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ABSTRACT

For the years 1969-97, the Labrador component of North American prefishery
abundance (PFA) including estimates of returns to rivers and spawning escapement was
based on the commercial fishery catch data. Since the commercial fishery in Labrador
was not open in 1998, and because the PFA is used to provide catch advice to NASCO
on North American salmon stocks, an alternate method was required. An alternate use
of the abundance estimates was to provide stock status information for Labrador. In
total, five options were examined including not providing an estimate for Labrador,
removing Labrador from the time series of PFA estimates, providing new estimates
based on exploitation rate/habitat model using angling catch data and estimating PFA
based either on proportions or regression estimates from the previous time series.
After examination of various techniques and their attributes, the proportional method
was selected. Raising factors to include estimates of Labrador salmon in the North
American PFA were 1.04 to 1.59 for maturing 1SW salmon (potential grilse) and 1.05
to 1.27 for 1SW non-maturing salmon (potential 2SW salmon). There were no
counting facilities in Labrador in 1998 and without corroborative evidence it is not
recommended that these methods be used to provide stock status information for
Labrador salmon.

RESUME

De 1969 2 1997, 1'élément du Labrador de 1'abondance préalable a la péche (APP) en
Amérique du Nord, y compris les estimations des remontes dans les rivieres et des
échappées de géniteurs, reposait sur les données concernant les prises commerciales.
Etant donné que la péche commerciale du Labrador est demeurée fermée en 1998 et
parce que 1I'APP sert 2 donner des conseils sur les prises nord-américaines de stocks de
saumon A 1'OCSAN, il fallait trouver une autre méthode. L'utilisation alternative des
estimations de 1'abondance permettaient de donner de 1'information sur 1'état des stocks
du Labrador. Au total, cing options ont été examinées, y compris omettre de fournir
une estimation pour le Labrador, enlever le Labrador de la série chronologique des
estimations d' APP, fournir de nouvelles estimations reposant sur un modele de taux
d'exploitation/habitat établi a 1'aide des données de la péche a la ligne et déterminer
1'APP a partir d'estimations de proportion ou de régression par rapport aux séries
chronologiques antérieures. Aprés examen des diverses techniques et de leurs attributs,
la méthode proportionnelle a été retenue. Les facteurs d'extension permettant d'inclure
des estimations du saumon du Labrador dans 1'APP de 1' Amérique du Nord ont été€ de
1,04 4 1,59 pour le saumon adulte unibermarin (madeleinaux possibles) et de 1,05 a
1,27 pour le saumon non adulte unibermarin (potentiel de saumon dibermarin). Il n'y
avait pas d'installation de dénombrement au Labrador en 1998, et sans preuve
corroborante, il n'est pas recommandé que ces méthodes soient utilisées pour donner de
1'information sur 1'état des stocks du saumon du Labrador.



INTRODUCTION

A time series of estimates of prefishery abundance of North American non-maturing
salmon has been used since 1993 by the ICES North Atlantic Salmon Working Group
(NASWG) to provide advice on catch levels for commercial and recreational fisheries in
North America and the commercial fishery at Greenland (Anon. 1998). Prefishery
abundance (PFA) which refers to the number of maturing 1SW (grilse) and non-maturing
1SW salmon prior to fisheries exploiting them is estimated by summing returns to
freshwater for six major geographical areas comprising all of the North American salmon
producing rivers including those of Labrador. The six major geographic areas are:
Labrador, insular Newfoundland, Quebec, Scotia-Fundy, Gulf of St. Lawrence and USA.
Commercial catches in mixed-stock fisheries in North America and North American
origin salmon caught at west Greenland were added to the estimates of returns to
freshwater that when corrected for natural mortality provide estimates of the total number
of North American salmon. Estimates were made separately for maturing 1SW salmon
(potential grilse) and non-maturing 1SW salmon (potential 2SW salmon). In order to
maintain PFA estimates in the year of the Greenland fishery, the PFAs for the non-
maturing component were lagged by one year which also places the maturing component
in the same relative year.

Because of a lack of information on which to directly base returns to Labrador rivers,
estimates of returns prior to the commercial fishery were developed using commercial
catches in the Labrador fishery corrected for exploitation, origin and sea age class.
Returns to freshwater were estimated by subtracting commercial catches and spawners
estimated by subtracting angling catches. In 1998, the Labrador commercial fishery was
closed effectively ending this time series. The purpose of this paper is to examine
alternate methods for determining prefishery abundance of North American maturing and
non-maturing salmon to include Labrador return and spawner estimates for 1998.

