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~Introcuction

Estimates ot age composition ‘of commerzial catches are essential input

.paraneters for sequential population analysis (SPA}. The SPA model is based
“an the asaumptlon that number of inmdiviguals in a ‘cohort in successive years

is 3 function of mortality due to natural causes and removals cue ta fishing.
Losses due to naturai'martality are usually assumed tu be tunstant gver all

: agegroups, Losses due to fishing are estimated by calculatiecn of catch at age

in numbers. using sampling data obtained from cummercxal catches or landings.
It {5 poscible -to incorporate estimates of variancé in catch at age due to
factors such as-ageing and sampling but precise values for these data are
di¢ficult te obtatn. The proolem i's compounded when bias due to ageing or
sampling is introduced and when more than cone source of data :s used.

© “ln receat years, différences betwesn indepencent ectimates of catch at age
made by Canada and tne USSR of silver hake from commercial fisheries have been
have ‘been noted (NAFG, 1933, Age determination was.assessed to be a factor
in these differences, although results of replicate age readings by Soviet,

" Cuban and Canadian readers did not indicate significant dicsagreement (Hunt,

1986; Duminquer and Varea, 1936; Hunt, this meeting).

This repart exanings the extent of differences in estimated age compas-

. ition of silver hake as repcrted by the USSR and Cenada and attempts to

attribute the influence of zgeing and-sampling.

Methods

Comparison-of Canadian (Waldron and Fapning, 1988 and Soviet (Noskov,

* 1986) estimates of catch at age for 19B82-9% were nade to assess the degree

of difference. The ratio of Canadian-to Seviet percent age composition was .
calgulated hy dividing the Canidian estimate by the Soviet for ages 1-9. )
Ratios greater than 1.9 indicate a h1gﬁer percent cemposition in the

.Canadian estimate while those less than 1.9 indicate a higher percent

compositicn in the Soviet estimate for each agegroup.

The relative strength nf year-classes within the two estimates of per-
cent age ¢ompposition was determined by dividing the percent catch at age for
sach agegroup by the largest chserved percent within the agegroup. This
‘results in.a value'of 1. m for the year-cless with the greatest percent at
age and values less than 1.8 far other year-classes at the same age. Agree-

L rent netwean- the Eanad:an and Soviet estimates of relative strenqth of year-
Classes by agegroup was assessed by calcu]at:nq the tatio of the two values.

It was assumed that catchabxlity (0) wes constant within agegroups for the
198@-85 time period.

Estimates. of year-class anundance at age derxved frum Canadian surveys
“in July of the Scotlan Shelf {Waldron and Fanning, 1984) were examined to
determine the relative strength by agegroup. Percent numbers at age were
reduced tg a3 relative 1ndex by dividing each value by the largest chserved -

.value Within the ‘ageqroup.
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* See APPENDIX (page 13) for an analysis of inconsistences in ‘1986 data.
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D:fferences xn aqe determxnaLioﬁ batween Canad:an ang Soviet age readore
was assessed hy calculat "G percent age composition using age length keys
prnv:ded by each country. The catch at length for 1985 was esiimated by
prorating the- reporteu Suv1et monthly length frequency sampies to monthly

'Cit:h prefiminary data from NAFU) The mean fish weight in samples was useg
‘to determ1ne sample. we;ght it fumbers at length from sampies were increased
“to-reflect the Taported aonthly catch., Males and females were considered
separately and the catch by sex was estimated frem the ratio af nales to
Females 1n sampling data. Monthly agt ‘length keys, derived ‘rom the Canadiar

and ‘Soviet ageing,.were used to-determine catch at age by nonth and then sumamed

“toestimate the total caten at age for 1985,

Estxmntes of the lenqth frequency cemposition ‘of commercial catches of
511ver hake are made trom samples colietted by the International Observer
Prngram (T0F) and from samples collected by natignal observers, The degree
" to which the twc sources of information are cnmbtned in national
‘sumnaries is not reported, hnwaver, length frequency summarias {(and catch at
L age) reported by the USSR appear ‘to represent ‘only the proportion of the
total catch taken by the USSR, Three sources of leagth frequency sampling
"data for 1983 Wer'e examine¢ to asEEss possible differences. These included

“results of LGP sarpling, summaries for-Soviet sampling as repurten to NAFOQ
‘and summaries of Cuban sampling (Dominquez, 1986). Comparisons were made
bazea on caiculated ‘percent compusttlan by one centimeter iength grougs.

