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Fig. 3. Spatial distribution of surface sediment (A) 615N and (B) C: N across the 56 study lakes. Circle diameters scale with value
magnitudes. (A) Open circles indicate §!5N signatures enriched above the mean background value +1 SD from 100 nonsalmon lakes in
British Columbia and Alaska (D. T. Selbie and B. P. Finney unpubl.). Solid circles indicate values indistinguishable from background
signatures. (B) Grayscale shading indicates organic matter (OM) provenance interpretations based upon Meyers and Teranes (2001).
Open circles (C: N < 10) are indicative of OM of primarily aquatic origin, light gray circles indicate admixture with terrestrial OM (C: N
= 10-15), dark gray circles (C: N = 15-20) illustrate strong terrestrial OM admixture, and black circles (C: N > 20) indicate OM of
primarily terrestrial origin.

<«

British Columbia and Yukon interior; SC-AK, south-central Alaska; SW-AK, southwest Alaska). Horizontal lines in (A) represent the
mean background sedimentary 65N value for 100 nonsalmon lakes in British Columbia and Alaska (solid) and +1 SD of the background
mean (dashed; D. T. Selbie and B. P. Finney unpubl. data). Horizontal lines in (B) represent divisions in sediment organic matter
provenance (aquatic vs. terrestrial) based upon the delineations made by Meyers and Teranes (2001).
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Fig. 4. Relationship between salmon spawner density (es-
capement km~2) and sedimentary 6'5N. (A) Sites symbols are
coded by publication. Inset is the transformed relationship as
presented in our MLR analyses. (B) Interregional decomposition
of the spawner density-0!5N relationship (BC-C, British Columbia
coast; SE-AK, southeast Alaska; BC-YT-INT, British Columbia
and Yukon Territory interior; SC-AK, south-central Alaska; SW-
AK, southwest Alaska).

Sedimentary C:N was also significantly influenced by
vegetation parameters, particularly (WS % herbaceous
shrub cover), which was strongly related to V(WS % tree
cover) (r = —0.86, p < 0.0001, n = 41). Sedimentary C: N
values were not directly correlated with either spring TP or
spring NO 7 (Table 1).

Variation in sedimentary 6/3N—Salmon spawner densi-
ties, sedimentary C:N, and WSA:LA significantly ex-
plained 55% of the variation in sedimentary 6!SN in our
MLR model across 55 salmon nursery lakes (Table 1).
Despite broad biogeoclimatic gradients, sockeye salmon
spawner densities (log(x + 1) transformed) were identified
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as the predominant positive predictor of sedimentary §15N
(Table 1; Fig. 4A). Sedimentary C:N was the primary
negative predictor of 615N (Table 1), and, as noted in our
previous analysis, C:N can be considered a synthetic
variable, representing the effects of climatic, physiographic,
and vegetation conditions. WSA : LA was also found to be
negatively related to sedimentary 615N (Table 1).

In the subset of sites with lake nutrient chemistry data (n
= 41), our MLR model extracted a similar set of significant
predictors (e.g., salmon spawner density, vegetation type)
and explained 62% of the variation in sedimentary !N
(Table 1). In addition, spring NO 7 was significantly but
weakly negatively related to sedimentary 615N (Table 1).
Comparison of these results with a MLR model excluding
lake nutrient chemistry variables (not shown) demonstrated
spring NO 7 significantly explained 6% of the variance in
sedimentary §!5N values.

Discussion

Defining the primary controls on sediment 6!N and C: N
is central to their application and interpretation in paleo-
limnological studies. Our analysis of surface sediments
across 56 sockeye salmon nursery lakes in Alaska, Yukon,
and British Columbia demonstrated that sedimentary 615N
is most strongly governed by salmon spawner densities,
consistent with the findings of previous spatially restricted
studies (Finney et al. 2000; Brock et al. 2007). Our analyses,
however, revealed that this relationship can be substantially
modified by allochthonous nutrient and organic matter
(OM) fluxes related to climatic and watershed vegetation
and physiographic conditions. Our empirical analysis of
sedimentary C:N across lakes suggested that C:N values
primarily reflect factors governing OM provenance and
delivery (e.g., watershed vegetation, physiographic and
climatic conditions), consistent with previous qualitative
results (Meyers and Teranes 2001).

