite close. However, both parts A and B notc that the estimaies of
population size are low and is not ropresentative of the stock size. An unknown portion of the population is distributed in
depths greater than those presently fished, and movements between deeper and shallower areas is not well understood.  From
Fig. 14, it may be inferred that & recent years some chenges have occurred in the distribution of the fish in relation to the
fishery. Less fish may be available than in carlier years,

In conclusion, SPA docs not appear to be an appropriate tool in its present form to assess roundnose grenadier m SA
243. Also, survey data available do not provide reasonable estimates of the stock size because all depths are not covered and -
the proportion of grenadier in decper water is not known. If there is & trend in recent years for grenadier to be distribued
deeper, fhen the decline in caich rates may reflect this movement rather than stock slatus.

(iven the sbove, there are nol data available upon which to bese an asscssment. The precautionary TAC of 11,000 t
should remain in place until more information is available. '
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J&:4;Catchf and welight—at-aqge [or roundnose qreonadiers in SA 213, 1979-1989.,

A. Catch-at-age

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

356 68 236 98 139 126 99 226 96 69 139
203 35 124 44 86 81 54 140 59 40 90
51 7 27 [ 27 36 9 36 12 4 1%
28 3 12 3 23 23 9 24 T 1 11

Welight-at-age

197¢ 1980 1981 -1982 1883 1984 1985 1986 1987 15888 1989

\

+

I 0.052 0.049 0.952 0.049 0.050 0.052 0.051 0.051 0.062 0.065 0.073
| 0.089 0.086 0,092 0.104 0.087 0.100 0.089 0.086 0©.108 0O 112 0.09¢%
I 0.142 0.135 0.130 0.143 0.134 0.140 0.134 0.122 0.141 0.148 0,132
f 0,192 0.190 0.180 0.188 0.181 0,188 0,176 0.173 0,185 0.19% 0.177
b 0.266 0,262 0.253 0.256 0.247 0.257 0.243 0.242 0.230 0.242 0.230
| 0.330 0.316 0.314 0.319 0.310 0.3153 0,292 0.2% 0.278 0.288 §.281
I 0,420 0.400 0.400 0.394 0.387 0.394 0.352 0.358 0.346 0.355 ¢.346
I 0.482 0.470 0.471 0.4%5 0.452 ©0.45%6 90.406 0.419 0.403 0.410 0.408
| 0.562 0,554 0.558 0.536 0.537 0.534 0.474 0.492 0.460 0.467 0.472
I 0.646 0.632 0.63% 0.621 0.635 0.671 0.560 0.578 0.345 0.548 0.563
I 0.730 0.714 0.720 0.706 0.726 0.710 0,641 0.658 0.598 0.600 0.626
b 0.815 0.795 0.7%8 0.784 0.815 ©.799 0,705 0,731 0.688 0.685 0.726
| 0.892 0.875 0.8%3 0.835 0.897 0.885. 0,806 0,839 0.768 0.760 0.817
| 1.006 0,994 0.988 0.967 1.027 1.021 0.920 0.%7% 0.905 0.877 0.943
{1,050 1.044 1.033 1.011 1.074 1.073 1.011 1.052 0.976 0.940 1 008
I 1.165 1,142 1.141 1.106 1.193 1.219 1.024 t.113 1.034 0.977 1.070
I 1.353 1.257 1,315 1.222 1.365 1.425 1.290 1.346 1.326 1.113 1.292
P1.460 1.332 1,433 1.335 1.538 1.545 1,408 1.4314 1.495 1.454 1.476
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Abundance of roundnose grenadier by age group and year of fishery,

Table 5.
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Fishing mortality rates of roundnose grenadier
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Biomass of roundnose grenadier by age group and year of fighery, 10
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Age

TS89

s aa

e me me

ss amnn

s s

1984 19487 193R

1985

EY Ty

1980

e e oan

197¢

group
U QS P

R T L L L I T

P e e e em o M e e T e g e T T Ee o ey e rm T m em TOTE - em o gy v o e omm w m om er oee m

- 15 -

O NI NN T QLD LM
O M e OV e OO
.

]

|

f

'

P PN MAIN- OO0 OC ¢
]

i

]

'

1
1 an M e G I OO0 PV o O3 (T A e
I GO0 MOk TMNGOO

TN LG M AN OO O OO

NCORN )~ INCCICNTe G
MG I INO RN I N CC

. T T R S T T

NT NN I MmN e S C SO0 C

— o FNAR RN e DN P RN
T ORMTINN OO — OO

CUMI-2 TN LVNI NN e OO O0C O

D P T O OO N D NS
NN C Q=R C M N - O

L T T T T T T T S S

M-SV OGN 3N OO GO o

oAV Lo PR CVRY o -« RGN o WARDI A VRN i ol s o A Spe o
MO>PNRINnMANC OO N TP - O

MM PO SN M S GO0 O

Ll B ol SV R aptal AN SN Ay o B
[AVEE BV e X o VR S \ NN LWVl (W RN 3 o W Tl s RaT R ool o

U SN PN N e O T

SN OO O MR C O e NG
N RXNCME oo CC

L L T

O . T O L

NI INNNT TN~ OO0C OO C

PGNP B o Pe 800 OO D O O S D
TGO COCCOUNGRONETNCC

" ® & ® 8 = 2 & 4 @woE e » ow k o+ s N

M TGO O N O M O
MNNCIRM N CNOCOMeCC

L e

NM T TTFTIMAMM-cOCCO

COUMN I Or AN Ol QO CW
Mo@QPANM Ne Ot n S e G

L T T

NI 2T 2 I O OO C

NI NLCHh- OO ab. o

Ll ok ool el ok S0 il

58.7

50,7

51.7

. 0

53

St .46 T

4B .4

L e gy o ww e T e e A s =

4% .8 47,9 47,8

47 .0 T '

e e — ———
- - s A

[ Total




Tahle 8.
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Partial recrultment coefficients of round-

nose grenadier by age group

— R A i mmie e e g e e — e s A e . s e mmme e e e vamn o

A RTER e e el e W ah iy — e mm—p o i — w—— " m—— e witn  mmm mem e e e S s e

L7
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U, 50006
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0,818/
0, 6544
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0, 7884
U,7016
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Table /0_ Regression of Lhe multiplicative model for roundnose granadliers in SA 2+37using the
FOP data, 1978-1989,

MULTIPLE R............. 0.631
MULTIPLE R SQUARED..... 0.424

ANALYSIS OF VARIANCE

SOURCE OF SUMS OF MEAN
VARIATICN DF SQUARES SQUARES F=-VALUE
INTERCEPT 1 2.315E1 2.315F1
REGRESSION 22 3.691E1 1,678E0 10,470
CGT 3 1.419E0 4,731E~] 2.953
Division 3 1.390EC 4.633E-1 . 2.89]
Month 5 4.110E0 8.220E-1 5.130
Year 11 2.325E1 2.113F0 13.188
RESIDUALS 313 5.0158] 1.602E-1
TOTAL 336 1.102E2
REGRESSION COEFFICTEWTS
CATEGORY CODE VARLABLE COEFFICIENT STD. ERROR NO. OBS.
1 20127 INTERCEPT -0,252 0,135 336
2 31
3 10
4 78
1 11125 1 -0.116 0.083 92
11126 2 -0.104 0.079 67
11127 3 -0.222 0.076 58
z 21. 4 0.24¢ 0.110 19
22 5 0.120 0.089 41
23 6 -0.175 0.152 13
3 7 7 0.312 0.130 16
8 8 0.05% 0,073 71
9 q -0.0063 0,065 g7
11 10 0.143 0,072 62
12 11 -0.318 0,126 13
g 79 12 0.164 0.317 2
80 13 0.671 0.197 12
81 14 0.273 0.144 35
82 15 0.263 0.151 23
83 16 -0.271 0.170 21
84 17 0,714 0.175 22
85 18 0,027 0.152 .34
86 19 0.178 0.144 41
87 20 0.022 0.137 46
88 21 -0.312 G.138 42
89 22 -0.432 0,133 45

SO



~

s

—
e - /
Table |}, Regressiocn
NAFO data,
MULTIPLE R....... ...

