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Project Objectives:  
The purpose of the project was to provide decision-makers with information that can be used to 
prioritize conservation and management of Kenai Lowlands watershed region, particularly for 
juvenile salmonids.  
 
Project objectives: 
Objective 1: Demonstrate the influence of headwater stream productivity on downstream reaches. 
 
Objective 2: Use this data to develop a spatial model for the effects of catchment vegetation cover 

(alders and peat wetlands) on 2nd and 3rd order streams at a watershed scale, including 
the identification of productivity hot spots.  

 
Summary of Project Accomplishments:  
The Kenai Lowlands are an ecologically and economically significant subregion of the southern 
Kenai Peninsula in southcentral Alaska (Figure 1). Rivers in this region support several species of 
salmon, are used heavily for recreational and subsistence fishing, and support commercial harvests in 
marine waters. The region is experiencing human population growth and increased development of 
natural land, and is also at the foreground of climate change due to the location in the subarctic. 
Conservation and management of watersheds reaches amid rapid global change requires an 
understanding of the spatial and environmental factors that drive species distributions and associated 
ecosystem processes (Schlosser 1995, Sowa et al. 2007).  However, cost and logistics limit stream 
surveys required for conservation prioritization and ecosystem management to a small number of 
local reaches that may represent only a tiny fraction of stream habitat in a region. In this project, we 
used our previous research as a foundation for identifying watershed scale stream productivity 
differences that are likely to be important characteristics of juvenile salmonid rearing habitats.  This 
information can be used to plan and prioritize for maximizing watershed resilience.  
 
We sampled locations in upper watersheds representing high percentages of upstream peatland and 
alder cover, and lower mainstem river locations of six watersheds, in the fall, spring and early 
summer of 2016. Our results clearly demonstrated the downstream effects of headwater productivity 
in the upper reaches and even far downstream in the mainstem reaches of these rivers. Using this 
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data, we developed a spatial data set that can be used for the basis of conservation of downstream 
anadromous waters.  
 
Study Sites: 
 

 
Figure 1. The Kenai Lowlands area of southcentral Alaska, where this study took place,  includes 

four major salmon-bearing rivers, from north to south: Ninilchik, Deep Creek, Stariski 
Creek and the Anchor River. 

 
Six lower river sites were selected, including sites at each of the Anchor River forks, as well as the 
mainstem of the Anchor River, Stariski Creek, Deep Creek and the Ninilchik River.   
 
A suite of three headwater sites, representing 1) high alder cover upstream, 2) high wetland cover 
upstream, and 3) below the confluence of these two streams were selected in two different drainages 
(Figure 2).   
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Figure 2. Study sites included six mainstem locations (NANC, SANC, ANCH, STAR, DEEP, NINI) 

and six headwater locations, STAR-A and COTT-A represent sites draining watersheds with 
high alder cover; STAR-W and COTT-W represent sites with high upstream wetlands; 
STAR-C and COTT-C represent sites below the confluence of the alder and wetland 
streams.  
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Methods 
We selected sites in the lower mainstem of each of the six rivers, and a trio of sites in two different 
upper watersheds. Each trio included 1) a 1st order stream draining upper watersheds with high alder 
cover; 2) a 1st order stream draining an upper watershed with high peatland cover; and 3) the stream 
below the confluence of the two 1st order streams (Figure 3).   To assess alder cover, we used alder 
mapping completed previously by KBNERR (Walker et al. 2013).  For peatland cover, we used the 
Kenai Lowlands wetlands map (Gracz et al. 2010).  Specific locations for sampling were chosen 
based on previous knowledge of streams, access and property ownership. We delineated catchment 
boundaries with 1-m resolution LiDAR. 

 
 
Figure 3. Detail showing one of the trio of sites in the headwater regions. Dark green represents alder 

cover, light green represents peatlands. COTT-A is the stream sampling location for the high 
alder cover watershed; COTT-W is the stream sampling location for the high peatland cover 
watershed, and COTT-C is the location for the confluence sampling location.  

 
Streams were sampled in early and late October of 2016.  Sites were not sampled over the winter due 
to freeze up, and sampling began again soon after thaw in the spring in early May 2017, continuing 
through June.  Preliminary analysis of the fall 2017 samples revealed that one set of trios selected 
were located so close together spatially that the influence of alder and peatlands could not be 
separated. New candidate sites were chosen, sampled, and after analysis, we chose one of those new 
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sites (STAR-A, STAR-W and STAR-C) for continued water sampling.  Water samples were collected 
in 50ml duplicates in the field for analysis of total N (TN), NO3+NO2 (NOx-N), total P (TP), 
orthophosphate (PO4-P), and dissolved organic C (DOC).  Samples for dissolved nutrients were 
filtered in the field with a 0.45 μm filter (Whatman, Ltd., Maidstone, Kent, UK) and syringe. All 
samples were kept cool in the field and then frozen upon returning to the lab until delivery to Baylor 
University. At Baylor’s Center for Reservoir and Aquatic Systems Research  lab  they were analyzed 
on a  Lachat QuikChem 8500 series 2 continuous flow injection analyzer (Lachat Instruments, 
Loveland, Colorado, USA). DOC and TDC were analyzed using a Shimadzu TOC-Vcsh (Shimadzu 
Corporation, Kyoto, Japan). Dissolved inorganic carbon was calculated as TDC – DOC = DIC. All 
analyses followed standard methods (APHA 1998). Stream velocities and discharge measurements 
were made downstream of the chemistry samples using a Marsh-McBirney Flo-Mate™flow meter 
and a top-setting wading rod (Marsh-McBirney, Frederick, MD), following Lazorchak et al. (1998). 
Under moderate and baseflow conditions, we were able to collect discharge data by wading across the 
streams. However, we could not wade the streams in the spring, when snowmelt created high flow 
conditions.  To be able to collect discharge data during high flows, we devised a method using a 
small inflatable raft and climbing ropes to collect discharge at the lower river sites in early spring. 
This technique allowed us to capture the spring flush of nutrients as the landscape thawed (Figure 4). 
We plotted the results for each analyte over the time series to look for patterns in nutrients across 
sites and time.   
 

