
  

ABSTRACT 
 

Alder Cover Drives Nitrogen Availability and Decomposition of Grass Litter in 
Salmon-Rearing Headwater Streams, Kenai Peninsula, Alaska 

 
Rebecca S. Shaftel, M.S. 

 
Committee Chairperson: Ryan King, Ph.D. 

 
 

Terrestrial sources of nitrogen (N), such as N fixed by alder, may be important for 

sustaining production in headwater streams that typically lack subsidies of nutrients from 

spawning salmon.  High nutrient concentrations in streams increase litter decomposition 

and can offset the low nutrient quality of grass litter.  Alder cover was compared to 

watershed physiographic variables as predictors of stream N and contrasted over the 

growing season among 25 headwater streams.  Leaf packs of bluejoint grass were 

deployed for two months across a nutrient gradient of 6 headwater streams.  Alder cover 

explained over 75 – 96% of the variance in stream N.  Bluejoint breakdown rates were 

related to dissolved stream nutrient concentrations and litter quality.  A diversity of 

macroinvertebrate consumers utilized bluejoint for habitat and food.  Alder drives stream 

N concentrations and the breakdown rate of bluejoint, which is an important consumer 

resource during the summer months when deciduous litter inputs are low. 
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CHAPTER ONE 
 

 Introduction 
 
 

Nitrogen (N) limitation is common in streams, but can be mitigated by marine-

derived nutrients from spawning salmon (Naiman and others 2002).  Headwater streams 

that support upstream-dispersing juvenile salmon typically lack nutrient subsidies from 

adult salmon (Bryant, Zymonas, Wright 2004).  Terrestrial inputs, such as from N-fixing 

alder, may be important for fueling production in these ecosystems (Compton and others 

2003).  Watershed topography and seasonal changes in precipitation and temperature are 

also related to N export from the landscape (Schiff and others 2002; Kane and others 

2008) and may confound linkages between alder and stream N concentrations.  Alder 

cover was compared with watershed physiographic variables as drivers of the gradient in 

stream N concentrations in headwater streams of the Lower Kenai Peninsula, Alaska. 

Litter inputs to headwater streams are an important basal resource that supports 

microbial and macroinvertebrate consumers (Cummins and others 1989; Findlay 2010).  

Low quality litters, such as grass, break down more slowly than deciduous tree litter 

(Webster and Benfield 1986).  Dissolved stream nutrients that are utilized by microbes 

can offset the low nutrient quality of the litter (Suberkropp and Chauvet 1995).  

Decomposition of bluejoint grass, a dominant riparian plant species in Kenai lowland 

headwater streams, was examined among 6 streams that spanned a nutrient gradient to 

assess its breakdown rate, litter quality, and importance as habitat or food to 

macroinvertebrate consumers. 
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CHAPTER TWO 
 

Does Alder or Watershed Physiography Drive Nitrogen Availability in Salmon-Rearing 
Headwater Streams? 

 
 

Introduction 
 

Many stream ecosystems are nitrogen limited (Francoeur 2001; Dodds, Smith, 

Lohman 2002; Tank and Dodds 2003).  In streams with significant numbers of spawning 

salmon, marine-derived nutrients (MDN) can be a significant source of nitrogen and an 

important driver of primary and secondary production (Wipfli and others 1999; Gende 

and others 2002; Naiman and others 2002).  Headwater (first-order) streams may receive 

lower contributions of MDN because adult salmon can be limited to the lower reaches 

and only in streams with adequate gravels for spawning (Richardson and Danehy 2007), 

despite serving as rearing habitat for upstream-dispersing juvenile salmon (Bramblett and 

others 2002; Bryant, Zymonas, Wright 2004; Ebersole and others 2006).  Therefore, 

nitrogen (N) contributions from the surrounding landscape may be critical for enhancing 

nutritional quality and quantity of basal food resources that sustain juvenile salmon 

populations (Melillo, Aber, Muratore 1982; Suberkropp and Chauvet 1995; Chadwick 

and Huryn 2003). 

Alder (Alnus spp.) may increase N availability by contributing fixed N to the 

stream nutrient budget (Dugdale and Dugdale 1961; Stottlemyer and Toczydlowski 1999; 

Compton and others 2003).  Alder receives its N from a symbiotic relationship with 

bacteria of the genus Frankia that convert atmospheric N2 to NH3 for uptake by the plant.  

Alder has been shown to increase both ammonium (Stottlemyer and Toczydlowski 1999) 
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and nitrate soil concentrations (Rhoades and others 2001; Hurd and Raynal 2004; 

Mitchell and Ruess 2009) and also plant nitrogen concentrations directly beneath its 

canopy (Rhoades and others 2001).  There are several possible mechanisms through 

which alder-fixed N (AFN) may be transported to the stream: litterfall in riparian zones, 

soluble nutrients from riparian zones, or leaching and lateral transport by surface and 

groundwater from upland alder (Compton and others 2003; Stieglitz and others 2003; 

Cairns and Lajtha 2005).  Thus, streams located in watersheds with relatively high 

proportions of alder cover may experience greater N availability, potentially reducing N 

limitation of stream ecosystem processes.   

Watershed physiographic characteristics may indirectly affect the amount of 

terrestrial N reaching streams.  Watershed slope has been shown to affect the transport of 

terrestrial nutrients to streams by reducing flow path length and hydrologic residence 

time (Schiff and others 2002; Snyder and others 2003; Watmough and others 2004).  

Wetlands and riparian buffers in flat landscape positions with a high hydrologic residence 

time show increased nutrient uptake and denitrification (Hanson, Groffman, Gold 1994; 

Clement and others 2003; Sabater and others 2003).  For example, topographic wetness, 

an index used to quantify the control of topography on hydrologic processes and predict 

local wetness (Sorenson, Zinko, Seibert 2005), explained 68% of the variation in nitrate 

export in small, forested watersheds (Ogawa and others 2006).  Low watershed slopes, 

higher proportions of wetlands, and other physiographic attributes that increase transport 

time along biologically active surface flow paths are likely to reduce stream N 

concentrations because of increased uptake and denitrification. 
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Seasonal changes in precipitation and temperature may also interact with 

physiography to control terrestrial N inputs to streams.  Studies examining seasonal 

changes in stream N concentrations have found that precipitation (Stieglitz and others 

2003; Kane and others 2008) and precipitation variability (Kane and others 2008) both 

influence stream N through mobilization of nutrients from watersheds to streams.  

Similarly, watershed area and discharge are also related to increased stream N as larger 

watersheds experiencing larger flow regimes can more easily transport terrestrial 

nutrients (Creed and Band 1998; Schaefer, Hollibaugh, Alber 2009).  In regions with 

winter snowfall, a distinct pattern has emerged: spring flushing due to snowmelt 

coincides with maximum stream N whereas increased temperatures in summer months 

leads to nutrient uptake and denitrification and minimum stream N (Stottlemyer and 

Toczydlowski 1999; Schiff and others 2002; Golden and others 2009).  The spring peak 

has been attributed to high net N mineralization rates from decreased immobilization in 

unfrozen soil layers under an insulating snowpack (Stottlemyer and Toczydlowski 1999).  

Thus, the prediction of N availability in streams may be complicated by seasonal 

variations in precipitation, discharge, and temperature.  In addition, temporal variation in 

N inputs could limit basal resource production during critical periods for juvenile salmon 

growth, particularly during summer. 

The objectives of this study were to (1) empirically model the effect of alder 

cover on stream N concentrations, (2) evaluate the relative influence of other watershed 

physiographic variables that may confound the relationship between alder and stream N, 

and (3) contrast the relationship between the watershed predictors and stream N over 

three seasons.  The study was conducted in 25 small, salmon-rearing streams of the 
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Lower Kenai Peninsula, Alaska; a region with relatively diverse physiography (Gracz and 

others 2004) and a wide range of upland alder cover among watersheds.  Alder cover was 

expected to be an important predictor of stream N, but other physiographic variables such 

as watershed slope, wetland cover, topographic wetness, watershed area, elevation, and 

stream discharge were hypothesized to modulate or possibly confound this relationship 

due to the tendency of alder to occur more frequently on steep uplands (Table 1).  N 

concentrations were expected to peak early (May) and late (September) during the 

growing season due to snowmelt and precipitation, respectively, transporting terrestrial 

nutrients to streams, whereas increased nutrient uptake and denitification were expected 

to decrease N in streams during mid-summer (July). 

 
Methods 

 
 

Site Description 
 

Headwater streams of the Lower Kenai Peninsula are part of five major 

watersheds that flow westerly into Cook Inlet: Ninilchik River, Deep Creek, Stariski 

Creek, and the North and South Forks of the Anchor River.  The Lower Kenai Peninsula 

is largely undeveloped, with two small cities (population ~ 5,000 in 2005 census 

estimates) and less than 1% of its area in agricultural land (2007 Census of Agriculture, 

http://www.agcensus.usda.gov/index.asp).  The closest weather station to the study area 

is the Homer Airport, where total precipitation from 1932-2005 averages 63 cm (rain plus 

water equivalent of snow); approximately 13 – 18 cm of which are snow.  The average 

maximum temperature occurs in July at 16.1° C, and the minimum occurs in January 
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Table 1.  Landscape variables and effects on stream nitrogen. 
 

