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Abstract: 

River and stream biological communities vary in response to characteristics of the 

environment.  In 2007 and 2008, populations of Baetis tricaudatus Dodds (Baetidae: 

Ephemeroptera) were examined to assess spatial and temporal variability in its length-

mass relationships, secondary productivity and stoichiometry in the Walker River, 

California and Nevada.  Baetis tricaudatus was most abundant at higher elevations and in 

woody debris habitats.  Its abundance, body mass, and body length were greatest during 

spring and summer.  Body length and mass relationships varied temporally and spatially.  

Carbon (C):phosphorus (P) ratios were low during summer and autumn, and high during 

spring and winter.  Low C:P raitos during summer and autumn matched spring and winter 

body and length growth patterns, suggesting that optimal grazing took place during 

summer and autumn when food quality was high.  Stoichiometry and diet analysis 

suggested that food quality affects Baetis tricaudatus growth and abundance in the 

Walker River.  This study documents that Baetis tricaudatus growth, body length and 

mass, and stoichiometry varies spatially and temporally in the Walker River through 

physical and chemical constraints.  
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Project Introduction: 
  Spatial and temporal variability of the physicochemical and biological 

characteristics of rivers and streams are heterogeneous at scales from millimeters to tens 

of kilometers (Minshall et al. 1983, Minshall 1988, Pringle et al. 1988, Giller et al. 

1994).  This variability influences individual populations, community structure and 

ecosystem function (Pacala 1987, Hastings 1990, Kareiva 1990, Turner and Gardner 

1991, Palmer 1992, Ives et al. 1993, Tilman 1994, Cooper et al. 1997, Wiens 1989, Levin 

1992, Anderson et al. 2005) throughout the river’s continuum.  Individual populations 

and communities of various flora and fauna within river and stream environments 

respond differently to physical and chemical variation.  These variations (e.g., current 

velocity, substrate, temperature and food resource quality and quantity) influence habitat 

characteristics that provide oxygen, shelter, food, and necessary life history requirements 

for an organism.  Macroinvertebrates, specifically Baetis tricaudatus Dodds (B. 

tricaudatus) populations, may be influenced by spatial and temporal variation of 

physicochemical characteristics through variability in their stoichiometric ratios, length-

mass relationship, secondary production and diet throughout a river’s continuum.   

River and stream morphology is shaped by flood frequency, magnitude, and 

duration, as well as the volume, velocity, and turbulence of flowing water.  Many flowing 

bodies of water in the United States are regulated or diverted for anthropogenic purposes, 

such as agriculture.  These regulations can disrupt the natural hydrology of the system, 

affecting biological communities that rely on the transportation of specific substrate and 

removal of nutrients provided by the rivers current.  
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Many macroinvertebrates utilize substrate and its interstitial spaces as habitat 

because they provide shelter from turbulent waters and predation by larger invertebrates 

or fishes.  The size and composition of substrate are heterogeneous from headwaters 

downstream further influencing macroinvertebrates and their distribution throughout the 

river.  Heterogeneity of substrates is caused when turbulent water flow exerts enough 

shearing force to dislodge particles or bed load, transporting them downstream.  

Transportation of these materials can be especially high during peak hydrograph periods 

and may be affected by natural and human factors.  These factors affect transportation 

and suspension of organic and inorganic materials.  This is important as substrate 

composition influences the establishment and growth of food resources, such as 

periphyton (algal and microbial) communities, which further influences the structure of 

macroinvertebrate communities.  

Macroinvertebrates experience many life history limitations and are also affected 

by the spatial and temporal variability in temperature, nutrient availability, and primary 

production (Anderson and Cummins 1979, Vannote and Sweeney 1980) especially 

during hatching and larval growth.  This is primarily due to fluctuations in temperature at 

different locations along a river or stream.  These fluctuations occur daily and seasonally 

in response to the local climate, elevation, and other factors such as the amount of bank 

vegetation and groundwater input.  Temperature is particularly important to aquatic 

insects, regulating their feeding rates, assimilation, respiration, and food conversion 

efficiencies (Rosenberg and Resh 1984).   

 Water chemistry also varies along the length of a river at different elevations 

depending on various inputs, natural or anthropogenic.  This is influenced by 
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groundwater, terrestrial systems and anthropogenic factors such as adjacent agriculture 

and urban discharge, which are often major sources of phosphorus and nitrogen.  When in 

excess, these nutrients can lead to toxic algal blooms and loss of oxygen which result in 

fish kills, and decreased biodiversity of aquatic vegetation and benthic 

macroinvertebrates (Carpenter et al. 1998).  Chemical inputs also influence the quantity 

and quality of food resources and nutrients required for organism growth and 

reproduction.  Nutrient inputs and light affect primary productivity influencing 

periphyton composition (Lowe 1979) and detritus (Webster et al. 1979), which in turn 

influences the flow of energy through the food web (Power 1992).  Factors influencing 

the quality and quantity of food resources can be assessed by examining biological 

stoichiometry.   

Biological stoichiometry is a framework for measuring the amount of elemental 

carbon (C), nitrogen (N) and phosphorus (P) in an organism’s body tissue relative to the 

availability of these compounds in its food.  As organisms feed, the elemental 

composition of these compounds change in response to the materials they ingest.  The 

quality and quantity of food ingested is a function of the availability of these compounds, 

which varies along the river gradient.  The spatial and temporal variation in food 

availability influences macroinvertebrate diet, growth rates, length and mass 

relationships, and production (Iversen 1974, Ward and Cummins 1979, Sharfetein and 

Steinman 2001, Stelzer and Lamberti 2002, Frost and Elser 2002).   

The effects of food quality on benthic macroinvertebrate growth is poorly 

understood, especially in lotic ecosystems (Frost and Elser 2002, Frost et al.  2002, 

Kahlert 1998, Francoeur et al. 1999).  Likewise, macroinvertebrate studies in desert 
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streams often lack information regarding life history characteristics of individual species.  

Furthermore, few studies have focused on the diet of a single species or on its spatial and 

temporal variability along a river continuum.  

 Baetis is one of the largest and most widespread genera of the order 

Ephemeroptera (Morihara and McCafferty 1979).  They are found largely throughout 

Walker River, CA and NV and are the organism under examination for this study.  The 

larvae are found in a variety of running water habitats throughout the world (excluding 

oceanic islands and New Zealand).  They range from northern areas into the tundra and 

Canada to Mexico.  The genus is among the few mayfly genera that inhabit high altitude 

cold mountain streams.   They have a medium tolerance value of 5 based on Hilsenhoff’s 

Biotic Index (1 being tolerant and 10 being intolerant) and may select for other habitat 

when harsh conditions arise (Merritt and Cummins 1996).  B. tricaudatus is known to 

utilize rapids and is generally found clinging to stones (Ide 1937).  They are considered 

collector-gatherers and have been documented as feeding on detritus and diatoms (Meritt 

and Cummins 1996).  However, food habits frequently change during different growth 

periods or time of year (Brittain 1982, Meritt and Cummins 1996).  Mayfly larval growth 

has been known to vary with temperature (Ward and Stanford 1982, Brittain 1982) and 

its development time is usually three to six months (Meritt and Cummins 1996).   

In 2007 and 2008, spatial and temporal variation in Walker River B. tricaudatus 

diet, mass and length were examined to determine the influences that water chemistry, 

temperature, discharge, and physical habitat characteristics (e.g. substrate composition, 

water depth, current velocity, and embeddedness.) have on this species.  In addition, B. 

tricaudatus stoichiometry, Carbon (C), nitrogen (N), and Phosphorus (P) was also 
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examined to understand the relationship between the elemental requirements of 

consumers and the elemental composition of food and how its stoichiometry changes 

along the river continuum.  These data will provide insight into how resource quantity 

varies and may affect macroinvertebrate populations as well as influence different trophic 

levels.  Furthermore, it will ultimately give insight into the river food web and lend 

insight into ecosystem processes.   

The objectives of this study were to: 1). Deduce the spatial and temporal changes 

of B. tricaudatus abundance in relation to physical environmental parameters.  2). Collect 

data to develop a predictive equation from length and mass relationships for B. 

tricaudatus, through space and time, and to gather insight of its secondary production in 

the Walker River.  3). Deduce the spatial and temporal changes of B. tricaudatus 

abundance and describe influences of its diet and stoichiometry in the Walker River 

System.  The following objectives are addressed in three separate chapters below in 

efforts to benefit management and restoration activities and to more fully understand 

benthic macroinvertebrate ecology and the Walker River food web.   
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Site Description: Walker River, Lyon County, Nevada and Mono County, California. 

(Note: Site description is the same for all chapters.) (Table 1 and Figure 1)    

 The Walker River Basin encompasses approximately 1,075,847 ha (2,658,420 ac) 

of the Eastern Sierra Nevada mountains and the Western Great Basin.  The Walker River 

is one of the largest rivers in western Nevada and is an important resource for the state, 

providing water for agriculture, urban development, and a diversity of recreational and 

wildlife uses.  The headwaters of the Walker River are fed by snowmelt runoff and flow 

from higher than 3,500 m (11,483 ft) in elevation in the California portion of the Sierra 

Nevada mountains.  This runoff forms the East and West forks of the Walker River with 

the West fork being the larger of the two.  The West and East forks flow through 

Antelope and Bridgeport Valleys, respectively, and form the main stem Walker River in 

Mason valley.  The river flows approximately 250km (160mi.) from its source and 

terminates in Walker Lake at 1,188 m in elevation.   

Similar to other water resources in the Great Basin, Walker River lotic systems 

have been altered from historic conditions.  The water quality and hydrology have been 

affected by diversions and agriculture since the mid-1880’s (The Resources Agency 

1992).  Irrigation ditches divert water from the river in Antelope, Bridgeport, and Mason 

Valleys, and Bridgeport Reservoir and Topaz Lake impound water for agriculture.  The 

West Walker River flows through Topaz Reservoir and the East Walker River flows 

through Bridgeport Reservoir which was listed in section 303(d) of the federal Clean 

Water act in 1994 as an impaired body of water.  This listing was due to non-point source 

pollution of nitrogen and phosphorus (Lahontan RWQCB 1994).  Water quality in 

Bridgeport reservoir is poor and excess nutrients are carried downstream into the East 
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fork of the Walker River.  The high nutrient levels stimulate eutrophication which 

depletes dissolved oxygen and may create toxic conditions for aquatic organisms.   

