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Abstract 
 
We assessed the historic presence of sockeye salmon in Eklutna Lake, Alaska, prior to 

construction of a diversion dam on the downstream Eklutna River in 1929, using nitrogen 

isotopes measured in a 93 cm long lacustrine core. Sediments in the core were dated using counts 

of clear laminations that we interpret as varves, backed up by Lead-210 and Cesium-137 

measurements. The basal date of the core was 1859 AD, and varves became slightly thinner and 

less distinct after 1929. The sediments were primarily clastic, and carbon content was less than 

1%. Nitrogen isotope ratios were generally low and invariant throughout the core, ranging from 

1.5‰ to 2.5‰. There is no statistical evidence for a change in isotopic composition after 

emplacement of the dam. In light of published evidence from oral history, cultural records, and 

habitat relationships that suggest sockeye salmon may have been present in the lake before 1929, 

we conducted a simple sensitivity test to assess the possibility that a small salmon run may have 

gone undetected by our technique. We found that a salmon run of up to 1000/year, and 

potentially as many as 20,000/year, would be possible without noticeably altering the measured 

isotopic composition of the sediments in Eklutna Lake. Our results do not demonstrate that such 

runs existed, but neither do they contradict the possible existence of a relatively small sockeye 

fishery in Eklutna Lake before 1929. 
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Introduction 

In Alaska, historically strong populations of Pacific salmon (Oncorhynchus spp.) have 

contributed substantially to the ecological, cultural, and economic well-being of the biotic and 

human communities where they thrive. Fisheries researchers and managers therefore share an 

interest in documenting salmonid population variability, and have directly monitored population 

sizes for over a century (Byerly et al., 1999). Because these populations are sensitive not only to 

the short-term impacts of commercial and recreational fishing, but also to longer-term impacts of 

climatic fluctuations and other (non-fishing) human activities, some researchers have turned to 

macrofossil and biochemical markers in lake sediment cores as a means of estimating population 

sizes prior to development of a historic record.  

The use of marine derived nutrients (MDN) to estimate former salmonid population sizes 

was developed by one of us almost two decades ago (Finney, 1998), and since then has been 

widely used to estimate past changes in escapement of sockeye salmon (Oncorhynchus nerka), 

which uniquely among Pacific salmon spawn in nursery lakes, rather than rivers and streams 

(e.g. Finney et al., 2000; Adkison and Finney 2003; Gregory Eaves et al., 2009). Fundamentally, 

the technique relies on the measurement of the stable isotope ratio δ15N in well-dated lacustrine 

sediments. Finney (1998) demonstrated that historic populations of spawning salmon are well 

correlated, over time, with the ratio of 15N to the lighter, more common 14N in lacustrine cores. 

This fact, driven by the tendency of anadromous salmon to feed high on the marine food web and 

become enriched in 15N relative to terrestrial and lacustrine environments, and then to contribute 

this nitrogen to the lake ecosystem as their carcasses decay, provides an opportunity to quantify 

prehistoric salmon abundance.  
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Finney et al. (2000) cautioned, however, that isotopic values of lacustrine sediments in 

some nursery lakes may be relatively insensitive to salmon escapement in cases where MDN 

constitute a small fraction of the lake’s total nutrient input, and some subsequent investigators 

have found Alaskan and Canadian lake systems where δ15N was not clearly related to former 

salmon abundance (Holtham et al., 2004; Hobbs and Wolfe 2007, 2008). Considering the 

question of what makes a “good” lake for the use of nitrogen isotopes to reconstruct former 

salmon numbers, Gregory-Eaves et al. (2009) developed a conceptual model to highlight factors 

that suggest a good opportunity for such reconstruction: lakes with relatively large numbers of 

spawning salmon, long water residence times, low precipitation rates, minimal deposition of 

terrestrial organic matter, and low rates of ammonia volatilization and denitrification. 

Researchers interested in broad, regional studies of salmon abundance may well have the 

freedom to seek out lakes that exhibit these characteristics, but some studies are—by their 

nature—focused on the history of particular lakes that may or may not exhibit these ideal 

characteristics. In such cases, the isotopic signal may be small, and the interpretation of those 

results ambiguous.  

Here, we confront this challenge in the context of Eklutna Lake, a southcentral Alaskan 

proglacial lake isolated since 1929 from potential use by salmon as a nursery lake by the 

construction of a downstream diversion dam. Framed simply, our question is whether there was 

ever an anadromous salmon run into Eklutna Lake. This question is motivated by a general 

desire of the Mat-Su Basin Salmon Habitat Partnership, multiple agencies, and others to better 

understand the natural history of salmon in the upper Cook Inlet region (Smith and Speed, 2013). 

More recently, this is a question of particular importance for salmon habitat conservation 

because contractual language in a 1991 agreement between the federal government (sellers) and 
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a consortium of private utilities and local government entities (purchasers) dictates that the 

purchasers must, within 30 years of the purchase date, develop a “Fish and Wildlife Program” 

that protects, mitigates, and enhances fish habitat affected by hydroelectric development (APA, 

1992). In other words, credible evidence of a sockeye salmon run into Eklutna Lake before initial 

hydroelectric development construction in 1929 would help to inform the nature and extent of 

actions needed to restore salmon access and habitat within the Eklutna River watershed. We 

undertook an isotopic study of Eklutna Lake sediments to search for such evidence, mindful of 

the caveats described above but without the freedom to go answer the question elsewhere.  

