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Fig. 7. Region specific catch estimates for the St. Pierre and Miquelon Atlantic Salmon fishery 2004-2014. Estimates based on overall average genetic estimate of stock
composition in the harvest and annual reported catches. Baseline locations refer to regional reporting groups identified in Fig. 1 and for abreviations see Table 1.

4.2. Biological characteristics

Our estimates of mixture composition are further supported by
biological characteristics of assigned individuals and known geo-
graphic variation of life history traits in the wild (e.g., O'Connell
et al.,, 2006; Power, 1981). Atlantic salmon populations exhibit
various life histories, with southern populations displaying faster
freshwater development, younger river ages and on average older
sea ages at maturity (Hutchings and Jones, 1998). Our observation
of average sea age being highest in individuals assigned to southern
reporting groups and lowest in Newfoundland is consistent with
previous observations that Newfoundland salmon populations are
predominately small salmon and large salmon are more common to
the south of the North American range (COSEWIC, 2011; Hutchings
and Jones, 1998; O’Connell et al., 2006). Also, average river age of
individuals assigned to regions declined with latitude which is con-
sistent with expected spatial trends in life history (Power, 1981).
There are also notable differences in stock origin based on size or sea
age. Salmon originating from the Newfoundland region are most
important (~40%) in the small (or 1SW) category and much less
most important (~5%) in the large (or 2SW) category. In contrast,
the Gaspe reporting group is the most important (~50%) contribut-
ing regionin the large salmon category but the third mostimportant
(~18%) in the small salmon category. The contributions of the Gulf
of St. Lawrence/Cape Breton regional group are equally important
at ~35% in both the small and large salmon categories. These dif-
ferences in contributions based on size or sea age group of salmon
are entirely consistent with the sea age structure and abundance of
salmon in these regions (O’Connell et al., 2006).

4.3. Implications for understanding migratory routes

Existing evidence suggests that migration routes of Atlantic
salmon in the Northwest Atlantic terminate in the feeding areas
east of Newfoundland, in the Labrador Sea, for 1SW salmon and
the waters around Greenland for large two sea winter individuals

(Meister, 1984; Miller et al., 2012; Pippy, 1982; Reddin et al., 2012;
Ritter, 1989). Tag returns suggest two possible return routes back
to home waters to spawn. For salmon returning to the Gulf of St.
Lawrence rivers (most of Quebec and the entire southern Gulf of
St. Lawrence), adult salmon may return via the Strait of Belle Isle
or via Cabot Strait. For the most important contributing regions
to the SPM fishery, Gaspe and southern Gulf of St. Lawrence/Cape
Breton, this indicates that for at least a component of the Gulf of
St. Lawrence stocks, adult salmon return by migrating around the
eastern tip of Newfoundland and along the south coast and eventu-
ally through Cabot Strait. This return migration route exposes these
salmon to the coastal fishery at SPM. In contrast, very few salmon
from the Quebec lower north shore and higher north shore (QUE,
QLS in Table 2) were identified in the SPM fishery suggesting that
these salmon may preferentially return via Strait of Belle Isle. The
presence of salmon from the southern regional groupings of Nova
Scotia suggest these fish are also returning along the south coast
before turning south. These migration routes are consistent with
historical tag returns and migration routes described in previous
studies (Belding, 1939; May, 1973; Reddin, 1984). Return migration
routes around the eastern point of Newfoundland would explain
the high proportion of Newfoundland Region salmon in the small
size category, the size/sea age group which dominates the south
coast stocks of Newfoundland. It is not surprising that few salmon
in the SPM fishery were identified as originating from the Avalon
Peninsula region of Newfoundland as most of these stocks are to
the east of the SPM fishery and salmon could return to these rivers
without passing near SPM.