Hnsults af’ age detern:natlnns ot sxlver hake otoliths by Canadian, Soviet
“and Cuban reacers during recent exchanges were reviewed to assess the leve!
of agreenent. The jesigh 0f these exchange projects was examined to determ=ne

. tnELr u=efu1ness and ,to recommend’ 1mpruvements

'

" Results

Percent age composition of commercial catches for 198@-8%, as reportea
by Canada and the USSR, are given in Table ! and summarized in Figure 1. It
is epparent that' over 9@/ of the catch . is accounted for by agegroups 1-5 and
that .substantial differences in the contribution of year-classes exist in
the twd estimates. The ratic of Canadian to Soviet percent age compositicn
{Table 1) ranged -from a high of 4.6 for tha 1983 year-ciass at age one toc a
.low.of 0.4 for the 1979 year-class at age five. Agegroups one and four
7appeared to have the most significant differences and the mean ratio far
ages 1-3 was 2,889, 1.236, 1,045, 2,484 and 8.819, respectively, These mean
values mply that the Lanadian estimate of catch at age is generally higher
“at -ges one and two, approxxmataly equal at age tnree, and lower at ages & and
oldar., Differences at age one are nat.accounted for by reciprocal difterences
at age Lwo, suggesting that ugezng determination was not the primary factor.
For example, the 1983 year-class accounted fer 23% at age one in Canadian
Jresuits but only 5% in Soviet results. [f some proportion’of the fish aged as
4% agegroup cne by Canada were aged as agegroup two by Soviet readers, a
higher percent at age two in Soviet data would be expected. However, results
indicate similar compositions (9.4 and 1Q@.1, respectively) at age two. [t is
unlikely that fish aged as one would be aged as older ‘than two by another
redder. ' ' . T
The influence cf age deteramination at ageé two and older is more diff-
icult to assess. In 1988 ages 2, 3 and '4 accounted for 29, 3% and 17% in
" Canadian results and 17, 3& and 32% in Soviet results. If zge determination
- wag the main factor in these aiffsrences, it would imply that scme proportion
cf ¢ish aged as two by Canada were aged as three by the USSR znd scome sropertion
of fisn aged asz threes by Canada were aged as four by the USSR. A similar trend

" is apparent in ‘1981-B4 data and 1s even more evident in 1985 data in which the

1982 year-class accaunts for .almost twice the Canadian percent compositicn in
Soviet estimates,

The relative strength of year-classes by agegroup are civen in Table 2 far
196@-85 Canadian and Soviet cata. I+ catchability by agegroup (s function of
temporal, geographic, partial recruitsent and abundance factors) is similar
over the 19B0-85 time period, internal differshces in relative sirength of a
year-class within the data sets might be attributed te inconsistency in ageing.
_ For example, & year-class with a high relativa strehgth at one agegroup but iow

. ar variahle values in otner aoeqruups may indicate inconsistency in assigning

t+ish to the carrect’ agegroup’and year-class, Examples, bases on differences of

>ul£| are shown in Table 2 by diagonal lines joining year~classes at successive

agegroups. Canad1an 'esults indicate three inconsistgncies hetvween agés .one and

- L teg, ane betheen ages two and three and one between ages foer and five. Saviet
' Lo, e N T TR A - - : L
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‘results inditate one difference between ages ane and twa, three between ages

two and three and one between ages four anc five., The number of differences
between ages one and two in the Canadian data may be influenced by the nigh
(23%) percent compasition of the 198( year~class which results in other year-
classes at age one heing given relatively low strengih. Tn both data sets,

except feor age four to five, the tendency is for & year-ciass to appear teo
“'have a higher relative strength at the older age.