In this paper, we first describe the historic and landscape context for hydroelectric 

development at Eklutna Lake, Alaska. We then present results from an isotopic study of 

lacustrine sediments recovered from the lake. These results, which document isotopic 

composition from ~1859 forward, provide no clear evidence of an isotopic change coincident 

with dam construction. We then perform a sensitivity analysis that aims to quantify the 

conditions (hydrology, salmon run size, and nutrient loading) under which historic salmon 

abundance would be expected to yield a detectable signal. We evaluate these results in the 

context of published accounts of oral history, cultural records, and habitat relationships that bear 

on the question of whether sockeye salmon may have been present before dam construction. Our 

analysis sheds light on the historic abundance of salmon in Eklutna Lake and upper Eklutna 

River, and will be of broader interest to practitioners interested in quantifying salmon abundance 

by isotopic means in other systems. 

 

Background 

Study Site 
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Eklutna Lake (Figure 1) is 14.1 km2 and occupies a 10.5 km long glacially eroded trough 

in southcentral Alaska, approximately 50 km northeast of Anchorage, Alaska’s largest city. The 

lake was naturally dammed at its northwest end by a Pleistocene-era terminal moraine of Eklutna 

Glacier, but the retreating glacier terminus is now 8 km upstream of the lake’s primary inlet. The 

lake is fed by precipitation, snowmelt, and ice melt from a 307 km2 basin that is 13% glaciated, 

and derives approximately half of its annual inflow from the 64 km2 sub-basin that includes 

Eklutna Glacier (Larquier, 2010). The climate of the region is subarctic, and transitional between 

maritime and continental. Monthly average temperatures at the nearby NRCS “Moraine” Snotel 

site (640 m asl; http://www.wcc.nrcs.usda.gov) range in winter from -11° to +1° C and in 

summer from 7° to 14° C. Annual total precipitation, about 50% of which falls between July and 

October, ranges from about 40 to 60 cm. The watershed ranges in elevation from 265 m (lake 

spillway elevation) to 2100 m, has a predominant bedrock type of variably metamorphosed non-

clastic sedimentary and igneous rocks, and is mantled in many areas by colluvium, glacial 

moraines, and fluvial deposits (Brabets, 1993). Vegetation grades from mixed deciduous and 

coniferous boreal forest at lake level through brush and tundra up to bare rock and ice at the 

highest elevations. 

The maximum elevation of Eklutna Lake has been raised by a series of storage dams 

constructed since 1929; the current dam, which consists of an uncontrolled concrete spillway 

with no outlet works, has a spillway elevation of 265 m asl and has been in place since 1965. 

Lake level now fluctuates seasonally in response to the annual balance of inflow and 

withdrawals—by the power utility for hydropower and secondarily for municipal water supplies. 

The lake typically reaches a maximum elevation at the end of summer and a minimum just 

before spring breakup. When full, the lake’s maximum depth is over 55 m and it has a total 
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volume of approximately 500 million m3 (Larquier, 2011). A shallow (~35 m) constriction just 

NW of the lake’s midpoint divides it into a proximal flat-bottomed sub-basin of ~55 m depth and 

a smaller distal sub-basin of ~45 m depth. Because the power and water utilities use the entire 

inflow to the lake in most years, and no water leaves the lake via the spillway, utility-reported 

usage provides a good estimate of annual inflow, which averaged 300 million m3 between 2000 

and 2010 (Municipal Light and Power, unpublished data). These values suggest a water 

residence time in the lake of 1.7 years. 

As already mentioned, the hydrology of Eklutna Lake and the downstream Eklutna River 

has been altered since 1929 by developments that culminate in the modern usage of virtually the 

entire water budget of the basin. The history of such development has been well described 

elsewhere (e.g. Simonds, 1995; Hollinger, 2002; USACE, 2011), but here we summarize from 

these sources the key events pertinent to the lake hydrology and salmonid persistence. The first 

dam built on Eklutna Lake was a 4.3 m tall earthen dam built in the early winter of 1928 to 

increase the lake’s water holding capacity; the dam was rebuilt on interlocking wood pilings the 

following summer (1929) after a flood damaged the original dam’s clay and muck foundation. 

Concurrently, a 19 m high concrete diversion dam was built on Eklutna River about 12 km 

downstream of the lake outlet. This diversion dam, which funneled river flow into a tunnel that 

led to a lower elevation Pelton Wheel, was the first barrier to any potential salmon migration 

towards the lake. The diversion dam remained operational through 1955, when an entirely new 

hydropower infrastructure was installed at the lake. In that year, a new earthen dam was 

completed on Eklutna Lake with a concrete spillway that raised the maximum lake level to 265 

m asl. Concurrently, a new tunnel was built that siphoned water from an intake at 253 m asl, in 

the lake bottom, to a new powerplant on the Knik River, in an entirely different watershed. 
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Downstream, the diversion dam remained the primary obstacle to salmon migration, but from 

that point forward the lake was managed with an objective of utilizing all flows for hydropower, 

and except in times of unusual runoff Eklutna River ran dry until joined by its major downstream 

tributary, Thunderbird Creek. The dam on the lake, the lake-bottom intake and tunnel, and 

associated infrastructure were all damaged by a large earthquake in March 1964 and required 

extensive repairs, but the lake was essentially managed in the same way until 1988, when the 

Eklutna Water Treatment Facility was built near the location of the original diversion dam, and 

tapped a new pipe into the hydropower tunnel to divert water for the municipal water supply. 