Nutrient sources include, loading from lake-bottom sediments, livestock waste, 

fertilizers, on-site septic system discharges, municipal sewage treatment plant discharges, 

solid waste disposal and geo-thermal springs (Lahontan RWQCB 1994).   

Samples were collected from eight sites during the spring, summer and autumn of 

2007 and 2008 that represent the variety of river environments in higher order streams in 

the Walker Basin (Table 1, Figure 1).  Each site was located just above or below a major 

USGS water gauge when possible to provide accurate discharge records.  Sites WC and 

WD were located in ungauged reaches on the main stem of the Walker River in Mason 

Valley, and discharge for these sites was calculated using depth and velocity 

measurements taken during sampling events or through interpolation from nearby gauges.  
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Table 1. Site names, the associated U. S. Geological gauge numbers and the location of 
samples collected in the Walker River during spring, summer, and autumn of 2007 and 
2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 1. Walker River Basin and the location of the reaches samples in 2007 and 2008.  
WA, WB, WC and WD = Main Stem Walker River sites, EWA and EWB = East Walker 
River sites, and WWA and WWB = West Walker River sites. 
 

Site Name USGS Gauge Latitude Longitude Elevation (m) 
WA 10302002 38 56’ 25” 118 48’ 12” 1251 
WB 10301500  39 09’ 23” 119 05’ 09” 1310 
WC No Gauge 39 06’ 30” 119 07’ 38” 1320 
WD No Gauge 38 54’ 15”  119 10’ 59” 1335 

EWA 10293500 38 48’ 50” 119 02 53” 1394 
EWB 10293000 38 22’ 07”  119 11’ 59” 1935 
WWA 10300000 38 48’ 35” 119 13’ 35” 1417 
WWB 10296000 38 22’ 47” 119 26’ 57” 2008 

EWB 

WB 

WC 

WWA 
EWA 

WA 

WWB 

WD 
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Chapter 1: Spatial and temporal examination of the environmental factors affecting 
abundance and habitat distribution of Walker River Baetis tricaudatus  
 
Introduction:  

Spatial variability in lotic systems has gained much attention with the 

development of the River Continuum Concept (RCC) (Vannote et al. 1980).  The RCC is 

a model in which environmental characteristics exhibit a pattern of spatial variation on a 

downstream gradient; the slope in the headwaters is steep, water temperatures are cold, 

water velocity is swift, and substrates are large.  As stream size increases, slope and 

current velocity decrease, temperatures warm, and substrate size decreases.  The 

importance of temporal variability on these environmental characteristics and their effect 

on aquatic insect distribution and life history requirements is also recognized (Rosenberg 

and Resh 1989, Rader and Ward 1990).  Ultimately, these environmental characteristics 

influence the structure of aquatic communities and populations within the river 

environment.   

The RCC model was conceptualized as a framework for pristine running water 

ecosystems with aquatic insect response based on functional feeding groups (Vannote et 

al. 1980, Statzner and Higler 1985).  Lotic systems are heterogeneous at scales from 

millimeters to tens of kilometers (Minshall et al. 1983, Minshall 1988, Pringle et al. 

1988, Giller et al. 1994) and not all stream environmental characteristics or the biota 

within rivers and streams follow the RCC pattern of spatial variability.  

Macroinvertebrate populations, specifically, B. tricaudatus populations can be influenced 

by spatial and temporal variation of physical and chemical characteristics within the river 

that affect their abundance and habitat distribution.  Spatial and temporal variability of a 
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population in response to varying environmental parameters along a regulated desert 

stream remains mostly uninvestigated.    

In many U. S. streams, B. tricaudatus habitat use, distributions and colonization 

have been described in relation to physical environmental conditions such as current 

velocity, substrate and temperature, as well as food resource quality and quantity in 

varying riffle/run reaches of a river (Hildrew and Townsend1976, Rabeni and Minshall 

1977, Williams 1978, Barton 1980, Peckarsky 1980, Ciborowski 1982).  These 

parameters have been shown to dictate abundance and life history strategies of this 

organism (Minshall 1988).   

Current velocity influences transportation of resources and substrate, but presents 

a physical challenge to organisms within a system.  Some macroinvertebrates have 

adaptations that allow them to overcome this challenge. For example B. tricaudatus has a 

streamlined body that enables them to move with less resistance in high velocity current. 

They have traditionally been found in fast-water areas (Ciborowski and Clifford 1983) 

and are known to leave slow-flowing waters for higher velocity waters (Corkum et al. 

1977, Rabeni and Minshall 1977).  Other studies also document Baetis spp. in high 

velocity currents (near 0.18 m/s-1, [0.59 ft/s-1]) and attributed this to greater oxygen 

requirements of Baetis spp. (Ambuehl 1959, Rabeni and Minshall 1977).    

 Most studies involving B. tricaudatus have been conducted in riffle habitats 

characterized by high current velocity and large substrate (mixed gravel > 0.2 cm – 1.5 

cm [> 0.1 inches - 0.6  inches], pebbles > 1.6 cm – 6.3 cm [> 1.6 inches – 2.5 inches] and 

cobbles > 6.4cm - 25.6 cm - [> 2.5 inches - 10 inches]).  Contrary to these studies, Rabeni 

and Minshall (1977) found greater concentrations (1152 individuals) of B. tricaudatus in 
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small substratum (e.g., 0.05 - 3.95 cm [0.02 - 1.6 inches]) as opposed to large substratum 

(> 3.95 cm [> 1.6 inches]) (928 individuals) in fast moving water from Mink Creek, 

Idaho (a laboratory experiment).  They concluded that the insects were colonizing the 

smaller particles because smaller substrate collects food more effectively.  Bird and 

Kaushik (1984) and Fuller and MaKay (1981) found that periphyton is an important food 

resource for mayflies, thus its growth and the quality or quantity may affect B. 

tricaudatus growth, in addition to influencing its distribution. 

 The thermal equilibrium hypothesis is a conceptual model that predicts aquatic 

insect population density, distribution, and stability (Connell and Sousa 1983) based on 

individual reproductive success.  Reproductive success is maximized in elevations with 

optimal thermal regimes with respect to growth, development and body size of the 

organism (Rader and Ward 1990).  This suggests that organism abundance and 

distribution are influenced by temperature through its effect on metabolism, growth, and 

body size (Rader and Ward 1990).  Temperature influences the quantity and the quality 

of food material in various reaches of a river.  It also regulates feeding rates, assimilation, 

respiration, and food conversion efficiencies of aquatic insects (Rosenberg and Resh 

1984).  Variations in temperature may further influence B. tricaudatus abundance and 

distribution in the Walker River. 

Previous studies based in lentic systems have shown that the role of 

stoichiometric food quality is important for maintenance, growth, and reproduction of a 

particular consumer (Sterner and Schultz 1998).  Most of these studies are based on 

zooplankton in lentic systems; however, affects of food quality on benthic consumer 

growth rate are poorly understood. (Frost and Elser 2002)  Lentic data, so far, has 
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hypothesized that benthic organisms elemental body C:N:P ratios should vary between 

and within species across ecosystems.  A few studies, such as Frost et al. (2002) study in 

the Experimental Lakes Area (ELA) suggest that high C:N and C:P ratio of food (i.e., 

poor quality) may reduce growth and nutrient release in benthic consumers.  

Variations in the aforementioned physicochemical characteristics can influence 

macroinvertebrate populations, specifically, B. tricaudatus populations and affect their 

abundance and habitat distribution in the Walker River, Nevada.  During 2007 and 2008, 

Walker River B. tricaudatus and periphyton communities were examined for spatial and 

temporal variability and how their abundance differed in relation to temperature, 

discharge, and physical habitat characteristics (i.e., substrate composition, water depth, 

and current velocity, etc.).  The objective of this portion of the study was to deduce the 

spatial and temporal changes of B. tricaudatus abundance in the Walker River in relation 

to variability in physical environmental parameters.  

Materials and Sample Methods: 

See page 6 for detailed site description.  (Figure 1 for a map of sample sites and the 

basin)  

Study site description: 

 Physical habitat characteristics were collected during spring, summer and autumn 

of 2007 and 2008 in riffle and woody debris habitats at eight Walker River sites (Figure 

1).  At each site, biological and physical habitat data were collected in 0.11m2 x 0.11m2 

(1ft2 x 1ft2) quadrant along a transect that was oriented perpendicular to the thalweg and 

spanned the wetted width of the river (Figure 2) (Sada et al. 2005).  Physical 

Physical Habitat Characteristics  
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characteristics of the sampling site habitat were quantified by measuring mean water 

column velocity, depth, substrate size, and embeddedness at the center and corners of 

each quadrant.  Physical characteristics of each site were quantified by measuring the 

wetted width across each transect at no less than 10 equally-spaced points across three 

transects (Figure 2).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Sampling layout for macroinvertebrates and physical habitat data at each site on 
the Walker River.  Physical habitat data was collected at 25 points along the main 
transect line and then at 10 points a meter above and below the main transect line.  
Macroinvertebrate samples including B. tricaudatus, were collected at 6 points along 
main transect line.   

 
Temperature was measured at fifteen minute intervals using Hobotemp TM 

thermographs placed at each site from early March until early October of both years.  

Temperature data, however, were not continuously collected from four sites due to 

 

Legend:                    

 Main transect line 
25 points of sampling 
1m & 2m above and below 
10 points of sampling 
Walker River 
6 points for macroinvertebrate samples 

1 m 

1 m 

1 m 

1 m 
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equipment malfunction and vandals.  At these sites, temperature was calculated from 

regression of data from functioning thermographs with daily air temperatures as compiled 

by Western Regional Climate Center (WRCC)  (www.wrcc.dri.edu). 

Baetis tricaudatus data were collected during spring, summer and autumn of 2007 

and 2008 at eight Walker River sites. (Figure 1). Samples were collected as composites of 

six, 0.11m2 (1ft2) quadrants in riffle habitats and two, 0.11 m2 (1ft2) quadrants in woody 

debris habitat using a 250-µ mesh, hand-held, 30 cm D-frame net via the Jabbing or 

Scrub method (Barbour et al. 1999).  Collection protocol followed the standard Rapid 

Bioassesment Protocal for benthic macroinvertebrates using the multihabitat approach, 

laid out by the United States Environmental Protection Agency (Barbour et al. 1999).   