The ratie of relative year-class strength between Canadian and Soviet

‘data is given in.Table 2, At age cne, only the 1983 year-class haz a similar

" .strength in beoth dats sets but the influence of the high percent (23%) catcn

at age cne 1a Canadian data has 3 strong influeence on the strength of otner
year~classes. Correspondence at age two appearc te be mere consistent and only
the 1978 year-class has a'ratio (1.613) significantly differeat than 1.8, This
ratio implies that the Soviet estimate is 62% of the relative stréngth of the
1978 year-class estimated from Canadian data. At ages three and older, the
ratios are variable with no apparent trend. .

‘ Thne-relative strength of year-ciasses oy age group derived from percent

‘age tomposition of silver hake in the Canadisn July survey of the Scotian Shelf

is 'given in Table 3. Differences >5Q% in the relative strength af a year-class
in successive agegroups are noted by diagonal lines. Several incomsistencies

‘are apparent, but as Hunt {1985) notes, this may be due tc inter-annual changes

~in catchability faor the surveys.®

Soviet sampling data far 1985, as reported to NAFO, consisted of length

.- fregquency sanples far May, June, July dnd August for males and females with
“corraspeading age length kevs. Total catch in aumbers was determined with

the following algarithm:
. Caten (USER) g percent males = catch of mafes (repeat for females)
Mean shmplé weight X‘num&er-df flsh = samﬁle weégnt
Cakcﬁrueight ! sample weight = ratio sampie to catch

Sample number at length X ratio & catch auvaber at teagth

" The resultant catch number at length was then proportionally allocated to age

_groups using the appropriate age length key and thece values summed over moaths

tg estimate total catch by agegroup. A total of 54& length frequency samples

~and 1178 age determinations were reported by the USSK, Monthly age length keys

for males and females derived from Canadian ageing of IOP samples for 1983 were
compiled from a total of 1548 age determinaticons and used to estimate cateh at

‘gge-from the USSR.catch number at length. Percent catch at asge derived fram the

two sources of age determination fer L9BY are shown below:

. " Agegroup ' :
1 2 3 4 ] & 7 g 2+ Total
T ' . ) ‘ tnillions)
USSR ageing 4.9 "36.% 8.5 .Z1.4 7.3 1.3 B.2 8.1 2.0 499
. % Assesspent .4 33,7 29.9 21.8 7.7 t.2 B.3 B.@ g.Q 347
T CDM ageing ¢ 2.7 36.9 2000 28.8 - 6.9 2.8 8.8 @.1 8.0 49
* fesessment’ 9.4 42,9 1.4 22.9 5.6 2.2 8.8 2.2 9.3 409

+ a5 used in the respective L9846 assessment dozument

Differences ‘between the percert catch at age derived from Soviet age deter-
minations are minor and may reflect the use of mean saaple weight rather than
a iength-weight relationship to estimate catch nusbers at length. The total

‘cateh in aumbers estimated in this stugy (8379 miilion) was substantially diff-

erent than the 347 miilion reported by Noskov (i98&), although the latter
number excludes the catch at age cae. Differerces between the percent catch at
age based on Canadian agering are more substantial and may be the result of diff-
erent estimatés of catch nusbers at length derived from Soviet and [DP data.
Comparisan of the percent catch at age derived from the same catch number
at length (Soviet) using the two sets of age length keys show good corres-
pondence for agss 1-2 but substantial differences at ages three and four. The
Soviet data indicate 29% age three and 21% age four while Canadian date estimate
21% age three and 29% age $our. This implies that 3% ((2B.5-21.81/28.3) af
fishk aged as three by Canads were aged 4as four by the USSH. These agegroups

[
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. account for.S@% of the total catcn in numbers and the differences due ageing
would result in close to a 20% .difference in estimate catcn at age.