4.4. Fishery catches

The extrapolated numbers of salmon harvested for each of the
regional reporting groups indicate that catches are likely several
hundreds of individuals per year for the three dominant regional
groups. The direct conversion to exploitation rates is difficult as
population size estimates for North American salmon are currently
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only estimated for five large geographic areas which differ from
the reporting groups used here (ICES, 2015). That said, exploita-
tion rates for most groups in the SPM fishery are likely very low, at
most 1%. For the Newfoundland reporting group, tagging data based
estimates of migration route support a hypothesis that south coast
Newfoundland salmon are predominantly the stock intercepted in
the SPM fishery. Population size estimates are available for the
south coast (COSEWIC, 2011) and suggest an exploitation rate in
the range of 2-3% in the SPM fishery. Exploitation rates in the other
Atlantic salmon mixed stock fisheries in the Northwest Atlantic
have been estimated at ~10% for Central Labrador salmon in the
Labrador fishery (Bradbury et al., 2015) and ~8% for large salmon
in the West Greenland harvest (Gauthier-Ouellet et al., 2009). By
comparison here, estimates of exploitation in the SPM fishery are
substantially smaller. Nonetheless, even low overall rates of inter-
ception and exploitation could be problematic if the fish harvests
are from river stocks with small population sizes. As such, finer
scale resolution for the reporting groups would allow better eval-
uation of the impact of this and other interceptory harvests on
regions or rivers of conservation concern. The recent development
of a SNP (single nucleotide polymorphism) based baseline (Moore
et al., 2014) and its application may allow further examinations of
exploitation rates at fine spatial scales.

4.5. Limitations of analysis

Despite high levels of accuracy in our mixture analysis, our abil-
ity to identify regional contributions and assign individuals directly
depends on baseline and fishery sample characteristics (i.e., sam-
ple size, spatial coverage, level of differentiation). The accuracy of
this microsatellite baseline to resolve mixtures and assign individ-
uals has been analyzed and reported elsewhere. Both Bradbury
et al. (2015) and Moore et al. (2014) report >90% accuracy in
mixture analysis using earlier versions of this baseline through sim-
ulated mixtures and known origin samples. Unsampled or ghost
populations or poorly resolved reporting groups could potentially
influence our results. As the reporting groups represent regional
clusters of rivers often supported by environmental associations
(Bourretetal.,2013; Bradbury etal.2014,2015; Dionne et al., 2008),
unsampled populations should likely be represented by regional
groupings. Also as almost 200 local rivers have been sampled and
virtually all of the largest producing rivers in North America have
been included in the baseline, it is likely highly representative of
the genetic variation present.

4.6. Summary

Mixed stock fisheries continually challenge fisheries manage-
ment and conservation initiatives. The successful management of
mixed stock harvests is premised on knowledge of the stock con-
stituents being exploited. Here we show that the interceptory
fishery for Atlantic salmon in the waters off St. Pierre and Miquelon
harvests salmon both from adjacent Newfoundland populations
as well as regions to the south and west, and the proportions in
the catch samples varies by age and size. Continued analysis of
additional years and larger sample sizes will be informative of the
characteristics of the salmon, age and size structure and origin of
the fish, and the variation in the stock specific characteristics, and
stock contributions particularly rare contributions to the catches.
Moreover, ongoing work to compile a similar SNP baseline may
further refine the spatial resolution and power for mixture analy-
sis and individual assignment in future (Moore et al., 2014). This
work illustrates how genetic analysis of interceptory marine fish-
eries can directly inform assessment and management efforts in
highly migratory marine species promoting actions to ensure popu-

lation persistence and stability (Hilborn et al., 2003; Schindler et al.,
2010).
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Figure S1. Average accuracy of mixture analysis using the Atlantic salmon North American
baseline. Error bars denote standard deviation. Average values across all reporting groups are
indicated with dotted lines.
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Figure S2. Maximum likelihood mixture composition estimates of samples from the Saint Pierre
and Miquelon Atlantic Salmon fishery by year (A) 2004, (B) 2011, (C) 2013, (D) 2014 and (E)
overall. Baseline locations refer to regional reporting groups identified in Figure 1 and
abbreviations in Table 1.