MULTIPLE R SQUARED..
ANALYSIS

SQURCE OF
VARIATICN
INTERCEPT
REGRESSION
CGT
Month
Division
Year
RESIDUALS
TOTAL

CATEGORY

CODE
1 20127
2 10
3 31
1 11115
11116
11125
11126
11127
20126
20157
2 1

w =~ o

o

12

22
23

69
70
71
12
73
74

75
76

717
78
79
80
81
82
83
84
85
86
87
88

- 19 -
of the multiplicative model
1967-1988.

- 0,686
P 0.170
OF VARIANCE
SUMS OF MEAN
DF 5QUARES SCUARES
1 3.868E0D 3.868BEQ
38 4.222E1 1.131E0
7 1_162E0 5.946E-1
7 1.134F0 1.620E-1
3 1.664E0 5.547E-1
21 2.448E1 1.166E0D
222 4.,755E1 2.142E-1
261 9.365E1
REGRESSION COEFFICIENTS
VARTABLE COEFFTICIENT
INTERCERT 0.447

1 -0.3a7

2 -0.557

3 -0,175

4 -0.255

5 0.135

6 0,055

7 0.247

8 ~0.298

9 0.108

10 0.035

11 N 0.091

12 -0.045

13 0.032

14 -0.066

15 -0.031

16 0.151

17 -0.16%

18 -0.308

19 -0.231

20 0.339

21 0.041

22 -0.204

23 C.325

24 -0.014

25 0.090

26 ~0.216

27 -0.327

28 ~0.183

29 -0.610

30 -0.407

31 -0.763

32 ~-0.661

33 -0.675

34 ~0.506

35 -0.837

36 -0.691

37 ~0.845

38 -0.9%29

OO oo 00000 o0

CO00O0OO0Oo0OC OO0 CO OO0 00000

for roundnose grenadiers

t'-VALURK
5.187
2.716
0.756
2.5%90
5.443
ERRCR NO. OBS.
311 261
.266 5
.280 5
129 27
.209 6
.103 37
.139 16
.099 36
.211 6
L2098 6
.13e 18
. 100 10
.089 56
.095 54
126 21
.086 15
.093 56
.134 21
L331 16
.465 2
.368 10
.351 18
.374 8
. 389 6
. 367 11
.363 14
. 364 11
.355 17
.348 29
L3477 28
L360 11
.352 17
.358 12
. 393 5
. 451 3
. 382 8
. 380 9
L3786 10
.368 10

in SA 2+3 using the
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Table /2. Standardized CFUE and effort for roundnose grenadiers in SA 242 from the
multiplicative model.

A. From the FOF data.

STANDARDS USED UARIARBLE NUMBERS: 20127 31 1a

PREDICTED CRTCH RATE
: LN TRANSFORN RETRANSFORMED
YEAFR MEAN 5. MEAN S E. CATCH EFFCRT
| 02547 0.0183 0.835 0113 26702 24748
MM -0.08W 0.0972 0.945 .28 e 2230
g0 0.4194 . 0252 1.628 0.257 2053 1261
g1 f.0214 ooat2n 1. 100 0.120 7085 B4ze
82 0.0109 0.0t 1.089 0.115 4344 3987
83 -0.5231 0.0170 0.637 00832 3569 5605
84 0. 4620 0.o151 1.°7207 g.210 a3 2269
55 -0.Z2244 o.01a7? a.864 0680 4948 9743
86 -0.0742 G.goez 1,002 0.091 4z7 412
g7 =0.2300 0. 0065 0.3%7 0.079 .82y 9657
g8 -0.5636 0.01080 0.614 0.061 6337 103260
89 -N.6833 a.noe 0.545 0.049 9240 9015

AUERAGE © .t} FOR THE RETRANSFORMED MEAN: 0.122

B. From the NRFO data.

STRNDARDS USED UARIABLE NUMEERS: 20127 10 31
PREDICTED CATCH RATE
LH TRANSFORM RETRANSFORMED
YERFR MEAN S E. MEAH S.E. CHTCH EFFORT
87 0.4470 0.1162 1. 642 0,545 17304 10535
A& 0.1385 00320 i.254 0.224 I1263 24838
£9 0. 2157 0. 1094 1,308 0.422 173372 9430
70 0.7860 a.o27? 2.410 0.400 226864 94356
ra 0.490h 0.019% 1. 801 0.252 75445 41895
2 0.2428 0.0318 1,397 0248 24336 {7455
73 a.772 O 042 2,353 0.511 17564 7486
74 04323 0.0za3 1.652 0.288 28416 16790
75 0.5367 [ 1.5878 G311 27425 14600
76 0.2312 0. 0288 1.383 0.233 20593 14888
7 g 1205 0.0206 1.243 n.17e 15386 12376
78 0.2644 0.0167 1.4%9 0.126 20707 14351
79 -0 1630 0.0170 0.938 122 751 g2u5
o 0. 0400 002 i 14F a0 169 2053 1791
81 -0 2453 [.GZ05 J.804 G115 F0ES BR16
g2 -D.21a0 0. 0246 0.928 0.139 4344 4892
g3 -0.2780 0. 0dea 0.865 Q. 131 25K 4128
84 00,0507 0.0014 t.Q02 - 0267 /T3 3863
25  -0.3898 0.0749 0.741 0. 128 4045 BET?
g6 -0.2443 o021 Q.85 . 153 427 2653
87  -0.3977 7.0320 0.736 0131 8279 11248
23 -0.421% 1.0297 0.67g 0. 116 337 Q351

AUERAGE C.Y. FOR THE RETRANSFORMED MEAM: 0187
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Tablet2: Parameter, population and fishing mortality estimates 7rom ROHPT analyszi= (all ages)
of roundnose grenadier in SR 243 ' )
APPROICGCIMATE  STATISTICS ASSUMING LINEARITY HEAR SULUT iGN