This plant now provides more than 90% of Anchorage’s total municipal water supply, but in 

most years that usage constitutes only 10-12% of the total water supplied by the lake—the rest is 

still used for hydropower. 

Because the primary obstacle to salmon migration—the diversion dam downstream of the 

lake—was built in 1929 and abandoned by 1955, there has been little incentive to evaluate 

historic salmon runs in the Eklutna River watershed or determine the in-stream flows needed by  

these salmon. But this could someday change, largely because of contractual language in a 1991 

sales agreement in which the federal government sold the Eklutna project to the consortium of 

local utilities that owns it today (Sinnott, 2013). That agreement, dated August 7, 1991, dictates 

that the purchasers must, within 30 years of the purchase date (ultimately, 1997), develop a “Fish 

and Wildlife Program” that protects, mitigates, and enhances fish habitat affected by 

hydroelectric development (APA, 1992). Motivated in part by the approach of that deadline in 

2027, the present work is intended to help characterize the nature of the salmon run that existed, 

if there was one, prior to installation of the original dam.  

 



Loso$et#al.,$2015,$Eklutna$Lake$salmon$ 10$

Methods 

To assess the geochemical evidence for a pre-1929 salmon run into Eklutna Lake, we 

relied upon shallow lacustrine cores collected previously for use in a separate project. Below, we 

briefly describe that coring process before moving on to describe in greater detail our efforts to 

develop an age model for the cores, sample them, and measure the geochemical composition of 

the sampled sediment, and assess the sensitivity of our results to the magnitude of a hypothetical 

historic salmon run. 

 

Core acquisition and dating 

For the primary purpose of investigating the paleoseismicity of Eklutna Lake, five 

shallow sediment cores were collected from the lake bottom by colleagues from the Renard 

Centre of Marine Geology (RCMG), at Ghent University in Belgium, between June 26 and 28, 

2012. Here, we acknowledge their generosity in sharing the cores and their facilities with us, and 

briefly describe their core collection methods, which are more thoroughly described by Boes 

(2014). All five cores were collected from approximately the centerline of the NW-SE trending 

lake (Figure 1, Table 1) using a gravity short-corer with a sliding hammer weight. All cores were 

less than 1 m long and collected from greater than 45 m water depth. Core locations were chosen 

on the basis of bathymetry and seismic mapping conducted concurrently by the RCMG group, 

and include 2 sites in the distal sub-basin of the lake (EK12-01 and 12-02) and 3 sites in the 

more proximal sub-basin (EK 12-03, 12-04, and 12-05). 

We inspected and described the five short cores at the RCMG laboratory facilities, where 

they are archived, in January 2014. Our work, along with subsequent development of the age 

model, was—except where noted—done independently of the RCMG’s own work on the cores. 
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All five cores were inspected, photographed in natural light at high resolution, and imaged with a 

Siemens SOMATOM Force X-ray computed tomography (CT) scanner. Lamination 

identification, delineation, and counting were later performed on all five cores using the software 

package ImageJ with imported, aligned copies of the photographs and CT scans. Individual 

laminations typically consisted of a fining-upward and lightening-upward (in color) sediment 

package with a distinct upper boundary. These upper boundaries were used to demarcate the 

boundary between individual units. Four anomalously thick strata that differed in appearance 

from the others were judged to be the products of discrete high-sedimentation-rate events and 

were eliminated from the Lead-210 age model, as described below. 

Early in the description phase, we determined that core EK 12-01, the longest and most 

clearly laminated of all the cores, would be used as a master core for construction of the age 

model and isotope sampling. To supplement and confirm a primary age model developed using 

varve counts, we utilized measurements of 210Pb and 226Ra (for Lead-210 dating) and 137Cs (for 

Cesium-137 dating). These measurements were based on 20 samples, distributed across the depth 

of EK-01, that were previously collected and freeze-dried by the RCMG group. Radioactive 

activities in these samples were counted at the University of Bordeaux using a Canberra low 

background, high-efficiency, γ-detector (Schmidt et al., 2009). These activities are expressed in 

mBq/g with errors based on 1 standard-deviation counting statistics.  

Lead-210 dating relies on 210Pb, an intermediate decay product of the 238U decay series 

with 226Ra as its parent. On the earth surface, 226Ra decays into 222Rn gas (t1/2=3.8 days) where it 

can either remain in situ or be released into the atmosphere (Appleby, 2013). The portion that 

remains in the surface decays to “supported” 210Pb, where the amount of 210Pb is in secular 

equilibrium with its parent 226Ra. The atmospheric 222Rn decays into 210Pb where it attaches to 
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aerosols and is deposited back on earth. This excess 210Pb (210Pbex) is considered “unsupported” 

and was determined by subtracting measured 226Ra activity from the total 210Pb activity. Lead-210 

ages were calculated based on the CRS (constant rate of supply) method, assuming a constant 

supply of excess 210Pb to the sediment (Appleby, 2013), where 

! = !
! ln

!!
!!

 (1) 

and t is the age of a sample at depth z in years, λ is the decay constant for 210Pb (0.03114/yr), and 

Io and Iz are the inventories of 210Pbex at the surface and at depth z, respectively. In core EK 12-01, 

we applied the CRS model by calculating ages of each sample using equation (1) and then 

calculating a mean sedimentation rate as the slope of a line fit to the calculated ages (t) as 

functions of depth. Before applying this sedimentation rate to the whole core, we then created a 

“corrected” depth scale by removing the thicknesses of four anomalous layers, described above, 

for which the mean sedimentation rate was not appropriate. The lead-210 age of each lamination 

(varve) was then calculated by dividing its corrected depth by the sedimentation rate.  