METHODS

There are five possible options for estimating the Labrador component of North
American prefishery abundance (PFA):

e Option 1 — no estimate;

e Option 2 — remove Labrador from PFA time series and then develop a new time
series without the Labrador component;

e Option 3A — adjust for the Labrador component based on proportions of Labrador
returns in the 1970-97 time series to the total PFA;

e Option 3B — adjust for Labrador component based on regression analysis of Labrador
returns in the 1970-97 time series; and,

¢ Option 4 — develop a new time series using angling catches, exploitation rates, and
estimates of parr rearing habitat to derive new estimates of the Labrador component.



If it is assumed that catch advice must be provided for NASCO then Option 1 of no catch
advice is not possible. This leaves four possible methods remaining for dealing with the
missing Labrador data. The first of these, labelled as Option 2 above, would be to
remove Labrador numbers from the time series and have a partial abundance number.
Then the partial time series could be used to develop catch advice in the normal way by
the NASWG. Removing Labrador completely from the time series will be very difficult
because, as part of the calculation of PFA, catches in the mixed-stock fisheries of
Newfoundland & Labrador and Greenland were included irrespective of origin. Thus to
completely remove Labrador salmon from the PFA estimates will require estimating the
proportion of Labrador stocks in these various catches which at the present time cannot
be done with accuracy. Also a partial estimate of PFA will only provide a partial
estimate of catch advice which may be of little value to managers.

This leaves three other possible options. The first of these options, labelled as Options
3A&3B, would be to estimate the missing Labrador returns based on the proportion of
Labrador stocks in the PFA estimates in the past. This factor would be used to raise
1998 estimates without Labrador to the total PFA. The difference between Option 3A
and 3B is that 3B uses regression techniques to estimate the Labrador returns and
spawners while 3A deals with the Labrador proportion of the total PFA. The final option
(Option 4) is to develop a new Labrador time series using existing data.

Option 3A

Option 3A is based on developing a raising factor from the time series of Labrador data
and North American PFA estimates that could be used to calculate PFA without the
Labrador commercial data. This would come as close as possible to leaving our time
series of PFA data intact and forecasting of potential current year PFA could then
proceed similar to previous years.

Anon. (1998) has documented the PFA estimates and estimates of Labrador total
recruits (prior to all fisheries harvesting Labrador salmon except west Greenland).
These are repeated in Table 1 of this document. The data on North American PFA
comes from Tables 4.2.3.3 for non-maturing 1SW salmon (potential 2SW salmon)
labelled NN1 and 4.2.3.4 for maturing 1SW salmon (grilse) labelled MN1 (Anon.
1998). As shown in Tables 4.2.3.1 and 4.2.3.2 of Anon. (1998), catches of salmon in
Newfoundland and Labrador and Greenland irrespective of origin are used to determine
PFAs. The model was originally constructed this way to avoid the intractable problem
of having to determine origin of salmon from the six stock complexes in various mixed-
stock commercial fisheries. Assuming that this is still the case, i.e. no new data is
available to determine stock origin other than to continent of origin for Greenland, then
we cannot partition commercial catches in Labrador, Newfoundland and Greenland to
the six stock complexes. Thus, there is no way of determining for each stock complex
a complete set of individual PFA estimates. However, for Labrador and Newfoundland
there is a time series of data showing estimates of total recruits (or production) prior to
commercial fisheries. For Labrador, tag return data from Sand Hill River are used to



estimate Labrador origin salmon caught in Newfoundland and Labrador commercial
fisheries. Greenland catches of Labrador salmon are estimated from sampling data
from Greenland of salmon older than 3 years river age assuming that 70% of these
salmon are produced in Labrador. The sum of these estimates of Labrador origin
salmon in commercial catches in Labrador plus Newfoundland and Greenland estimate
total recruits prior to Greenland fishery. This data on total recruits which are also the
PFA data for Labrador salmon were reported in Appendix 5(i) and (ii) of Anon. (1998)
(Table 1 in this document). They are labelled as LMN1 for Labrador grilse and LNN1
for Labrador 2SW salmon (equivalent to non-maturing 1SW PFA).