Landscape 
variables Hypothesized effect on stream nitrogen 

Correlation to 
stream N 
(+ or –) 

Alder cover More alder in a watershed will lead to more 
alder-fixed N 

+ 

Watershed slope Higher mean slope indicates shorter flowpaths 
and residence time to stream, reducing the  
opportunity for uptake and denitrification 

+ 

Topographic 
wetness index  

Higher mean TWI will correspond to longer 
hydrologic residence time increasing nutrient 
uptake and denitrification 

– 

Wetland cover Wetlands are located between uplands and 
streams in flat topographic positions with high 
hydrologic residence time increasing 
opportunity for uptake and denitrification 

– 

Watershed area Larger watersheds may cause dilution from 
increased discharge and longer flowpaths may 
provide for increased uptake 

– 

Watershed 
elevation 

Higher mean elevation related to colder 
streams with shorter growing season and high 
precipitation decreasing uptake and 
denitrification and increasing flushing  

+ 

Stream discharge Higher flows mobilize stream nutrients 
especially during rising limb of hydrograph, 
but may be related to dilution if sampling 
occurs after initial flush 

+ / – 

 
 
at -8.5° C (Western Region Climate Center, 

http://www.wrcc.dri.edu/summary/climsmak.html).   

The headwater streams included in this study are located between 71 and 539 m in 

elevation in the interior of the Lower Kenai Peninsula and likely experience warmer 

temperatures and more precipitation in the form of snow as compared to Homer, which is 

on the coast.  Vegetation consists of mixed forests dominated by lutz spruce (Picea 

lutzii), white spruce (Picea glauca), and paper birch (Betula papyrifera), interspersed 

with willow (Salix spp.) and alder (Alnus spp.) thickets and meadows dominated by 
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bluejoint reedgrass (Calamagrostis canadendis) and fireweed (Chamerion angustifolium) 

(Reynolds 1990; Viereck and others 1992).  Wetlands cover 43% of the area (Gracz and 

others 2004).  Southcentral Alaska forests suffered from a major spruce bark beetle 

epidemic in the 1990s causing high mortality in mature spruce (Werner and others 2006).  

Some areas have been logged allowing light penetration and domination by bluejoint 

reedgrass, while others contain a high percentage of standing dead spruce in the forest 

overstory.  Terrestrial phosphorus originates from volcanic ash layers deposited in soils 

(Dugdale and Dugdale 1961; Ping and Michaelson 1986).  Terrestrial nitrogen sources 

include several genera of N-fixing plants (for example, Myrica, Shepherdia, and Dryas), 

but primarily Alnus spp.  Atmospheric nitrogen deposition in Alaska is low, averaging 

0.58 kg ha-1 yr-1 (sum of ammonium and nitrate deposition for Denali National Park, 

National Trends Network, http://nadp.sws.uiuc.edu/NTN/).  

Twenty-five headwater streams (Figure 1) were sampled in 2009 to evaluate the 

effect of alder and other landscape variables on stream N concentrations.  ESRI® 

ArcMapTM 9.3 GIS software was used to locate accessible streams with a range of alder 

cover and mean topographic wetness indices (TWI), since both factors have been shown 

to affect stream N concentrations.  The streams layer originated from the United States 

Geological Survey's Digital Line Graph hydrography files, which are digital 

representations of 1:63,360 map features.  Map boundary lines were removed and streams 

were merged to create a complete streams dataset for the study area.  A roads layer 

developed by the Alaska Center for the Environment, which includes small logging 

roads, was used to select streams located within ¼ mile of a road.  The mean TWI for  
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Figure 1. Location map showing headwater stream sampling sites on the Lower Kenai 
Peninsula.  Watersheds are shaded by percent of alder cover.  Inset shows the location of 
the Lower Kenai Peninsula within Alaska.   
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each headwater stream pixel was calculated based on all pixels in the watershed with a 

higher elevation than the sampling site.  The TWI calculation is based on both watershed 

area and local slope: TWI = ln(A/tanβ); A – watershed area, β – local slope (Sorenson, 

Zinko, Seibert 2005).  Watershed area and local slope were calculated using a 60 m 

digital elevation model (DEM) and tools from the Spatial Analyst extension in 

ArcMapTM.  The 60 m DEM was the best available elevation data for the area and 

originates from the United States Geological Survey's National Elevation Dataset (Gesch 

and others 2002; Gesch 2007).  Other landscape variables calculated in GIS using the 

DEM included mean slope and mean elevation for each watershed.    

 
Sampling and Analysis 

 
Twenty headwater streams were sampled May 18-21, July 7-10, and September 8-

11, 2009 to encompass the early, middle, and late parts of the growing season.  An 

additional 5 headwater streams were sampled in July that were not reached in May and 

September due to logistical constraints during those field events.  Water samples were 

collected and analyzed for total nitrogen (TN), nitrate-nitrite-N (NOx-N), and ammonium 

(NH4-N).  Samples for dissolved nutrients were filtered in the field using a 0.45 µm filter 

and syringe.  Samples were analyzed on a flow-injection auto-analyzer (Lachat 

QuikChem 8500 and Series 520 XYZ Autosampler).  Analysis for NOx-N followed the 

cadmium reduction method (American Public Health Association 2005).  NH4-N was 

analyzed using the phenelate method (American Public Health Association 2005).  TN 

was digested in persulfate and sodium hydroxide, buffered in boric acid, and run as above 

for NOx-N (American Public Health Association 2005).  At each stream, instantaneous 



 

10 

discharge was measured using a Marsh-McBirney Flo-MateTM flow meter and a top-

setting wading rod.   

Alder cover polygons were hand-digitized in GIS for each watershed using 2003 

color satellite imagery from the Ikonos and Quickbird satellites (Figure 2).  Alder 

commonly forms communities where it is the dominant shrub cover with little or no 

forest canopy; these communities were selected for mapping and analysis.  Ground-

truthing of alder polygons was performed during stream sampling and included both 

riparian and upland alder in watersheds where it occurred close to site access points.  

Additional verification was based on field data points from the Western Kenai Soil 

Survey provided by the Natural Resources Conservation Service (Van Patten 2005).  The 

Wetland Mapping and Classification was also used to calculate percent wetland cover for 

each watershed in GIS (Gracz and others 2004). 

 

 
Figure 2. Amount and spatial arrangement of alder in two headwater stream watersheds.  
Alder cover is 22% and 6% for Sites 16 (left) and 1 (right), respectively. 
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Data Analysis 
 

The relationships between individual landscape variables (alder cover, wetland 

cover, mean TWI, mean slope, mean elevation, instantaneous discharge, and watershed 

area) and stream nutrient concentrations first were examined graphically using pairwise 

scatterplots and bubble plots (sizing points by a second independent variable).  Nutrient 

responses included TN, NOx-N, NH4-N, dissolved inorganic nitrogen (DIN = NOx-N + 

NH4-N), and daily NOx-N yield (g ha-1 d-1).  Based on this preliminary analysis, three 

landscape variables were selected for modeling: alder cover, mean TWI, and mean slope.  

The other landscape explanatory variables under consideration revealed weak to 

nonexistent relationships to stream nutrient concentrations and were highly unlikely to 

account for the modest unexplained variance left by other predictors (see Results).  In 

addition, NH4-N, TN, and DIN were not included in the statistical models.  No landscape 

explanatory variables showed any graphical relationships to NH4-N.  Both DIN and TN 

were strongly linearly related to NOx-N (r2 = 0.99 and 0.87, respectively); therefore, 

including them in further analysis was gratuitous because most of the DIN and TN was in 

the form of NOx-N.  Thus, only alder cover, mean TWI, and mean watershed slope were 

used as predictors of NOx-N and NOx-N yield in statistical analysis.   

Each watershed predictor was fitted to each of the response variables using 

generalized additive models (GAM).  Additive models are useful for modeling non-linear 

relationships when there is no a priori understanding of how the explanatory variable and 

response variables are related.  GAMs were fit using the mgcv library in R (Wood 2008; 

R Development Core Team 2009), which uses splines for smoothers and cross-validation 

to determine the optimal amount of smoothing.  In order to form the smoothers, the 
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gradient for the explanatory variable is divided into intervals and a cubic polynomial 

equation is fitted to each interval.  These segments are merged together to form the 

smoothers (Zuur and others 2009).  In datasets with small sample sizes, models selected 

by cross validation may be over-fit.  To avoid this problem, an upper limit was set on the 

degrees of freedom for the individual smoother in each model (k = 4). 

Landscape variables were used individually in models for comparison because 

many were spatially correlated, which could lead to inaccurate attribution of variation to 

an explanatory variable (King and others 2005; Zuur and others 2009).  The p-values 

obtained from GAM for smoothing splines are approximate and Zuur and others (2009) 

recommends that ecological significance only be attributed to smoothers with p-values ≤ 

0.001.  Significant models (p-values ≤ 0.001) for each response variable were compared 

using Akaike’s Information Criterion (AIC) for small-sample sizes and the Akaike 

weights, which are the probability that a given model is the best model in the set of 

models considered (Anderson, Burnham, Thompson 2000). AIC is a model selection 

criterion that considers the trade-off between model precision and model complexity.  It 

is calculated as two times the number of parameters in the model minus two times the 

maximum log-liklihood of the model; a lower AIC indicates a better model.  AIC for 

small sample sizes is used when the sample size divided by the number of parameters is 

less than 40 (Anderson, Burnham, Thompson 2000).  Fitted responses were contrasted 

among seasons using 95% confidence limits.     

 
Results 

 
Alder cover in the watersheds varied from no alder to over 28% cover (Table 2).  

The mean TWI for all 25 watersheds ranged from 11.4 to 14.1.  Mean slope ranged from 
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2 to 16%.  NOx-N concentrations for all 25 streams and three seasons ranged from 2.8 to 

1560 ug L-1 (Table 3).  NOx-N yield varied from less than 0.01 g to 13.11 g ha-1 d-1. 