Cesium-137 dating relies on the presence, in lake sediments, of a fission product of 

nuclear weapons testing and nuclear reactor incidents that is otherwise naturally absent from the 

natural environment (Pennington et. al., 1973). The majority of 137Cs was deposited in the late 

1950’s and early 1960’s, peaking late in 1963 when the Limited Test Ban Treaty banned nuclear 

weapon tests in the atmosphere, in outer space, and under water. Measured 137Cs concentration 

was used to confirm the varve and Lead-210 age models.  

 

Isotopic composition 

To test the geochemical composition of the lacustrine sediment in core EK 12-01, we 

continuously sampled a split section of the core, at the facilities in Belgium, in 1 cm intervals. 
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Each of 93 samples included approximately 1 cm3 of material and was numbered sequentially 

with the depth, in cm, of the deepest portion of the sample (e.g., sample #5 represents the interval 

between 4 and 5 cm). Each sample was immediately placed in a freezer, and then after 

approximately 24 hours all samples were simultaneously freeze-dried for 48 hours.  

Isotope measurements were made at the Idaho State University Stable Isotope 

Laboratory. Samples were combusted in an elemental analyzer to determine total organic carbon 

(TOC) and total nitrogen (TN) concentrations, and analyzed on an isotope ratio mass 

spectrometer for δ13C and δ15N measurements. Carbonates were not found in the sediments, and 

thus they were run untreated. All isotope values are reported in permil units (‰) according to the 

relationship δX = [(Rsample / Rstandard) - 1] · 1000‰, where X is the element of interest and R is the 

measured isotopic ratio. All carbon isotope measurements are relative to the Vienna Peedee 

Belemnite (VPDB) standard and all nitrogen measurements are relative to atmospheric nitrogen. 

Analytical precision, calculated from analysis of standards distributed throughout each run, 

deviated less than ± 0.2‰ for both carbon and nitrogen stable isotopes, and less than ± 0.5% of 

the sample value for %N and %C.  

Many of the 95 samples span more than one varve; in these cases we plot the measured 

composition of each sample against the average year represented by the sample (the mean, 

rounded to the nearest year AD, of the ages of all layers completely or partly contained within a 

given sample). To look for changes in geochemical concentrations coincident with the 

installation of the first salmon-blocking dam in the winter of 1928-1929, we performed a 

Wilcoxon rank sum test on each of the measured parameters, comparing medians of the pre and 

post-1929 samples. This tests the null hypothesis that both sample groups come from the same 

continuous (but not necessarily normally distributed) population. If the test rejects the null 
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hypothesis with a p-value of less than 0.05, we interpret that as evidence that the parameter of 

interest changed after 1929.  

 

Results 

The five cores recovered from Eklutna Lake (Table 1) contained clear laminations with 

consistent stratigraphy traceable from one core to another. Macroscopic and microscopic 

characteristics of the five cores, and the correlations among them, are described thoroughly in 

Boes (2014). Below, we focus on a description of the stratigraphy in our master core, EK 12-01, 

and then describe the results of our age model development and finally the isotopic composition 

of the core. 

 

Core stratigraphy 

Our master core contains clear laminations throughout its 93 cm length with notable 

interruptions by distinctive thicker layers at 5-7, 22-24, 41-45, and 51-54 cm depth (Figure 2). 

The laminations are in general clear to a casual inspection, and upon close examination consist of 

a repeating pattern of dark silt grading upwards into lighter-colored clay caps, separated from the 

next upward lamination by a clear boundary. We interpret these laminations as varves, or annual 

layers, with the clay cap representing slow deposition of the finest suspended sediment fraction 

in the lake water column during winter, and the abrupt transition to the next, darker and coarser 

layer representing the onset of breakup. Our radiogenic age models, presented next, confirm this 

interpretation, and we hereafter refer to these laminations as varves. The character of the varves 

changes around 41 cm, at the top of the thickest anomalous layer. Varves below that layer are 

more clear and distinct, and above that layer have less contrast between the dark and light layers. 
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Varve thickness also changes at this time: varves below the 41-45 cm event, omitting the 

anomalous layers, average 0.65 cm thickness. Above 41 cm they average 0.48 cm. More details, 

including microscopic characteristics and quantitative grain-size measurements, are available in 

Boes (2014). 

 

Age model 

As stated previously, we interpret the laminations in core EK 12-01 as varves, and we 

counted these varves to establish our primary age model. The four anomalously thick layers 

described previously were included in our varve counts, based on our interpretation of these 

layers as annual couplets that each include a high-sedimentation event. Counting them, we found 

153 varves in the 93 cm core, yielding a basal date (assuming that the uppermost varve 

represents the full summer deposit of 2011) of 1859 AD (Figure 2). This age model assigns the 

following years to the four anomalous layers (measuring from the top down): 1995 (2.37 cm 

thick), 1964 (1.47 cm), 1929 (4.42 cm), and 1919 (2.95 cm).  

