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‘ 1‘ Introduétion

We examiiiie the rela.t:onshrp between recruttment of 2J3KL cod and summer sahmty at statmn
27 proposed: by Sutcliffe et al. { 1983) Sutchﬂ'e et al (1983) found a stronig: relatlonshlp between
depth averaged summer (July-&ept.) salinity at station 27 from § to 50 meters and recruitment.

The relationship found was
Recruitment, = 26360 + 1625, + 2785541, +4065y42, )

where sy is sallmty in year ¥ and recruitment in year yisin numbers {x 10%) of cod at age 4 Thls
re]anonshlp is shown in Fig. 1. The recrmtment series they used was from a Virtual Population
Aunalysis (VPA) from We!ls and sthop (1980). The presenl, recuitment series dlffers substanl;mlly
from the 1980 assessment because fishing mortality was underestimated i that year.

'Suh:hﬂ'e et al. (1983) suggested that this freshwater input from Hudson Bay plays an important
role in determmmg the physical characteristics of the water as well as influencing the productlon
of plankton and ﬁsh on the Labrador-and’ Newfound!and shelves Sutcliffe et al. (1983) found an
mverse relatlonslnp between the seasonal cycles in runoff into Hudson Bay and the depth-averaged
salmlty in the upper 50 m at Station 27 when the salinity lagged the runofl by 4 months They
] speculated on the possibility of 3 re]anonshlp at mt.erannual time scales hut la.cked the necessary
runoff data for the Hudson Bay regxon to test this .hypothes!s directly. Instead, they used a
surrogate data set, the freshwate; d]scharge from the ad]acent St. Lawrence River drainagé basin:
Myers et al, (1990} disproved this hypothesis. They found sea-ice extent over, the Labrador and
northern Newfoundls.nd she]ves was slgmﬁcantly negatwely correlated wnh salmlty at alag ofﬂ to
4 months correspondlng to the t]me of minimum salinity at Statlon 27. It appears that ice-melt
over thq Labrador-Nort.hern Newfoundland shelf is pnmanly resPonslhlc for the seasonal sahmty
minimum over the Newfoundland shelf

Lee mett is not the only source of sahm!.y varmtlon on thf- Newfoundland Labrador shelf. Myers
et a? (1988) showad that eahmty anomalies at Statmn 27 were s;gmﬁcant,ly posmvely cotrelated

wn;h salinity varmt.lons on the West Green]and Shelf after ‘a lag of 15 months In particular, the
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Station 27 salinity anomaly time series shows a freshening around 1971 that is coqsiste_nt_ with
the timing of the advection of the “Great Salinity Anomaly” in the north Atlantic {Dickson et al. -
1988). This anomaly occured at all depths. ‘

2‘ Test of Prediction

" We havé replicated the rcgults of Sutcliffe et al. (Fig. 1). We have also included the results from
the results for the cstimates of the latest assessinent of numbers of age 4 cod in QJSKL (Baird
and Bishop 1992, CAFSAC, not. to be cited). The. correlation of the new assessment ex;timatea
and the prediction fr.om the cod is neminally significant (r=.72, p=0.008, years c!a'sseslfrom 1976‘
to 1987). Note that the test has not been corrected because of loss of degrees of freedom caused’ i
.by autocorrelation in the time series. This results indicates that the recruitment p.‘redicted flom

salinity may be valid and deserves further investigation.

3 Results using VPA

We begip the reanalysis by a reexamination of the relationship betwegn rgciuitment and saliniiy
using recruitment frem the most recent VPA. If we repeat the regressicn.analg.rsis of Suteliffe et al.
using the most recent data we obtain a highly significant result (p=0.0005); however the results
are difficult to sort out because both recruitment from the VPA and salinity are autocorrelated.

One possible lirhitation of the result is that spawning stock biomass (53B) decreased at about
the same time there was a general decrease in the surface salinity in the region, We thus.usc a
regressién approach that includes this information {Table 1}.

One dlﬂiculty in using VPA results is that year classes are smeared toget.her Thts makes

recruitment studies relymg on year to year variability hard to sort out. The rest of our ana]ysls

will use research surveys which smear year classes Jess than VPA analysis. :
4 Summer salinity

We examine the relationship between summer salinity and other environmental variables.
Ihere appears to be a re]atwely small degree of au!.uconelat.lon in the salinity time series
(r=0.34) (¥ig. 2).