ORTHOGOMALITY OFFSEY. .. ... ... LRINERIE TR b3
HERN SBUARE RESIDUARLE . .. . 0. 263234

HGE PARAMETER ESTIMATE 7D, ERR. T-STATISTIC i

|
{
1

2 REUNDANCE 3.79528E4 2. 08729384 1.82120ED 0.5%
3 ABUMDANCE 19510684 7.07404E3 2.34244E0 036
4  ABUNDAMCE 3.03310E4 3.864 {3E3 2.07488E0 .33
5 ABUMDANCE 5. 1993264 1.48312€4 2.50581E0 0.2%
5  ABUNDANCE 4 . 88199E4 1. 2716284 3.83018E0 0.26
7 HBUNDRNCE 2.64195E4 B.61710E3 3.99267E0 .23
2 ABUNDRNMCE Z.07az8E4 S O70S5E: 4, 0843E0 0.z4
3 RBUNDANCE i 2245664 2. 17457ES 3. 35834E0 0,26
10 ABUNDANCE 6_73722E3 1.977330E3 2.40723E0 0. 24
11 RBUMDANCE 4.94528€E3 1.52888E2 3.Z3457E0 0.1
12 ABUNDANCE 2. 0923083 7 4613582 2 8041280 0.36
13 ABUNDANCE 1. 012833 36347182 Z.7e654E0 .36
14 ABUNDRNCE 5.5Z200EZ P.VEVIEER 2.08874E0D 0.3z
13 ABUNDAHCE 3.09243E2 Q. 25490E 1 3.29818€0 0. 30
16 ABUNOANCE 1 BS6IFEZ 4 4229281 3.744Q2€0 0.z
17 RABUNDRMCE 1. 0151282 . 7oa0dE 1 5.73824E0 g1y
18 ABUNDRHCE 2. BUZESE 0. HESOPED 2.78590E0 0.36
19 ABUNDANCE 1.43938E 4 6346EED 3. 105670 g.3z
2 CF SLOPE 2. 2799E-7 4 43479E-8 5. 13663E0 0.19
3 EE Siope 70482487 1.293208-7 5. 44995E0 0.18
4 [E SLOPE 1. 272240E-6 Z.24195E-7 5.6754ZE0 0. 18
5 CE SLOPE 2. BIOABE-H 4 g50H9E-7 5. 85450EQ 017
% CE SLOPE 5. 16919E-& g B270E-7 5. 99 187ED o7
v CE SLOPE 1.02742E-5 1.6893BE-6 . 6. 09603E0 0. 16
& CE SLOPE 1.77013E-5 2.86911E-6 B {G9B0ED 0. th
S CE SLOFE Z.55722E-5 4 1Z112E-A o 20S07ED .16
18 CE S0Pt 3.539494E-5 3.B5193E-H 0. 22138E0 016
11 CZE SLOPE 4 Z02408-5 ?.21201E-6 £ .24231E0 .16
iz CE SLOPE 5 27243E-5 1. Q0895E-3 6.2 1680ED GG
12 CE  SLOPE ?.05102E-5 f. 14 194E-5 B 17621E0 0. 16
14 CE SLOPE ? QZ519E-3 f29709E-5 & 15747ED .16
13  CE SLOPE &.04945E-5 1. 30T93E-5 G, 15624E0 0. 1o
i6  CE SLOFE & S475HE-5 1. 38VHAE-5 £ 1597280 U L
17 CE SLOFE 1 0034 1E-4 1. B4 Z69E-5 £ 10834E0 g.18
12 CE SLOPE 5.3860CE-5 G.00199E-5 5.98315e0 a7
19 CE SLOPE 5.0711E-S 2 S1091E-6 5 .96424E0 017
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POPULATION NUHMBERS (DOGS > 6/ 6/90
| 1979 1380 1981 1982 1983 1084 1985 1986 1987
2] 38321 45700 44118 51000 B193Q 62036 Q3043 9023 41161
31 30790 32120 39295 I7HM9 43950 53006 SA23R 0 TOSES 7240
41 2481t 26453 20474 33630 329566 37568 45635 4R34 ARIZO0
S| 19805 21206 22733 24243 20809 27808 32215 308R4 20428
6| 15862 16921 13237 19143 2057 24417 ZIBGR 27016 372647
7112607 93306 14432 15137 16009 17236 20611 19507 22275
81 10420 10345 11271 11847, 12292 13166 14190 16421 15310
9| 8887 8058  B8S57 8583, | 8916 9846 10501 . 1714 12326
10 | 7346 6460  B54% 6110 6303 6970 7586 7603 7408
i 5590 4a76 5121 4215 422 4772 5151 5227 4754
12 ] 4280 2252 3753 29217 21 3041 3366 3449 301N
13 } 2770 2093 2306 1798, 715 1758 1969, 2065 1638
14 | 1875 1209 1525 1062- 1043 1064 1084 .. 1132 832
15 | 1ma 692 844 587 572 572 600 FaR 426
16 1 517 411 490 236 234 285 305 245 180
1?7 307 115 294 203. 199 158 128 | 8g
18 | 87 7 66 135 134 91 b1 66 ?
19 | 6 22 55 3z 1 a0 45 44 19
2+4| 135668 194505 208186 218598 242183 264077 214427 242957 321087
|~ agg 1589
21 22656 37916
31 393628 19486
4| 60836 30202
S| 57718 Si920
6} 32106 48755
7 ZE0S8 - 26372
81 16734 0734
9| 10263 12208
0| 7899 5704
1| 4023 4519
12 | 38R 2060
13 ] 1310 995
14§ 695 540
15§ 346 298
16 | 188 161
17 | 4 ag
18 | 21 26
19 | 4 14
2+| 78685 263517
FISHING MORTALITY . ht 690
[ 1979 1980 981 1982 1983 1984 198BS 1986  1U87 198 1989
2| 0.001 0.0010.001¢00% 000200000002 0003 0.002000¢ 0.002
3| 0.002 0.0C1 O0.006 G.002 0.005 0.001 0.006 ©.006 ©.002 0 805 Q.025
4 { 0.003 0.002 0.011 0.005 0.008 0.004 0.0 ©0.012 0.019 B 608 0.0z28
51 0.007 0.005 0.022'G.014 0.015 0.010 0.026 0.025 0.055 9.019 0.027
61 0018 0.0110.037 2.029 0.327 0.019 0.045 0.043 0.075 0.047 0.0}
7?1 0.048 0023 0.072 0.060 0.046 0.044 0.077 0.092 0.136 0.079 0.070
8| 0.107 0.040 0.122 G.109 0.07G 0.076 0.13y 0.137 0.250 0. 165 0.112
9| 0169 0.05 0.187 0.159 0. 096 0.111 D173 0.219 0.205 0.276 0.193
10 ] 0.260 0.082 0 290 0 220 0. 128 0.152 0.222 0.319 0.461 0.324 0.322
111 0.392 0.112 0.413°0.292 0. 178 D109 G251 0.402 0.530 0.515 §.347
121 0.565 0 160 0.586 0.321 0. 283 0.285 0.53% 0 595 0.682 0.726 0 841
12§ 0.679 0. 167 0660 0.204 0.330 0.332 0.404 0.758 0.707 0.737 1.413
14 | 0.845 0.208 0.804 (.468 0.449 0.421 0.3%0 0.828 0.720 0.698 1.866
15 1 0.851 0.197 0.771 0.415 0.548 C.481 0.402 1.057 0.666 0.613 2 057
161 1.356 0.196 0.732 0 377 0.935 0.648 0.430 1.222 0.791 0.502 2 349
17 | 1.245 0.392 0.615 0.266 0.629 0.801 0. 6G4 7 148 1 284 0.577 3.116
18| 1.2300.104 0.570 0 049 0.246 0.555 0. 172 1.020 1.404 0. 234 1.420
19| 0.498 0.160 G.246 0.107 0.252 0.320 6.242 © 860 0.513 0.351 1.736
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Table 14: Log residuals from ARDAFT formulation fall ages? for roundnose
LOG RESIDUALS FOR CPLE YNDEX
| 1979 1980 19€1 1982 1982 1984 1985 1986 1987
—— ———— —— e ot e
21 -0.630 1151 -0.097 -0.109 0.325 -0.527 0.670 0.529 -0.2'w
3} -1.366 D 186 0.162 -0.312 0.131 -0.131 0,408 0.093 0.0
4] -t 404 0048 0.214 -0.130 0.042 0. 186 0.256 G 205 O 24A
5| -4.219 0.167 0107 0164 -0. 101 0,366 0,393 0.09% 0.01¢
6 | -0.887 0.410 0.62% 0G.260 -0.149 Q. a34 0,326 0034 037
71 -0.6%4 0.500 -C.M3  G.291 -0.316 G.564 0167 0091 G197
g -0.415 0.50%f -0.041 0.323 -0.436 0.546 0.137 -6.072 0.2'6
9| -0.351 0.50% -0.013  0.313 ~0.501 0 539 0.030 -0.507 -0.604
| -0.281 0.516 0.062 , 0,203 -0.550 0.517 -0.062 0.007 0.054
11 ] -0.1864 G.570 0.6 0.305 -0.485 05.523 -0.194 -0.0358 -G.061
21 -0.194 0574 0.080 0,207 -0.304 0.516 -0.26¢ -0.049 -0, 209
i3] -0.169 0.497 0.054 0.117 -0.326 0.537 -0.227 0.07 -0.299
4] -0 126 05P3 0.084 0. 144 -0.231 0,619 -0.376 -0.030 -0.393
15 1 -0.137 0.520 0.032° '0.028 -0.084 0 714 -0.364 0. 113 -0 477
16| C.1D4 0§.457 -0.060 -0 113 -0.075 0.891 -0.366 0.147 -0.409
t?2 1 -0.107 06.927 -0.3%2 -0.577 -0.196 0.888 -0.252 0.283 -0.244
18 | 0.508 0.323 0.223 -1.502 -0.269 1.233 -¢. 717 Q.500 0.426
191 -0.07 0 780 -0.442 -0.743 -0.283 0.830 -0G.344 0.448 -0.209
| 1989
P
Z | 0.000
3| 1252
4§ 0769
S| -0.077
61 -0.555
7| -0.43t
8| -0.528
g | -0.381
10 { -0.241
11| -0.418
12| -0.040
13 | 0.183
141 0.219
15 06233
15 | 0.257
17 | 0222
18 | 0452
19 | 0.627