Samples were stored in 98% ethanol and 2% glycerol for preservation and organisms 

were sorted and identified in the Aquatic Ecology Laboratory at the Desert Research 

Institute (DRI).   

Baetis tricaudatus Abundance 

Periphyton biomass was calculated using chlorophyll_a (chl_a) concentrations as 

a surrogate.  Periphyton data were collected in close coordination with the 

macroinvertebrate samples.  These samples were, collected, processed and enumerated by 

personnel with the DRI Systems Microbial Ecology Laboratory (SMEL).  The methods 

used for periphyton collection are outlined in Porter et al. (1993) and Mills et al. (2002) if 

samples were epilithic (growing on cobble or gravel),  epidendritic or epiphytic (growing 

on plants) samples were collected by scraping.  If samples were episammic or epipelic 

(growing on sand or silt) a petri dish template method was used similar to that outlined in 

Periphyton Biomass 
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Mills et al (2002).  Samples were taken to the SME laboratory for processing using 

methods outlined in Kaufmann et al. (1999) and Mills et al (2002).  For detailed methods 

of collection, processing, chl_a concentrations and enumeration refer to (Davis et al. 

2009).   

 A Shapiro-Wilks test was performed to test for normality.  All distributions were 

significantly different from normal (p < 0.05).  Wilcoxon/Kruskal-Wallis non-parametric 

tests were performed to examine spatial and temporal variation of physical habitat 

variability on abundance of B. tricaudatus and biomass of periphyton by site, elevation, 

season, and habitat and any possible interaction affects.  All tests were analyzed in JMP, 

Version 5.01 (SAS Institute Inc., Cary, NC, U.S.A.).  Statistical significance was set at α 

= 0.05. 

Analytical Methods 

Results: 

Current Velocity: 

Physical Habitat Characteristics 

Mean water column velocity was significantly different between riffle habitat 

sites (p < 0.01, df =7) (Figure 3, Table 2) but not between woody debris habitat sites 

(Figure 4).  There was no significant difference in water column velocity between 

seasons for either habitat type.  However, there was a marginal difference between riffle 

habitat sites within seasons (p = 0.05, df = 7) (Figure 5), but not for woody debris 

habitats.  Site EWA had the highest mean water column velocity and site WA had the 

lowest in riffle habitats.  In contrast, site EWB had the highest mean water column 

velocity and site WB had the lowest in woody debris habitats.  Additionally, mean water 
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column velocity varied significantly (p >0.01, df = 7) by elevation.  On the West fork, 

mean water column velocity was highest at site WWA.  On the main Walker River mean 

water column velocity for riffle habitats decreased by site and elevation, from site WD to 

site WA along the gradient.  In woody debris habitats on the West fork mean water 

column velocity was highest at site WWB, the highest elevation site and on the main 

Walker River mean water column velocity decreased in a similar pattern to the riffle 

habitats.  Moreover, riffle habitats had higher water column velocity over woody debris 

habitats throughout the river (Figure 7 and 8, Table 2).  

Table 2. Physical and chemical characteristics of Walker River during spring, summer 
and autumn of 2007 and 2008. Site abbreviations as shown in Figure 1.  (WW =  wetted 
width, Mn = mean, WD = water depth, SUB = Substrate size, WV = water column 
velocity, WDh = woody debris habitat, MT = maximum temperature, MIT = minimum 
temperature, MD = maximum discharge, MID = minimum discharge, TP = total 
phosphorus, and TN = total nitrogen.Chl_a = Chlorophyll_a). 
 
Sites WA WB WC WD EWA EWB WWA WWB 
Spring 2007         
WW     10.30 14.90 10.20 17.40 20.90 25.00 
MnWD (cm)     21.78 28.55 22.88 18.18 31.43 35.94 
WDh Depth (cm) 

  
25 32 32 8 N/A 28 

MnWV (m/s)     0.45 0.51 0.68 0.50 0.47 0.52 
WDh Velocity (m/s) 

  
0.34 0.07 0.14 0.2 N/A 0.18 

MnSUB     1.38 6.16 43.15 70.58 35.35 125.54 
MT ◦C     16.52 19.19 16.46 13.37 19.69 10.29 
MIT ◦C     2.95 5.20 3.65 2.70 2.79 1.42 
MD     48.90 307.00 140.00 140.00 68.00 279.00 
MID     27.50 157.00 29.00 17.00 30.00 34.00 
TP     0.11 0.08 0.08 0.05 0.08 0.01 
TN     0.51 0.38 0.28 0.36 0.34 0.05 
Chl_a (ug/cm2) 

  
5 0.38 12.76 .55 10.98 .16 

WDh Chl_a 
(ug/cm2) 

  
7.25 41.29 0 0 2 N/A 

Summer 2007                 
WW 5.7 11.7 10.2 15 10.9 19.3 21.7 16.7 
MnWD (cm) 6.93 12.75 12.60 30.45 36.82 27.11 29.88 20.06 
WDh Depth (cm) 26 22 15 44 24 32 15 16 
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Summer 2007                 
MnWV (m/s) 0.38 0.29 0.38 0.55 0.71 0.67 0.38 0.23 
WDh Velocity (m/s) 0.03 0.03 0 0.04 0.8 0.06 0.19 0.25 
MnSUB 63.65 1.11 1.25 4.49 41.65 60.52 26.43 90.25 
MT ◦C 29.72 27.44 27.30 31.57 28.75 25.61 25.42 23.29 
MIT ◦C 22.22 20.94 19.46 15.76 17.57 17.19 19.38 8.88 
MD 30.00 59.00 34.10 406.00 113.00 174.00 549.00 1600.00 
MID 0.00 18.00 11.60 138.00 40.00 84.00 82.00 191.00 
TP 0.16 0.08 0.07 0.08 0.19 0.23 0.03 0.02 
TN 0.37 0.17 0.18 0.56 0.30 0.82 0.21 0.06 
Chl_a (ug/cm2) 

  
8.02 10 8.33 23.6 7.21 1.60 

WD Chl_a (ug/cm2) 12.60 N/A 6 108.58 N/A 191 0 N/A 
Autumn 2007                 
WW 3.55 12.00 10.40 15.00 10.50 18.60 20.90 16.30 
MnWD (cm) 1.90 23.78 27.85 26.91 25.09 22.52 26.95 17.88 
WDh Depth (cm) N/A 0.22 36 42 22 48 5 0.22 
MnWV (m/s) 0.00 0.39 0.46 0.51 0.68 0.59 0.38 0.17 
WDh Velocity (m/s) N/A 0.17 0.09 0.04 0.19 0.14 0.03 N/A 
MnSUB 66.30 0.85 1.47 8.90 59.08 59.01 35.61 103.37 
MT ◦C 27.22 32.09 31.27 29.65 26.29 23.68 26.10 23.10 
MIT ◦C 14.72 8.88 10.26 12.30 12.69 14.13 13.27 6.47 
MD 7.20 45.00 62.30 99.00 97.00 160.00 147.00 274.00 
MID 0.00 6.30 19.60 30.00 32.00 73.00 50.00 23.00 
TP 0.11 0.07 0.09 0.10 0.17 0.25 0.02 0.01 
TN 0.30 0.37 0.36 0.45 0.62 1.35 0.20 0.09 
Chl_a (ug/cm2) N/A 6 N/A 6.35 14.08 39 9.11 0 
WD Chl_a (ug/cm2) N/A 4 1.49 23.63 1 191 0 0 
Spring 2008                 
WW 2.10 11.50 9.4 14.3 11 18.1 19.9 25.2 
MnWD (cm) 3.90 13.60 12.2 21.9 36.5 22 22.2 38.8 
WDh Depth (cm) N/A 20.3 16 36 21 47 17 34 
MnWV (m/s) 0.00 0.24 0.29 0.55 0.66 0.61 0.35 0.61 
WDh Velocity (m/s) N/A 0.02 0.31 0.24 0.24 0.52 0.21 0.07 
MnSUB 51.90 1.00 3 12.5 47.1 64.2 34.5 98.2 
MT ◦C 18.40 22.90 32.7 32.3 19.2 13.5 22.9 25.9 
MIT ◦C 0.00 0.00 1.8 2 26.3 -0.2 2 -0.1 
MD 88.00 51.00 16.5 99.4 191 220 68 279 
MID 0.00 20.00 9 56 33 21 30 34 
TP 0.07 0.14 0.081 0.119 0.125 0.046 0.109 0.02 
TN 0.31 0.47 0.46 0.58 0.57 0.54 0.7 0.21 
Chl_a (ug/cm2) 3.33 2 .78 5.91 8.78 16.18 9.11 .91 
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Spring 2008                 
WD Chl_a (ug/cm2) N/A 16 N/A 2 0 0 11 4 
Summer 2008                 
WW 7.30 12.20 11.00 15.20 11.10 19.80 21.00 26.70 
MnWD (cm) 19.70 34.60 31.50 49.10 49.10 35.50 38.00 35.10 
WDh Depth (cm) 3 N/A 44 29 67 70 27 3 
MnWV (m/s) 0.22 0.42 0.52 0.63 0.80 0.72 0.67 0.52 
WDh Velocity (m/s) 0.36 N/A 0.04 0.23 0.36 0.64 0.15 0.47 
MnSUB 91.50 1.40 1.50 17.50 60.70 71.50 55.80 99.40 
MT ◦C 29.60 33.40 29.70 28.20 25.40 23.00 34.90 13.20 
MIT◦C 11.90 11.90 11.50 11.60 11.10 11.00 7.80 2.80 
MD 171.00 262.00 211.80 697.50 231.00 274.00 549.00 1600.00 
MID 0.00 16.00 41.00 111.00 75.00 93.00 82.00 191.00 
TP 0.12 0.10 0.22 0.11 0.14 0.13 0.22 0.05 
TN 0.49 0.29 0.34 0.41 0.58 0.63 0.31 0.05 
Chl_a (ug/cm2) 22.26 N/A N/A 28.84 8.78 16.17 27.24 .33 
WD Chl_a (ug/cm2) N/A 9 20 N/A 5 0 3 0 
Autumn 2008         
WW 6.5 11.6 10.3 14.7 10.7 18.4 19.9 16.6 
MnWD (cm) 21.8 19.1 24.8 26.8 27.5 25.3 27.5 22.1 
WDh Depth (cm) 15 24 36 42 39 60 22 21 
MnWV (m/s) 0.39 0.33 0.48 0.4 0.62 0.54 0.37 0.2 
WDh Velocity (m/s) 0.12 0.02 0.16 0.31 0.24 0.9 0.11 0.1 
MnSUB  86.3 2.2 2.6 7.8 56.3 45.9 45.1 108.5 
MT ◦C 29 37.9 38.2 29.4 27.4 30.9 30.2 13.2 
MIT◦C 7.9 7.9 12.4 11.5 12.5 13.9 13.6 2.8 
MD 188 67 73.3 164.1 150 205 147 274 
MID 6 4 19 34 37 62 50 23 
TP 0.256 0.067 0.063 0.072 0.133 0.163 0.023 0.011 
TN 0.78 0.26 0.26 0.35 0.62 0.94 0.22 0.07 
Chl_a (ug/cm2) 41.40 .87 42.52 5.67 1.23 39.45 25.75 6.34 
WD Chl_a (ug/cm2) 89 20 N/A 10 2 1 3 3 
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Figure 3. Mean water column velocity (m/s) by site in riffle habitats in the Walker River 
2007-2008. (n = 46, all sites had n = 6, except for WA, and WB n = 5).  
 