 We used Lead-210 and Cesium-137 dating to corroborate both our assumption that the 

laminations are annual varves, and our counts of those laminations. The Lead-210 CRS model 

predicted an average sedimentation rate of 0.49 cm/yr (Figure 3), which when applied to all but 

the four anomalous layers yields a basal date of 1845 AD. The resulting age model (Figure 2) 

closely mimics our varve results, deviating only by slightly underpredicting layer ages 

(compared to the varve model) after about 1900 AD, and overpredicting them before that. The 

Cesium-137 results also corroborate our assumption that the laminations are annual varves. The 

highest 137Cs activity was found at 21.5 cm, corresponding on our varve-based age model to 1966 

AD, and the activity tapered both up and downcore from there (Figure 2). The two lowest/oldest 
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layers sampled, at 36.4 cm (varve-year 1939) and 51.0 cm (1920) had 137Cs activities barely 

distinguishable from zero: +0.50 and -0.37 mBq/g, respectively, in comparison with an average 

measurement error of 0.63 mBq/g.  

 

Carbon and nitrogen content and isotopic composition 

Throughout the period of record (~1859-2011 AD), the sediments deposited in Eklutna 

Lake have been predominantly clastic, with relatively small quantities of carbon and nitrogen 

(Figure 4). Carbon content by weight ranges in that interval from 0.6 to 1.0%, with an apparent 

trend towards slightly higher values in the mid-20th century, while nitrogen content ranges from 

0.08 to 0.1%. As with carbon, there is a slight shift over time toward higher values. The apparent 

increase in carbon and nitrogen was confirmed by a Wilcoxon rank sum test, which rejects the 

null hypothesis of equal medians before and after the 1929 dam (p << 0.05, Figure 5). Because 

both C and N increased at approximately the same time, the C/N weight ratio of ~8 did not 

change significantly (Wilcoxon rank sum p = 0.89) after installation of the dam. 

Neither carbon nor nitrogen isotopic composition shows a clear response to installation of 

the 1929 dam (Figure 4). The carbon isotope ratio δ13C ranges from -26‰ to -27‰ over the 

period of record and shows a general decline of about 1‰ starting around 1960 AD. The change 

does not appear related to completion of the 1929 dam, and the before/after dam distributions are 

not significantly different (Wilcoxon rank sum p = 0.78, Figure 5). δ15N is generally low and 

invariant, ranging from 1.5‰ to 2.5‰. Over the whole core, it has a mean of 1.9‰ with a 

standard deviation of 0.2‰. Like δ13C, δ15N shows no obvious trend or change after 1929 

(Wilcoxon rank sum p = 0.13, Figure 5).  
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Sensitivity test 

As mentioned in the introduction, some lakes provide better conditions for preserving the 

signal of marine derived nutrients than others. How much escapement would have been enough 

to show up in the isotopic results? To answer this question, we conducted a sensitivity test based 

upon the known hydrology of Eklutna Lake. Below, we summarize our approach—one which is 

simple enough to facilitate its flexible use by investigators considering isotopic studies of MDN 

in other settings. 

We begin with the assumption that the nitrogen isotopes found in any lake sediments can 

be considered a mixture, for our purposes, of two components: those contributed by the carcasses 

of anadromous salmon (δ15Nanad) and those contributed by all other, predominantly terrestrial, 

sources (δ15Nterr). If we know the proportions and isotopic signatures of those two components, 

we can predict the total nitrogen composition of the lake sediments (δ15Nlake): 

δ!"N!"#$ = ! δ!"N!"## + 1− ! δ!"N!"!#  (2) 

where x and (1 - x) are the relative proportions, by mass, of terrestrial and anadromous nitrogen 

in the Eklutna Lake system.  

At Eklutna Lake, δ15Nterr is easily quantified, since we know for a fact that there have 

been no anadromous salmon in Eklutna Lake since 1929 (whether or not they were there 

previously). So we take the mean value of all post-1929 samples (1.94‰) as the lacustrine 

isotopic signature of all non-anadromous nitrogen sources in the watershed. Salmon isotopic 

composition has been quantified elsewhere, with values ranging from 10.72 to 11.38 (Satterfield 

and Finney, 2002; Barto, 2004; Johnson and Schindler, 2008). We use an intermediate value of 

11.15‰ for Eklutna δ15Nanad. 



Loso$et#al.,$2015,$Eklutna$Lake$salmon$ 18$

Characterizing x requires knowledge of the total nitrogen budget of the modern lake. We 

do so by multiplying the annual lake inflow of 300 million m3/yr (Municipal Light and Power, 

unpublished data) times the nitrogen concentration in the lake water, 0.2 mg/l (Anchorage Water 

and Wastewater Utility, unpublished data). The annual inflow of terrestrial nitrogen is thus 

approximately 60,000 kg. Note that we have no information about the proportion of this 

dissolved nitrogen that is deposited in lake sediments—rather than lost in outflow—but we rely 

on the simplifying assumption that the fraction of dissolved terrestrial nitrogen deposited on the 

lake bottom is the same as the fraction of dissolved salmon-derived nitrogen, and hence we can 

rely on the total nitrogen loadings to assess proportional contributions to the lake sediments.   

The results of our sensitivity test (Figure 6) show the relationship between predicted lake 

δ15N with increasing numbers of salmon added to the baseline, non-salmon condition. The 

number of salmon is based on an average weight of 2.5 kg, the mean weight of sockeye in 

Alaska (Barto 2004). Our analysis suggest that a modestly sized salmon run into Eklutna Lake 

could easily fail to noticeably alter the isotopic composition of such a large lake. Below 

escapement of 1000 salmon per year, the MDN isotopic signal would not even exceed the ± 

0.2% analytical precision of the mass spectrometer. More importantly, the mixing model 

suggests that close to 20,000 salmon per year would be necessary to exceed the natural 

variability we observed in the post-1929 core (defined by the variance of the data).  