tength frequency data for 1985 were reporied to NAFO Ly the USSR and by
: buba (Daminguez and Varea, .1986) and results of [OF sampling were available.
Cuban samplas were abtained from three commercial vessels pperating in MAFO
,“va1510n 44 from April to July as part of a special research study. A total
" ‘of 182 samples ang 6&@B® incividual lengtnh measurments were obtainec. Soviet
“idata ctollected “from commercial vessels resilted in 546 samples and 192800
individual length measurements for May - &ugust. I0P sampling preduced 1118
samples from Soviet, Cuban, Portuguese ant Japanese vessels ang 285028 indiv-
- idual length meaerments for April - Septembers(Table 4y,
. Numbers measured at length were separated for males and females, reduced
to percent and tnen combined te estimate total numbers at one tentimeter length
. intervals for each cdata set. Cuban samples were reporteg as measurement of total
length, Seviet and 10F 'samples as fork length. No conversion from

" ifork te total length was available but exszmination of a saall number

‘_Df 511ver hake speclmens indicated an apprux1mate relationship of:
Total length = 1. Bl?ﬁ Fch length

'uhffh results in equivalent total lengths of 20.3, 38.5, 4.7 and 50.9 cn far
fork leagths of_ 28, 3@, 40 aznd 50 cam, respectively. The saximua adjusteent

. required for Cuban data would be 1 cm and, since most lengtnhe were betwean 23

and 35 cm, it was declded not to apply any cenversisn. This could result in an
'apparent shitt towards smalier lengths whem Cuhhn data are compared to data
" pawed on total-length measurments.

) Eomparlsnn of per mille length freguency compesition of Cuban and

USSR silver hake ‘catches for 1985, derived from national and [OF samples,

is given in Figures 2 and 3. The twn independent estimates of Cuban catch
length composition (Fig. 2) are in good agreement for ‘April and May but

- 'have some ditterpgnces in June and July. In.the latter two months the 10P

. gamples appear te indicate higher contributions by fish less than than
25¢m as well as dlfferences at 1arger length groups. The anticipated shift
due to fork length and total 1ength measurements is. also evident.
Results for the USSR catches (Fig. 231 show good correspondente for
" May and July but estimates for June and -August have substantial differences.

_T Both the June ‘and August estimates appear to be out of phase by one cent-

imeter suggesting an erraqr in data recurdlnq However, a review of the

‘,_data sats did nat identify an error in either the reported gata or in
“calculations. '1f these results do not have an error then substantial diff-

ernces in age compasition derived from fhe twe 5ELS nf length dats would be
Expected

. The estzmateé lenqth frequency distribution for total catch ane for
‘*UBSR cateh only is.shown in Figure 4. The total catch length- ‘requency Was
“estimated by weighting 1GP data for Cuba ard the USSR with the respective
- reported rational "catch and 5umm'ng the two values and the reported USER

* cateh and "length freguenty was compared with this value. Canadizn calculated
catch ‘at age is derivéd from the summed length frequencies for all countries
repcrt:ng silver catch while the USSR catch at age appears to be an estimale
S far USSR catches oniy. Comparison of the dlstr;hutlnns for May- July, when
“—ﬁubln catches were substantial, indicates s1gn1f1cant differences in length
. 'dlﬁtrlhutlon..Estlmates derived from I0P data suqgest a shift towards smailer
’ ;lengths in toth May and June hut good. correspondence faor July.

I

Exchanges of silver hake otoliths (188) between Canadian and Soviet age
readers to estimate levels of inter-reader agreement have been carried out
annvally since 1982. Cuban age reagers participated in tha 1985 exchange.
Previous to the exchanges, a number of workshons were held to ensure-that
readers used the.came conventions and basis for subjective interpretation

© 7 gt ‘ptelithe and . Hunt (198B} summarized results and presented guidelines for

age determination. Mo discugsion between age readers has occured .since 1980
and 1t is assumed trat tpe szame criteria for estimatiag age are foilowed by
all reagersz, -The author has cowpleted all ageing for Canada but tne indiv-

- idual (5] completing  Soviet and Cuban ageing is not reported. Tre 1986 ant
1987 sampies werp aged by the Camadian reader withcut pricr knowledge of
é:ther fish length or. sex, but information available to Cuban and Soviet

‘readers at the time szmples are aged i's not reported.