The GAM model outputs showed that the only explanatory variable with a 

significant smoother for predicting NOx-N yield or NOx-N for all months was alder cover 

(Table 4, Figures 3 and 4).  The mean slope model had a significant smoother for both 

nutrient responses in May and also for NOx-N yield in July.  Alder cover explained 

between 75 – 96% of the variation in NOx-N and 83 – 89% of the variation in NOx-N 

yield.  Mean slope only explained 44% of the variation in NOx-N in May and ~50% of 

the variation in NOx-N yield in May and July.  Watersheds of varying slopes were spread 

out along the alder gradient, and inspection of mean slope versus NOx-N indicated that 

most of the correlation between slope and stream N was driven by an outlier. 

A comparison of the two competing models, alder cover and mean watershed 

slope, using AICc and wi showed that alder cover was the only probable model.  The 

minimum ΔAICc for slope as the second best model was 23 and the Akaike weight (wi) 

for alder (probability that it is the best model in the set of models being compared) was 

100% for all comparisons (NOx-N and NOx-N yield in May and NOx-N yield in July).  

Given the highly significant smoothers, the large amount of variation explained, and the 

model comparison results with the next best model (mean watershed slope), alder cover 

was selected as the best predictor of stream NOx-N and NOx-N yield.   

A linear fit was the best model explaining the relationship between alder cover 

and stream N in May (EDF = 1, Figures 3 and 5).  However, the unit effect of alder on 

NOx-N concentration was disproportionately higher at the highest alder cover during July 

and September, resulting in a non-linear relationship (EDF > 1).  NOx-N was 
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significantly lower in July than May at intermediate alder cover (3-20%), but was not 

different at levels above or below this range (Figure 5).  This effect was also apparent in 

September, but was more variable.   

NOx-N yield was also linearly related to alder cover in May (EDF=1, Figures 4 

and 5).  There was a significant decrease in the amount of NOx-N transported to the 

stream per unit area as a function of alder from May to July and September.  This 

relationship was significantly nonlinear during the latter two months, implying a greater 

yield of N per unit alder at the highest cover.   

 
Discussion 

 
The comparison of watershed physiographic features and alder cover in predicting 

stream N showed that alder cover far outweighed other predictors in explaining the 

variation in stream N.  Compton and others (2003) also observed a strong correlation 

between alder cover and stream N concentrations:  broadleaf cover (composed primarily 

of alder) explained 65% of the variation in the flow-weighted average annual stream 

nitrate concentrations.  Although other studies have shown that alder cover correlates to 

stream N concentrations, this is the first to show such an impressively strong relationship 

over several seasons and that alder clearly outweighs other watershed physiographic 

variables in predicting stream N.   

The range of N concentrations in the 25 headwater streams of the Kenai Peninsula 

(0.002 – 1.560 mg L-1) is similar to other low order streams with alder.  In 26 streams of 

the Oregon Cascade Range, stream NO3-N concentrations ranged from 0.074 – 2.429 mg 

L-1 over a one-year sampling period (Compton and others 2003).  The lower range found 

in the Alaskan streams is likely due to less alder cover; maximum cover in the Alaskan 
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Table 2. Watershed characteristics. 
 

Site Major River 
Watershed 

Area 
(km2) 

Mean 
Elevation 

(m) 

Mean  
Slope  
(%) 

Mean  
TWI 

Alder  
Cover  
(%) 

Wetland 
Cover  
(%) 

0 S.F. Anchor R. 2.0 345 7.6 12.4 1.1 29.6 
1 S.F. Anchor R. 3.7 421 8.7 12.1 6.3 14.7 
2 S.F. Anchor R. 5.3 247 8.1 12.3 5.9 50.8 
3 S.F. Anchor R. 6.3 196 7.2 12.5 4.1 56.5 
4 S.F. Anchor R. 2.4 272 15.8 11.4 20.1 15.6 
5 S.F. Anchor R. 5.1 235 7.5 12.4 21.8 36.9 
8a S.F. Anchor R. 7.0 430 5.2 12.8 6.9 57.0 
10 S.F. Anchor R. 3.3 411 7.6 12.6 12.6 35.2 
16 S.F. Anchor R. 4.0 344 10.6 12.0 28.2 22.7 
18 Stariski Cr. 2.9 143 4.3 12.9 0.5 14.7 
19 N.F. Anchor R. 2.6 332 7.7 12.4 17.2 23.3 
20a N.F. Anchor R. 1.8 324 8.4 12.1 22.8 22.3 
21 N.F. Anchor R. 5.7 279 4.4 13.0 3.2 48.6 
22 Stariski Cr. 3.5 377 8.1 12.4 9.7 22.9 
25 Deep Cr. 6.4 539 10.1 12.1 0.9 33.7 
28a Deep Cr. 1.8 460 9.8 12.0 0.0 18.8 
30 Deep Cr. 1.9 353 6.1 12.4 1.0 14.1 
31 Deep Cr. 4.1 368 5.0 12.7 0.0 17.6 
34a Deep Cr. 2.5 338 5.6 12.8 3.6 31.0 
37a Ninilchik R. 1.1 188 3.5 12.9 1.2 23.0 
39 Ninilchik R. 12.6 388 6.5 12.6 3.4 33.6 
40 Ninilchik R. 11.9 439 5.3 12.8 2.0 27.4 
42 N.F. Anchor R. 8.2 156 4.0 13.2 0.6 36.1 
43 Stariski Cr. 4.1 84 1.5 13.9 0.0 70.3 
44 Ninilchik R. 9.8 71 1.6 14.1 0.3 63.3 
a Five sites were only sampled in July.   
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Table 3. Stream discharge, flow, and nutrient concentrations.   
 

Site Discharge  
(m3 s-1) 

Flow  
(m s-1) 

NOx-N  
(µg L-1) 

NH4-N  
(µg L-1) 

Total 
Nitrogen  
(µg L-1) 

Daily  
NOx-N 
Yield  

(g ha-1) 
0 0.01-0.023 0.18-0.24 117-342 6-31 247-420 0.51-3.28 
1 0.015-0.041 0.16-0.31 241-468 17-46 374-564 0.86-4.42 
2 0.022-0.06 0.26-0.41 26-459 5-17 260-552 0.1-4.53 
3 0.032-0.062 0.08-0.12 98-339 10-31 266-510 0.43-2.87 
4 0.014-0.029 0.1-0.3 768-1210 8-17 884-1260 4.68-12.66 
5 0.018-0.046 0.15-0.52 1100-1560 2-3 1250-1650 3.43-10.34 
8a 0.011 0.06 43 10 260 0.06 
10 0.015-0.023 0.09-0.17 284-618 3-19 351-617 1.13-3.76 
16 0.022-0.042 0.09-0.38 1120-1420 8-31 874-1540 5.24-13.11 
18 0.017-0.035 0.13-0.24 33-63 3-10 255-578 0.22-0.51 
19 0.017-0.032 0.14-0.21 152-662 7-21 528-773 1.58-4.8 
20a 0.008 0.17 955 17 1200 3.67 
21 0.031-0.056 0.09-0.17 60-226 29-63 316-539 0.51-1.32 
22 0.016-0.034 0.24-0.35 123-404 6-17 311-862 1.04-2.1 
25 0.011-0.014 0.1-0.12 3-19 2-5 123-179 0.01-0.04 
28a 0.016 0.18 23 3 93 0.18 
30 0.014-0.019 0.18-0.26 22-61 2-3 130-420 0.19-0.4 
31 0.028-0.062 0.27-0.59 7-43 4-21 123-163 0.05-0.55 
34a 0.016 0.10 57 19 309 0.31 
37a 0.012 0.07 85 6 376 0.76 
39 0.044-0.063 0.2-0.39 21-88 3-26 196-249 0.08-0.38 
40 0.053-0.07 0.12-0.19 33-75 2-7 154-228 0.13-0.38 
42 0.069-0.138 0.09-0.4 13-30 18-94 267-617 0.18-0.25 
43 0.017-0.022 0.05-0.17 10-14 4-16 204-273 0.04-0.06 
44 0.036-0.041 0.25-0.35 13-33 7-16 207-431 0.05-0.12 
a Five sites were only sampled in July.  Discharge, flow, and nutrient data are from July 
rather than ranges across three months. 
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Table 4.  Results of GAM fits for NOx-N and daily NOx-N yield.  
 
Response Month Predictor Smoother p-value R2 EDFa 
NOx-N  May Alder <<0.001 0.92 1 
NOx-N  May Mean slope <0.001 0.44 1 
NOx-N  May Mean TWI 0.02 0.36 1.6 
NOx-N  July Alder <<0.001 0.96 2.4 
NOx-N  July Mean slope 0.006 0.26 1 
NOx-N  July Mean TWI 0.06 0.21 1.4 
NOx-N  September Alder <<0.001 0.75 1.7 
NOx-N  September Mean slope 0.02 0.24 1 
NOx-N  September Mean TWI 0.05 0.18 1.3 
NOx-N  yield May Alder <<0.001 0.85 1 
NOx-N  yield May Mean slope <0.001 0.51 1 
NOx-N  yield May Mean TWI 0.003 0.48 1.9 
NOx-N  yield July Alder <<0.001 0.83 2 
NOx-N  yield July Mean slope <0.001 0.50 1.8 
NOx-N  yield July Mean TWI 0.002 0.45 2.2 
NOx-N  yield September Alder <<0.001 0.89 1.8 
NOx-N  yield September Mean slope 0.002 0.41 1 
NOx-N  yield September Mean TWI 0.01 0.36 1.7 
a The effective degrees of freedom (EDF) represent the amount of smoothing: 1 
indicates a linear fit and high values (8-10) means that a curve is highly non-linear 
(Zuur and others 2009). 
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Figure 3.  Percent alder cover and NOx-N for all months.  Points are sized according to 
mean slope.   
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Figure 4.  Percent alder cover and daily NOx-N yield for all months.  Points are sized 
according to mean slope.   
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Figure 5. Seasonal GAM fits for all three months for NOx-N concentration (top) and daily 
NOx-N yield (bottom). 
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watersheds was 28% compared to > 50% in the Oregon streams.  Another study from 

Oregon reported lower NO3-N concentrations, ranging from < 0.1 – 0.35 mg L-1 (Cairns 

and Lajtha 2005).  Alder cover was not examined in this study although it was listed as a 

potentially important factor affecting the variability in stream N.  A sampling of 48 

streams in Oregon during a fall storm event reported a maximum NO3-N concentration of 

10.66 mg L-1 with a median of 2.91 mg L-1 (Wigington and others 1998).  NO3-N 

variation in these streams was also attributed to alder cover although their vegetation 

characterization did not include a specific alder class.   