The North American PFA without Labrador is calculated by subtracting MN1 - LMN1
to provide an adjusted PFA labelled as AMN1 for maturing 1SW salmon and NN1 -
LNNT1 to provide an adjusted PFA labelled as ANN1 for non-maturing 1SW salmon
(Table 1). The percent of Labrador PFA of the North American PFA is shown in
Table 2 along with a Labrador raising factor (RF). The Labrador raising factor was
calculated by dividing the North American PFAs (MN1 & NN1) by the PFAs minus the
Labrador total recruits. Equations for the raising factors are as follows:

(1) RF,,, = MN1/(MNI1-LMN1)
(2) RFyy, = NN1/(NN1-LNN1)

Option 3B

Option 3B uses the same data as Option 3A but determines the Labrador component
by a regression approach instead of proportions. This option was examined based on
the relationship between PFA of North American salmon and Labrador recruits. Input
parameters were also logged.

Option 4

In 1998, there were no salmon enumeration facilities on rivers in Labrador and thus the
only data is the angling catch data. Anderson (1985) lists 81 rivers in Labrador with
salmon populations and the author knows of several rivers that have salmon but were not
included in Anderson (1985). In 1998, catch data are available for 20 out of 81 rivers and
these do not include any rivers in Lake Melville. Angling catch data for Labrador comes
almost exclusively from angling camps and until recently did not include catches by local
anglers if they were not guests at a camp. The most complete data comes from three
rivers of the 20 (Eagle, Pinware & Forteau) which in some years do include estimates of
these ‘local catches’ but in others do not. Therefore, the data vary in quality among
rivers and years.

The only way of deriving total returns and spawners to freshwater from angling data
would be by assuming exploitation rates and calculating returns and spawners for the 20
rivers and then expanding them proportionate to the watershed area or estimates of parr



rearing habitat for Labrador. The rivers with data represent about 10-15% of the
watershed area. In order to estimate total returns from angling data an estimate of
angling exploitation is also required. There were no counting facilities operational in
Labrador in 1998 but data is available in other years to derive estimates of exploitation
rates in freshwater although they are few in number (1 year - Big Brook, 8 years - Sand
Hill, 1 year - Pinware and 2 years - Forteau) (Reddin et al. 1996; Reddin et al. 1998).
Exploitation of salmon in Labrador depends more on the success of the camp operator in
attracting business than the number of fish. If an angling camp was non-operational in a
given year then there is no data for that river and if only a few guests are attracted then
from year to year the exploitation rates can vary considerably depending on the
juxtaposition of run timing, angling, number of quests and the length of time they fished.
Therefore, using exploitation rates derived from one year for all years and transporting
exploitation rates to other rivers may be very inaccurate.

Option 4 was based on estimating a new time series of returns to Labrador rivers using
available information on angling exploitation rates and catches. Total returns are then
estimated for all Labrador rivers by pro-rating rivers with angling data to rivers without
angling data based on estimates of parr-rearing habitat. Out of a total of 81 rivers in
Labrador known to have salmon populations, only 21 have angling catch statistics
although each river may have no catch data in some years. Exploitation rates are
available for two rivers in SFAs 1 & 2 and it then must be assumed that exploitation
remains the same in these rivers in 1998 and is applicable to all rivers in SFAs 1 & 2.
Total returns to rivers with angling data is then expanded to all Labrador rivers based
on estimates of parr-rearing habitat.

For Labrador rivers, Anderson (1985) reported drainage areas including areas that are
accessible and inaccessible to salmon, parr-rearing habitat in units (100 m?) and
potential adult production (Table 3). He based his summary on studies of obstructions
and habitat surveys from Murphy (1971), Murphy (1972), Murphy (1973), Peet (1971),
Murphy and Porter (1974), and Riche (1965). Surveys of the rivers of Labrador date
back to Blair (1943) who obtained information directly from fur trappers for his report
on obstructions of Labrador rivers. Swollows et al. (1953, 1954) visited several major
salmon rivers by boat and canoe and walked the lower sections of many rivers,
recording stream velocity, bottom type, surrounding vegetation, and sightings of fish,
insects, and mammals. Surveys in 1967 and 1968 by Peet (1968, 1971) were
conducted from a fisheries patrol boat and helicopter to categorise different watersheds
and pin-point obstructions.