The four panels of Figure 2 are explained befow,
_"4‘.1 " Panel b
Th':s pakr.leI showsrthe {nonthly variabiiity of the data.-
4,2. Panel .2

This panei shciw‘s two smoothed versions of the time series from panel two and theindividual data
points are also plotted. The solid line is the lowess smoother developed by Cleveland (1979).
Lowess u.ses‘ robust locally. weighted regression for smoothing & scalterp]o-.t“ Each fitted value is.the
value of a polynomial fit to the data using weighted least squarés A window is placed about each
x value; pomts that are inside the window are weighted so that nearby pomts get the nost welght
A robust ﬁttmg procedure 15 used Lhat guards against deviant ])Oml.b dlstortmg the smoothed
points. The procedure is applied for three iterations, The interval, or window size, is 6 months on:.
each side. Note that when there are missing values in a  time series, the series is reconstructed by !
removing the m;ssmg values and the lowess smoother is then applied 1o this new ' series.

The line with breaks is produced by means of running medians. The results are produced h_y

applymg a method known as 4{3RSR)2H twice (Tukey 1977).




4.3 Panel 3

This panel shows the sample autocorrelation function of cach of the time series. It was calculated -

as follows:

(k) = —IWZ )Xo = X). L ®

The autocorrelation function is only shown for lags up to 12 years; also included are the $5%

confidence fimits about zero. Note that the autocorrelation at lag 0 is not plotted.

" 4.4 Panel 4

This panel shows estimates of the specbrﬁm of a time geries produred by smoothing the raw

periodogram , as well as the .autoregressive spectrum estimation. The spectrum is estimated by .

taking the discrete Fourier transform of the (detrended t.hen tapered then padded) data. The

squared modulus of this transform is then smoothed by a sequence- af running avérage uamg a

modified Daniell smoothers.” We applied two running averages of length 9. A modified Daniell

smoother has all values equal except for the 2 end values which are half the size of the others. Also
* given is the the handwidth of the estimate. See Bloomfield (1976} for a discussion of the methods.
An autdregressive model is fit to the data and the autoregréssive spectrum is estimated from

this fit. The autoregressive fit.is of the form:

zy :alxl—l+ﬂ?:l;2+-~-+apx!—ﬂ +t . ©o (3

where ¢; is white noise process with zero mean and finite variance ¢? The "yule-walker” methed is -

“used whereby the autocovariance mattices of the time series are estimated and ‘Whittle's recursion

(a multivariate extension of the Levinson-Durbin method) is used to estimate the autoregressive- -

oefﬁments The coefficients can also be estimated by using Burg's algorithm, based on the prmciple

of maximum entropy The est:mat.mn is performed using the sample mean of each vnivariate senes

‘a5 the estimate of the mean. Remember that the coefficients' in ar are. for the series w1Lh the

mean(s) removed.

" The smoothed spectrum is plotted(solid line), along with a cross in the upper right corner whose -

vertical component indicate the 95% confidence interval for the spectrum {based on a chl-squared
approxtma.tmn} and whose horlzontal element indicates the bandwidth of the estimate.

The aul.oregressne s;)ectrum estimate is also plotted(dashed line}. The spectrum S(f} of an
autoregressive process w1t.h coefficients oy, ..., ap is
of

) = |1~ e exp(—2xify — ... - oy exﬁ(;Zwif)IQ

where f is the frequency in‘cycles per unit time'and 2 is the variance of _!.he innovation process
€. ' ‘ .

Thc spectrum of summer surface Isalinity appears to be red, i.e. dominated by low frequency
vana‘mhhy ‘ o .

The summer sahmty also seems to be hlghly related toice formatlon (Fig. 3), which is in turn
related to the NAO . In both refationships there is a puzzling effect that appears to extend to the
yenr after the NAQ or feenaelt dl\Ln

Salinity is also correlated with previous salinities from WesL.Greenland. (Fig.‘ 4y

5 “Analysis of recrmtment usmg research data

VPA and reiated methods will smear year c¢lasses tugether We will thus examine the relationship

in detail using research surveys. We use a mulliplicative model to extract the survey effects at age.