Sediment 615N is a primary proxy indicator for inferring
past sockeye salmon population dynamics. Our analyses
indicate that !N must be considered in a mass-balance
context, since sedimentary values cannot be interpreted
independently of watershed nitrogen fluxes. As such, this
discussion first explores the primary influences on sedi-
mentary C:N, then considers the controls on ¢!5N, and
finally discusses the significance of these findings to
paleolimnological site selection and interpretations.

Controls on sedimentary C: N variation in sockeye salmon
nursery lakes—Bulk ratios of carbon to nitrogen (C:N) in
lake sediments have routinely been used as a qualitative
assessment of aquatic vs. terrestrial sedimentary OM
provenance (Meyers and Ishiwatari 1993; Kaushal and
Binford 1999; Meyers and Teranes 2001). As such, C:N
has been used in paleolimnological salmon investigations to
control for temporal variation in watershed-lake dynamics
when interpreting isotopic (e.g., 0!5N) and biological (e.g.,
diatom algae) indicators (Holtham et al. 2004; Selbie et al.
2007; Hobbs and Wolfe 2008).

Our MLR analyses provide empirical evidence in
support of previous qualitative interpretations. Watershed
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% tree cover was the strongest predictor of sedimentary
C:N across all salmon lakes. Sediment C:N values are
likely related to landscape vegetation through variation in
both the amount and type of terrestrial biomass (Allan and
Johnson 1997; Meyers and Teranes 2001), erosion process-
es, and landscape and in-lake residence and recycling
differentials between vegetation types and geographic
areas. The latter are functions of source OM recalcitrance,
mobility, and burial (Post et al. 1985; Prescott et al. 2000);
watershed soil and geological characteristics (Perakis and
Hedin 2007); and temperature, moisture, decomposer
communities (Elliot et al. 1993; Liski et al. 2003), as well
as aquatic food web use (Webster and Benfield 1986).

Temperate rainforest sites in our lake set (coastal British
Columbia and Southeast Alaska) exhibited significantly
higher sedimentary C: N than other regions (Figs. 2B, 3B).
Within this region, watersheds are characterized by high-
biomass, coniferous vegetation (Pojar and MacKinnon
1994) and slow decomposition rates of terrestrial organic
matter (e.g., cool temperatures, recalcitrant litter, partially
water-saturated soils; Post et al. 1985; Webster and
Benfield 1986; Hedin 1990), conditions that increase
landscape OM loads. The strong influence of watershed
vegetation on sediment C: N values is generally consistent
with the role of terrestrial vegetation in regulating
particulate (POM) and dissolved organic matter (DOM)
in streams, the primary allochthonous OM pathway to
lakes (Polis et al. 1997), particularly in forested watersheds
(Dodds 1997; Golladay 1997; Lyons et al. 2000). The strong
negative correlation between C: N and (WS % herbaceous
shrub cover) (r = —0.64, p < 0.0001, n = 56) is also
coherent with an importance of allochthonous OM loading
and likely reflects lower OM production and export in these
landscapes (Lyons et al. 2000). Previous research has
demonstrated that autochthonous lotic OM fluxes domi-
nate in nonarboreal landscapes (Minshall 1978; Lyons et al.
2000), where internal decomposition and cycling are
typically higher (Minshall 1978; Hedin 1990; Golladay
1997).