SUM OF RU 1 RESIDURLS

0 0464241579 HERN RESIDUAL © 0.0002344654429

grenadier in SA 2+3.

6/ fijon

1083
-1.2595
-0.456
~0.926
-0.517
-0.21%9
-0 296
-0.230
=0 131
-0.312 .
-0, 164
-N 229
0. 335
-0 49z
~0. 606
-.829
-0.563
-1.024
—-0.600

Tabte 15: Pourameter correlation matrix from ADAPT formulation (aii agesd for roundhose

grenadier in SA 2+3.

Farometer Correlation Matrix 6/ G/20
| | 2 3 4 5 ] ? 8 9 10
y 1.006 Q.112 0.106 0§.102 0.098 0.094 ©0.040 0.084 0.076 0.069
| 0.112 t.000 ©.142 0,136 0.131 0.126 0120 0. 113 0 101 0.092
| 0.106 0,142 1000 152 0.153 0.146 0.140 0. 131 € 117 ©.107?
| 0.102 0,136 0.158 1.000 0.968 0.160 0.15%4 0. 144 0,129 0.117
| 0.098 013t Q152 0 168 1.000 N0 172 0.164 O 155 0. 338 0. 123
| D094 0 126 0.146 0,160 C.172 1.000 0172 0.161 0,144 0. i3
1 0.090 0.%120 0.140 0,154 0 164 0. 172z 1.000 0.168 0,130 0.136
| D.GB4 0. 113 0.#31 0.144 0 152 0 161 O, 68 1.000 € 157 0,140
| 0.0?6 G.101 0.i17 D129 0.135 0. 144 0.i50 0.157 1000 0. 145
| 0,066 0092 0.107 0. 11?2 0.125 0.43t 0.136 0.140 0. 145 1,000
| 0.051 0.068 0.079 0.087 0.093 C.097 ©.101 0.103 C. 06 ©O.013
{ 0.020 0.033 0.041 0.047 0.051 ©.G55 0.05% 0.060 C.062 0.066
| 0.011 0.014¢ 0020 0.024 0027 0029 0.032 0.033 0.035 0.037
| ¢.006 0008 0.009 Q012 0.014 00t6 0.018 0019 0021 0.022
| 0.003 0.004 0.005 0.005 0.067 0D O0OO8 0.009 0.0 0041 O.012
| 0000 0002 0002 0002 0.903 0.062 C0.0D4 0.005 0,005 0.006
] 0.001 p.ootr 0.001 o001 D.OD2 C.Q0Z 0.00Z 0.003 0.003 0.004
| 0.000 0.001 0.00Y 0.001 0.001 0.001 0.001 0.002 O.002 ©.002
| -0.334 -0.316 -0.300 -0.288 -0 277 -0 265 -0.254 -0 238 -0.213 -0 193
} -0.105 -0.306 -0.291 -0.280 -0.270 -0 258 -0.247 -0.231 -0.202 -Q.189
| -0.087 -0.116 -0 276 -0 266 -0.256 -0 245 -0.234 -0.220 -0 137 -0. 179
| -0.072 -0.097 -0. 112 -0.249 -0.241 -0 231 -0.220 -0.206 -0.18% -0.168
| -0.060 -0.080 —0.093 -0 102 -0.226 -0.220 -0.207 -0.194 -0 173 -0.138
| -0.049 -0 066 -0.076 -0.084 -0.090 -0.209 -0.200 -0. 184 -0 164 -0. 148
| -0 04C -0.054 -0 063 -0 069 ~0.074 -0 0?7 -0.194 ~0.185 -0 161 -0.143
{ -0.033 -0 045 -0.052 -0.058 -0.061 -0.064 -0.067 ~0.193 -0 1?7 -0 148
| -0.027 -0.037 -9.042 -0.048 -0 051 -0.0352 -0 086 -0 058 0,204 -0 470
] -0.021 -0.028 -0.033 -0 037 -0.039 -0.G41 -0.043 -0.044 -0 046 -0 203
| -0.014 -0.020 ~0.024 -0.027 -0.029 -0.030 -0.03% -0.033 ~-0.032 -0.036
| -6.007 -0.011 -0.013 -0.015 -0.017 -0.018 -0.019 -0.020 -0.021 -0.022
| -0.004 -0.005 ~0.007 -0.008 -0.009 -0.010 -0.011 -0.012 -0.0iz2 -0.0%3
| -0.002 -0.003 -0.003 -0.004 -0.005 -0.005 -0.006 -0.007 -0 007 -0 008
| -0.00t -0.001 ~-C.002 0002 -0.002 ~0.003 -0.003 -0.0G3 -0.004 -0.004
| -G.000 -0.001 -0.001 -0.001 -0.Q01 -0.00t ~0.00¢ -0 002 -U.002 -0 0O2
| -0.000 -0.000 -0.00% -2.001 -0.00¢ ~0.001 -3.001 -0 001 -0 Q01 -0.002
| ~0.000 -5.000 -0.000 -G. 000 -0.00¢ -0.001 -Q.001 -0.00¢ -Q.001 -0 061