The methods for surveying streams and estimating salmon production are outlined in
Riche (1972) and were used as the basis of the surveys by Murphy (1971, 1972, 1973),
Murphy and Porter (1974) and further summarized by Anderson (1985). The survey
method used required estimating and recording stream widths and bottom substrate
compositions on a map while flying over the river at low altitude in a helicopter or in
some cases a fixed-wing aircraft. Riche (1972) estimated that the results recorded by
an experienced surveyor were 70-80% accurate. Barriers to fish migration were



examined from the ground to ensure an accurate assessment of the degree of
obstruction. As a result of the information collected, areas of rearing and/or spawning
within a watershed are identified and rearing area calculated from stream lengths
measured from the 1:250000 scale maps available at the time of the surveys. On the
basis of counting fence operations and tagging studies in Labrador, Riche (1972)
estimated smolt production in Labrador rivers to be two smolts per rearing unit and
adult production to be 15% of smolt production. These values were used by Anderson
(1985) to derive estimates of potential adult production.

In Labrador, angling statistics are available for 7 out of 47 rivers in SFA 1, 11 out 31
rivers in SFA 2 (not including any of the Lake Melville rivers), and 3 out of 3 rivers in
SFA 14B. However, only 5 rivers of the above have commercial outfitting camps on
them that were operational in 1998, viz. Sand Hill River, Eagle River, Big Brook, Big
River, and Flowers River. The others either were private camps with perhaps a much
lower exploitation rate due to lower usage, had only a small number of local fishermen
fishing or were camps not operated in 1998. The available exploitation rates come
solely from rivers with commercial outfitting camps, viz. Big Brook and Sand Hill
River. The 5 rivers with angling statistics available have 17.7% of the parr rearing
habitat in SFAs 1 & 2 (Table 3). Angling exploitation rates are available for Forteau
Brook, Pinware River, Sand Hill River, and Big Brook but none for 1998 (Tables
4a&b). Note that rates for Forteau and Pinware are not applicable to other rivers in
Labrador, as these rivers are easily accessible by car from the island of Newfoundland
while rivers in southern and northern Labrador are not. Exploitation rates are available
for both retained salmon and hooked-and-released salmon (Tables 4a&b). Because
statistics on the number of hooked and released salmon were generally not recorded
prior to 1994, exploitation rates for retained salmon only were used. However, it is
unknown if these rates are directly applicable to 1998 and to other rivers for which
exploitation rates are unavailable.

Equations used to calculate returns to freshwater for Labrador are as follows:
For small salmon:
(3) R = (AC / ERy)*RF; where,

R = returns of small salmon;

AC; = angling catch of small salmon (retained only);

ER; = exploitation rate for retained small salmon; and,

RF = raising factor based on accessible parr-rearing habitat
For large salmon:

4 R, = (AC_ / ER))*RF; where,

R, = returns of large salmon;



AC, = angling catch of large salmon (retained only);
ER; = exploitation rate for retained large salmon; and,
RF = raising factor based on accessible parr-rearing habitat

RESULTS

Option 3A

The time series of raising factors for PFA of non-maturing 1SW salmon ranges at the
mid-point from a low of 1.05 in 1990 to a high of 1.27 in 1994 (Fig. 1 and Table 2).
The overall mean is 1.16 (1.11 for the minimum and 1.21 for the maximum). The
raising factor has been increasing since 1990. The biggest change from one year to the
next is about 6%. For maturing 1SW salmon, the raising factor ranges from 1.04 in
1973 to 1.59 in 1997 which is much greater than for 1SW non-maturing salmon. The
rate of change between years is also much higher for the maturing than non-maturing
salmon, e.g. between 1972 and 1973 it declined by 20% and between 1996 and 1997 it
increased by 22%. This raises the possibility that either 1SW maturing salmon could
be overestimated in some years or alternately non-maturing salmon could be
underestimated.

Accuracy of predicted values is also important. Figure 2 shows predicted and observed
values for Labrador grilse and 2SW salmon from mid-point of their range. In most
years, predicted values do not coincide with observed values; although predictions for
2SW recruits are considerably better than for 1SW maturing salmon. This suggests that
while this may be a suitable procedure for continuing the time series of data for PFA so
as to include Labrador salmon, it is not an accurate method of providing estimates of
Labrador salmon for assessments.