Precipitation, watershed morphometry, and topography
have also been cited as dominant controls on allochthonous
OM inputs to lake sediments (France 1995; Meyers and
Lallier-Verges 1999). Precipitation exerts strong and
interactive controls on allochthonous OM contributions
to streams and lakes through both direct (e.g., erosion,
hydrological delivery; France 1995; Allan and Johnson
1997) and indirect effects (e.g., controls on landscape
vegetation biomass and type; Golladay 1997; Webster and
Meyer 1997). Consistent with these mechanisms, (annual
precipitation) was a strong positive correlate of C: N in our
full lake dataset (r = 0.65, p < 0.0001, n = 56) and the
primary positive correlate of sediment C: N in the smaller
subset of lakes (n = 41) with water chemistry data
(Table 1). Sustained precipitation enhances stream dis-
charge and the hydrological connectivity of hill slopes and
streams, increasing soil throughflow and landscape sheet
flow (Sidle et al. 2000; Gomi et al. 2002; Lin et al. 2006).
Consequently, watershed export of DOM and POM is
often elevated during periods of high precipitation (e.g.,
wet periods, storm events; Golladay et al. 1987; Wallace et
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al. 1995), which is consistent with higher C:N values in
regions with elevated annual precipitation (e.g., coastal
rainforests; Figs. 2B,F, 3B). It should be noted that the
seasonality of precipitation trends may also be an
important influence on nutrient fluxes and retention in
sockeye salmon nursery lakes (Stockner 1987) and thus on
sediment elemental and isotopic signatures.

The negative influence of WSA and positive effect of
mean slope on sedimentary C:N values are generally
consistent with variation in the relative deliverability
(retention vs. export) of allochthonous OM to lakes
(France 1995; Polis et al. 1997). Streams in smaller, steeper
catchments (typical of headwater systems) may receive
higher amounts of allochthonous OM due to proximity to
sources and reduced lotic processing and retention (Golla-
day 1997; Polis et al. 1997). Moreover, higher peak flows
per unit area (Golladay 1997) and the dominance of debris
flow events under higher precipitation in steep catchments
(Gomi et al. 2002) enhance scouring and the downstream
export of both DOM and POM to receiving waters
(Gregory and Walling 1973; Golladay et al. 1987). In
contrast, larger, more reticulate watersheds often act as
OM sinks, with greater storage potentials and use (Gregory
and Walling, 1973; Gomi et al. 2002).

As sediment geochemistry integrates the contributions of
various OM sources, C: N signatures may also vary with
autochthonous OM fluxes associated with lake production
(Meyers and Teranes 2001). Consistent with such a mass
balance, our MLR analyses identified salmon spawner
densities (escapement km~—2) as a negative predictor of
C:N (Table 1). This relationship likely reflects the stimu-
latory effect of salmon-derived nutrients (SDN) on
autotrophic production in many salmon nursery lakes
(Stockner and Maclsaac 1996; Hyatt et al. 2004), which
probably increases the relative contributions of autochtho-
nous OM to lake sediments.

Differences in sedimentary C:N ratios were not obvi-
ously related to the nutrient status of our nursery lakes.
Brahney et al. (2006) described the potential for an
additional effect of N limitation on sediment geochemistry
(015N, C:N) in coastal sockeye salmon nursery lakes.
While our MLR analyses detected no significant relation-
ship between spring nutrient availability and sediment C: N
JINO; ), r= —0.16,p = 1.00, n = 41; TP (log), r = —0.36,
p = 1.00, n = 41, this may reflect the nature of available
water chemistry data, which precluded the comparison of
N : P ratios (a useful metric of nutrient limitation in lakes;
Davies et al. 2004). A reanalysis of the C: N data presented
in Brahney et al. (2006), however, revealed that their C: N
values were strongly related to watershed and lake
morphometry (WSA (log), 12 = 0.75, p = 0.001, n = 10;
LA (log), 2 = 0.69, p = 0.003, n = 10), a result consistent
with our MLR analyses. Brahney et al. (2006) presented the
negative correlation between C: N and total escapement (12
= 0.62, p = 0.006, n = 10) as evidence of N-limitation
effects on sedimentary C: N. However, Finney et al. (2000)
demonstrated that salmon spawner density (escapement
km~—2) is a more appropriate measure of SDN loading and
availability, since it is comparable across systems of
differing size. Sediment C:N was not significantly corre-
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lated to salmon spawner densities in the Brahney et al.
(2006) lake set (r2 = 0.22, p = 0.168, n = 10), and further
comparison of total escapement to WSA and LA (WSA
(log), 2 = 0.65, p = 0.005, n = 10; LA (log), 2 = 0.80, p <
0.001, n» = 10) revealed Brahney et al. (2006) were
potentially tracking a collinear relationship reflective of
watershed parameters, consistent with the results of our
MLR analyses on our broader lake set. In light of a general
lack of field evidence for enrichment of C:N in lake
sediments under N-deficient conditions, further study is
required to determine whether N availability is indeed an
important control on sediment C:N in salmon nursery
lakes.