Tabte 13: Continued

1 B} 12 12 14 15 16 17 18 19 20
T 0.0% 00206 0.011 0.006 0003 0.00% 0.001 0.000 -0.354 -0 103
2| 0.068 0.033 0.0t4 0.G03 D.004 D.002 0.001 0.001 -D.316 -0.306
3| 00?9 0041 0020 0009 0005 0002 0.001 0.001 -0.200 -0.291
4 | 0.087 0.047 0.024 0.012 0.005 0.062 0.001 0.001 -0.288 -1.280
5| 0.093 0.051 0027 0.014 0.007 0.003 0.002 0.001 -0.277 -0.270
6| 0,007 0035 0.029 0016 G008 0.003 0.002 0.001 -0.265 -0.238
7?1 0,100 0057 0.03z 0.018 0009 0004 0002z 0.001 -0.294 -0.247
8] 0,103 90060 0.033 0.019 C¢.000 0005 0 003 0.002 -0.238 -0.231
9| 0.106 0.062 0.03% 0.021 0.011 0.003 Q.003 ©.002 -0.213 -0.208
10| 0115 0.066 0037 0.022 0.012 0,006 0.004 0.002 -0 193 -0.189
tt ] 1.000 0.074 0.040 0023 0.€13 G.G0O? O0.005 0.003 -0.143 -0.140
12 | 0.074 1.000 0.05Y V.028 0.015 C.008 0.005 0O.004 -0.057 -0.082
12| 0.040 0.051 +.000 0.043 0.022 D00 0.007 0.006 -0.03C -0.020
i4 | 06.023 0.028 0.043 1.006 0.039 0.0%7 001t 0.6049 -0.016 -0.016
15t 8.013 0.015 0.022 0.032 1.000 0.030 0.0¢t 0.0t3 -0.008 -0.008
151 A.007 0.0D8 .00 CG.CGI7 0030 1.000 0.044 0.022 -0.004 -G.004
7§ 0.005 0.005 0.007 0.011 0.021 0.044 1.000 0.i30 -0.002 ~0.002
18] 0002 0004 QD06 0009 0012 0.022 0120 1.000 -0.031 -0.0M
19 1 -0.143 -0.05? -0.030 -0.016 -G.008 -0.004 -0.002 -0.001 1.000 0O 2096
20 | -0.140 -0.082 -0 030 -0 0 -0 008 -0.004 -0 D02 -0 001 0.296 1.000
21 | ~0.133 -0.07Q -0.045 -0.0% -0.008 -0.004 -0.002 -0.00' G.24% 0.239
22 | -0.125 -0.076 -6.045 ~0.027 -0 008 -G 004 -0.002 -0.00% ©.204 0.199
22| -0.117 -0.0?2 -0.043 ~-Q.027 -0.015 -0.004 -0.00zZ -0.001 0. 165 0,165
24 1 -0.110 -0.089 -0.041 -0.026 -0.015 -0.008 ~-0.002 -0.002 0.138 0.13%
25 | -0.105 -0 066 ~0.041 -0.026 -0.015 -0.008 -0.005 -0.002 ©. 113 0141
26 | -0 108 -0.066 -0.041 ~0.027 -0.016 -0.008 -0.005 -0.003 0.094 0.093
T -0.119 -0.092 -0.043 -0.628 -D.017? -0.008 -0.006 -0.004 0.077 0.077?
28} -0 157 -0.087 -0 049 -0.031 -¢.019 -0.011 -0.007 -0.005 0.059 0.039
20 1 -0.232 -0.131 ~0. 067 -0.038 -0 022 -0.012 ~-0.009 -0.007 '0.041 0.042
20 | -0.025 -0.268 -0_116 -0 061 -G.020 -0.016 -0.012 -0.010 0.019 3.025
3t | ~0.014 -0.018 -0.280 -0.112 -0.057 -0.024 -0.01? -0.014 0.010 0.010
32 | -0.008 -0.010 -0.015 -0.2823 -0, 107 -0 047 -0 028 -0.022 0.005 O.0Q06
33 | -0.005 -0.005 -0.007 -0.613 -0.285 -0.085 -0.061 -0.040 Q.003 0.003
34 | ~0.003 -0.003 -0.004 -0.007 -0.012 -0.294 -0, 130 -0.096 0Q.00¢! 0Q.001
35 | -0.002 -0.002 -0.003 -0.005 ~0.009 -0.019 -0.325 -0.231 " 0.00t 0.00f1
36 [ -D.002 -0 002 -0.003 -0.004 ~0.008 ~0.0G17 -0.176 ~0.361 §.00% O.001
Table 15: Continued
| 21 22 23 24 23 26 27 28 29 20
1 | -0.087 -0.072 ~0.060 -0.049 -0.040 -0.033 -0.¢2z? -0.621 -0 014 ~0.007
2| -0 116 -0 097 ~0.080 -0 066 ~0.054 -0 045 -0 027 -6 028 -0.020 -0.0H1
3| -0.296 -0.113 -0.0923 -0.076 -0.065 -0.052 -0.043 -0.033 -0.024 -0.013
4 | ~0.266 ~0.249 ~0.102 ~0.084 ~0.069 -0.098 -0 048 -0.037 -0.027 -0.015
51 -0.296 -0.241 -0.226 -0.090 -G.074 -0.061 ~0.021 ~0.039 -0.029 -0.017
6 | -D.245 -0.231 -0.220 -0.209 -0.077 -0.064 -0.053 -0.041 -0 030 -0.018
Tt -0.234 -0.220 -0.207 ~0.200 -0, 194 -0.067 -0.056 -0.042 -0.021 -0.019
2 ! -0.220 ~0.206 -0.194 -0. 184 -0.185 -0_193 -0 0S8 -0.044 -0.033 -0.020
9 | -0.197 -0.185 -0.173 -0.164 -D.161 -0. 177 -0.204 -0.046 -0.033 -0.021
10 1 -0.172 -0.168 -0 158 -0.148 -0.143 -0.142 0170 -0.202 -9 036 -0.022
111 -0.133 -0.125 -0.1#? -0.110 -0.105 -0.108 -D.112 ~0. 157 -0.238 -0.025
2 | -0.079 -0.076 -0.072 -0 069 -0.066 ~0.066 ~0.072 -0.087 -0 131 -0 268
13 1 -0.046 -0.045 -0.042 -0 041 -0 041 -0.041 -0 043 -0.049 -0.067 -0. 116
14 { -0.016 -0.027 -0.027 -0.026 ~0.026 -0.027 -0.028 -0.031 -0.038 -0.061
15 | ~0.008 ~0.008 ~0.015 -0.015 ~0.01% ~0.016 -0 01?7 -0.013 -0.022 -0.030
16 | -D.004 ~0.004 ~0.004 -0.008 -0.008 -0.008 ~0.009 -0.0%) -0.012 -0.016
i?7 | ~0 002 -0 602 -0.907 -0 002 -0 005 -0 005 -0 Q06 -0.007 -0.009 -0.012
18 | -0.001 -0.001 -0.00t -0.002 ~0.002 -0.002 -0.004 -0.005 -0.007 -0.01C
19 0.245 0204 0 168 0. 138 @.113 90.084 0.Q7V? Q059 0.04t 0.012
20 ! 0.239 0.199 0.165 0.135 0. 1§l 0.093 0.077 0.059 0.043 0.025
211 1.000 0.189 0157 0.129 0. 106 0.088 0.072 0.057 0.042 0.026
221 0.199 1.000 0.148 0.121 0.i00 0.083 0.060 0.054 0.040 0.026
23] 0157 0.148 t.000 0O.11S 0094 0078 0.065 0D.051 0.032 D.025
24 | 0120 0.121 0. 115 1000 0089 0.074 0D.061 0.048 0.036 0.024
25 | 0,106 0.100 0.094 0089 1000 G.0?72 0.060 O0.0456 Q.034 0.022
26| 0,088 D.083 0.078 0.074 0073 {1000 0.063 0.047 0.035 0.022
221 0073 0.069 0.065 0.061 0.060 (.063 000 0.053 0.0328 0.02%
221 005? D05 0051 0043 (0.046 0.047 0.053 1,000 0,049 0.030
26| 0.042 0040 0.023 0.036 0.034 0.035 0.038 0.049 §. 000 0.043
30| 0.026 0026 005 0Q24 0022 0023 0025 003 0043 1000
31| ©0.013 0.01% 0.0135 0.915 0.015 G.015 0.016 0.013 0.023 0.040
32| 0.006 0.009 0.008 0009 0.009 0009 G.O10 C.O11 C.013 0.021
33| 0.003 0.003 0.005 0D.005 0.005 0.005 0.006 0.007 0.008 0.0i%i
34 ] 0.001 00DV OO0V OQ03 Q002 0003 Q.003 C.004 0.005 0007
3% | 0.001 0.00! 0D.00f D.001 0.002 O.002 0.002 0.003 0.004 0.006
3/ | G001 0NNt DO00f D00t O.00% Q002 D002 O00T 0004 0005