 

 
 
Figure 4. Mean water column velocity (m/s) by site in woody debris habitats in the 
Walker River 2007-2008. (n = 41 all sites had n = 6, except for WA, n = 3, WB, n = 4, 
WWB n = 4). 
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Figure 5. Mean water column velocity (m/s) by season within site in riffle habitats in the 
Walker River 2007-2008. 1. Spring (black), 2. Summer (gray), 3. Autumn (speckled). 
(Spring n = 12, all sites had n = 2, except for WA and WB, n = 1, Summer  n = 16, all 
sites had n = 2, Autumn n = 16, all sites had n = 2).  

 
Figure 6. Mean water column velocity (m/s) by season within site in woody debris 
habitats in the Walker River 2007-2008. 1. Spring (black), 2. Summer (gray), 3. Autumn 
(speckled). (Spring n = 12, all sites had n = 2, except for WB and WWB, n = 1, 2. 
Summer n = 14, all sites had n = 2, except for WB, n = 1, 3. Autumn n = 12, all sites had 
n = 2, except for WA and WWB, n = 1). 
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Figure 7. Mean water column velocity (m/s) by habitat on the Walker River 2007-2008. 
(riffle = speckled [n = 45], woody debris = black [n = 43]).  

 
 
Figure 8. Mean water column velocity (m/s) by habitat within site on the Walker River 
2007-2008. (riffle = speckled [n = 45, all sites had n = 6, except for WA, n = 4, WB, n = 
5], woody debris = black [n=43, all sites had n = 6, except for WA n = 2, WB n = 5]. 
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Substrate:  
Substrate differed significantly between sites (p < 0.01, df =7) and seasons (p < 

0.01, df =7).  (Figure 9 and 10, Table 2).  Additionally, substrate varied significantly (p > 

0.01, df = 7) by elevation.  Site WWB the highest elevation site had the largest substrate 

size and site WB had the smallest substrate size.  Similarly, site EWB had the largest 

substrate on the East fork and it decreased downstream at sites EWA on the East fork, 

WD, WC, and WB on the main Walker River along the gradient.   

 
 
 
Figure 9. Mean substrate (cm) by site in riffle habitats in the Walker River 2007-2008. (n 
= 46, all sites had n = 6, except for WA and WB, n = 5). 
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Figure 10. Mean substrate (cm) by season within site in the Walker River. 2007-2008.  
1. Spring (black), 2. Summer (gray), 3. Autumn (speckled). 
(Spring, n = 14, all sites had n = 2, except for WA and WB, n = 1, 2. Summer n = 16, all 
sites had n = 2, 3. Autumn n = 16, all sites had n = 2). 
 
Temperature: 
 There was significant spatial (maximum temperature [p < 0.01, df = 7] and 

minimum temperature [p < 0.05, df = 7]) and temporal (maximum temperature [p < 0.01, 

df = 7] and minimum temperature [p < 0.01, df = 2]) differences between temperature.  

(Figure 11 and 12, Table 2).  Maximum temperature also varied significantly (p < 0.05, 

df = 7) by season within site during summer and autumn.  Additionally, minimum 

temperature varied significantly (p < 0.05, df = 7) by season within site during spring and 

autumn.  Site WWB had the lowest maximum temperature and minimum temperature.  In 

contrast, site EWA had the highest minimum temperature similar to downstream reaches.  

However, site WWB, the highest elevation site had the lowest temperature throughout the 

year.  Temperature varied downstream and was higher at site WB than site WA the 
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lowest elevation site. (Figure 15).  Additionally, temperature was lowest during spring 

and highest during summer and autumn at all sites (Figure 14). 

 
 
Figure 11. Mean maximum temperature (◦C) by site in the Walker River 2007-2008. (n = 
90, all sites had n = 12, except for WA n = 8, and WB n = 10). 
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Figure 12. Mean minimum temperature (◦C) by site in the Walker River 2007-2008. (n = 
90, all sites had n = 12, except for WA n = 8, and WB n = 10). 
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Figure 13. Mean temperature (◦C) maximum (black) and minimum (white) by site in the 
Walker River 2007-2008. (n = 90, all sites had n = 12, except for WA n = 8, and WB n = 
10). 
 
 

 
 

Figure 14. Mean temperature (◦C) maximum (black) and minimum (white) by season in 
the Walker River 2007-2008. (n = 90) 1. Spring (n = 27), 2. Summer (n = 32), 3. Autumn 
(n = 31).  
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Figure 15. Mean temperature (◦C) maximum (black) and minimum (white) by season 
within site in the Walker River 2007-2008. 1.Spring, 2. Summer, 3. Autumn.   
(Spring n = 27, all sites had n = 4 except WA, n = 1 and WB, n = 2, Summer n = 32, all 
sites had n = 4, 3. Autumn n = 31, all sites had n = 4 except WA, n = 3).  
 
Wetted Width and Water Depth: 

Contrary to all other parameters wetted width and water depth did not vary 

spatially or temporally (p > 0.05).  The West Fork had the greatest wetted width 

compared to the East fork and the Main Walker River.  Wetted width generally increased 

as elevation decreased.    

There was significant spatial variation in mean abundance of B. tricaudatus 

between sites (p < 0.01, df = 7) but not between seasons (p = 0.087, df = 2).  However, 

they were found significantly (p < 0.05, df = 7) different by site interacting with season 

during summer, and autumn.  Abundance was lowest at site WA, the lowest elevation site 

(Figure 16), and presence highest in the East Fork during all three seasons. (Figure 17).  

Baetis tricaudatus Abundance 
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Baetis tricaudatus was generally most abundant throughout the river during spring and 

abundance was generally low during summer and autumn except at higher elevation sites 

(Figure 16 and 17, Table 3).  Their abundance also differed significantly (p < 0.05, df = 

7) by site interacting with year.  It was generally in greater abundance during 2008.  

(Figure 18). 

 

 
 
Figure 16. Mean B. tricaudatus abundance (N/m2) by site in the Walker River 2007-
2008. (n = 90, all sites had n = 12, except for WA, n = 8 and WB, n = 10). 
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Figure 17. Mean B. tricaudatus abundance (N/m2) by season within site in the Walker 
River 2007-2008. 1. Spring (black), 2. Summer (gray), 3. Autumn (speckled). (Spring, n 
= 27 all sites had n = 4, except for WA, n = 1 and WB, n = 2, Summer, n = 32 all sites 
had n = 4, Autumn, n = 31 all sites had n = 4, except for WA, n = 3). 
 

 
Figure 18. Mean B. tricaudatus abundance (N/m2) by year within site in the Walker River 
2007-2008. (2007, n = 44 all sites had n = 6, except for WA, n = 3, WB n = 4, and WC, n 
= 7, 2008, (n = 46 all sites had n = 6, except for WA and WC, n = 5). 
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Their abundance also differed significantly between habitats (p < 0.01, df = 1).  

However, they occupied woody debris and riffle habitats at site EWB only, where they 

were slightly more abundant in the riffle habitat (Figure 19).  Their abundance was 

significantly greater in woody debris habitats than in riffle habitats at all other sites, (p < 

0.01, df = 7) (Figure 20).  Their abundance differed significantly between habitats in 

autumn (p < 0.05) but did not differ significantly in summer (p = 0.08).  It utilized woody 

debris habitats more than riffle habitats during all three seasons, but this was most 

pronounced during spring (Figure 21). 

 

Figure 19. Mean B. tricaudatus abundance (N/m2) by habitats within site in the Walker 
River 2007-2008. (riffle = speckled [n = 46, all sites had n = 6, except for WA and WB n 
= 5], woody debris = black [n = 44, all sites had n = 6, except for WA n = 3 and WB n = 
5]). 
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Figure 20. Mean B. tricaudatus abundance (N/m2) by habitat in the Walker River 2007-
2008. (riffle = speckled [n = 46], woody debris = black [n = 44]). 
 

 

 
 
Figure 21. Mean B. tricaudatus abundance (N/m2) by habitats within season in the 
Walker River 2007-2008. 1. Spring, 2. Summer, 3. Autumn (riffle = speckled, woody 
debris = black) (Spring riffle, n = 14, woody debris, n = 13, Summer riffle and woody 
debris, n = 16, Autumn riffle, n = 16, woody debris, n = 15). 
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Chlorophyll_a varied spatially in the Walker River system where it differed 

significantly by site in riffles (p < 0.05, df = 7) but differences between it were not 

significant by sites in woody debris (Figure 22 and 23). However, the general trend was 

higher in woody debris habitats (Figure 24).  Similarly, chl_a differed significantly (p < 

0.05, df = 7) by site within riffle habitats (Figure 25).  In addition, chl_a also varied 

temporally in riffles but not in woody debris (Figure 26).  Chlorophyll_a was lowest 

during spring in both habitats.  It was similar during summer and autumn in woody debris 

habitats (Figure 24) and most abundant during autumn and summer in riffle habitats.   