In this study, peak stream N concentrations were observed in May for the 20 

streams sampled seasonally.  Both NOx-N and daily NOx-N yield decreased substantially 

for all watersheds from May to July and September (Figure 5).  Other studies conducted 

in regions with winter snowpacks have observed a peak in nitrate exports during spring 

snowmelt and a summer minimum due to increased uptake and denitrification (Creed and 

Band 1998; Stottlemyer and Toczydlowski 1999; Schiff and others 2002; Golden and 

others 2009).  The sampling event in the third week of May likely missed the true peak in 

stream N concentrations due to snowmelt as average daily temperatures in Homer were 

above freezing after April 10, 2009 (NCDC data summary for Homer Airport) and there 

was no snow remaining at the time of sampling.   The September sampling event in this 

study occurred after significant rainfall in August that continued until sampling the 

second week of September.  Terrestrial AFN may have already been flushed into streams 

prior to the sampling in September.  The maximum stream N concentrations for these 

streams likely occurred in spring or fall and may be much higher than the concentrations 

observed during this study. 
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The non-linear fits for both stream N responses in July and September indicate a 

decrease in the export of NOx-N from watersheds with medium alder cover and an 

increased export of NOx-N in watersheds with high cover.  One hypothesis for the 

seasonal change in the relationship between alder and stream NOx-N concentrations 

could be that the sites with decreased export also have lower mean slope allowing for 

longer water residence time and increased groundwater contact with the rooting zone 

increasing nutrient uptake during the peak of the growing season.  However, neither 

mean slope nor topographic wetness correlates to alder cover (Figures 3 and 4) and 

graphical analysis of residuals implied that most of the variance explained by slope on N 

was attributed to alder, but not vice-versa.  Therefore, something else is contributing to 

the varying rates of NOx-N export along the range of alder cover later in the growing 

season.  Another possible explanation is that N saturation is occurring in the watersheds 

with high alder cover and high NOx-N export.  Pure alder stands have been shown to fix 

N at rates of 100-200 kg N ha-1 annually (Binkley, Cromack, Baker 1994).  Rates well 

below that resulted in N saturation at a fertilizer plant on the Kenai Peninsula.  Annual 

deposition of NH4-N up to 21 kg N ha-1 correlated to high nitrification rates in soils and 

nutrient imbalances in vegetation close to the plant (Whytemare and others 1997).  At 

sites with greater than 15-20% alder cover, nutrient uptake rates may not exceed export 

of AFN, resulting in increased NOx-N reaching streams later in the growing season. 

Headwater streams on the Lower Kenai Peninsula provide important rearing 

habitat for several species of juvenile salmon in addition to resident fish species.  

Spawning salmon are not abundant in these small, first order systems; which limits the 

amount of MDN available for production.  This study showed that alder is strongly 
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related to stream N, which benefits stream food webs by providing an inorganic nutrient 

source for heterotrophic organisms breaking down N-poor organic material.  In addition, 

many studies of terrestrial vegetation on the Kenai Peninsula have shown that N is 

limiting to productivity (Laughlin, Smith, Peters 1984; Goodman and Hungate 2006).  

Riparian zones with alder or along flowpaths below alder may also receive N subsidies, 

resulting in increased litter quality and biomass immediately adjacent to streams.  The 

timing of maximum stream N from alder in the spring and fall coincides with salmon fry 

emergence and plant senescence and leaf fall, respectively.  Future work should focus on 

the importance of this N subsidy to stream food webs supporting juvenile salmon. 
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CHAPTER THREE 
 

Breakdown Rates, Nutrient Quality, and Macroinvertebrate Colonization of Bluejoint 
Grass Litter in Headwater Streams 

 
 

Introduction 
 

Energy inputs to headwater streams are dominated by allochthonous resources 

due to their narrow channels and overhanging vegetation (Benfield 1997; Richardson and 

Danehy 2007; but see Thorp and Delong 2002).  These inputs provide an important 

carbon source for microbial and macroinvertebrate consumers that directly utilize leaf 

litter (Cummins and others 1989; Graca 2001; Findlay 2010) and also for higher trophic 

levels, such as macroinvertebrate predators and fish (Junger and Planas 1994; Doucett 

and others 1996; Perry, Bradford, Grout 2003).  Most studies examining the fate of 

terrestrial litter inputs in headwater streams have focused on deciduous shrub and tree 

leaves (Wipfli, Richardson, Naiman 2007; Tank and others 2010), although other organic 

matter inputs, such as woody debris, mosses, and grasses, may also contribute to the 

organic matter budget in small streams (McTammany, Benfield, Webster 2008; 

Leberfinger and Bohman 2010). 

Grasses have received little attention as an allochthonous resource, most likely 

due to conclusions from several studies that their low nutrient quality makes them a poor 

food resource for macroinvertebrate consumers (Webster and Benfield 1986; Menninger 

and Palmer 2007).  However, many types of stream ecosystems receive substantial inputs 

of allochthonous grass litter, including large grassland streams (Huryn and others 2001; 

Zeug and Winemiller 2008), agricultural streams with deforested riparian areas 
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(Menninger and Palmer 2007), or small open-canopied streams (Niyogi, Simon, 

Townsend 2003; Leberfinger and Bohman 2010).  There have been a wide range of 

conclusions about the importance of grasses to stream consumers, with some studies 

suggesting that grasses are a poor food resource or habitat (Scarsbrook and Townsend 

1994) or minimally consumed by macroinvertebrates relative to deciduous tree litter 

(Leberfinger and Bohman 2010).   However, others studies found grass litter to be an 

important carbon source, contributing a large proportion of the energy used in biomass 

formation by macroinvertebrates (Huryn and others 2001) and fish (Zeug and Winemiller 

2008).  Despite their poor nutritional quality, grasses may be an important energy 

resource when they dominate the riparian communities of stream ecosystems.  

Litter nutrient quality plays an important role in the initial conditioning of 

allocththonous litter by microbes (Barlocher 1985) and subsequent consumption by 

macroinvertebrates (Haapala, Muotka, Markkola 2001; Hladyz and others 2009).  Low 

nutrient litter tends to break down slowly (Gessner and Chauvet 1994; Richardson, 

Shaughnessy, Harrison 2004), but can be enhanced by dissolved nutrients in the 

surrounding stream water (Suberkropp and Chauvet 1995).  Experimental nutrient 

additions of nitrogen and phosphorus have been shown to increase decomposition rates 

(Robinson and Gessner 2000; Gulis and Suberkropp 2003) and increase 

macroinvertebrate (Robinson and Gessner 2000), bacterial (Gulis and Suberkropp 2003), 

and fungal biomass (Gulis and Suberkropp 2003; Niyogi, Simon, Townsend 2003).  

Breakdown rates of nutrient-poor carbon sources such as grass may be particularly 

enhanced by dissolved nutrient subsidies (Ferreira, Gulis, Graca 2006; Greenwood and 

others 2007).  Thus, dissolved nutrient concentrations in streams may be an important 
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factor driving utilization of grasses as a carbon source to microbes and higher tropic 

levels. 

This study was conducted in 6 small, first-order streams on the lower Kenai 

Peninsula, Alaska.  Headwater streams in this region are frequently open canopied and 

bordered by extensive riparian wetlands dominated by bluejoint grass (Calamagrostis 

canadensis). Due to their small size, these streams receive little to no subsidies of marine-

derived nutrients or carbon from adult salmon.  But, they support juvenile salmonids, 

particularly coho salmon (Oncorhynchus kisutch) and Dolly Varden (Salvelinus malma) 

that disperse upstream from spawning areas in larger reaches downstream.  Because grass 

is the dominant input of terrestrial organic matter, it could be an important energy source 

for macroinvertebrate consumers and the juvenile salmonids that feed on them.  The 6 

streams spanned a nutrient gradient caused mostly by differences in alder cover, a 

nitrogen-fixing shrub that contributes most of the dissolved nitrate to streams in this 

region (Shaftel, King, Back; in review).  The objectives of this study were to (1) estimate 

breakdown rates of bluejoint grass, (2) contrast breakdown rates and nutrient quality of 

litter across a nutrient gradient spanning the 6 streams, and (3) evaluate 

macroinvertebrate colonization and temporal succession of community structure on leaf 

packs.  We hypothesized that the bluejoint breakdown rate, litter nutrient quality, and 

macroinvertebrate abundance would be positively associated with higher stream nutrient 

concentrations. 
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Methods 
 
 

Study Area 
 

Headwater streams of the Lower Kenai Peninsula are part of 5 major watersheds 

that flow westerly into Cook Inlet: Ninilchik River, Deep Creek, Stariski Creek, and the 

North and South Forks of the Anchor River.  The Lower Kenai Peninsula is largely 

undeveloped, with 2 small cities (population ~ 5,000 in 2005 census estimates) and less 

than 1% of its area in agricultural land (2007 Census of Agriculture, 

http://www.agcensus.usda.gov/index.asp).  The closest weather station to the study area 

is the Homer Airport, where total precipitation from 1932-2005 averages 63 cm (rain plus 

water equivalent of snow); approximately 13 – 18 cm of which are snow.  The average 

maximum temperature occurs in July at 16.1° C, and the minimum occurs in January at -

8.5° C (Western Region Climate Center, 

http://www.wrcc.dri.edu/summary/climsmak.html).   