Table 13: Zontinued

! 31 a2 33 24 3|/ 3

1} -D.004 -0.002 -0.G0Y -0.000 -0 000 ~0.000
2z | -0.005 -0.003 -0.001 ~0.001 -0 000 -0 000
3 | -0.607 -0.003 -0.002 -G.0G1 -0.001 -0.G3G
4 | -0.008 -0.004 -0.002 -6.001 -0.G01 -0 000
5 | -0.000 -0.005 -0.002 -0 001 ~0.001 ~0. Q0%
6 | -0.016 -0.005 ~0 .03 -0 .00 -0.001 -0 00t
7 | -0.01) ~0.006 -0_003 -0 .00% -0 001 -0, 001
g8 | -0.012 -0.007 -0.003 -0.002 -0.00! -0.001
9 | -0.0i2 -0.007 -0.004 -0.002 -0.001 -0.001
10 | -0.013 -0.008 ~0.004 ~0 002 -0.002 -0.001
11| -0 0t4 -(.0608 -0.005 -0.003 -0.002 ~0.002
12 | -0.018 -0.210 -9 005 -0 003 -0.002 ~0.002
13 | -0.280 -0.015 -0.007 -0.004 -0.0@2 -0.003
14 § -0.112 -0.283 ~0.012 -0.007 -0.005 -0.004
15 | =0.057 -0.107 -0.285 ~0.012 -0.009 -0 008
6 | -0.024 -0.047 -C.085 -0.294 -0.019 -0.017
I7 | -0.017 -0,028 ~0.061 -0 130 -0.325 -0.17%
t2 | -0.014 -0.023 -G.040 -0 096 -0.231 -0.361
19 | 0.012 0.005 0.0D3 0.001 0.001 0.001
20 | 0.0i0 0.006 0003 0.001 9.00% 0.0d1
211 0.015 0.006 0.003 0.001 D.00f 0.001
22| 0.0%5 G.009 0003 0.00y 0.001 ©0.001
231 .05 0.009 0.005 0.000 0.001 0001
24 | 0.015 0.609 0.005 0.003 0.001 0.001
251 0.015 0,008 0.005 0.003 0.002 0.001
26 | 0.015 0.006 0005 0003 0.002 O.002
2?71 Q016 9.01C 0.006 0.003 0.002 0£.002
28| 0.012 0.0ttt 0.007 0.004 0003 0.002
20} 0.023 0.012 0.008 Q.005 0,004 0.004
0| 0.040 0021 0.015 0.007 D006 0.0G5
311 1.000 0.038 0013 0.01C 0Q.008 0.007
321 0.038 1000 D.036 0.0!8 0.013 0.01
331 0.019 0.036 1.000 0.034 0026 0.022
34 | 0.010 .01 0.03¢4 1000 0057 0.0%
33| 0.008 D.013 G066 0.057 1.600 O 122
235 | 0.007 0.011 0.022 0.050 0 122 1.000

Table16. Parameter, population and fishing mortality estimates from ADAPT analysis <ages 6-
137 of roundnose grenadier in SR 2+3,

APPROX IMATE STRTISTICS ASSUMING LINERRITY NEAR SOLUTION

ORTHOGONAL I TY (FFSET..... .. .. 0.0002%7
MEAN SQUARE RESIDUALS ... .. .. 0. 134494

AGE PARAMETER ESTINATE ST0. ERR. T-STATISTIC C.u

.43713E4 9.38322E2 .58677EQ

6  ABUNDANCE 2 2 0.39
?  ABUNDANCE 1.68850E4 4, 76663E3 3.54233E0 .28
8  ABUNDRNCE t.47532E4 3.62041E3 4 07502EQ 0.23
9 ABUNDANCE 9. P0629E3 2.31147E3 4. 1691980 0.24
10 ABUNDANCE 6. 30304E3 1.53591E3 4. 1C0379EQ 0.24
1 ABUMDANCE 3.86776E7 g 8R7S0E2 3.91179€ED 0.26
12 ABUNDANCE 2.07419E3 5. 49690E2 3. ?7338E0 .27
13 ABUNHDANCE 1 12219€E3 3.01903€E2 2.71707ED 027
6 CE SLOPE 5.96113E~-6 7 .45559E-7 7 .99553E0 0.3
7 CE SLOPE 1. 1165 1E~5 1.33608E-6 2 3566 1E0 0.2
& & SLOPE 1.8524 tE-5 2. 17320e-6 8.5373280 0.12
9 CE SLOPE 2.60840E-5 3. 0Z468E-6 8.62370E0 0.12
10 CE SLOPE 3.54100E-5 4. 08345E-6 8671590 .12
11 CE SLOPE 4.49282E-5 5. 16696E-6 8.69520E0 0.tz
12 CE SLOPE 6.04352E-5 6.94440E-6 8.70272E0 0.1
12 CE SLOPE b 6O780E-5 7 .56 130E-6 2. 73BRVEQ on