In order to provide an alternate Tecriitment series to the VPA we use a modification of a -

‘
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multiplicative cateh at age model developed by Pope {1977), Shepherd and Nicholson (1991), and
Cook (1989). o _ '

Let the numbers of fish of age a in year y be N, ,. We wili'only consider ages at which
cornmercial fishing mortality is small. Let S, be the survival to age a, which we assume Lo be
constant. Myers and Cadigan (199‘2) showed thal for cod, haddock, plaice, whiting, a-ud Americap
plaice the interannual variation in juvenile mortality unrelated to density is emall. Let thelnumber

of recruits in year'y be Ny o. The numbers at age will then be
Ny,a = SaNy—q,O- (5)

+ Let the number of fish of age a in year y estimated from survey i be Ry ,;. Assume that the

estimate of abundance is proport.ional to the true abundance, i.e. the catchability of survey i at

age a is Qa i The 1ogar1thm of the errors in estimates of abundance i is assumed to be normal w1th .

constant vaﬂance Thua

[

Rg.a,i

Qu.iSaNg.,u—n,Ofe""';- . ' o (7)

It will be convenient to use log transformed data. Lower case letters will refer to log transform

of parameters and variables. Thus, equation 2 becomes

Tyai = Qai+8a+ Ny—g o+ €yai- ’ ' (8)

Note that fa,i aid s, are confounded in the above equation. We only attempt to estimate the sum

of these two parameters. .

Note that the above equation is a simple analysis of variance with year class and age effects. -

If the error variance is approximately constant the year class effects can be estimated using any .

standard analysis of variance programs. The year effects will be used here as the estimate of

recruitment.

The first and the Iast year cla.sses in the series Wlll be the feast rellable Less emphasis should K

be put on these ‘time series.
We will use age2 to 6 for the analysis for fall surveys and 2 to 7 for gp_ril{g sur.veys. (Age t to
'3 was used for the Russian 3M data) I

For 2] we analyze the Federal Republic of Germany fall survey series from 1972 to 1983, and
the Canadian fall surveys from 1977 to 1991, Thére is excellent agreement in these surveys during

the period of overlap (Fig. 5).. S !

For 3K there are only the Canadian fall surveys from 1978 to 1991, They are in excellent

agreement with the 2J surveys {Fig. 5).
For 3L there are Canadian spring surveys from 1977 to 1991, with 1983 and 1984 missing, and

fall surveys from 1981 Lo 199! There wis a change in research ships in the sprmg survey; we.

estimated different sets of age effects for each shlp The 3L tecruitment surveys are very slrmlar
to each other; however, there are consistent differences with the 21 and 3K surveys.

The southern Grand Banks (3NQ) was surveyed in the spring by Canada from 1971 t.o 1990.
“There was a change in research ships in the survey; we estimated different sets of age effects for'
" each ship. The results for 3NQ are very simitar to those for 3L,-and sumiar to those for 2.] (NOTE
The first and last twa year class estimates were deleted. )

‘The 81, Pierce Bunk (3Ps) was surveyed in the spring by Canada frgm 1972 to 1991 aud by

France from 1972 to 1089. Theré was a change in research ships in ‘thei Canadian survey; we

estimated 'different sets of age effects for each ship. There appears to be little reia;,tiOHShip of 3Ps

with other regions.

The Flemish Cap area (BM) was surveyed by Russia from 1962 t.o 1982. ‘There appears to be

little relationship of 3M w1th ot.her reglons

.
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6 Analysis of salinity and recrmtment using research data
"in 2J3KL

The results for the sirmple correlations confirm that uniilnil.y al age 04+ and 1+ appear to confirm
the suspected correlation (Fig. 6).

If anytiling the salinity when the age 1+ cod appears to have a st.-ronger effect on recruitment
than salinity at 0+. Salinity when the cod are 2+ appears to have ng aﬂ'ect and wiil be lgnored

for the rest of the analysis.

7 Analy51s of salinity and recruitment using research data
in 3M, 3N0 and 3Ps

" We also investigated Lhe relationship for divisions 3M, 3NO and 3Ps.