The headwater streams included in this study are located between 71 and 439 m in 

elevation in the interior of the Lower Kenai Peninsula and likely experience warmer 

temperatures and more precipitation in the form of snow as compared to Homer, which is 

on the coast.  Vegetation consists of mixed forests dominated by lutz spruce (Picea 

lutzii), white spruce (Picea glauca), and paper birch (Betula papyrifera), interspersed 

with willow (Salix spp.) and alder (Alnus spp.) thickets and meadows dominated by 

bluejoint (Calamagrostis canadendis) and fireweed (Chamerion angustifolium) 

(Reynolds 1990; Viereck and others 1992).  Wetlands cover 43% of the area (Gracz and 

others 2004).  Terrestrial phosphorus originates from volcanic ash layers deposited in 

soils (Dugdale and Dugdale 1961; Ping and Michaelson 1986).  Terrestrial nitrogen 
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sources include several genera of N-fixing plants (for example, Myrica, Shepherdia, and 

Dryas), but primarily Alnus spp.  Atmospheric nitrogen deposition in Alaska is low, 

averaging 0.58 kg ha-1 yr-1 (sum of ammonium and nitrate deposition for Denali National 

Park, National Trends Network, http://nadp.sws.uiuc.edu/NTN/).  

The streams selected for this study are all first-order streams of similar size.  

Watershed area ranged from 3.3 to 11.9 km2 and streams were located between 71 and 

439 m in elevation (Table 5).  Instantaneous discharge measured during the 8 week study 

ranged from 0.02 to 0.09 m3/s.  The riffles within and among streams were selected so 

that depths and velocities experienced by deployed leaf packs were similar, minimizing 

differences in breakdown due to physical processing.  At leaf pack deployment, 4 

velocity measurements were made at each rack in front of each pair of leaf packs (see 

Leaf packs for a description of the experimental setup).  The mean velocity for the 5 

racks within each of the 6 streams ranged from 0.21 to 0.34 m/s.  Riparian vegetation was 

dominated by bluejoint in most of the selected streams (Fig. 6), although both willow and 

alder also grew in the riparian areas of some streams.  Tree species that occurred at low 

densities in the riparian area included white spruce and birch. 

 
Leaf Packs 

 
Bluejoint was collected and deployed in leaf packs in 6 streams.  Senesced 

bluejoint was collected from the riparian zone of Stream 44, the most nutrient poor 

stream, in May for preparation of leaf packs.  Most leaf decomposition studies collect 

senesced leaf material just as it falls off the tree in the fall for immediate placement into 

streams (Robinson and Gessner 2000; Gulis and Suberkropp 2003; Chadwick and others  
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Table 5. Watershed characteristics and stream water chemistry for 6 streams.  Stream water chemistry and discharge are means (SE) 
for samples taken over the course of the leaf decomposition experiment (n = 5).  Stream velocity is an average of 4 measurements 

taken at each of the 5 racks in each stream measured at initial deployment 1-6 June 2009. 
 

Stream 1203 22 619 44 171 545 
Watershed Anchor Stariski Ninilchik Anchor Stariski Ninilchik 
Area (km2) 3.3 3.5 11.9 8.2 4.1 9.8 
Mean elevation (m) 411 377 439 156 84 71 
Velocity (m/s) 0.21 (0.03) 0.34 (0.03) 0.29 (0.02) 0.36 (0.03) 0.31 (0.03) 0.32 (0.03) 
Discharge (m3/s) 0.02 (0.001) 0.02 (0.004) 0.07 (0.009) 0.09 (0.013) 0.04 (0.01) 0.05 (0.009) 
NH4-N (ug/L) 6.1 (2.1) 7.1 (2.4) 3.4 (0.6) 20.7 (3.7) 2.9 (0.2) 8.1 (3) 
NOx-N (ug/L) 323.2 (32.2) 331.7 (37.9) 39.7 (4.8) 26.3 (2.4) 9 (1) 26.9 (5.1) 
DIN (ug/L) 329.3 (33.4) 338.8 (37.4) 43.1 (5.3) 47 (4.1) 11.9 (1.1) 35 (7.9) 
TN (ug/L) 511 (109) 488 (46.3) 205.6 (24) 335.7 (66.9) 285.6 (26.2) 344.2 (57.7) 
PO4-P (ug/L) 52.5 (1.9) 40.2 (3.2) 28.2 (3.3) 37.9 (4.6) 18.8 (2.1) 26 (5) 
TP (ug/L) 59.3 (4) 54.4 (5.3) 43.7 (2.8) 82.5 (8.7) 50.8 (6.7) 49.8 (6.3) 
DOC (mg/L) 2.1 (0.1) 4.1 (0.3) 2.9 (0.3) 6.3 (0.4) 6.7 (0.2) 6.3 (0.4) 
Temperature (°C) 7.27 (0.16) 4.52 (0.17) 7.05 (0.19) 7.92 (0.24) 11.87 (0.23) 11.07 (0.22) 
Conductivity (µS/cm) 72.8 (5.3) 53.3 (5.5) 75.7 (6.5) 68.3 (8.6) 85.5 (11.4) 76.5 (9.4) 
pH 7.8 (0.2) 7.6 (0.2) 7.9 (0.1) 7.3 (0.1) 7.1 (0.1) 7.6 (0.1) 
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Figure 6. Headwater stream valley bottom (left) and stream reach (right).  Bluejoint is a 
dominant riparian vegetation species and dead litter reaches streams through lateral 
transport or from overhanging banks. 
 
 
2006).  But, several studies have also compared leaf decomposition between fall and 

spring and observed increased decomposition during spring, which has been attributed to 

warmer temperatures increasing leaching losses and microbial activity (Graca, Ferreira, 

Coimbra 2001) and higher nutrient content of green leaf fall during the summer (Lopez, 

Pardo, Felpeto 2001).  The leaf material collected for this study was dead leaf litter from 

the previous year that enters streams the following spring snowmelt, which likely 

represents the largest litter pulse of the year (Huryn and others 2001).  

The leaf material was air-dry at collection time and stored less than 2 weeks prior 

to deployment in early June.  Starting leaf material was analyzed for C, N, and P to 
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determine initial concentrations.  Constructed leaf packs contained approximately 5 

grams (±0.1 grams) of air-dried leaf material.   

Forty leaf packs were assembled for each stream and 8 leaf packs were attached to 

each of 5 racks of wire mesh deployed in separate riffles at least 10 m apart in early June.  

The wire mesh racks were placed across the stream bed and anchored using rebar and 

rocks.  Leaf packs were moistened with deionized water prior to deployment to minimize 

breakage losses and attached to the racks using zip-ties.  A total of 240 leaf packs were 

deployed in the 6 streams.  A set of 5 leaf packs were deployed in Stream 545 and 

retrieved immediately to determine handling losses (Hauer and Lamberti 2006).  The 

oven-dry weight of the handling loss leaf packs was averaged to determine the initial 

starting weight of the leaf packs for mass loss calculations. 

Leaf packs were left to incubate over 8 weeks and 10 bags (2 from each rack) 

were randomly collected every 2 weeks in each stream and placed into individual Ziploc 

bags to avoid loss during transport.  Upon return to the lab, each leaf pack was rinsed 

over 2 nested sieves, 1 mm and 250 µm, to remove adhering debris and 

macroinvertebrates.  Leaf material collected from the 1 mm sieve consisted of coarse 

particulate organic material (CPOM, ≥ 1 mm) that had not yet decomposed to fine 

particulate organic matter (FPOM, <1 mm).  The CPOM was transferred from the 1 mm 

sieve to a plastic boat, dried at 65 C for 24 hours, placed into a desiccator to cool, and 

weighed for oven-dry mass.  Large macroinvertebrates picked from the 1 mm sieve and 

all organic material and organisms in the 250 µm sieve were preserved in 10% buffered 

formalin.  Two leaf packs were lost during the experiment: 1 leaf pack from Stream 545 

at 8 weeks and 1 leaf pack from Stream 171 at 4 weeks. 
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Oven-dried leaf material was initially homogenized using a coffee grinder and 

sub-sampled for secondary homogenization into a powder using a Mini Beadbeater™.  

Sub-samples of powdered leaf material (20 – 600 mg depending on amount of leaf 

material remaining) were placed into aluminum weigh pans, dried at 60° C overnight, 

placed into a desiccator to cool, and weighed to obtain an initial sample weight for ash-

free dry mass (AFDM) calculations.  Samples were then ignited at 550° C for 2 hours and 

weighed again (Heiri, Lotter, Lemcke 2001).  AFDM (%) was calculated for each 

subsample by subtracting the final weight (ash) from the initial sample weight and 

dividing by the initial sample weight.  The oven-dry mass for each leaf pack was 

multiplied by the percent AFDM to remove the effect of sediments and inorganic 

material on leaf mass.  Approximately 6 to 8 mg of powdered leaf material was weighed 

into 5 by 9 mm aluminum tins and carbon (% C) and nitrogen (% N) were estimated on a 

ThermoQuest Flash EATM 1112 elemental analyzer.  Phosphorus (% P) was estimated 

from digestions of 1 to 3 mg of material on a Lachat QuikChem 8500 flow-injection 

autoanalyzer using the molybdate colorimetric method (Faerovig and Hessen 2003). 