Overall, our empirical analyses support the interpreta-
tion that C:N values in lake sediments most strongly
reflect OM source (Meyers and Ishiwatari 1993; Meyers
and Teranes 2001). Consistent with previous paleoenviron-
mental research (see review by Meyers and Lallier-Verges
1999), the variables selected by our multiple regression
models substantiate the use of sedimentary C:N as a
valuable proxy for constraining temporal variation in
climatic and watershed processes influencing allochthonous
contributions to lake sediments.

Controls on sedimentary &SN in sockeye salmon
nursery lakes—Sedimentary 65N is currently the primary
paleolimnological proxy used to trace salmon-derived
nutrients (SDN) to inland lakes (Finney et al. 2000). Our
MLR analyses confirmed that across a broad range of
salmon nursery systems, salmon spawner density is the
strongest predictor of sedimentary 615N values (Table 1).
By capturing the broad spatial and biogeoclimatic gradi-
ents reflective of sockeye salmon nursery ecosystems,
however, we have demonstrated greater variability in this
relationship relative to that previously reported in multi-
lake analyses (Finney et al. 2000; Brahney et al. 2006;
Fig. 4A).

The integrative nature of lake sediments necessitates the
consideration of sedimentary §!5N signatures as a mass
balance of autochthonous (e.g., salmon) and allochthonous
(e.g., watershed vegetation, soil, nutrient) N sources.
Because sockeye salmon appear to have a relatively
constant, elevated isotopic signature (615N ~ 11.1 =
0.57%o; Satterfield and Finney 2002), the interregional
variation observed in the J!5N-escapement km—2 relation-
ship (Fig. 4B) is unlikely to be explained by changes in
salmon isotopic composition or spawner density. Instead,
our models suggest that exogenous environmental factors
regulating watershed N fluxes to lakes account for
intraregional and interregional variation, and must be
considered in future analyses.

The importance of landscape and climatic influences in
shaping nursery lake sediment 615N is supported by our
finding that sediment C:N was the strongest negative
predictor of 615N (Table 1). In light of our previous C: N
MLR analysis, this relationship suggests that local climate,
watershed vegetation, and physiography can be important
modulators of 615N in nursery lake sediments (Table 1).
Given terrestrial N sources have much lower isotopic
signatures than salmon tissues (Talbot and Johannessen
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1992; Holtham et al. 2004; Brock et al. 2007), we would
expect elevated terrestrial N loading to result in lower
sedimentary 615N values. Consistent with this interpreta-
tion, we detected a strong negative correlation between
interregional regression slopes from the ¢!5N-escapement
km~—2 relationship and precipitation (r2 = 0.89, p = 0.016, n
= 5). This relationship likely reflects both terrestrial
nitrogen source and delivery effects, since interregional
variability in Pacific North American vegetation (primary
watershed N source; Meyers and Teranes 2001; Talbot
2001) is strongly controlled by moisture gradients (Lenihan
1993; Brown et al. 2006), as are watershed hydrodynamics.

Allochthonous and autochthonous controls on sedimen-
tary 615N are likely further modified by local physiographic
conditions, as evidenced by the significant negative
influence of watershed area to lake area (WSA:LA) in
our MLR model (Table 1). Elevated ratios of WSA:LA
are commonly associated with increased catchment nutrient
loading to lakes (Kalff 2002) and may influence sedimen-
tary 015N in salmon nursery systems through delivery of
isotopically light watershed N nutrients (Holtham et al.
2004; Hobbs and Wolfe 2007, 2008). However, WSA : LA is
also a common surrogate for lake water residence times
(WRT), with a larger WSA :LA associated with a lower
WRT (Kalff 2002; Hobbs and Wolfe 2007). Lake WRT is
considered a control on the retention and use of SDN in
sockeye salmon nursery lakes (Stockner 1987; Stockner and
Maclsaac 1996), and thus a likely influence on the
preservation of SDN (and thus enriched 6!5N signals) in
nursery lake sediments (Holtham et al. 2004; Hobbs and
Wolfe 2007).