Table 16: Contirued

~ 26

POPULATION NUHEERS <000S» 7/ B0
! 1979 1980 1981 1982 1633 19p4 1985 1926 1987
2 1 38439 41547 42677 43736 47021 42868 48536 79966 91161
3] 31286 33050 35718 3667R 37RO 40342 36679 41557 68323
4] 26182 26887 28414 30351 31498 32189 24658 21440 35348
S| 20810 22476 23101 24191 26150 26889 27586 20436 26559
6| 15298 17614 19263 19460 20526 22136 22907 23032 24510
Pl 12846 1374 15008 16GI1 16282 17197 18648 15826 18846
8} 10321 10551 11503 2060 13025 13401 14157 1474t 14724
Q| 895? 2145 5724 8861 9358 10493 10703 10686 1081
0 | 7342 6520 6618 6263 G542 7350 8143 77 7384
o 5501 48723 5173 4280 4352 4978 5479 5707 4904
12 | 4338 3253 750 2061 2366 3154 3543 3731 2424
13 | 2719 2143 2387 1795 1753 1805 2066 2217 1880
14 | 1815 1165 1568 1062 1041 1094 1125 1215 a64
15 | 1030 642 807 624 573 572 628 668 498
16 | 480 335 446 304 366 265 304 370 220
17 | 21 82 275 165 17t 186 12 170 109
18| 21 45 38 % 101 67 85 61 16
19| 73 8 32 8 62 62 24 65 12
2+| 18B870 193105 205551 200093 219204 225068 235599 271564 309070
| 1988 1989
2} 81336 38039
3} 78403 609693
4 | 58497 67333
5| 20339 49916
61 21038 24329
71 19059 16846
81 1372 14710
Q| 9758  GE67
1o | 6647 6270
1 4001 3842
12 | 2517 2051
13 | 1666 1106
14 | an4 846
15 | 459 477
16 1 250 258
17 1 100 151
18 | 30 49
19 | 3 30
24| 327797 206812
Table 168: Continued
FiSHING MORTRLITY 77 6/90
| 1979 1980 1981 1982 1983 1984 1085 1986 1987 1988 1989
2 i 0.0010.061 0.00f G.001 0.003 0.000 0.005 ©0.003 0.001 0.000 0.002
3! 0.0020001 000600020006 00020010 0.012 Q008 0.002 ©.007
41 0.D03 0.002 0.0110.005 G.00% 0.004 0.013 0.0!3 £.036 0.009 0.013
S| 0.007 0004 0.022 0.014 6.017 0.010 0.030 0.033 0.083 0.03? 0.028
61 0.0180.0M0 0.035 0.0z8 0.027 0.021 0.046 0.051 0. 102 G.072 0.063
71 0.047 0.022 0.080 0.056 0.045 0.045 0.085 0.096 0.162 0.1090 0.112
8] 0.106 0.03¢ 0.119 0.104 0.066 0.075 0.131 0.155 0.261 0.205 0.161
9 0.1B80.055 0.183 0.152 0.091 0.104 0.169 0.220 0.342 0.292 0.250
10| 0.2600.081 0.286 0.214 0.123 0.144 0.205 0.311 0.463 0.398 0.340
11 ] 0.3920.112 0.408 0.286 0.172 0.190 0.234 0.361, 0.517 0.519 ©.470
12| 0.5550.160 0.587 0.374 0.277 0.273 0.319 0.535 0.570 0.6?3 0.85%
13| 0.698 0,162 0.659 0.355 0.321 0.323 0.381 0.683 0.582 0.528 1.149
14 | 0.889 0.217 0 771 0.467 0.456 0.405 0.372 0.743 0.593 0.488 0.790
15 ] 0.973 0.214 §.827 0.385 0.547 0.482 0.380 0.962 0.537 0.424 0.802
16 | 1.611 0.247 0 84% 0 427 0.527 0.646 0.433 1.075 0.637 0.353 0.6852
17| 1.644 0612 0.902 0.339 0.784 0.634 0 602 2.207 0.%81 0.564 1.000
18 | 2.020 0.183 1.410 0.086 0.339 0.866 0.121 1.019 1.635 0.118 0.537
19 | 0.506 0.506 0.506 0.506 0.506 0.50& 0.506 0.506 0.506 0.506 0.506



Table 17 Log residuals from ADAPT formulation (ages 613> for roundnose grenadier in SA 2+3.

LOG RESIDUARLS FOR R IMOEX 1 . 7/ 6/90

1979 1980 1961 1952 1983 1924 1985 J9BE 1987 1088 1980

!
6| -1.057 0.227 -0.172 0.101 -0.288 0.390 0 217 0.052 0.462 0.068 0.000
7] ~0.756 0.380 -0.137 0. 151 -0.417 0.483 0.185 0.044 0 284 -0 164 -0 062
81 -0.472 0.434 0. 117 0.232 -0.543 0 481 0. 092 ~0.009 0.209 -0_(=0 -0.227
9 | -0.379 0.474 -0.054 0.263 -0.569 0.455 -0.009 -0.024 0. 106 -0.009 -0. 163
16 ) -0.282 0.505 0.048 0 266 -0.539 0.461 -0.136 -0.018 G .0S6 -0.136 ~G.173
1] -0.162 0.573 0.118 0.29% -0.514 0 482 -0.255 -0.127 -0.001 -0_156 -0 15Q
121 -C.971 0.611 0.118 0.228 -0.377 0.515 -G 277 -0.085 -0.309 ~0.249 . 0.007
13| -0.084 0.533 0.119 0.183 -0.334 0.574 -0.212 0.005 -0.362 -0.527 0.120

SUM OF RU 1 RESIDUALS - 7.382341590E-8 MEAN RESIDUAL © 8. 616297268E-10

Table 18: Parameter correiation matrix from ADAFT formuiation <ages 8-13) for roundnose
grenadier in SR 2+3.

Parameter Lorrelation Matrix 7/ 650
| 1 2 3 4 5 6 ? g q 10
1| 1.000 0.081 0.0682 0 0S8 D.048 0,036 0028 0.020 -0.322 ~0.046
2] 0.081 1000 0.095 0.080 0.066 O 054 0.040 0.028 -0.251 ~0.257
3] o068 0095 1.000 0.008 0.081 0.065 0048 D.033 -0.210 ~0 219
41 0058 0.080 0.098 1000 0.096 Q.0? 0055 0038 -0.178 -0.181-
5] 0.048 0.086 0.031 0.096 1.000 0.050 0.063 0.042 -0. 149 -0 150
6| 0.039 0.054 0.065 0.076 0.080 1.000 0.077 0.049 -0 122 -0 121
71 0.628 0.040 0.048 0.05% 0063 0.077 5.000 0.063 -0 090 -G.090
8| 0.020 0.0z8 0.033 0.038 0.042 0.049 0.0562 1.000 ~6.063 -0.063
9 | -0.323 -0.251 -0 210 ~0.178 -0.149 -0 122 -0 09C -0.063 1.000 0.143
10 | -0.046 -0.257 -0.219 -0.181 -0_150 -0. 121 ~0.090 -0.063 0. 143 1.000
1 | ~0.033 -0 046 -0.227 -0.195 -0 155 -0.123 -0.089 -0.062 0.102 0. 104
12 | -0.025 -0.034 -0.042 -0.219 -0.181 -0.134 -0.095 -0.064 0.077 0.077
13 | -0.019 -0.026 -0.031 -0.036 -0.220 -0. 169 -0 110 ~0.071 0.058 ©.058
14 | -0.014 -0,019 -0.023 -0.026 -0.031 -0.227 -0 155 ~0.089 0.043 0.042
15 | -0.009 -0.013 -0.015 -0 018 -0.020 -0.024 -0.244 ~0.135 0.029 0.029
16 | -0.005 -0.007 -0.009 -0.010 -0.011 -0.013 -0.046 ~D.257 0.016 0.016
I 11 12 13 14 15 16
1] -0.033 -0.025 -0.019 -0.014 0,009 -(.005
2 | -0.046 -0.034 -0.026 -0.019 -0.013 -0.007?
3 | -0.227 -0.042 -0.031 -0.023 -0.015 ~C.00%9
4 | -0.195 -0.21% -0.036 -0.026 -0.012 -0.010
5 | -0.155 -0.181 -0.220 ~0.031 -0.020 -0.01
& 1 -0.123 -0.134 -0.169 -0.227 -0.024 -0.013
7 | ~0.089 -0.095 -G 110 -0 155 -0.244 -0 016
8 | -0.062 -0 0084 -0.07) -D.080 -0 135 -0, 257
9] 0.102 0.0 0.058 0.043 0.02¢ 0.016
10| .14 0.0?7 0.058 0.042 0.029 0.016
11 ] 1.000 0.081 0.050 0B.043 0.029 0.0%6
12| 0.081 1000 0.066 0.046 0.030 0.016
12| 0058 0086 1.000 0.056 0.035 0018
4 | 0.043 0.046 0.056 1.000 0.047 0.023
15 | 0.029 0.030 0.035 0047 1000 ©.035
16| 0.015 0,016 0.018 0.023 0.035 1.000
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Table 13: Annual partial recruitment derived from the F matrix from the ADAPT run (al! ages?
for roundnose grenadier in SA 2+3.