Preserved macroinvertebrates were identified and counted for all leaf packs 

collected at 8 weeks and also for the leaf packs from Stream 1203 for 2, 4, and 6 weeks.  

Macroinvertebrates were identified to genus for most insect orders, except for 

Chironomidae, which were keyed to subfamily; Simuliidae, which were keyed to family; 

and early instars that could not be identified below order or family (Wiederholm 1983; 

Wiggins 1996; Merritt, Cummins, Berg 2008).  The remaining macroinvertebrate classes 

were keyed to either class or order (e.g. bivalves, gastropods, hydracaranids, etc.; Thorp 
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and Covich 2001; Voshell 2002).  Taxonomic references were also used to review 

feeding habits for the macroinvertebrate taxa. 

 
Stream Physical and Chemical Parameters 

 
Water temperature data loggers (HOBO® Pro v2) deployed in each stream 

collected readings every 15 minutes for the entire decomposition study.  In addition, 

water samples were collected for nutrient analysis, and in-situ water chemistry and 

stream discharge were measured simultaneously with leaf deployment and retrieval.  A 

YSI 556 Multiprobe System was calibrated before each biweekly field event and used to 

measure pH and conductivity.  Calibrations were checked each evening.  Instantaneous 

discharge was measured using a Marsh-McBirney Flo-MateTM flow meter and a top-

setting wading rod.  Water samples were analyzed for total nitrogen (TN), nitrate-nitrite-

N (NOx-N), ammonium (NH4-N), total phosphorus (TP), orthophosphate (PO4-P), and 

dissolved organic carbon (DOC).  Samples for dissolved nutrients were filtered in the 

field using a 0.45 µm filter and syringe.  All water samples except for DOC were 

analyzed according to Standard Methods for Water and Wastewater (American Public 

Health Association 2005) on a flow-injection auto-analyzer (Lachat QuikChem 8500 and 

Series 520 XYZ Autosampler).  Analysis for NOx-N followed the cadmium reduction 

method.  NH4-N was analyzed using the phenelate method.  TN was digested in 

persulfate and sodium hydroxide, buffered in boric acid, and run as above for NOx-N.  

Stream NOx-N and NH4-N were summed to determine dissolved inorganic nitrogen 

(DIN).  Water samples were analyzed for PO4-P using the ammonium-molybdate 

method.  TP samples were digested in persulfate and analyzed as above for PO4-P.  DOC 

samples were acidified using 50 µl of 6N HCl and analyzed using the high temperature 



 

34 

combustion method on a Shimadzu TOC-VCSH Analyzer and ASI-V Autosampler 

(American Public Health Association 2005).   

 
Data Analysis 

 
All leaf decomposition endpoints (leaf mass; % C, % N, and % P; and 

macroinvertebrate abundances) were averaged for the 2 leaf packs collected off of each 

rack for a single time period.  This simplified the data set to 5 replicates each in 6 streams 

for every biweekly sampling period.  Mass loss was approximated using an exponential 

decay model: Mt = M0e-kt; where Mt is the mass at time t, M0 is the initial mass, k is the 

exponential decay coefficient, and t represents time (Graca, Barlocher, Gessner 2005).  

Decay coefficients were calculated as a function of time in days and temperature degree 

days.  Degree days were calculated by summing the average daily temperature for each 

incubation period in the individual streams.   

Mean leaf % N and % P were compared to dissolved stream nutrient 

concentrations (DIN and PO4-P) for each sampling period (2, 4, 6, and 8 weeks) to 

examine the relationship between dissolved nutrient availability and microbial 

colonization (as inferred by increased litter quality, Barlocher 1985).  DIN was log-

transformed to improve normality.  Stream nutrient concentrations were means of the 

samples collected prior to the sampling period (e.g. mean of 0 and 2 weeks for the 2 week 

regression, mean of 0, 2, and 4 weeks for the 4 week regression, etc.).  A weighted 

regression model was used with stream nutrient concentrations predicting leaf % N and 

% P for each sampling period.  The mean leaf % N and % P were weighted by 1/s2; the 

variance was based on the 5 racks within each stream.    
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Weighted regression was also used to examine the importance of stream nutrient 

concentrations, leaf nutrient quality (as a proxy of microbial colonization), and 

macroinvertebrate indices (total no./g and total taxa per leaf pack) as predictors of the 

breakdown rate for all 6 streams.  Means over the 8 week study were used for stream 

nutrient concentrations and leaf nutrient quality; macroinvertebrate indices were from 8 

weeks.   

Individual taxa abundances counted on each leaf pack at week 8 were 

standardized to numbers per mass remaining in g and log-transformed (log(x+1)).  Non-

metric multidimensional scaling (NMDS) was used to ordinate the multivariate 

macroinvertebrate community abundance data for the 5 racks in each of the 6 streams at 8 

weeks.  The Bray-Curtis distance measure was used to transform the species matrix.  The 

ordination was rotated to match the breakdown rate.  Sites were sorted along the first axis 

and the second axis was strongly driven by unique taxa present in one site.  For this 

reason, the NMDS axis 1 scores were used to describe differences in macroinvertebrate 

community structure among the 6 streams in remaining analyses.  The NMDS axis 1 

scores were used to predict the breakdown rate in a weighted regression to examine the 

relationship between macroinvertebrates and leaf decomposition.  In addition, weighted 

averages were calculated from the NMDS ordination for the 27 taxa that occurred in 

more than 1 stream.  The weighted average scores from NMDS axis 1 were used to 

examine species locations along the stream gradient.   

To evaluate macroinvertebrate community succession over time on the leaf packs 

in Stream 1203, NMDS was run (as described above) on the taxa abundances for the 2, 4, 

6, and 8 week sampling periods.  Successional vectors were used to show the direction 
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and magnitude of colonization from 2 to 8 weeks.  A multivariate permutation procedure 

was used to assess differences in community composition between time periods.  

Indicator species analysis (ISA) was used to evaluate taxa significantly associated with 

each time period.  ISA combines the relative abundance (concentration of abundance into 

a particular group) and relative frequency (proportion of sites in each group that contain 

the species) to calculate an indicator value for each species (McCune and Grace 2002).  A 

species is assigned to the group where it has the highest indicator value and a permutation 

test (n = 500) is run to evaluate the probability that the indicator value is higher than 

could be obtained by chance. 

All data analyses were performed in the R statistical program (2.10.1, Vienna, 

Austria, R Development Core Team 2009).  The nlme library was used for the mixed 

models (Pinheiro and others 2009); vegan and ecodist libraries were used for the 

multivariate macroinvertebrate analysis (Goslee and Urban 2007; Oksanen and others 

2009); labdsv was used for ISA (Roberts 2010); and plotrix and stringr were used for 

various graphical functions (Lemon and others 2009; Wickham 2010). 

 
Results 

 
Stream Water Chemistry 

 
Average stream DIN concentrations ranged from 15 to 384 ug/L and PO4-P 

concentrations ranged from 19 to 53 ug/L among streams (Table 5).  Stream DIN was 

correlated to stream PO4-P (r2 = 0.79, p = 0.02).  DOC concentrations were relatively 

high in all streams, ranging from 2.1 to 6.7 mg/L; there was no relationship to DIN or 

PO4-P (p > 0.05).  Average daily stream temperatures ranged from 4.5 to 11.9°C.  Stream 

velocity was similar across the 6 streams. 
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Leaf Pack Breakdown Rates among Streams 
  

The amount of leaf material remaining among the 6 streams ranged from 71 to 

82% at the end of the 8 week study (Fig. 7).  Total temperature degree days for the 6 

streams ranged from 260 to 670.  Breakdown rates (per day) ranged from 0.0035 to 

0.0060 (Table 6), whereas rates (per degree day, dd-1) ranged from 0.0003 to 0.0009.   

Stream nutrient concentrations were strongly related to the leaf breakdown rate 

(dd-1, Fig. 8).  DIN explained more variance in leaf breakdown than PO4-P (r2 = 0.94, p = 

0.003 and r2 = 0.67, p = 0.03, respectively).  Leaf litter quality and macroinvertebrate 

indices were both positively associated with leaf breakdown rates.  Leaf % P explained 

more variance in leaf breakdown rates than leaf % N (r2 = 0.96, p = 0.02 and r2 = 0.72, p 

< 0.001, respectively).  Total macroinvertebrates (no./g) and the NMDS axis 1 scores 

were both good predictors of leaf breakdown and explained 73% and 80% of the variance 

in the breakdown rate, respectively (p = 0.02 for both).  Total macroinvertebrate taxa 

(no./leaf pack) did not have a strong relationship to leaf breakdown (p = 0.09, r2 = 0.41).   

 
Litter Quality 

 
The starting % N of the senesced bluejoint collected in early May was 0.38.  At 

the end of the 8 week study, leaf % N in the 6 streams ranged from 0.45 to 0.78 (Fig. 9).  

Leaf % P was 0.08 at the start of the study and ranged from 0.07 to 0.12 by week 8.  The 

amount of variation explained (r2) in the weighted regressions between stream nutrient 

concentrations and leaf nutrient quality increased dramatically from 2 to 6 weeks and 

remained tightly coupled at 8 weeks (Fig. 10).  The weighted regressions for mean stream 

nutrient concentrations over the 8 week study and leaf nutrient quality at 8 weeks show 
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the strong relationship between stream nutrient availability and microbial colonization 

over the two month study period (Fig. 11). 