 

Discussion 

Our results demonstrate no isotopic evidence for MDN in Eklutna Lake. Below, we first 

consider the potential sources of error in our analysis. Following that, we review published 

cultural/historical and ecological evidence that there were once salmon in the lake. Finally, we 
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consider the balance of evidence for a pre-1929 salmon run in Eklutna Lake and make 

recommendations for future research. 

 

Potential errors  

Our analysis relied upon construction of an age model for the sediments in the lake, upon 

isotopic sampling of one core, and upon a number of assumptions in the sensitivity test. Here we 

consider potential errors in each of these steps. We used several independent dating methods to 

develop and confirm our core chronology. The radiogenic techniques confirm that the layers we 

counted are annual, though they do not preclude the possibility that our chronology is in error by 

one to several years due to missing layers or the overcounting of anomalous seasonal layers. Our 

age model is also supported by the coincidence of anomalous sedimentary layers in 1964 and 

1929 with well-documented historic events: the 1964 earthquake and the flood-damage to the 

first storage dam, respectively. This interpretation is shared with the separate analysis and 

interpretation of these cores by Boes (2014). Collectively, this evidence strongly supports our 

conclusion that the core contains sediments deposited for at least seven decades prior to the dam 

construction, and our assessment of decadal-scale patterns in isotopic composition is not 

sensitive to the possibility that our chronology is off by one to several years.  

The nature of the sediments in Eklutna Lake is well suited for our isotopic sampling. 

Though dominated by lithogenic material, the C/N ratio of the sediment is low and indicative of 

predominantly aquatic sources (Meyers and Ishiwatari 1993). Conceptually, sediments in which 

terrestrial organic matter sources are important are not well suited for δ!"N-based salmon 

reconstructions (Holtham et al. 2004). The general nature of the sediments, consisting of typical 

glacial varves, aquatic organic matter, and infrequent gravity-type deposition indicates 
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sedimentation processes involving vertical particle settling, ideal for reconstructing lake nutrient 

histories. Though low in organic matter, the nitrogen content was such that large sample weights 

yielded optimal nitrogen signals in the mass spectrometer, and the accuracy and precision of the 

results is well within normal ranges. Our reliance on one core (among several) for the isotopic 

sampling was motivated by the clarity of the sedimentary deposits, and hence the chronology, in 

that single core, and is supported by the low spatial variability of stable nitrogen isotopes within 

other lake basins (e.g. Brock et al., 2006). Nitrogen from all sources, including salmon carcasses, 

is well-mixed within lake waters during the processes of dissolution and uptake by 

phytoplankton, and is thus likely well-represented by the single core where we made our 

measurements.  

Our sensitivity test was simple and made a number of assumptions. We based the per-

salmon isotopic contribution on estimates of fish weight, nitrogen content, and isotopic 

composition that were measured in other lakes and that may not be representative of salmon (if 

any) that resided in Eklutna Lake before 1929. This contributes a small amount of uncertainty to 

our results. More significantly, we calculated the non-anadromous nitrogen isotopic contribution 

for the lake from a poorly constrained estimate of modern nitrogen abundance. Water utility 

measurements of nitrogen content in the lake water have been sporadic, and have at some times 

been less than the 0.2 mg/l sensitivity limit of the test. Our use of 0.2 mg/l is thus potentially an 

overestimate, and could be better constrained with additional testing. The sensitivity test is 

strongly affected by this value, and a lower estimate of modern nitrogen content would improve 

the calculated sensitivity of our results to historic salmon numbers, allowing a better estimate of 

the maximum historic escapement consistent with our equivocal isotopic results. Finally, we 

acknowledge that this model ignores some of the complexity of nitrogen cycling in terrestrial and 
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aquatic systems, but contend that even a conservative interpretation of the model results 

demonstrates the possibility that sockeye salmon could have used Eklutna Lake before 1929 

without leaving a detectable isotopic signal.  

 

Qualitative evidence for a historic salmon run 

Though the primary goal of this project, and the FWS/ML&P funding, was to bring 

isotopic evidence to bear on the question of early salmonid presence in Eklutna Lake, the authors 

believe that interpretation of our results should include consideration of other evidence for such 

presence. The review presented here is based solely on a cursory review of existing published 

records, however, and we urge additional study to determine more conclusively whether 

historical, cultural, or ecological evidence exists for historic salmon presence in Eklutna Lake. 

We begin with a summary of pre-historic and historic oral accounts of salmon in the Eklutna 

region, and then consider the ecological suitability of Eklutna Lake for a sockeye run.  

Scientists can use traditional knowledge to better understand long-term environmental 

change. Use of oral history is limited by the relatively short span of human history, absence of 

contemporary written records, vagaries of human memory, and cultural differences regarding 

what is significant or knowable. But despite these limitations, it is important to recognize the oral 

history of the Dena’ina—Athabascan people who have inhabited the Knik Arm drainages of 

Cook Inlet since prehistoric times—regarding salmon presence in upper Eklutna River and/or 

Eklutna Lake.  

Among other locations, Dena’ina people live in Eklutna Village, a small community near 

the mouth of Eklutna River. The modern village of Eklutna was established in 1897, but 

according to Dena’ina oral traditions, Eklutna is an old village location (Fall et al. 2003:15). 
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Yarborough (1996) believed there may have been a settlement there earlier, and the Alaska 

Department of Commerce, Community, and Economic Affairs Community Database Online, a 

secondary source of unknown provenance, states that the townsite has been inhabited for at least 

800 years (CRA, 2015).  