Option 3B

The correlations between Labrador salmon returns and PFA without Labrador suggests
that a regression approach might be used to estimate Labrador returns for inclusion in
the PFA. Labrador 1SW salmon returns and maturing component of PFA are
significantly correlated at less than 5% level of significance as are Labrador 2SW
returns and maturing PFA (Table 5a). Examination of residuals from the relationship
of maturing salmon indicates high values in the last couple of years which suggests that
their use to derive values for 1998 may be questionable (R*=0.33, F=12.1,
P=0.0019). For the 1SW non-maturing component, residuals are about 50% in the last
year suggesting that the regression technique may not be of much practical value for
predictive purposes (R?=0.88, F=169.8, P=0.0001).

Correlations amongst the spawner time series indicates that only lagged 2SW spawners
from Labrador, Newfoundland and Quebec are significantly correlated at less than 5%
level (Table 5b). This suggests that using various relationships to predict Labrador



should include a spawning component. Also, the proportionate technique (Option 3A)
may not be very useful if spawners producing the returns for PFA in other areas are not
correlated.

Option 4

Option 4 is based on exploitation rates for Sand Hill River (1994-96) and Big Brook
(1997 only) to adjust angling catches from five rivers with similar outfitting camps to
total population size. The five rivers included are Sand Hill River, Eagle River, Big
Brook, Big River, and Flowers River. Other rivers in southern and northern Labrador
have private camps with possibly much lower exploitation rates or were only lightly
exploited in 1998. Population size for all Labrador is derived by raising population
sizes from the five rivers to 81 rivers based on estimates of parr-rearing areas. Raising
factors to expand population sizes estimated from five to all rivers in Labrador is
5.6531 (Table 3).

In recent years on Sand Hill River and Big Brook, exploitation rates for small salmon
(retained only) range from 10 - 14% and 2 - 5% for large salmon (Tables 4a&b).
Catches in 1998 for the five rivers were 909 small retained salmon and 187 retained
large salmon. A population estimate of 36,588 - 51,223 small salmon is calculated as
the quotient of exploitation rate and raising factor. For large salmon, population size
would be 21,075 to 52,688.

In order for Option 4 to be viable, the total returns need to be apportioned into virgin
1SW and 2SW categories. For Sand Hill River in SFA 2, which is the only river with
recent samples (1994-96), 97% of small salmon (n=485) were virgin grilse and 88% of
the large salmon (n=>50) were virgin 2SW salmon. For Big Brook in SFA 1, which is
the only river with recent samples (1997), 99% of small salmon (n=67) were virgin
grilse and 100% of the large salmon (n=3) were virgin 2SW salmon. In any case,
there is insufficient data for Option 4 to be useful with so few samples to determine sea
age classes and exploitation rates available for only two out 81 rivers.

DISCUSSION

Options 3A&B and 4 appear to be the only methods for deriving total returns for rivers
in Labrador. Both techniques have several flaws, some of which are listed as follows:

For Option 3A, the Labrador time series used for these calculations has not been
corrected for natural mortality so that numbers of salmon are on a different time scale
than PFA. The technique while being straight forward and easy to apply depends very
heavily on the accuracy of the Labrador recruit data and PFA estimates. The Labrador
recruits are based on an assumed level of fishing mortality adjusted for fishing effort
and season length. The numbers generated for Labrador should not be used as a
Labrador stock assessment without having some corroborating evidence from angling



10

catches or counting facilities. However, since they are a small component of the North
American PFA estimate they may be suitable for correcting PFA to include the
Labrador component. They are unsuitable for use as a Labrador assessment because
they become 100% of the assessment numbers. Another problem is that if Labrador
spawning stocks have been out of phase with mainland stocks then the accuracy of this
method for estimating Labrador returns and spawners will not be very good.

Option 3B uses the same data as Option 3A and has all of the same assumptions and
problems. In addition, because Option 3B uses regression techniques, it would result
in very wide confidence intervals as the regression statistics are estimated from values
that are themselves estimates rather than being absolute. Labrador returns would be
estimated by regression and then PFA forecasted also by regression.

Option 4 is rather weak because of a lack of consistent catch and annual exploitation
rate information for Labrador rivers. Firstly, only 21 of the 81 rivers have angling
catch statistics in some years and for some of these the data is incomplete. This is
because angling statistics for Labrador are derived from angling camps and catches by
local anglers with the exception of more recent years are not always included. There
are exploitation rates and biological characteristics information only from Sand Hill and
Big Brook for only a total of four years. The expansion of population estimates to all
81 rivers involves using estimates of parr-rearing habitat that are incomplete for some
rivers as not all rivers have been surveyed. The calculations herein were done to
provide an example and if used should include a randomization process through
bootstrap or Monte Carlo simulation to adjust the PFA.