 
Colonization of Litter by Macroinvertebrates 

 
The total macroinvertebrates (no./g) at week 8 ranged from 41 to 82 in the 6 

streams (Table 7).  The number of taxa on each leaf pack ranged from 13 to 18.  Of the 

44 total taxa, 12 occurred in all 6 streams and the top 3 according to abundance were 

Orthocladinae (Diptera, dominated by Brillia, a shredder), Zapada (Plecoptera, shredder), 

and Ostracoda (Table 8).  Other common taxa that occurred in at least 2 streams included 

several shredders (Limnephilidae and Psychoglypha), scrapers (e.g. Diamesinae and 

Baetis), and predators (e.g. Tanypodinae, Dicranota, and Rhyacophila). 

The NMDS ordination of the macroinvertebrate communities on leaf packs over 

time from Stream 1203 indicated a consistent colonization pattern across all 5 racks (Fig. 

12).  Communities changed in the same direction (increasing along the first axis) except 

for 1 rack from 2 to 4 weeks.  The magnitude of the shift increased slightly from 2 to 6 

weeks, but shifted substantially more between 6 and 8 weeks.  The multivariate 

permutation test showed that groups were significantly different between time periods (p 

= 0.002).  ISA results showed 11 significant taxa associated with the leaf packs at 8 

weeks and only 1 significant taxon at 2 and 6 weeks (Table 9).  Taxa that were strongly 

associated with leaf packs collected at 8 weeks included the shredders Psychoglypha and 

Zapada in addition to collector-gatherers (e.g. Ecclisomyia, Pericoma, and 

Chironominae), and predators (e.g. Dicranota and Rhyacophila).  Diamesinae and 

Tanytarsini colonized leaf packs at 2 and 6 weeks, respectively, and both are collector-

gatherers in addition to filtering and scraping.
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Figure 7. Percent of leaf material remaining over days (top) and temperature degree days 
(bottom) for the 8 week study.    
 
 
Table 6. Leaf decay rates per day and degree day for 6 streams ordered from high to low 

stream DIN concentrations.  Values are means (SE) for 5 racks in each stream. 
 

Stream DIN 
(µg/L) 

k  
(day) 

R2  k  
(degree day) 

R2 

22 339 0.0041 (0.0009)  0.47  0.0009 (0.00019)  0.46 
1203 329 0.0060 (0.0005)  0.88  0.0008 (0.00006)  0.89 
44 47 0.0048 (0.0005) 0.80  0.0006 (0.00006) 0.82 
619 43 0.0044 (0.0004) 0.87  0.0006 (0.00004) 0.88 
545 35 0.0059 (0.0003) 0.93  0.0005 (0.00003) 0.93 
171 12 0.0035 (0.0003) 0.83  0.0003 (0.00003) 0.84 
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Figure 8. Leaf decay rates predicted by stream DIN concentrations (top left), stream PO4-
P concentrations (bottom left), leaf % N at 8 weeks (top right), and leaf % P at 8 weeks 
(bottom right).  The axis for DIN is log-transformed. 
  



 

41 

 
Figure 9. Litter quality (leaf % N, top and leaf % P, bottom) for the 8 week study. 
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Figure 10. Relationship between stream nutrient concentrations and litter quality over 
time.  The amount of variation explained in the weighted regressions increased from 2 to 
6 weeks and remained strong at 8 weeks indicating that microbes are utilizing dissolved 
nutrients in the stream to enhance colonization.  Legend: response variable ~ predictor 
variable.   
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Figure 11. Leaf % N (top) and % P (bottom) predicted by stream DIN concentrations 
(left) and stream PO4-P concentrations (right).  The axis for DIN is log-transformed. 
 
 
Table 7. Total macroinvertebrates per g of leaf litter remaining and total taxa at the end of 

8 weeks on bluejoint leaf packs in 6 streams listed in descending order of dissolved 
nutrient concentrations.  Values are means (SE). 

 

Stream Total 
inverts./g 

Total 
taxa N 

22 67 (10) 16 (0.8) 5 
1203 82 (13) 18 (0.9) 5 

44 48 (11) 14 (1.5) 5 
619 73 (3) 15 (0.4) 5 
545 76 (5) 18 (1.4) 5 
171 41 (8) 13 (0.6) 5 
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Table 8. Macroinvertebrate abundances, frequencies, NMDS scores, and feeding habits for taxa that occurred in 2 or more streams.  
Taxa are sorted from high NMDS scores to low scores. 

 

Taxon name NMDS 
scores 

Stream abundance (no./g) Freq. 
 (%) 

Ave.  
no./g Feeding habit 

22 1203 44 619 545 171 
Heptegeneidae 
(Ephemeroptera) 0.470 0.16 0.07 0.00 0.00 0.03 0.00 50 0.04 generally Sc, C-G 
Chironominae (Diptera) 0.270 0.36 0.44 0.00 0.00 0.00 0.00 33 0.13 generally C-G and C-F 
Podonominae (Diptera) 0.237 0.07 0.10 0.00 0.00 0.00 0.00 33 0.03 generally C-G, Sc 
Simuliidae (Diptera) 0.232 0.38 0.00 2.12 1.55 1.51 0.00 67 0.93 generally C-F 
Baetis (Ephemeroptera) 0.225 11.31 0.39 4.19 0.45 3.15 0.31 100 3.30 C-G (diatoms, detritus), Sc 
Isoperla (Plecoptera) 0.206 0.10 0.00 0.00 0.00 0.24 0.00 33 0.06 P (engulfers), facultative C-G 

Rhyacophila (Trichoptera) 0.204 1.57 2.16 0.00 2.32 0.07 0.00 67 1.02 
P (engulfers), Sc, C-G, Sh-H 
(chewers) 

Zapada (Plecoptera) 0.140 17.42 20.20 0.13 15.28 17.63 1.64 100 12.05 Sh-D (leaf litter) -H (moss) 
Probezzia (Diptera) 0.123 0.00 0.04 0.00 0.00 0.24 0.00 33 0.05 P (engulfers) 

Turbellaria 0.092 0.26 7.90 0.04 4.75 1.52 0.03 100 2.42 
generally P (engulfers and piercers), 
C-G 

Pericoma (Diptera) 0.086 0.00 0.57 0.07 0.06 0.57 0.00 67 0.21 C-G 
Diamesinae (Diptera) 0.081 1.47 6.27 12.74 0.16 1.75 0.09 100 3.75 generally C-G, Sc 
Ecclisomyia (Trichoptera) 0.064 0.00 1.05 0.00 1.95 0.07 0.06 67 0.52 C-G, Sc 
Chelifera (Diptera) 0.055 0.03 0.68 0.16 0.51 0.03 0.03 100 0.24 unknown 
Orthocladinae (Diptera) 0.029 28.55 25.24 17.99 26.18 27.91 10.91 100 22.80 generally C-G, Sc 
Limnephilidae (Trichoptera) 0.020 0.19 0.27 0.66 0.27 0.44 0.06 100 0.32 generally Sh-D (chewers), C-G, Sc 
Ephemerella (Ephemeroptera) 0.019 0.00 0.00 0.07 0.00 1.86 0.00 33 0.32 C-G, Sc 
Dicranota (Diptera) 0.012 0.15 0.29 0.89 0.59 0.30 0.39 100 0.43 P (engulfers) 
Clinocera (Diptera) -0.011 0.03 0.18 0.00 0.07 0.06 0.06 83 0.07 unknown 

Hydrachnida -0.013 0.30 3.28 0.56 1.38 4.63 1.03 100 1.86 
generally P (piercers), parasites, C-
G, H (piercers) 

Oligochaeta -0.070 0.55 6.18 1.20 0.71 1.79 1.97 100 2.07 generally C-G, P (engulfers) 
Ostracoda -0.080 2.38 5.13 0.68 16.05 9.45 14.17 100 7.98 H (algae), D 
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Table 8 cont. 
 

Taxon name NMDS scores 
Stream abundance (no./g) Freq.  

(%) 
Ave.  
no./g Feeding habit 

22 1203 44 619 545 171 

Psychoglypha (Trichoptera) -0.273 0.00 0.24 3.17 0.00 1.09 1.47 67 0.99 
C-G, Sh-D (chewers, including 
scavengers) 

Tanypodinae (Diptera) -0.337 0.03 0.84 0.42 0.31 1.14 4.49 100 1.21 generally P (engulfers and piercers) 
Tanytarsini (Diptera) -0.362 1.05 0.40 0.00 0.03 0.00 3.11 67 0.76 generally C-F and G 
Grensia (Trichoptera) -0.365 0.00 0.00 0.95 0.00 0.00 0.03 33 0.16 unknown 
Pisidium -0.889 0.00 0.00 0.03 0.00 0.00 0.06 33 0.01 C-F 

a C-collector, D-detritivore, F-filterer, G-gatherer, H-herbivore, P-predator, Sc-scraper, Sh-shredder 
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Figure 12. NMDS ordination for 5 racks over time in Stream 1203.  Macroinvertebrate 
communities generally shifted from left to right for all 5 racks as leaf decomposition 
progressed with a large consistent change between weeks 6 and 8. 
 
 
Table 9. Indicator species analysis results for taxa associated with leaf packs over time in 
Stream 1203.  Indicator value combines frequency and abundance of an individual taxon 

to a specific group (time period).  Significance of group assignments were determined 
with a permutation test (n = 500). 