Periphyton Biomass 

The East fork had a high biomass of filamentous green algae during the summer 

and was composed largely of low-profile diatoms such as Cocconeis (Table 3) (Davis et 

al. 2009).  The West fork had low chl_a biomass reportedly composed largely of high-

profile diatoms such as Rhoicosphenia and Gomphonema (Table 3) (Davis et al. 2009).  

The main Walker River contained smaller substrates and therefore had more motile 

diatoms such as Navicula and Nitzschia, which were fairly abundant, at most sites (Table 

3).  These motile diatoms are able to withstand swifter water, as they can move over the 

sediment.  They are more abundant in larger substrates, making them an indicator of 

sedimentation (Davis, et al. 2009).   
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Table 3. Most dominant algal taxa encountered in the Walker River during 2007 and 
2008.  Information from Davis et al. (2009). 
 
Site Season Filamentous greens Diatoms 

WWB Spring  
Large fractions of 
colonial cyanobacteria, 
Nostochopsis 

Navicula, Nitzschia, 
Gomphonema , Cocconeis 
and Diatoma 

 

Summer 
 
Autumn 
 

Abundance of colonial, 
filamentous and coccoid 
cyanobacteria 

Navicula, Nitzschia, 
Gomphonema and 
Cocconeis 

WWA Spring 
Cladophora , and 
cyanobacteria (coccoid 
and filamentous) 

Rhoicosphenia, Nitzschia, 
Navicula, Gomphonema 
and Cymbella 

 Summer Cladophora 
Cocconeis, Diatoma, 
Epithemia, Gomphonema, 
and Cymbella 

 Autumn Cladophora 
Cocconeis, Diatoma, 
Epithemia, Gomphonema, 
and Cymbella 

EWB 
Similar for all 
seasons (Davis et al. 
2009) 

Cladophora, Oedogonium Cocconeis, Gomphonema, 
Fragilaria,  

EWA Spring Cladophora 
Cocconeis, Navicula, 
Nitzschia, Diatoma and 
Cymbella 

 Summer Cladophora 

Cocconeis, Navicula, 
Nitzschia, Gomphonema, 
Rhoicosphenia, Cymbella  
and Epithemia 

 Autumn Cladophora Cocconeis, Navicula, 
Nitzschia and Cymbella  

WD Spring None Documented  

  Cladophora and 
Oedogonium 

(Year Round) Cocconeis, 
Navicula, Nitzschia, 
Diatoma, Gomphonema, 
and Rhoicosphenia. 

WC Spring 
 

Cladophora and 
Oedogonium 

Gomphonema and 
Rhoicosphenia 

 Summer Cladophora and 
Oedogonium 

(Year Round) Cocconeis, 
Nitzschia and Navicula 

 Autumn Cladophora and 
Oedogonium 

(Year Round) Cocconeis, 
Nitzschia and Navicula 

WB Spring 
Summer 

Cladophora and 
Oedogonium 

Cocconeis, Nitzschia and  
Navicula 
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Site Season Filamentous greens Diatoms 

WA Spring 
Cladophora and 
cyanobacteria 
Nostochopsis 

Staurosira (2007)  

 Summer 
Cladophora and 
cyanobacteria 
Nostochopsis 

Diadesmis, Fragilaria, 
Rhopalodia (2007), 
Gomphonema and 
Rhoicosphenia (2008) 

 Autumn 
Cladophora and 
cyanobacteria 
Nostochopsis 

Diadesmis, Fragilaria, 
Rhopalodia (2007) 
Synedra (2008) 

 

 

 
 
 

Figure 22. Mean chl_a abundance (µg/cm2) by site in riffle habitats in the Walker River 
2007-2008. (n = 42, all sites had n = 6, except for WA, WB and WC, n = 4). 
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Figure 23. Mean chl_a abundance (µg/cm2) by site in woody debris habitats in the 
Walker River 2007-2008. (n = 34 WA, WB and WC had n = 4,EWB and WWA had n = 
6, WA, n = 2, and WWB, n = 3). 
 

 
 
 

Figure 24. Mean chl_a abundance (µg/cm2) by habitat in the Walker River 2007-2008. 
(riffle = speckled [n = 45], woody debris = black [n = 43]). 
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Figure 25. Mean chl_a abundance (µg/cm2) by habitat within site in the Walker River 
2007-2008. (riffle = speckled [n = 45, all sites had n = 6, except for WA, n = 4 and WB, n 
= 5], woody debris = black [n = 43, all sites had n = 6, except for WA n = 2 and WB n = 
5]). 
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Figure 26. Mean chl_a abundance (µg/cm2) by habitat within season in the Walker River 
2007-2008.  1. Spring, 2. Summer, 3. Autumn (riffle = speckled, woody debris = black)  
(Spring riffle, n = 14, woody debris, n = 13, Summer riffle, n = 16, woody debris, n = 
15, Autumn riffle and woody debris, n = 15). 
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Discussion: 

Contrary to other studies pertaining to B. tricaudatus, the results for this study 

show the greatest abundance of B. tricaudatus occurred in woody debris habitats.  Woody 

debris habitats are generally characterized by snags or submerged woody debris, slower 

and water velocity.  Most studies involving B. tricaudatus have been conducted in riffle 

habitats generally characterized by high current velocity and large substrate (mixed 

gravel > 0.2 cm – 1.5 cm [> 0.1 inches - 0.6  inches], pebbles > 1.6 cm – 6.3 cm [> 1.6 

inches – 2.5 inches] and cobbles > 6.4cm - 25.6 cm - [> 2.5 inches - 10 inches]). (Corkum 

et al. 1977, Rabeni and Minshall 1977, Rader and Ward 1986, Merritt and Cummins 

1996).   

Similarly, Morihara, and McCafferty (1979) stated that B. tricaudatus can be 

found in rapids and clinging to stones, however, at most sites along the Walker River B. 

tricaudatus were most abundant in woody debris habitats.  This habitat use is contrary to 

past studies where B. tricaudatus is most abundant in riffle habitats.  This only took place 

at one site (EWB) in the Walker River.  Past studies only examined riffle habitats, 

suggesting that limiting sampling to riffle habitats may poorly represent a species 

abundance in streams.  

Walker River environmental characteristics (i.e., current velocity, wetted width, 

substrate and temperature) followed many predictions proposed by Vannote et al. (1980) 

RCC model.  For example, site EWB was characterized by low temperatures, swift, 

shallow water depths and larger substrates.  Lower elevation sites were characterized by 

high temperatures, slow, deeper water and small substrates.  Baetis tricaudatus was in 

greatest absence at the lowest elevation site which coincides with past studies which 
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indicate that B. tricaudatus utilize cold water and are less abundant in warmer-slower 

water (Corkum et al. 1977, Rabeni and Minshall 1977, Rader and Ward 1986, Merritt and 

Cummins (1996), and Morihara and McCafferty 1979).  These observations are 

consistent with conclusions by Sada et al. (2009) who found B. tricaudatus in riffle 

habitats associated with low temperature, deeper water, wide wetted width and high 

current velocities.   

However, Walker River B. tricaudatus observations were weakly consistent with 

earlier studies.  Although B. tricaudatus was absent from the lowest site, WA, it was 

abundant at the second lowest site, WB, during spring and present in low abundance 

during summer and autumn. Also, in contrast to other studies it was most abundant in 

woody debris habitats, with slower water velocity and found at sites with smaller 

substrates.  Therefore, physical factors may not be the only factors at work and other 

variables may be driving their distribution and habitat use.   

Periphyton biomass did not vary spatiotemporally in woody debris habitats in the 

Walker River, thus, making it a reliable food resource year round.  Fuller and MaKay 

(1981) suggested that diatoms are an important food resource for Baetis spp. influencing 

their local distribution.  These high abundances of both B. tricaudatus and periphyton 

biomass in woody debris habitats further support that food quality and/or food quantity 

influence B. tricaudatus abundance and distribution. Previous studies based in lentic 

systems have shown that food quality is important for maintenance, growth, and 

reproduction, of a particular consumer (Sterner & Schultz 1998).  Overall, B. tricaudatus 

abundance was associated with sites with high periphyton biomass and moderate 

temperatures in the Walker River.   
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 Many studies for Baetis spp. have been concentrated in riffle habitats.  However, 

this study is evidence that perhaps local and single habitat type sampling may poorly 

represent distribution of these species in a river. The spatial and temporal variability of B. 

tricaudatus, throughout the Walker River Basin provides evidence of how this species 

distribution is influenced by environmental variation and environments affected by 

natural and human factors.  These variations ultimately affect the structure of 

macroinvertebrate communities within the river.  The results of this study show that B. 

tricaudatus distribution and habitat use patterns are not similar for all streams or stream 

types.  Their distribution and abundance are attributed to some physical conditions but 

may be more strongly related to food quality and quantity.  Further investigations on B. 

tricaudatus feeding habits and growth may help give more insight into what is 

influencing this population in the Walker River.  It is likely that physical variables act in 

combination with food quality and quantity in a river to ultimately affect B. tricaudatus 

abundance, growth, mass and production.  
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Chapter 2: Length-Mass Relationships and Secondary Production of B. tricaudatus in 
the Walker River 
 
Introduction: 

 Macroinvertebrate studies in desert streams often lack information regarding life 

history characteristics of individual species.  This information is necessary to understand 

trophic relationships, and energetic processes in food webs as well as species roles in 

rivers or streams (Benke 1994, Jennings 2005, Gonzalez et al. 2008).  Unfortunately, 

these life history characteristics (e.g, biomass, growth rate and production) often require 

large samples, result in tedious measurements and problems in collection and 

identification (Smock 1980, Lauzon and Harper 1988, and Sabo et al. 2002).  

Populations, specifically B. tricaudatus, may be influenced by physicochemical 

environmental variations through space and time and thus, their body length and mass, 

growth and biomass may vary throughout the river.   