 
 
Figure 4. We used a raft and climbing rope pulley system as a floating foundation from which to get flow 

measurements when the water levels were too high to wade across.  
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Results 
Water chemistry plots were ordered according to the amount of peatlands, or alder (approximately) 
present in the basin watersheds (Figures 5-11).  
 

 
Figure 5.  Dissolved organic carbon (DOC) across the major watersheds over time, arranged from 

lowest to highest peatland cover.  
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Figure 6.  Dissolved inorganic nitrogen (NO3-N) across the major watersheds over time, arranged 

from highest to lowest alder cover.  

 
Figure 7.  Total phosphorous (TP) across the major watersheds over time, arranged from highest 

to lowest alder cover.   
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Figure 8. Total nitrogen across the major basins over the time series ordered by alder cover, from 

highest to lowest.  

 
Figure 9. Dissolved organic carbon (DOC) across the time series for the headwater alder, wetland 

and confluence sites.  
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Figure 10. Total nitrogen (top) and dissolved inorganic nitrogen (bottom) for the headwater sites. 
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Figure 11. Phosphorous values across the headwater sites over the time series.  
 
 
Discussion 
Nutrient patterns matched up to the sources in each basin, especially in the headwater sites. Where 
there is high alder cover, there is more nitrogen in the streams, and where there is high peatland 
cover, there is more carbon in the streams.  Phosphorous (P) levels were relatively high in all of the 
headwater locations over the time series, which corresponds to the known high P rich underlying 
geology of the Kenai Lowlands region (Walker et al. 2007).  The data clearly show that nitrogen and 
carbon derived from headwater stream sites is being transferred downstream, which confirms our 
hypothesis that export of headwater stream productivity is occurring.  A spring ‘flush’ of nutrients is 
noticeable in the lower river sites in early May samples, especially for DOC in the North Fork 
Anchor and Stariski Creek watersheds, which have high amounts of peatlands, and for inorganic N in 
the South Fork Anchor, which has high alder cover.  The long residence times, anoxic conditions and 
slow decomposition rates in the broad peatlands of the area favor high levels of dissolved organic 
carbon (DOC), and the combination of anoxic conditions, and high DOC also favors the export of 
organic nitrogen (N). The overall high total N values are in contrast to the very low dissolved 
inorganic N (NO2 and NO3) in the wetland sites (COTT-W and STAR-W), and in the lower Anchor 
River.  In June when biological activity was highest, inorganic N declined steeply, especially in the 
North Fork Anchor River, which has a high percentage of wetlands in the watershed.  This suggests 
biological uptake in these rivers, where the combination of high DOC and inorganic N encourages 
increased productivity (Robbins et al. 2017; King et al. 2015).  Indeed, inorganic N in the lower 
Anchor River was below detection in June, which is likely a reflection of stream size, warmer 
temperatures, and distance from N sources in the headwaters.  Overall there is less alder in the North 
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Fork of the Anchor River, and the alder that is present is located high in the watershed, so that there is 
a lot of opportunity for biological uptake along the length of the river.  These results emphasize that 
alder derived N is a very important source to the lower Anchor River (both North and South Forks), 
in particular.  This points to the value of aiming conservation measures at high alder watersheds, 
especially  where those watersheds support anadromous waters downstream (Figure 12).     

 
Figure 12.  The watersheds of the Kenai Lowlands, showing anadromous waters (pink) and 

headwater stream watersheds with high (over 10%) in green. Productivity of anadromous 
streams benefits greatly from nutrients exported downstream from alder growing in 
headwater stream catchments upstream.  These catchments should be considered as 
integral to the conservation of the anadromous waters they support.  
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In conclusion, the findings of this study support our hypothesis that alder and peatlands in the Kenai 
Lowlands are very important to stream productivity and riparian zones in headwater regions (Hiatt et 
al. 2017; King et al. 2012; Shaftel et al. 2011; Shaftel et al. 2012; Whigham et al. 2017), and that this 
productivity is being exported downstream, creating the potential for downstream biogeochemical 
hotspots (Robbins et al. 2017).  Results from this study clearly show that headwaters influenced by 
high contributions of alder and wetlands should be viewed as vital and complementary components 
that support downstream productivity, and that these headwaters should be considered in conservation 
efforts to protect and promote the productivity salmon-bearing streams downstream.   
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