‘Resutts of 1984-87 otclith exchanges are summarized in Tabkle 4 and

‘1nd1:ate an inter-reader agreament of 48-83 percent. The 1984 exchange showed
an initial 74% agreement which was-incressed to B2% after ‘the Canadian reader

re-examined atoliths. which had ages ditferent .than the Sovict age. Eight ages

> R e e L AL AP ’ Tt
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- were changed, based on alternate rnterpretation, to cosndform with the Soviet
age. For example, a fish aged as a greferred age 3, passible age 4 was changed
to agree with the Soviet intarpretation as-age fpur. Results ingicated 1@0@%
agreaesent at ages 1 and I but & bias .for Soviet ages to be higher than the

".Canadian age for fish 3 years and older. :

S The two 1985 exchanges fDominguez and Yarea, 1984; Hunt, 985 Senins ang
Stulova, 1986) resulted in tontracting levels of .agreenent betw&en Soviet and
Canagian ages. The Cuban/Canadian/Soviet ‘sanpie produced &8 and 83 percent

- .copeustrence between Canada and the USBR and Cuba, respectively. Differences

« /im age were biased towards a lower age relative to the Canadian age for both
Cuba ¢76%) and the USSR (B4%). The Soviet/Canadian exchange indicated an 85%
overall .agreement but in this case differences resulted frum a Soviet age

. hagher than the Canadian age'in 93% of the exanples.

Yhe 1984 Soviet/Canadian exchange resulted in B2% overall agreement and
4% of the dl%ferences were due to & higher Saviet age. The 1987 ewchange
Jproduced 7% ‘agreemeat ‘and 24% af the differentes were alsn due to a higher
":Svaet age relative to the Canadian estimate,
- in summary, otGlith exchanges between Canadian. and Soviet readers appEar
to indicate-a level of agreement of grezter than 8@% which should npt result
_cin:substantial differences in age length keys. However, the tendency for
s 'diffagrences tn be biased towards a lower Canadian rE]at]VE to Soviet age is
,Cause for concern and could preduce slqnzflcantly different estimates af
© cpopulation age cnmp051tlon The bias noted -in-exchange samples is also evident
- in estimates of catch.at age reported by the twe countries, [t is unlikely that
:lfurther Exchanqes nf oteliths tetween readers will 1mpruva the level of agree-
‘ment gr reduce the bias in dszerences ulthnut dlstu551an and re=n‘ut:on of the
o snurce of d]lagrEEment Co

;Dtscusslon and- Conclu51ons

. ,,‘ Regults cnnilrm substant;al d:fferences betweer Canadian and USSR

" estipates of catch at age for the 19BO~B5 time period. Age determinatian

" appears to be a factor in these differences and the tendency is for the

f_USSR estimate .of catch at age -to underestimate-the contribution of agegroups

“"une &nd two and overestimate the coniribution of agegroups three and older,

.. relative to the Canadian estimate,. However, analysis of the data suggests
‘that-age determination is not the paly factor invalved. It should also be

... noted¢ that the USSR estimate of catch at age appears te'relate only to the

. USSR pnrtion of the total ‘tateh,

o . Enmparzson of irdependent estimates. of length treguency distributicn
Lo ;'For‘the 1985 cateh also indicates eignificant differences batween sgurces
© . ':.of data, In some modnths IOP data are at variance with the Cubap and US3R .
" _reported results of sampling and the tendency is for I0F data to have a
) . higher relative -cantribution by fish at smaller lengths. This interpretation
v ef oresults uuuld suggest ‘an additive effect for age determinaticn ama lemgtn
L }Frequency differences which would introduce a substantial pias in independent
“esttmates of catch at age derlved from twe data sources.