Increased interest in biomass estimates, production of aquatic organisms and other 

life history parameters has resulted in various methods of determining biomass through 

the fundamental relationship between organism body length and mass.  Thus, organism 

biomass can be estimated from a known parameter, length, using a predictive equation to 

estimate mass (Eckbald 1971, Benke 1996, Burgherr and Meyer 1997, Sabo et al. 2002).  

Understanding the relationship between these two factors provides information necessary 

for ecological studies of growth rates, population biomass, and secondary production.   

 Many studies have developed predictive or conversion equations to estimate 

biomass and other life history parameters for terrestrial arthropods (e.g., Davey 1954, 

Engelmann 1961, Berthet 1976, Breymeyer 1967, Tillbrook 1972), gastropods (Eckbald 
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1971) and some aquatic insect taxa (Benke et al. 1999).  This length-mass conversion 

method is considered a superior method to other approaches because it is more efficient 

and precise (Burgherr and Meyer 1997).  It allows calculation of mass when length is 

known and therefore mass measurements of individuals is not needed.  This saves time, 

allows for a smaller sample size and solves collection issues (e.g., low biomass of a 

species).  Calculations of this nature have not been computed for B. tricaudatus, 

especially in a desert stream.  However, creating predictive equations for biomass from 

localized sampling may poorly represent length-mass relationships and production that 

may differ in response to environmental variations throughout a river.  This is especially 

true if the species are occurring in different stream reaches, exhibiting spatiotemporal 

variation (Ide 1935) in abundance and body condition (i.e., length and mass).   

An organism’s biomass is a direct function of bioenergetic parameters such as 

quantity and quality of food resources, and the efficiency and rate of secondary 

production, (i.e., rate food is converted into new tissue) (Benke 1996).  For example, 

when primary producers use light to fix carbon dioxide and are assimilating inorganic 

nutrients, they are creating an elemental mixture related to the transfer of energy and 

materials through the food web.  An organism’s elemental composition will depend on 

the elemental composition of the food resource it consumes.  Therefore, as organisms 

feed up the food web their elemental composition body C, N, and P will change based on 

the materials they ingest (Sterner and Elser 2002, and Jennings 2005).  This will affect an 

organism’s length-mass relationship and growth depending on food nutrition.  

A number of studies on invertebrates such as Daphnia (Hessen 1990), crane flies 

(Tuchman et al. 2002), zooplankton (Carrillo et al. 1996, Main et al. 1997), and mayflies 
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(Frost et al. 2002) found that nutrition or food quality (low C:P) affects an organism’s life 

history and growth.  Few studies have examined secondary production and only a handful 

of studies have focused on mayflies, and fewer on B. tricaudatus since Waters (1966) 

reported B. vagans McDunnough now (B. tricaudatus Dodds),  Rader et al. (1989) study 

in the upper Colorado River and Robinson et al. (1992) study on the Lost Streams of 

Idaho.  A study on B. tricaudatus, secondary production along an elevational gradient of 

a desert stream has not been documented. 

 Baetis tricaudatus life history patterns are unknown in the Walker River.  It is 

known to be univoltine in some streams, mutivoltine in others, and sometimes bivoltine. 

This means a population may have one, two or multiple cohorts throughout the year. 

Additionally, some populations have a winter generation that hatches in autumn or late 

summer and emerges in the spring as large adults.  Populations may also have a rapid 

summer generation (or two) that emerges in the summer as smaller adults (Ide 1935, 

Waters 1966).    

 The results of this study will be useful for managers and scientists, as it will give 

insight into understanding population dynamics and energetic processes within food 

webs.  It will also give insight into species roles within rivers and streams (Benke 1994, 

Jennings 2005, Gonzalez et al. 2008).  Additionally, these results can be used for future 

assessments of production and life history assessments in rivers and streams.   

 During 2007 and 2008 Walker River B. tricaudatus were examined, for spatial 

and temporal variability in body mass and length, and secondary production was 

estimated.  The objectives for this portion of this study were to: 1). Develop a predictive 

equation from length and mass relationships for B. tricaudatus in the Walker River and to 
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assess the magnitude of spatial and temporal variability in this relationship. 2). Gather 

insight of B. tricaudatus biomass and secondary production in the Walker River.    

Material and Sample Methods: 

Site Description: Refer page 6 for a detailed site description.  Baetis tricaudatus was 

sampled at eight sites along the Walker River, Lyon Nevada and Mono County California 

(Figure 1. for a Map of the Basin).  During some or a variety of sampling events B. 

tricaudatus was not collected due to their absence in the macroinvertebrate community.   

 Baetis tricaudatus populations were collected monthly from June 2007 

consecutively until October 2007, resuming in February of 2008 and then again in April 

2008 in riffles or a woody debris habitats.  Collections were made using a hand-held 30 

cm, 250-micron mesh D-frame net: scrubbing a 0.54 m2 area of substrate in riffle habitats 

and ‘jabbing’ the net through 0.18 m2 of woody debris habitats. (Barbour et al. 1999).  

Collection methods followed the standard Rapid Bioassesment Protocal for benthic 

macroinvertebrates using the multihabitat approach, laid out by the United States 

Environmental Protection Agency (Barbour et al. 1999).  Each sample was placed in a 

tray and Baetis spp. were removed and identified in the field under an Olympus SZ30 

microscope.  A target number of thirty (however sometimes it was less due insufficient 

biomass) B. tricaudatus individuals were removed from the sample, placed in a chilled 

container of river water from the sample site and kept alive for processing.  Live B. 

tricaudatus samples were maintained in a cooler to prevent stresses that could influence 

length and mass measurements.  Measurements were taken within 24 hours of collection 

in the laboratory.  Only individuals with all appendages were selected for measurement.   

Length-Mass Regressions and Secondary Production 
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Field and archived samples were used to quantify body length and mass.  

Archived samples were collections that were specifically allocated for stoichiometric 

processing.  These samples were photographed, dried and weighed by DRI’s Ecological 

and Engineering Laboratory in Las Vegas, NV.  Both archived and field sample body 

length measurements were taken to the nearest 10th of a millimeter, from the tip of the 

head to the end of the last terga, excluding the cerci, using a Vernier caliper.  Baetis 

tricaudatus length measurements from photographs were completed using a caliper 

calibrated at the magnification of the photograph using computer imaging software, 

Infinity Analyze

Spring samples at sites WB, WD, EWB, and EWA had insufficient biomass for 

all sampling needs.  Therefore, samples from these sites were not collected.  Twenty-

three archived B. tricaudatus specimens were then used from the DRI Ecological and 

Engineering Laboratory’s photograph archive to provide length and mass measurements 

for these sites.  Baetis tricaudatus specimens were positioned in the same manner for 

photographs as they were during live measurements; on their side.  All specimens were 

divided into five size classes (based on their length), and placed in pre-cooked, pre-

weighed aluminum pans, and oven dried at 60 ◦C (140 ◦F) for no more than 72 hours to 

determine an average mass for each animal.  

 program.  These measurements were similar to length classes of other B. 

tricaudatus and measurement methods were conducted in virtually the same manner.   

Annual production and biomass was estimated for B. tricaudatus using length-

mass relationships in conjunction with the size-frequency method (Hynes and Coleman 

1968, Hamilton 1969, Benke 1979) in the Walker River.  The size-frequency method is a 

non-cohort technique that is used when a cohort is not followed in the field but instead 
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requires independent approximations of development time or biomass growth rate.  This 

method has been used more than any other method for stream invertebrates (Benke 1993) 

and is based on  the assumption that mean size frequency distribution from samples 

throughout the year factor in the mortality for an average cohort (Benke 1996).  

Organism abundance was divided into size classes (i.e., lengths) and multiplied by the 

mean mass between size classes yielding biomass, as density decreased between each 

size class.  Annual production is then calculated by summing the products of individual 

organism mass and the number of organisms lost.  This result was then multiplied by the 

total number of size classes, assuming the development time was one year.  A correction 

factor is applied once a cohort production development time is established.    

Analytical Methods: 

 
Length-Mass Regressions and Secondary Production 

  A Shapiro-Wilks test was performed to test for normality.  All distributions were 

significantly different from normal (p< 0.05).  Wilcoxon/Kruskal-Wallis non-parametric 

tests were performed to examine the spatial and temporal variation in mass by site, 

season, and habitat, and any possible interaction affects.  All tests were analyzed in JMP, 

Version 5.01(SAS Institute Inc., Cary, NC, U.S.A.).  Statistical significance was set at α 

= 0.05. 

Length-mass data were considered by sites, and each site was fitted to an 

exponential function, that provided the strongest fit.  
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Results: 

Baetis tricaudatus exhibited spatial and temporal differences in mass and length 

between sites, seasons and habitats.  Their mass was largest during winter at site WWA, 

although this was the only site where they were found during that sampling event 

(February 2008) (Figure 27).  They were also largest during spring (April 2008) at all 

sites except for two (WC and WWB) (Figure 27, Table 4).  Mass differed significantly 

between sites (p < 0.01, df = 5).  The largest B. tricaudatus mass was found at sites WD 

and site WWA (Figure 28).  Baetis tricaudatus mass also differed significantly 

temporally within site, except for autumn (spring p < 0.01, df = 3 and summer p < 0.01, 

df = 1).   

Length-mass spatial and temporal variations: 

Table 4. Average Length and Mass by site from June 2007-April 2008 (WD = woody 
debris habitat). 

Site Month Year Habitat Number 
Average 
Length 
(mm) 

Average 
Mass  (g) 

WC June 2007 Riffle 22 4.35 0.00032 
WWB July 2007 Riffle 7 2.77 0.00011 
WWB August 2007 WD  28 3.80 0.00030 
EWB August 2007 Riffle 28 4.51 0.00046 
WWB September 2007 Riffle 15 4.94 0.00054 
EWB September 2007 Riffle 28 3.44 0.00021 
EWB October 2007 Riffle 11 5.99 0.00103 
WWA February 2008 WD 29 6.35 0.00188 
WWA April 2008 WD 31 6.12 0.00147 
EWA April 2008 Riffle 17 5.19 0.00068 
WD April 2008 Riffle 22 6.72 0.00168 
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Figure 27. Mean B. tricaudatus body mass (g) by season within site in the Walker River 
2007- 2008. 1. Spring (black), 2. Summer (gray), 3. Autumn (speckled), 4. Winter 
(hatched).  (Spring, n = 71, EWA,  n = 17, EWB, n = 1, WD, n = 22, and WWA, n = 31, 
Summer, n = 85, EWB,  n = 28, WC, n = 22, and WWB, n = 35, Autumn, n = 54, EWB, 
n = 39 and WWB, n = 15, Winter, n = 29 at site WWA). 
 