 

Taxon name Weeks Indicator 
value p-value 

Diamesinae (Diptera) 2 0.34 0.006 
Tanytarsini (Diptera) 6 0.44 0.020 
Ecclisomyia (Trichoptera) 8 1.00 0.002 
Pericoma (Diptera) 8 0.73 0.004 
Psychoglypha (Trichoptera) 8 0.71 0.006 
Dicranota (Diptera) 8 0.65 0.006 
Ostracoda 8 0.63 0.002 
Chironominae (Diptera) 8 0.55 0.038 
Oligochaeta 8 0.52 0.002 
Rhyacophila (Trichoptera) 8 0.42 0.002 
Turbellaria 8 0.41 0.002 
Zapada(Plecoptera) 8 0.35 0.002 
Hydrachnida 8 0.34 0.026 
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Discussion 
 

Webster and Benfield (1986) summarized 20 studies and presented a mean decay 

rate in days for grasses in the family Poaceae of approximately 0.005.  Although this rate 

represents various freshwater ecosystems and exposure techniques (bags vs. packs), it 

falls directly within the middle of the range of decay rates observed in the 6 streams for 

this study (0.0035 – 0.0060 \).  More recent studies examining grass decomposition have 

used fresh leaf litter with a high initial % N concentration.  Lopez and others (2001) 

reported decay rates in degree days of 0.0032 in the spring for ray grass with 3.5% leaf N.  

Likewise, Menninger and Palmer (2007) reported decay rates in days of 0.021 and 0.027 

for 2 grass species with 1.77% and 2.33% leaf N, respectively.  The decay rates of 

bluejoint in this study are almost an order of magnitude lower than the rates reported for 

fresh grass litter.  In contrast, Young et al. (1994) utilized tussock grass leaves with 

starting leaf % N of 0.25 and reported decay rates (per day) of 0.002-0.005 for 6 streams 

along an agricultural gradient in New Zealand.  The slow breakdown rate of bluejoint in 

these streams (20-30% mass loss over 2 months) compares to other studies using 

senesced grasses and reflects the low initial nutrient quality and cold stream 

temperatures, indicating it may take more than one growing season for complete 

breakdown. 

Two lines of evidence show the importance of microbial conditioning on bluejoint 

decomposition.  The leaf litter quality results indicate that microbial colonization 

occurred rapidly (< 2 weeks) and, by weeks 6 and 8, was strongly related to the stream 

nutrient gradient.  Several studies that have shown the positive effect of increased stream 

nutrients on microbial colonization and breakdown of leaf litter (Suberkropp and Chauvet 
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1995; Gulis and Suberkropp 2003).  Patterns of leaf % N reported by Young and others 

(1994) in their most degraded stream (NOx-N concentrations of approximately 100 ug/L) 

resembled changes in litter quality over time for streams in this study: leaf % N increased 

to a maximum of approximately 0.6 after 28 days and remained high 5 months later.  

Additionally, the clear colonization pattern of the leaf packs in Stream 1203 and the high 

number of indicator taxa at 8 weeks shows the importance of microbial conditioning for 

macroinvertebrates.  Fungi and bacteria improve the palatability of leaf litter by 

providing a high nutrient food resource and also through enzymatic breakdown of 

structural compounds (Cummins and others 1989; Graca 2001).  Stream nutrient 

concentrations positively affected microbial colonization on the bluejoint litter in this 

study followed by a conditioning period that caused a dramatic change in 

macroinvertebrate community composition. 

A comparison of stream nutrient concentrations, microbes, and 

macroinvertebrates as predictors of the bluejoint breakdown rate showed that all three 

affected decomposition to varying degrees.  DIN explained more variation than PO4-P, 

indicating it may be the nutrient most limiting to the stream heterotrophic community.  

Leaf litter quality, a potential indicator of microbial colonization, and the total 

macroinvertebrates (no./g) were comparable predictors of leaf breakdown rates.  This 

contrasts with the general theory that shredding macroinvertebrates, rather than microbial 

activity, are the dominant driver of breakdown in low order streams (Graca, Ferreira, 

Coimbra 2001).  Since the shift in the macroinvertebrate community occurred just prior 

to the end of the study, longer deployments may be necessary to detect a change in the 

breakdown rate due to macroinvertebrates.  
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Aggregate macroinvertebrate indices from this study compare favorably to other 

studies utilizing both grasses and deciduous tree litter.  In a similar study evaluating 

decomposition of senesced tussock grass in 6 streams of varying nutrient quality, the total 

number of macroinvertebrates per g of leaf pack ranged from less than 10 to over 50 

(Young, Huryn, Townsend 1994).  In a 3rd order boreal stream in winter, the maximum 

number of macroinvertebrates per g of leaf pack for birch, willow, and alder were 74, 

149, and 223, respectively (Haapala, Muotka, Markkola 2001).  The total 

macroinvertebrates per g of leaf pack in streams at the high end of the nutrient gradient in 

this study were higher than the tussock grasses and had comparable colonization to birch, 

which is a relatively low quality deciduous tree litter (leaf % N of 0.7 to 0.8; Haapala, 

Muotka, Markkola 2001).  Bluejoint also supports a diverse macroinvertebrate 

assemblage.  Sylvestre and Bailey (2005) reported an average of 12 genera per leaf pack 

for 119 streams in British Columbia, which is slightly lower than the 16 mean taxa 

recorded for the 6 streams in this study.  The mean number of taxa in this study would be 

even higher had chironomid subfamilies been keyed to genera.  Macroinvertebrate 

densities on grasses are much lower than for deciduous tree litter, but diversity is high, 

indicating that organisms have adapted to utilize this carbon source.   

The macroinvertebrate community ordination results showed that the first NMDS 

axis explained 80% of the variance in leaf breakdown rates and that a diversity of 

organisms was present along the entire stream nutrient gradient.  Shredding 

macroinvertebrates (either Zapada stoneflies or limnephilid caddisflies) were found in all 

6 streams.  Other prevalent taxa were also utilizing the bluejoint as a food resource by 

scraping microbes off the conditioned leaf litter, such as Baetis mayflies.  Additional uses 
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of the leaf packs included habitat for filtering or collecting (chironomid midges and 

simuliid black flies) and also as a prey resource for predators (Dicranota craneflies and 

Rhyacophila caddisflies).  The diversity of macroinvertebrate taxa utilizing the bluejoint 

in this study indicates that it comprises an important food resource and habitat in 

headwater stream ecosystems. 

Bluejoint grass is a dominant riparian vegetation species along headwater streams 

of the Kenai Peninsula although little is known of its contribution to productivity in these 

systems.  Breakdown rates measured for 6 headwater streams show that it decomposes 

slowly compared to other substrates of higher nutrient quality, but increases proportional 

to the amount of dissolved nutrients in the streams.  Conditioning is an important step in 

breakdown and was observed to occur rapidly in these streams with a subsequent change 

in the macroinvertebrate community that occurred prior to 8 weeks.  The 

macroinvertebrate community that colonized bluejoint in all 6 streams included several 

abundant shredder taxa along with scrapers, collector-gatherers, and predators.  These 

macroinvertebrates may become food resources for juvenile salmonids as they enter drift, 

either accidentally or during emergence (Nielsen 1992).  Future studies on the importance 

of bluejoint grass should consider longer deployments to further examine the role of 

macroinvertebrates, determine the time necessary for complete breakdown, and also more 

directly measure the importance of bluejoint to stream food webs, through either stable 

isotope or gut content analysis. 
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CHAPTER FOUR 
 

 Conclusions 
 
 

In headwater streams of the Kenai lowlands, alder exerts a strong influence on 

stream N concentrations.  Alder cover explained over 83% of the variation in NOx-N 

yield in May, July, and September.  The relationship between alder cover and stream N 

was linear in May, but changed to non-linear in July and September.  Higher 

temperatures later in the growing season increased nutrient uptake and denitrification 

leading to lower export of AFN in watersheds with low alder cover.  At cover greater 

than approximately 15%, terrestrial ecosystems may have become N saturated increasing 

rates of AFN reaching streams.  Reported N fixation rates for alder between 100 and 200 

kg ha-1 annually are much higher than ammonium deposition rates of 21 kg ha-1 annually 

at a fertilizer plant on the Kenai Peninsula that resulted in N saturation and nutrient 

imbalances in the vegetation community (Binkley, Cromack, Baker 1994; Whytemare 

and others 1997).  Maximum stream N concentrations in the spring in Kenai lowland 

headwater streams coincides with fry emergence and may be an important nutrient input 

fueling productivity early in the growing season. 

Bluejoint grass is an abundant, although low quality, terrestrial input to Kenai 

lowland headwater streams.  After submergence in the streams, bluejoint litter quality 

increased rapidly and was strongly associated with stream dissolved nutrient 

concentrations by 6 weeks, followed by a distinct shift in the macroinvertebrate 

community prior to 8 weeks.  The bluejoint breakdown rate (dd-1) was related to the 

stream nutrient gradient, changes in litter quality, the total number of macroinvertebrates 
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per g of leaf pack, and the NMDS axis scores that reflected differences in 

macroinvertebrate community composition among the 6 streams at 8 weeks.  Longer 

deployments may be necessary to identify the importance of macroinvertebrate 

consumers on bluejoint decomposition.  The total number of macroinvertebrates per g of 

leaf pack on bluejoint litter was much lower than abundances reported for deciduous tree 

litter, but diversity was high, indicating that taxa are adapted to utilize this allochthonous 

resource.  The macroinvertebrate taxa strongly associated with bluejoint litter by 8 weeks 

included shredders, scrapers, collector-gathers, and predators; providing evidence that it 

is an important habitat and food resource during the summer months when deciduous tree 

litter inputs are low. 
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