In the subset of lakes with water chemistry data (n = 41),
spring NO 7 was identified by our MLR as a weak negative
predictor of sedimentary o6!5N values (Table 1), an inverse
relationship that could be related to two potential
mechanisms. First, as the N budgets of salmon lakes are
subsidized by watershed N sources (Schmidt et al. 1998), it
would be expected that across a gradient of watershed N
loading, but with comparable or low salmon densities,
sedimentary !N would be inversely related to spring
NO; derived from low 6'SN watershed N sources
(Holtham et al. 2004; Hobbs and Wolfe 2008). Spring
NO;, however, was highly variable within most regions
(except BC-C; Fig. 2D), and not significantly related to any
other limnological, ecological, landscape, or climatic
variables included in our analyses.

Alternatively, the negative relationship between spring
NO; and sediment 6'SN may reflect availability-induced
variation in autotrophic N fractionation. Brahney et al.
(2006) recently proposed that N limitation occurs in coastal
British Columbia salmon nursery lakes, resulting in 6!5N
enrichment of lake dissolved inorganic nitrogen pools and
thus lake sediments, as a result of reduced algal discrim-
ination against !N. The prevalence of N limitation in
North American sockeye salmon nursery lakes, however,
and the extent to which such a mechanism influences
autotrophic production and sedimentary §!5N signatures,
remains largely uncertain. We highlight that these areas
require significant further research, since many factors may
influence the extent to which nutrient deficiencies exist and



Salmon lake sediment geochemistry

affect sedimentary records. For instance, Davies et al. (2004)
underscored the importance of plankton size in determining
nutrient deficiencies in both interior and coastal British
Columbia lakes, with autotrophs of <3 um (bacteria,
picoplankton, and some nanoplankton) more commonly
being P deficient and those >3 um (some nanoplankton and
microplankton) more frequently N deficient. This finding has
relevance to sockeye salmon nursery systems, since autotro-
phic picoplankton (<2 pum) often comprise a large compo-
nent of overall algal biomass (up to 50-70% of total
autochthonous production; Stockner and Shortreed 1989,
1994; Weisse and Maclsaac 2000). Thus autotroph type and
size may play a role in sedimentary geochemistry in these
systems. Additionally, the extremely low productivity of
many oligotrophic nursery lakes (Stockner and Maclsaac
1996; Weisse and Maclsaac 2000), may influence the
transmission of autochthonous 615N signatures (N limited
or otherwise) from the water column to the sediments, since
autochthonous OM sedimentation may be dominated by
allochthonous OM fluxes, particularly in low escapement
coastal systems. Moreover, at higher salmon densities N
deficiencies may be induced due to the N : P stoichiometry of
salmon carcasses (e.g., below the Redfield ratio; Moore and
Schindler 2004).

Ultimately, salmon spawner densities appear to be the
main factor regulating sedimentary 615N across a diverse
array of sockeye salmon nursery lake ecosystems. Our
results, however, indicate that climatic, landscape, and
possibly in-lake factors can modulate the nitrogen budgets
of these lakes and can have significant influences on §!15N
signatures in certain systems, which must be considered in
paleolimnological studies.

Insights for paleolimnological reconstruction of Pacific
salmon—Paleolimnological investigations have been used
to gain essential insight into prehistoric Pacific salmon
population dynamics and the ecology of salmon nursery
ecosystems (Finney et al. 2002; Schindler et al. 2005; Selbie
et al. 2007). However, as these techniques have been more
broadly applied it has become apparent that regional
discrepancies may exist in their applicability (Holtham et
al. 2004; Brahney et al. 2006; Hobbs and Wolfe 2007). In
light of our results, this should not be surprising, given the
broad biogeoclimatic and physiographic gradients indica-
tive of North American sockeye salmon nursery water-
sheds. Moreover, the substantial variation noted in salmon
densities and sediment §!5N signatures is generally consis-
tent with a broad range in the importance of SDN to
nursery lake nutrient budgets (i.e., 0-95%; Naiman et al.
2002; Hyatt et al. 2004).