 
Figure 28. Mean B. tricaudatus body mass (g) by site in the Walker River 2007-2008. (n 
= 239, EWA,  n = 17, EWB, n = 68, WC and WD, n = 22, WWA, n = 60 and WWB, n = 
50). 
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Length differed significantly between sites (p < 0.01, df = 5).  The longest B. 

tricaudatus occurred at sites WD and WWA (Figure 30).  Baetis tricaudatus length also 

differed significantly seasonally within sites (spring p < 0.05, df = 3, summer p = 0.0584, 

df = 2, and autumn p < 0.05, df = 1), suggesting that at a given site and season B. 

tricaudatus length varies (Figure 29).   

 
 

 
Figure 29. Mean B. tricaudatus length (mm), by season within site in the Walker River 
2007-2008. 1. Spring (black), 2. Summer (gray), 3. Autumn (speckled), 4. Winter 
(hachted) (Spring, n = 71, EWA,  n = 17, EWB, n = 1, WD, n = 22, and WWA, n = 31, 
Summer, n = 85, EWB,  n = 28, WC, n = 22, and WWB, n = 35, Autumn, n = 54, EWB, 
n = 39 and WWB, n = 15, Winter, n = 29 at site WWA). 
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Figure 30. Mean B. tricaudatus length (mm), by site in the Walker River 2007-2008. (n = 
239, EWA, n = 17, EWB, n = 68, WC and WD, n = 22, WWA, n = 60 and WWB, n = 
50). 
 
 

 Spatiotemporal variability in length-mass relationships of B. tricaudatus was 

examined by comparing riffle habitat sites.  The length-mass data for each site was fitted 

to an exponential function and R2 values were calculated for each site. (Figure 34, Table 

5).  In addition, predictive equation were created for each riffle habitat site using the 

exponential function W = ae(b * L) , (e.g. W = (0.00002)* e(0.658 *5.5), Table 5).  Where W 

is dry mass (g), L is length (mm), and a and b are constants.  All length-mass conversion 

equations had high R2 values, supporting the strength of this relationship (Table 5).  

Length-Mass  Regressions 
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Figure 31. Length-Mass relationship regression between sites for riffle habitats and 
length-mass conversion equations for the Walker River 2007-2008.  (n = 150). 
 
 
Table 5. Length–mass relationships by site in riffle habitats and length-mass conversion 
equations for five riffle habitat sites out of eight from the Walker River 2007-2008.  
W = ae(b * L) , (e.g., W = (0.00002)* e(0.658 *5.5)).   
Sites EWB EWA WWB WD WC 
Elevation 1,935 m 1,394 m 2,008 m 1,335 m 1,320 m 
Equation 

 
 

y = 2E-
05e(0.658*L) 

y = 2E-
05e(0.628*L) 

y = 2E-
05e(0.661*L) 

y = 8E-
05e(0.449*L) 

y = 2E-
05e(0.645*L) 

R2 value 0.925 0.936 0.808 0.919 0.896 
 

Secondary production for B. tricaudatus (uncorrected) was 0.86 (g/m2/year1), 

biomass was 0.31 (g/m2), and cohort P/B (P/B is the ratio of production to biomass) was 

2.76 (g/m2/year1) (Table 6).  Corrected annual production was 2.07 (g/m2/year1) and 

corrected annual P/B (directly related to growth rate) was 6.62 (g/m2/year1).  These 

Biomass and Secondary Production 
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estimates are based on the assumption that B. tricaudatus had a 5 month development 

time, which was based on interpreting size-frequency histograms (Figures 32-38).  In 

addition, production estimates were also calculated for 4 and 6 month development times 

(Table 7).  Furthermore, B. tricaudatus for the Walker River appeared to be bivoltine 

during some seasons and multivoltine during others making three hatches per year, one in 

spring, another in late spring/early summer and one in autumn.   

Table 6. Calculation of annual production and biomass of B. tricaudatus for the Walker 
River, during 2007-2008 using size-frequency method.  (Size class = length (mm), Bt. N 
= number of B. tricaudatus in that size class, density was derived using a sample area of 
0.65 m2.  
Size 

Clas

s  

Bt

. 

N 

DENSIT
Y 

(No./m2) 
N 

INDIVIDUA
L MASS (g)  

W 

NO. 
LOST 
(NO./
M2) 
^N 

BIOMAS
S (g/m2) 

N*W 

MASS AT 
LOSS (g) 

W=(W1+W2)
/2 

BIOMAS
S LOST 
(g/m2) 
W^N 

TIMES 
NO. 

SIZE 
CLASSE

S 
W^N*6 

 
2 22 33.85 0.00013 

-
36.923

1 0.0044 0.0002 -0.0048 -0.0290 

3 46 70.77 0.00020 

-
10.769

2 0.0144 0.0541 -0.0022 -0.0131 
4 53 81.54 0.00042 4.6154 0.0341 0.0887 0.0019 0.0116 

5 50 76.92 0.00082 
20.000

0 0.0632 0.0353 0.0164 0.0986 

6 37 56.92 0.00139 
10.769

2 0.0792 0.0020 0.0150 0.0900 

>7 30 46.15 0.00254 
46.153

8 0.1173 0.0025 0.1173 0.7040 
         
    Biomass 0.3127  Production .8620 

    Cohort P/B 2.76  
Annual 

production 2.07 
    Annual P/B 6.62    

 

 

Table 7. Additional production estimations for B. tricaudatus, in the Walker River using 
different development times.  Assumptions based on size frequency histograms.  CPI = 
Cohort Production Interval. 
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Figure 32.  Figure 35.  

Figure 33.  Figure 36. 

Figure 34. 

Length (mm) 

CPI Biomass  
(g/m2) 

Production 
(g/m2) 

Corrected 
Production 
(g/m2/yr-1) 

Annual P/B 
(g/m2/yr-1) 

4 months 0.3127 0.8620 2.59 8.27 
5 months 0.3127 0.8620 2.07 6.62 
6 months 0.3127 0.8620 1.72 5.51 
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Length (mm)  

Figure 32-38. Baetis tricaudatus length (mm) frequency histograms from the Walker 
River 2007-2008 from six sites out of eight. (compiled lengths from entire study). 
 

Figure 37. Figure 38.  

Length (mm) 
 

Figures 32-38. Baetis tricaudatus length (mm) frequency histograms from the Walker 
River 2007-2008. (compiled lengths from six out of eight sites).  
 
Discussion: 

Spatial and temporal variability in B. tricaudatus length and mass were 

significant.  These spatial variations suggest that localized sampling poorly represents 

this species growth patterns within a river system.  These results are similar to 

observations by Culver (1980) where cladocera spp. body size changed seasonally.  

Similarly, Hessen (1990) found changes in mass per unit length of Daphnia, and 

attributed this to food quantity and food quality.  Baetis tricaudatus mass and length were 

largest and longest during winter at site WWA and at all sites except for two (WC and 

WWB) during spring.  These variations in length and mass could be responses to food 

resource quality or quantity during optimal grazing months, physicochemical 

environmental factors, or a combination.   
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Waters (1966) found similar results in variation of production of B. vagans in 

Valley Creek, Minnesota, where production and growth rates were high during summer 

and winter.  Rader et al. (1989) also found variation in production by site on the Colorado 

River.  However, these variations in species growth by site along the Walker River were 

not expected and therefore were not taken into account during secondary production 

calculations due to insufficient biomass and replication for this study.  Thus, it is likely 

that production is different at each site due to environmental conditions, variations in 

food quality and quantity and their influence on life history patterns.   

Baetis tricaudatus annual secondary production in the Walker River was 

relatively low compared to other streams.  However, estimated annual secondary 

production for B. tricaudatus, in the Walker River was 2.07 (g/m2/yr1) which is one order 

of magnitude higher than B. tricaudatus annual production (0.62 g/m2/yr1) at an 

unregulated section of the upper Colorado River (Rader et al. 1989).  Annual secondary 

production at other regulated sites in the upper Colorado River, were slightly higher (7.48 

and 5.01 g/m2/yr1) than the Walker River estimate (Rader et al. 1989).  Robinson et al. 

(1992) estimated annual production of B. tricaudatus in Lost Creek, Idaho to be 5.7 

g/m2/yr1, which is slightly higher than the Walker River.  In the Walker River results 

were two orders of magnitude lower than Waters (1966) estimate of B. vagans (12.6 

g/m2/yr1) from Valley Creek, Minnesota.  Fisher et al. (1983) reported an annual 

production estimate for B. quilleri (21.9 g/m2/yr1) in Sycamore Creek, Arizona, a desert 

stream.    

Baetis tricaudatus annual production was based on a development time of five 

months and biomass was 0.31g/m2.  The annual ratio of production over biomass is 
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closely related to growth rate and roughly equivalent to turnover ratio (Benke 1984).  

Baetis tricaudatus (P/B) ratio for the Walker River (6.62 g/m2/yr1) was similar to  

estimates by Rader et al. (1989) in the upper Colorado River, site 1, (4.4 g/m2/yr1), site 2 

(9.9 g/m2/yr1) and site 3 (8.6 g/m2/yr1).  However, production and P/B rates, increased at 

both regulated sites suggesting that impoundments increased productivity and growth 

(Rader et al. 1989).   

Walker River discharge in mostly regulated or diverted for agriculture and has 

two major reservoirs.  Bridgeport Reservoir is upstream of site EWB on the East fork and 

Topaz Reservoir is upstream of site WWA on the West fork of the Walker River.  Based 

on Rader et al. (1989) results these sites should have higher production rates.  However, 

Walker River production was estimated from compiled length-mass measurements 

throughout the river yielding a lower estimate compared to other studies.  Therefore, the 

calculated production estimates for B. tricaudatus, in the Walker River, may be an 

underestimate because variations of length-mass between sites were not accounted for.  

Therefore, secondary production and biomass estimations for the Walker River should be 

assessed more thoroughly based on either a site by site estimation or by West fork, East 

fork and main river designations, thus accounting for diversions.    