Salmon – especially chinook, sockeye, and coho – were the major staple of the Dena’ina 

living in the Knik Arm drainages of Cook Inlet (Fall, 1981) and they preferred ocean-caught 

salmon. According to several elders, Eklutna residents spent summers at fish camps distributed 

along the shore of Knik Arm from Fire Island to the Knik River, preserving ocean-caught salmon 

for winter use (Chandonnet 1985:38, Kari and Fall 2003). As the summer progressed, some 

families moved back to the winter villages, which were traditionally “located along productive 

salmon streams, by the mouths of lakes, or on the high bluffs” above Knik Arm (Fall 1981). 

There, late runs of coho and sockeye salmon were fished in freshwater (Fall et al. 2003; Stephan 

2001). Both environmental and sociopolitical criteria determined the choice of winter village 

sites, but “of particular importance was proximity to good fishing locations” (Fall et al. 2003:13). 

Eklutna was one of these winter villages (Chandonnet 1985:30), and Fall (1981) states that 

hunting parties who walked into the upper Eklutna River drainage in autumn of each year also 

fished, then built skin boats to float dried meat and fish back to the village. The Native Village of 

Eklutna Land and Environment Director, Marc Lamoreaux, who works regularly with village 

elders, has related their claims that sockeye were once abundant in the Eklutna River (Marc 

Lamoreaux, personal communication, in USACE 2011). This oral history does not prove that 

salmon ran into Eklutna Lake before 1929, but the historic presence of a fishing-dependent 

settlement at Eklutna Village suggests that more investigation of that community’s oral history 
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may provide valuable insight into the potential historic use of Eklutna River and Lake by 

spawning sockeye salmon. 

The fish currently found in lower Eklutna River suggest another category of evidence for 

the historic presence of salmon: the ecological suitability of the lake and upper river for salmon 

rearing. In recent years, an estimated <200 chinook, 200 pink, >1,000 chum, 1,000 coho, and a 

limited numbers of sockeye salmon strays have spawned or attempted to spawn in lower Eklutna 

River, below the lower dam (Marc Lamoreaux, personal communication in USACE 2011; note 

that this estimate has not been verified by the Alaska Department of Fish and Game). Upstream, 

modern Eklutna Lake supports rainbow trout (stocked by the Alaska Department of Fish and 

Game), native Dolly Varden, and kokanee (USACE 2011). The kokanee are intriguing: they are 

uncommon in Alaska (Burgner 1991), and are often evidence for former sockeye runs, as they 

could be landlocked ancestors of historical sockeye salmon runs into the lake (USACE 2011).  

In a recent report, however, the US Army Corps of Engineers concluded that turbidity in 

Eklutna Lake and the upstream rivers that feed it would have challenged the establishment of a 

successful sockeye salmon run: 

“It is doubtful that significant numbers of sockeye salmon ever spawned in the Eklutna 

River drainage because suitable spawning area upstream of the lake is limited and water 

quality in the lake would likely have limited opportunities for spawning in the littoral 

zone of the lake. Fully 80 percent of the water entering Eklutna Lake comes from two 

glacial streams that would not be conducive to the consistent survival of sockeye salmon 

from egg to fry, and the remaining spawning area would not be sufficient to support large 

numbers of spawning anadromous salmon. In addition, the physical limnology studies of 

Eklutna Lake suggest that turbidity in Eklutna Lake during much of the year is not 

conducive to significant primary production. Low numbers and small size of the native 

land-locked sockeye salmon (kokanee) found in the lake supports these biological 

assumptions” (USACE 2011). 
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In contrast to this assertion, many significant sockeye salmon runs are predominantly 

glacier fed. Sockeye salmon have been found to spawn and rear at great depths, and many glacial 

systems support stable sockeye runs (USACE 2004). One clear and well-documented example of 

the use of a glacial river system by sockeye is the Matanuska River—a much more turbid glacial 

river than Eklutna (Anderson and Bromaghin, 2009; Tanner and Sethi, 2015). These 

investigators used telemetry to document extensive use of the Matanuska River by sockeye, 

though most observed sockeye spawned in clear side-channel habitat, rather than upstream 

lakes—a possibility that should be considered in further studies of any pre-1929 sockeye run on 

the Eklutna River. Importantly, however, authors of the latter study acknowledged that their 

methodology prevented them from documenting spawning in more turbid reaches of the river, 

and provided seven citations of comparable studies that have documented such direct use of 

turbid habitats by sockeye (Tanner and Sethi, 2015).  

The gradient of Eklutna River, below the lake, provided no evident barrier for the historic 

migration of sockeye. Between Eklutna Lake and the head of the canyon where the diversion 

dam is located, a distance of 11.1 km, the river’s gradient is about 14.0 m/km. For the 3.9 km 

through the canyon, the gradient is 22.0 m/km. And between the canyon and Knik Arm the 

river’s gradient is about 11.9 m/km (Bateman 1947). There are no known waterfalls or natural 

barriers to salmon migration along the river (though further investigation to confirm this would 

be valuable), and those gradients (1.2% to 2.2%) are well within the capacity of sockeye salmon 

elsewhere. Based on this brief review, it appears that prior to 1929 there were no obvious 

constraints in migration or rearing habitat that would preclude sockeye salmon from using 