Our study highlights the critical importance of appro-
priate site selection in attaining a sufficiently strong signal
to infer past sockeye salmon population dynamics from
lake sediments. Consistent with the findings of previous
studies (Finney et al. 2000; Holtham et al. 2004; Hobbs and
Wolfe 2007), relatively high spawner densities are a prime
requisite for unambiguous paleolimnological inferences.
Regional decomposition of the 6!5N-escapement km~—2
relationship, however, reveals distinct spatial patterns
(Fig. 4B), which we have identified to be largely modulated
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by interregional differences in climate, vegetation, and
watershed geomorphology (Table 1). In general, broad-
scale coherence is evident in interregional 615N and C: N
variation (Figs. 2, 3), which does not appear to vary in
relation to known spatial patterns in exogenous controls on
salmon production (e.g., harvest pressures, ocean-atmo-
spheric climate variability). This suggests certain geograph-
ic areas may have a limited potential to yield interpretable
paleolimnological salmon reconstructions. For instance,
coastal sites in British Columbia and southeast Alaska
generally had sedimentary J6!5N values indistinguishable
from background levels (Figs. 2A, 3A) despite a range of
spawner densities (Fig. 2C). Similarly, these sites exhibited
sedimentary C: N values indicative of substantial terrestrial
OM loading (Figs. 2B, 3B), which was consistent with higher
regional precipitation, watershed tree cover, and mean slopes
(Fig. 2F,L,G). In such lakes, the overall watershed N load
must be high, thereby diluting the salmon-derived nitrogen
contributions. Intraregional variation in influential factors,
however, may also be large between proximally located but
discrete watersheds. For instance, Holtham et al. (2004)
demonstrated that despite very high sockeye salmon spawner
densities, unambiguous salmon reconstructions were not
possible in the eastern Kodiak Archipelago (Saltery and
Afognak lakes) as a result of the high local precipitation and
hydrological dilution of salmon-derived nitrogen. In con-
trast, this paleolimnological approach was first demonstrated
less than 100 km away on western Kodiak Island (e.g.,
Karluk Lake; Finney et al. 2000), suggesting steep orograph-
ic, climatic, and aspect gradients can be important influences
on the success of these techniques.

Given this variability, we suggest that an approach to
site selection based upon the explicit consideration of
nursery lake watershed characteristics (e.g., watershed
vegetation type and extent, WSA, WS slope, WSA: LA,
or WRT), climatic conditions (e.g., precipitation), and
nutrient mass balances, will increase the probability of
selecting sites capable of tracking sockeye salmon produc-
tion using paleolimnological methods. However, influential
environmental factors may vary throughout paleolimnolo-
gical time series, particularly on Holocene timescales. Thus,
as has proved critical in previous studies, we advocate a
multiple-proxy approach to paleolimnological salmon
reconstruction, employing indicators of autotrophic pro-
duction (e.g., diatoms; Finney et al. 2000, 2002; algal
pigments; Schindler et al. 2005), which are not subject to
similar geochemical alterations as those possible for §!15N.
Sedimentological assessment (e.g., sediment structure,
grain size, visual and microscopic descriptions), as well as
stratigraphic constraint of regional variability through the
use of control (nonsalmon) lakes (Finney et al. 2002;
Schindler et al. 2005; Selbie et al. 2007) are also important
components of this approach. Moreover, as we have
empirically demonstrated in this study, C:N ratios are a
powerful control for the influences of biogeoclimatic
variability on sedimentary 615N.
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Table 1. Salmon escapement and water chemistry data sources used in Selbie et al.