Dtollth exchange results 5uggaat ] b:as between - age readers which is
‘:nnazstent with differences observed in reported catth at age. Currént design
. ~.w0f these Exchanges does ‘not allow assessment . of the ‘sturces of d1+ferent ages
'ft,:uf..-ur the level 6f intra-reacer agreement. :

It isg unllkely that .improvement in indeperdent estimates of catch at age
- . tanbe achieved without further resclution of age deteraination and length
e +requancy ditferences. Until this is accomplishee; it is suggested that ene
v "suur:e ef catch-at age be used fnr input to. pupulat1nn analysis,
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Takle 1: PEFcéntxiqb Edmposition éf'éxlver hake catches -as reported by
Canada and the USSR for ‘1980-85, ang . the ratxa of. the- Canaulan
, tn USSF percent age cnmpnsxtlon. ’
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2. Relative strepgth of Yearclasses, by agegroup,. derived from
per:ant catch at age-as reported oy Canada and the US%R and
the rat:u n{ Eanana ta USSR yearc!ass strengths.

'. ’ ﬁgegroup Wt
i 2 3 I P 7 § ¥
0.129. Q637 . a 678 @.454 -@.529 Q.BS7. @.737 @.4920 ©.@00

8,934 8,223 1.@0@ @.784 P.S536 P,829 0273 9.258 .00

“TI1982 '30;336\\a.g4a p.458 1.200, 1.B00 1.200 1.009 1.992 ©.R0E
:&(ﬂ?ﬂ\l BB 0.472 B.S?E}\‘B.SB% 2,488 B.545 D.50Q 9.8429 . !
. r;gaﬂfxa.zas- 8.7¢68, 8,639 'B.326 "8.371 9,182 @.geE @.@808 - .
- 9.403 a 939 9282 7 2,857 - 0.4@% a ezq--a.272 2.50@ -p.228 - . -

. 0,259 5‘394 o. a,n:=aia¢2' @.758° 2.537. 2 ‘1,802 1.000
voogl i3 e, 252.0\i.800" 0,878 0. 885 . 0.634 - 0. 2.229 "0.333
e, a7‘\a.3sq\\a.5s¢, 1. aaa\\1 .@e0°-1,980. 1.0@Q 2,820, 9,333 - Sl
.@.259. 1,882 0.£34. B,548 . MQ.453° B.463°. 0.5S- G.IB¢ 0,333 . P
;926 . 8,237 0,986 0.BB0 "©.B20°. 9.480. D -8.200  2.668 T ‘
]

\ S
IB 791 ﬂ 7@2-‘ ¥.580..8 2738, P20 . 0.202

§02 0,293

+

2333
ca28. L
.aee ST e

5 9.798°, @.759. B.TRS 11,597
< 1,000 9,871 0. bbs. 1Ll 3087
e 809"’ 1.880. 1. 020 i.p0@ .
CRiTA4 . LLRAY- 1,103 T 1l488 0 1.280 - : ST
a 347gtm;7293L L3987 . TeL L BSBER : R
LUl 469 . 8TE 2V 4R 2,887 - K

; Canadian, « :
! 9
s 5798564 00967 1.080. 1 1,082 ‘t.p@d . -
% 2,994 7 0.942 - 6405 .@.502 9.380 @.125 S
. ,,m SSB p.423 0. , 8,444 1.0@87 02125 .
- h SR.teT. B.10D @125, .
SBL 278 @.200..0.250 7 .
0.333 @.300..0.125° -




of numbersjc‘)f £i'sh. sampled fof* length frequency by

© Cubay"U8SR-ang. [0Pin the 1985 silver nake fisnery.

April. .. ' ' Cuba USSR Cuba USSR - . IOF
N L . 1P 10P  Total +
o Males: 19594 - 23289 -

| cFemales ™ 1f123 7 - 12828 - -
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Figure 1., Percent age composition of silver hake as reported by
Canada (o ) and the USSR (x---), 1980-85.
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Figure 2., Length frequency (per mille) of silver hake in 1985 derived from

) and I0P (x-—-) sampling data.
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An Analysis of Inconsistencies in Estimates of
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