Eklutna Lake. 
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Conclusions 

We assessed the age and nitrogen isotopic composition of a 93 cm long core from 

Eklutna Lake, and found that nitrogen composition was not significantly different before or after 

the emplacement of a diversion dam in 1929. Our results therefore provide no evidence for a 

sockeye salmon run into Eklutna Lake between 1859 (the oldest date in our core) and 1929. In 

contrast, existing cultural and historic evidence suggests that residents of the Eklutna townsite 

fished for sockeye in Eklutna River, and we are aware of no ecological reason why sockeye 

would not have utilized the lake prior to installation of the run-blocking dam. Kokanee 

(landlocked sockeye) are present in the lake today. Our simple sensitivity test may reconcile 

these apparently contradictory lines of evidence by estimating the impact of hypothetical salmon 

escapement numbers on the lake’s nitrogen budget. This test shows that a modestly sized salmon 

run into Eklutna Lake could easily fail to shift the isotopic composition of the lake sufficiently to 

be detected by our analysis. This result suggests that our original research question was not 

sufficiently nuanced, and that the isotopic approach to salmon reconstruction should not be 

conceived as a “presence/absence” measure.  

Considering analytical uncertainties and natural variability, even a conservative 

interpretation of our sensitivity test confirms that 1000 salmon/year could have run into Eklutna 

Lake without being detected, and it is possible that a run as large as 20,000/yr could have 

escaped notice. Our results do not demonstrate that such runs existed, but neither can our results 

be construed as evidence that they did not. We suggest that further research be conducted to 

more clearly answer our original question. Among other potential lines of inquiry, we 

recommend: 
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• A focused study of the cultural and historical evidence for salmon, and for human 

use of those salmon, in Eklutna River and Lake before 1929   

• Lake and river water testing to more accurately constrain the nitrogen content, 

and isotopic composition, of the modern lake 

• Detailed geomorphic, habitat, and limiting factors assessment of the river, lake, 

and upstream tributaries, to determine the potential productivity of the system for 

various salmon types. 
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Figure 1. Eklutna Lake, showing coring locations (orange stars), glaciers (blue diagonal crosshatching), 
and surrounding watershed (green polygons, subdivided into east, west, and lake sub-basins). Boundary 
tick labels are UTM zone 7N meters. Inset at upper right shows location of Anchorage (red star) and 
Eklutna Lake (barely visible red outline) within Alaska. 
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Table 1. Locations and lengths of short cores collected at Eklutna Lake in June 2012. 
Core # Latitude Longitude Water depth (m) Core length (cm) 
EK 12-01 61.3928° N 149.0876° W 47.9 93.0 
EK 12-02 61.3990° N 149.1076° W 40.2 67.5 
EK 12-03 61.3825° N 149.0467° W 54.4 43.0 
EK 12-04 61.3695° N 149.0319° W 55.1 78.5 
EK 12-05 61.3544° N 149.0174° W 53.7 75.8 
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$
Figure 2. Age model results for core EK 12-01. At left, a true color photo and then gray-scale/false-color 
CT scans of the split core are shown. Boundaries between laminations are marked with faint red lines on 
the photo. At right, plot shows 137Cs activity (green) and age models based upon varves (red dots) and 
210Pb (blue line). 137Cs activity (green bars with x-axis at top of plot) includes a short bar at 52 cm depth, 
marked with an ‘x’, that denotes a measurement with undetectable 137Cs activity. Varve-based age model 
shows the age (in years AD, x-axis at bottom of plot) plotted on the average depth of each lamination. 
Lead-210-based age model reflects estimated average sedimentation rate, with hiatuses (steps in line) at 
four discrete high-sedimentation rate events. See text for details. 
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$
Figure 3. Results of the Lead-210 based constant rate of supply (CRS) model for individual samples from 
core EK 12-01. Equation and R2 statistic for a linear trendline fit to the data (dashed line) are shown. 
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$
Figure 4. Geochemical results from core EK 12-01 at Eklutna Lake. Values are plotted against the 
average varve-based age, in years AD, of each 1 cm3 sample. Dashed horizontal line emphasizes the 
date (1929) when the first dam was installed on Eklutna River. 
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Figure 5. Comparison of medians and distributions of the geochemical parameters of sediments in core 
EK 12-01 before and after installation of the first dam on Eklutna River. Horizontal red lines are medians, 
the top and bottom of each box bracket the interquartile range (IQR), the dashed black “whiskers” extend 
to include all data within 1.5*IQR of the box, and outliers are shown as hollow circles. A Wilcoxon rank 
sum test suggests that only the first two parameters (C% and N%) changed after 1929. 

  

pre-dam post-dam
0.5

0.6

0.7

0.8

0.9

1

1.1

pre-dam post-dam
0.07

0.08

0.09

0.1

0.11

0.12

0.13

pre-dam post-dam
6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

pre-dam post-dam
-27.5

-27

-26.5

-26

-25.5

-25

pre-dam post-dam

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

C(%) N(%) C(%) / N(%) δ13C δ15N



Loso$et#al.,$2015,$Eklutna$Lake$salmon$ 38$

$
Figure 6. Results of a sensitivity test predicting the impact of salmon escapement on the lakebed 
nitrogen isotopic composition of Eklutna Lake. The dark blue line shows the expected isotopic 
composition based on salmon numbers; note that the x-axis is logarithmic. The green and red horizontal 
lines both represent the average nitrogen isotopic composition of a completely non-anadromous system, 
where the line width reflects the instrumental uncertainty (thin red line) and observed natural variability 
(wide green line) around that mean.  
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