For 3NO and 3Ps the results for the simple correlations confitrn that salinity at age 0+ and

1+ appear to confirm the suspected correlation. If anything the salinity when the age 14 cod

nﬁ)pears to have a stronger effect on recruitment than salinity at 0+. (Fig. 7 & Fig. §)
For 3M the there appears o be no signiﬁcant relationship. (Fig. 9)
NOTE: See Table 2 for results of siepwise regressions.

8 Anélysis of ice and recruitment ‘using‘ research data

The re)ationship of the residuals from a power stock recruitment re]a‘tionship with ice cover Eouth
of 55 degrees latitude from 1962 to 1984 is consistent with the hypothesis that i ice is responsnble
for the ]arval and/or 1+ juvenile mortality (Fig. 10). The stongest re]at:onahlp is found with May
ice cover If mortallty i3 occuring durmg the larval phase thls is the month that- would be most
likely to be affected. ‘

The ice.data was provlded by John ‘Walsh.

9 Discussibn

There appears to be a clear relationship with recruitment and summer salinity when cod are one,

year old. The mechanism is unclear.

9.1 Food Effects

Dickson et al. (1984) proposed a sa[inity-temperatqre mechanistm for the great salinity amomaly.
However, salinity is if anything anticorrelated with primary production for the region {Mertz and

Myers, in preparation).
9.2 Direct Mortality

Ice death could explain mortality in the larval phase. Fletcher et al. {in press) demonstrated that

larval death could result from freezing. This is a possible reason for the relationship in the year

the larvae are 0+ with summer salinity or ice cover in May or June. - o
The relationship with sal'init.y during 14 is more difficult to understand. One possible cause

is death from ice contact and [reezing during the first winter of life when the juveniles are not.

completely settled.

9.3 Advection from Region

Summer salinity may be correlated with probablity of being advected from the nursery grounds.

There is no evidence ot such a relationship.




9.4 Changes in Predator Density

There is no known relationship with salinity and predator derisity.

10 . Conclusion

There is strong evidénce that summer salinity is strongly correlated with recruitment in the 2J3KL,

“3NO and 3Ps. The mechanism responsibie is not clear.
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Table 1. Results of a stépwise regression appoach to regressing log transformed VPA recrﬁitl;wnt
estimates on log transformed Spawning Stock Biomass (SSB), salinity in the ,;,'ear ‘of birth
(sal), next years salinity (sall) and the next year after salinity {sal2) for divisions 2J3KL,
3NO, 3Ps and 3M.

[ Division | Variables | Year Classes | R* [ Nominal P-value |

2J3KL | SSBsall | 1962-1989 | 0.490 - 0.0002
INO sall 1959-1986 | 0.247 0.0071
3Ps sall 1959-1987 | 0.566 0.0001
M 8al2 1956-1984 | 0.034 0.3568

Table 2. Results of a stepwise regression appoach to regressing year class estimates on salinity

in the year of birth (sal), next years salinity {sall) and the next year after salinity (sal2).

Note that for the Canadian surveys 3L spring, 3NO and 3Pz there was a change in research -

ships in the survey; we estimated diﬁ'erent sets of age effects for each ship.

| Division | Variables | Year Classes | R* | Nominal P-value ]
Canadian 2J " “sall 1970-1988 ! 0.240 0.0332
German 2J - sall 1965-1980 | 0.534 0.0013
Canadiar 3K sall 1971-1988 | 0.493 0.0012
Canadian 3L Spring sall 1971-1988 | 0.240 0.0391
Canadian 3L Fall sall 1974-1988 | 0.072 0.3354
Canadian 2J3KL sall 1971-1988 | 0.393 0.0054
Russian 3M sal 1961-1982 | 0.157 |. 0.0680
Canadian 3NQ sall - 1967-1985 | 0,131 0.1285
Canadian 3Ps sall © | 1966-1988 .| 0.266 0.0118
French 3Ps - sall 1972-1988 | 0.360°| - 0.0108
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Fig. 9. Relationship between summer salinity and log (base ¢} recruitment, from research su'r;'eys' '
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Fig. 10. Relationship hetween May ice cover south of 55 degrees latitude and recruitment

. residuals from a power stock recruitment curve,
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