In summary, it is recommended that none of the methods be used to adjust current year
North American PFA estimates to include Labrador without collaborating evidence
from salmon counting facilities. There were no counting facilities in 1998. Of the two
options presented Option 3A would appear to be the best. Option 3A may be used for
raising PFA up to a total including all North American salmon wherein Labrador is
only a small proportion. However it should not be used as an assessment of the status
of Labrador salmon stocks where it would be 100% of the value.

At the 1999 meeting, NASWG chose to use Option 3A to include Labrador salmon
returns in the PFA estimates and then forecast the PFA of North American salmon in
1999. The raising factors chosen come from minimum and maximum values that existed
in previous years which for non-maturing 1SW salmon were 1.05 to 1.27 and maturing
1SW salmon was 1.04 to 1.59 (Anon. 1999).
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Table 4a. Summary of angling exploitation rates on Labrador rivers based on retained
plus released salmon from Reddin et al. (1996) and Reddin et al. (1998).

Sand Hill River Forteau Brook Pinware River Big Brook
Year Small | Large | Small | Large | Small | Large | Small | Large
1970 3 1 - - - - - -
1971 3 0 - - - - - -
1972 11 6 - - - - - -
1973 11 0 - - - - - -
1994 28 5 71 5 - - - -
1995 22 8 61 16 - - - -
1996 31 14 - - - - -
1997 - - 61 21 48 71 20 3

Table 4b. Summary of angling exploitation rates on Labrador rivers based on retained
salmon from Reddin et al. (1996) and Reddin et al. (1998).

Sand Hill River Forteau Brook Pinware River Big Brook
Year Small | Large | Small | Large | Small | Large | Small | Large
1970 3 1 - - - - - -
1971 3 0 - - - - - -
1972 11 6 - - - - - -
1973 11 0 - - - - - -
1994 13 4 67 5 - - - -
1995 10 5 54 13 - - - -
1996 10 5 - - - - - -
1997 - - 44 0 33 0 14 2
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Table 5a. Correlations of prefishery abundance without Labrador and Labrador.

Spearman Correlation Coefficients / Prob > |R| under Ho: Rho=0
/ Number of Observations

PFA1_NL PFA2_NL LAB1_MID LAB2_MID

PFA1_NL 1.00000 0.66564 0.55739 0.55966
0.0 0.00020 0.00250 0.00300

27 26 27 26

PFA2_NL 0.66564 1.00000 0.50496 0.94325
0.00020 0.0 0.00850 0.00010

26 26 26 26

LAB1_MID 0.55739 0.50496 1.00000 0.47009
0.00250 0.00850 0.0 0.01540

27 26 27 26

LAB2_MID 0.55966 0.94325 0.47009 1.00000

0.00300 0.00010 0.01540 0.0

26 26 26 26
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Table 5b. Correlation analysis for lagged spawners from 6 geographic areas in North America.

Spearman Correlation Coefficients / Prob > |R| under Ho: Rho=0
/ Number of Observations

NAL PFA LABL NFL
NAL 1.00000 0.24912 0.08421 0.04035
0.0 0.3037 0.7318 0.8697
19 19 19 19
PFA 0.24912 1.00000 0.75263 0.70351
0.3037 0.0 0.0002 0.0008
19 26 19 19
LABL 0.08421 0.75263 1.00000 0.59474
0.7318 0.0002 0.0 0.0072
19 19 19 19
NFL 0.04035 0.70351 0.59474 1.00000
0.8697 0.0008 0.0072 0.0
19 19 19 19
QL -0.09649 0.46842 0.60526 0.156789
0.6943 0.0431 0.0060 0.5185
19 19 19 19
GSLL 0.75439 -0.15263 -0.44035 -0.20702
0.0002 0.5328 0.0592 0.3951
19 19 19 19
SFL 0.55263 -0.11404 -0.29298 -0.27544
0.0141 0.6420 0.2235 0.2537
19 19 19 19
usL -0.32281 -0.34035 -0.37895 -0.34737
0.1777 0.1539 0.1096 0.1451

19 19 19 19
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Fig. 1. Percentage Labrador returns prior to commercial fisheries in Newfoundland and Labrador are of total North
American prefishery abundance.
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Fig. 2. Predicted and observed Labrador recruits prior to commercial
fisheries in Newfoundland and Labrador.
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