Lake Region Salmon escapement data source Water chemistry data source
Afognak SC-AK Holtham et al. (2004) Alaska Dept. Fish and Game unpubl.
Akalura SE-AK Finney et al. (2000) Alaska Dept. Fish and Game unpubl.
Alice BC-C Brahney et al. (2006) N/A
Auke SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Babine BC-YT-INT Brahney et al. (2006) Fisheries and Oceans Canada unpubl.
Becharof SW-AK Finney et al. (2000) Alaska Dept. Fish and Game unpubl.
Bowron BC-YT-INT Fisheries and Oceans Canada unpubl. Fisheries and Oceans Canada unpubl.
Brooks SW-AK Salomone et al. (2006) N/A
Cheewhat BC-C Fisheries and Oceans Canada unpubl. N/A
Chilkat SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Chilkoot SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Clark SW-AK Young and Woody (2007) N/A
Coghill SC-AK Ashe et al. (2005) Alaska Dept. Fish and Game unpubl.
Eshamy SC-AK Ashe et al. (2005) Alaska Dept. Fish and Game unpubl.
Falls SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Fraser BC-YT-INT Fisheries and Oceans Canada unpubl. Fisheries and Oceans Canada unpubl.
Frazer SC-AK Finney et al. (2000) Alaska Dept. Fish and Game unpubl.
Hobiton BC-C Holtham et al. (2004) Fisheries and Oceans Canada unpubl.
Hugh Smith SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Iliamna SW-AK Westing et al. (2006) Alaska Dept. Fish and Game unpubl.
Kanalku SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Karluk SC-AK Finney et al. (2000) Alaska Dept. Fish and Game unpubl.
Kijik SW-AK Young and Woody (2007) N/A
Klawock SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Klukshu BC-YT-INT Fisheries and Oceans Canada unpubl. N/A
Kook SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Kukaklek SW-AK Salomone et al. (2006) N/A
Lakelse BC-C Brahney et al. (2006) Fisheries and Oceans Canada unpubl.
Long BC-C Brahney et al. (2006) Fisheries and Oceans Canada unpubl.
McDonald SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Meziadin BC-YT-INT Brahney et al. (2006) Fisheries and Oceans Canada unpubl.
Morice BC-C Brahney et al. (20006) Fisheries and Oceans Canada unpubl.
Muriel BC-C Brahney et al. (2006) N/A
Nahwitti BC-C Brahney et al. (2006) N/A
Naknek SW-AK Salomone et al. (2006) N/A
Nerka SW-AK University of Washington, unpubl. N/A
Nesketaheen BC-YT-INT Fisheries and Oceans, Canada unpubl. N/A
Nonvianuk SW-AK Salomone et al. (2006) N/A
Paxson SC-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Quesnel BC-YT-INT Fisheries and Oceans Canada unpubl. Fisheries and Oceans Canada unpubl.
Red SC-AK Finney et al. (2000) Alaska Dept. Fish and Game unpubl.
Redoubt SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Saltery SC-AK Holtham et al. (2004) Alaska Dept. Fish and Game unpubl.
Sara BC-C Brahney et al. (2006) N/A
Shuswap BC-YT-INT Fisheries and Oceans Canada unpubl. Fisheries and Oceans Canada unpubl.
Sitkoh SE-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.
Skilak SC-AK Alaska Dept. Fish and Game unpubl. Alaska Dept. Fish and Game unpubl.




Table 1. Continued.

Selbie et al.

Salmon escapement data source

Water chemistry data source

Alaska Dept. Fish and Game unpubl.
Fisheries and Oceans Canada unpubl.
Fisheries and Oceans Canada unpubl.
Alaska Dept. Fish and Game unpubl.

Lake Region
Sproat BC-C Brahney et al. (2006)
Summer Bay SW-AK Tschersich (2006)
Sweetheart SE-AK
Tahltan BC-YT-INT
Tsusiat BC-C
Tumakof SE-AK
Ugashik SW-AK Finney et al. (2000)
Upper Station SC-AK Finney et al. (2000)
Yakoun BC-C Brahney et al. (2006)

Fisheries and Oceans Canada unpubl.
Honnold et al. (1996)

Alaska Dept. Fish and Game unpubl.
Nidle and Shortreed (1987)

N/A

Alaska Dept. Fish and Game unpubl.
N/A

Alaska Dept. Fish and Game unpubl.
Fisheries and Oceans Canada unpubl.

Regions: British Columbia coast (BC-C), British Columbia—Yukon Territory interior (BC-YT-INT), south-central Alaska (SC-AK), southeast Alaska

(SE-AK), southwest Alaska (SW-AK).
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