-\u\

ANMUAL PART 1AL RECRUITHMENT v/ 6/90

! 1979 1980 1981 19582 1983 1934 {985 1886 1987 1988 1989
2 | 0.001 0.002 0.002 0.002 0.004 0.000 G005 0.001 0.001 0.001 0.001
31 0.0010.003 0.007 0.005 0.008 0.002 0.011 0.003 4.006 D.006 0.008
4 j 0.002 0.004 0.013 0.010 0.013 0.005 0.017 0.006 0.013 0 009 0.009
51 0.005 0.011 ©.027 0.031 0.025 3.012 0.042 0.012 0.039 0.021 0.009
6| 0.014 0.026 0:046 0.062 0.043 0.024 G.074 0.020 0.054 0.053 0.010
7 | 0.025 0.057 0.089 0.128 0.072 0.055 0.127 0.043 0.097 0.090 0.023
8 | 0.079 0.100 ©.152 0.232 0.112 0.005 0.217 0.064 0.172 0189 0.036
9| 0.125 0.146 0.232 0.339 0.153 0.138 0.286 0 102 0.210 0.215 0.062
19 | 0.192 0.206 0.360 0.470 0.204 0. 190 0.362 O, 149 0.328 0, 269 0.103
11 | 0.280 0.280 0.512 0.422 0.283 0.246 0.415 6,187 0.384 0.587 0.111
12 | 0.417 0.400 0.729 0.815 0.450 0.355 0.560 0.277 0.486 0.827 0.270
13 | 0.501 £.417 0.820 0.842 0.524 0.416 0.668 0.352 0.903 0.841 0.454
14 | 0.623 0.522 1.000 1.000 0.713 0.525 0.642 0.335 0.519 0.736 0.599
15 | 0.627 0.493 0.958 0.887 0.871 0.600 0.664 0.492 D.474 0.699 0.660
16 | 1.000 0.492 0.911 0.206 0.946 0.809 (0.712 0.569 0.564 0.573 0.754
17 | 0.918 1.000 0.765 0.570 1.000 1.000 1.000 1.000 0.922 1.00Q 1.000
18 | 0.907 0.261 0.720 0.105 ©.390 0.692 0.285 0.479 1.000 0.267 0.459
19 | 0.367 0.400 0.306 6.228 ©.400 0.400 0.400 0.400 0.369 G.400 Q.357

Table 20. Annual beqinning of year expicitable biomass derived from the ADAFT run (all ages?
for roundrnose grenadier in SA 2+3.

ANMUARL EXPLOITABLE BiOMASS 7/ 6/90

1979 1980 1981 1982 .1983 1984 {985 1986 1987 1488 1989

t
2 | 2 5 4 5 12 1 21 f 3 1 2
3 | 3 e 26 18 29 9 52 20 43 22 16
4 | ? 16 30 49 55 24 102 3 1z2g 25 36
5 | 21 46 11 139 128 65  Zd4 78 288 246 80
6 | 38 117 212 302 zZ1? 152 425 131 403 414 (1t
21 146 243 403 617 3259 301 P63 246 600 692 167
g1 345 413 686 1056 531 483 0Bz 376 843 1120 239
9] 534 553 936 12206 616 621 1220 438 1042 1323 308
10 ] 29t 737 1315 1540 690 P08 1323 556 1118 1361 327
11| 1043 864 1680 1632 758 737 1183 9565 994 1295 308
12 | 1302 928 1869 1679 885 V68 1209 628 873 1185 350
131 131 694 1561 Hg? 933 584 G928 532 36Y VS5 328
14 | 1042 552 1332 Q08 668 493 962 366 332 420 204
151 76 340 800 304 312 231 2/7 303 183 212 185
16 | 543 211 461 2M 339 247 220 207 4 1Y 122
71 329 131 254 128 237 193 131 190 83 tZ 105
8 | 107 25 63 17 1 S0 23 39 23 B 16
19 | 41 i2 26 10 68 56 3 25 10 2 12.

2+| 8149 5895 11887 11388 6908 5895 9994 4762 741 9294 2997
3+] 8148 5890 11883 11384 6896 5894 98?2 47590 738 9203 2905
4+] 8145 5882 11857 11365 6867 5884 9220 4736 7694 9271 2979
S+| 8138 5866 11807 11317 6812 5860 Q715 4701 7566 9186 2942
B+] €117 5820 11696 11177 6684 35795 9475 4623 7278 8040 2867
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Fig. 1. Nominal catches of roundnose grenadiers in SA 2+3, 1967-198% (1988 and 1989 are provisional).

Fma:

Pig. 2. Roundnose grenadier catch per recruit in Sub-
areas 2+3.
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multiplicative analysis of FOP data for roundnose
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Figure 12° Continued
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Figure I3, Comparisen of standardized CPUE (t/hr) and exploitable biomass of

roundnose grenadiers in SA 2+3 from ADAPT,
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Figure 15: Population numbers at age in 1989 for roundnose grenadiers
in SA 2+3 as estimated by SPA in Part A and PartB.
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ANNEX I: Summary of ADAPT formulation using all ages for roundnose grenadiers in SA 243.

Parameters:
- year-class estimates: N, ;009 i=2-19
- calibration constants: g, i=2-19
- number of parameters: 36
Structure:

- F for oldest age-group (19) = 0.4 x F at age 17

- error in catch-at-age assumed 1o be negligible _

- model did not inciude an intercept term (assumed to be non-gignificant)
- natural mortality assumed to be 0.15

Input:
- Catch at age: C;, i=2-19; t=1979-89
-FOP caich rates: CPUE;, i=2-19; t=1979-89
- number of observations: 198

Objective function:

L {obs (nCPUE, ) - pred (nCPUE )}
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ANNEX IT: Summary of ADAPT formulation using ages 6-13 for roundnose grenadiers in SA 2+3.

Parameters:
- year-class estimates: N; 1959 - 1=6-13
- calibration constants: q; i=6-13
- number of parameters: 16
Structure: '

- F for oldest age-group (19)= 0.4 x F at age 17

- error int catch-at-age assumed 10 be negligible

- model did not include an interoept term (essumed to be non-significant)
- natural mortality assumed to be 0.15

Input:
- Catch at age: C,, 4 i=2-19; t=1979-89
-FOP catch rates: CPUE; i=6-13; t=1979-89
- number of observations: 88
" Objective function:

ZZ. {obs inCPUE, ) - pred (nCPUE, )’
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