Annual production ratio (P/B) estimates, compared to Sycamore Creek in Arizona 

(64 g/m2/yr1) were also low, where macroinvertebrates as well B. tricaudatus are 

classified under the functional feeding group of collectors, were the dominant group.  

Fisher et al. (1983) suggests that organisms were not food limited as the stream was 

composed of large amounts of detritus in sediments, which collectors feed on.  However, 

the importance of algae, specifically diatoms, to mayflies has been demonstrated in a 
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number of lab and a few field studies (Bird and Kaushik 1984, Fuller and MacKay 1981).  

Furthermore, Benke and Wallace (1980), Huryn and Wallace (1987) have shown that 

algae as a food resource increased secondary production of different stream insects.   

Moreover, B. tricaudatus is a collector-gatherer known to feed on diatoms and detritus 

and their food habits frequently change during different growth periods or at different 

times during the year (Brittain 1982, Meritt and Cummins 1996).  Thus, further 

investigations on B. tricaudatus feeding habits, growth and food quality and quantity may 

help give insights into what’s regulating this population in the Walker River.    

There are possible errors associated with these low production estimates.  Error 

may be attributed to low abundance of B. tricaudatus due to insufficient sample size and 

not enough replication, or species absence.  Additionally, production and biomass 

estimates may be low due to false assumption of cohort production time, as we assumed 

it had a 5 month development time, assessed through interpretations of size-frequency 

histograms.  Baetis tricaudatus appeared to be bivoltine during some seasons and 

multivoltine during others making three hatches per year, one in spring, another in late 

spring/early summer and one in autumn for the Walker River.  However, these 

assumptions could change based on site by site differences which were not accounted for.   

Baetis tricaudatus distribution and abundance varied both spatially and 

temporally in response to changing environmental conditions as did its length and mass 

patterns throughout the Walker River continuum.  Thus, B. tricaudatus length-mass 

relationships for different areas are unique.  Length-mass relationships were exponential.  

However, past studies have found these relationships to be linear using a power function 

for the conversion equation.  The largest B. tricaudatus lengths and masses were 



62 

 

observed in what appeared to be late instar females, through observation of egg masses 

and absence of turbinate eyes (Morihara and McCafferty 1979, Merritt and Cummins 

1996).  Females probably have higher body energy requirements in order to produce 

young/eggs (Sweeney 1978, Brittain 1982) and fecundity increases with body size 

(Peckarsky 2002).    However, detailed investigations on the sex of the organism were not 

performed.  The large measurements in length and mass could be creating this 

exponential relationship between length and mass, however further investigations on 

length and mass between males and females should be investigated.   

 Length-mass regression equations are still being conducted for many different 

macroinvertebrates but sexes are not being separated and perhaps should be, to gain a 

more accurate individual life history data.  Length-mass equations are not applicable to 

other species and various authors also caution their application to populations of the same 

species over different geographic regions (Smock 1980, Meyer 1989, Wenzel et al. 1990, 

and Burgherr and Meyer 1997).  Moreover, populations separated by wide distances may 

be exposed to different growth factors or natural or anthropogenic environmental factors, 

especially temperature, and possibly food resources and food availability.  These 

differences could lead to significantly different growth rates or differences in length and 

mass.  However, species specific equations, such as the one above, will provide more 

precise estimates of mass (Smock 1980) than genera or family level equations.   

The compilation and analysis of B. tricaudatus length-mass regressions for 

Walker River, NV and CA, USA gave insight into growth and life history variability 

between the different riffle reaches along the river at varying elevation gradients.  This 

enabled us to develop predictive equations for each site in riffle habitats that may prove 
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useful to future investigators in their own studies.  Furthermore, the results of this study 

suggested that food resources may be an important contributing factor in growth, 

secondary production and B. tricaudatus distribution throughout the Walker River.  

Baetis tricaudatus length and mass relationships in woody debris habitats was not 

analyzed due to insufficient biomass and collection, in woody debris habitats.  It is likely 

that length and mass would vary between habitats within a site, as food quality and 

quantity vary between habitats.  Thus, further research and investigation on length-mass 

relationships between habitats is suggested.   
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Chapter 3: Ecological stoichiometry of Baetis tricaudatus: relationships between body 
phosphorus content and size, and their food habits in the Walker River. 
 
Introduction:  

Spatial and temporal variations in river and stream chemistry are strongly 

intertwined with the biological processes of the organisms within it.   Chemical 

composition in river water comes from a variety of sources through precipitation and 

runoff over insoluble rocks as well as anthropogenic activity attributed to agricultural and 

urban practices.  These are often major sources of P and N inputs affecting the water 

quality and biological communities, creating optimal or degraded habitats.  Excess P and 

N affect the quality and quantity of food resources (primary producers) which influence 

macroinvertebrate growth and population via imbalance in stoichiometric ratios 

(measured by the amount of C, N and P in the body) of predators and prey in the system.   

Stoichiometric approaches aim to link multiple levels of ecosystem dynamics to 

the biochemical makeup of an individual organism and its role in the ecosystem (Cross et 

al. 2005).  Biological stoichiometry provides a framework in measuring chemical 

elements, C, N and P that organisms are composed of, to understand the affects 

nutritionally unbalanced foods have on the basic dietary needs of an animal.   It also 

provides a means to solve practical problems of assessing growth rate under various food 

conditions (Acharya et al. 2004) and seeks to understand the relationship between the 

elemental requirements of consumers and the elemental composition of food.  

Understanding how these factors influence different trophic levels may provide insight 

into ecosystem processes.   
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Like their counterparts (i.e., Daphnia, Ephemerella sp., and Caenis sp.) in lentic 

environments, lotic herbivores such as mayflies (i.e., Baetis spp.) have body 

stoichiometry that varies based on their food which is often attributed to lack of strict 

homeostasis in insects compared to plants (Sterner and Elser 2002).  Therefore these 

organisms are not “what they eat” as they only retain small portions of the nutrients, as 

per their biological needs, that they consume and allow the rest to pass.  What they 

consume however, (periphyton, diatoms and algae), are influenced by the changing 

chemical environments which dictate their nutrient content, thus changing the nutritional 

quality of their cells.   

Many previous studies based in lentic systems have shown that the role of 

stoichiometric food quality is important for the maintenance, growth, and reproduction, 

of a particular consumer (Sterner and Schultz 1998).   Similarly, insufficient nutrition in 

food can reduce growth rates of benthic consumers (Iversen 1974, Ward and Cummins 

1979, Sharfetein and Steinman 2001, Stelzer and Lamberti 2002, Frost and Elser 2002).  

According to Sharfetein and Steinman (2001), Stelzer and Lamberti (2002), Frost and 

Elser (2002) poor nutrient quality in food often creates mass balance constraints on 

biomass production.  Most of these studies are based on zooplankton in lentic systems; 

however, effects of food quality on benthic consumer growth rate are poorly understood. 

(Frost and Elser 2002)  Lentic data, so far, has hypothesized that benthic organism’s 

elemental body C:N:P ratios should vary between and within species across ecosystems.  

A few studies, such as Frost et al. (2002) study in the ELA suggest that high C:N and C:P 

ratio of food (i.e., poor quality) may reduce growth and nutrient release in benthic 

consumers.  
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Many benthic consumers rely on algae as a food resource, although many choose 

allochthonous organic matter or both.  Baetis tricaudatus is a collector-gatherer and 

mainly feeds on diatoms and detritus (Meritt and Cummins 1996).  Algae, specifically 

diatoms, have been proven to be an important food resource for mayflies (Bird and 

Kaushik 1984, Fuller and MaKay 1981).  Periphyton, including algae, diatoms and 

cyanobacteria, as well as fine particulate organic matter and bacteria, are considered the 

most nutrient rich, having a low C: nutrient ratio, followed by leaf litter (Cross et al. 

2005).  Other terrestrial-derived resources such as wood are the least nutrient rich of all 

organic materials in rivers and streams.  These resources, leaves, and runoff from 

agriculture and other urban discharges have increased the nutrient regime in rivers and 

streams.  This influences food resources and river and stream chemistry, impacting river 

and stream biota.   

As river chemistry changes, due to non-point source runoff, and other urban 

discharges, additional nutrients affect periphyton (Lowe 1979), and detritus (Webster et 

al. 1979) C: nutrient ratios.  This in turn will influence the flow of nutrients and energy 

through the food web (Power 1992).   As organisms feed up the food web their elemental 

composition might change based on the materials they ingest.  The quality and 

availability of food that macroinvertebrates ingest varies along the length of the river and 

may influence growth rates, mass or length and production of macroinvertebrates 

spatially (Iversen 1974, Ward and Cummins 1979, Sharfetein and Steinman 2001, Stelzer 

and Lamberti 2002, Frost and Elser 2002). 

Therefore, as a result, changes in nutrient concentrations in food quality is an 

important factor affecting food webs in benthic systems (Frost and Elser 2002, Frost et  
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al. 2002).  For example, Frost and Elser (2002) found that mayflies in the ELA 

experiments were not limited by food quantity but by the quality of their food resources.  

Evidence for food constraints on mayfly growth rates has been provided by lake and lab 

experiments; however, imbalances and nutritional requirements in lotic benthic systems 

over a broader spatial and temporal scale have not been investigated (Frost et al. 2002, 

Kahlert 1998, Francoeur et al. 1999, Frost and Elser 2002).  Stoichiometric studies are 

relatively new and few have focused on mayflies let alone a specific species of mayfly.  

Additionally, little research has been conducted on the importance of algae for collector-

gatherers or feeding habits of the mayfly B. tricaudatus. 

The objective of this portion of the study was to deduce the spatial and temporal 

variability of B. tricaudatus abundance and describe influences of its diet and body 

stoichiometry in the Walker River System.  This study attempts to investigate factors 

regulating B. tricaudatus spatial distribution and whether it’s related to or affected by 

quality or quantity of food resources and how these elemental ratios change downstream 

due to water chemistry, natural conditions or anthropogenic activity.  B. tricaudatus diet, 

(via gut contents), was also analyzed to better assess what it consumes during different 

seasons at varying reaches of the river to verify stoichiometric food quality.  In addition, 

periphyton communities were also collected for biomass estimation and enumeration.  

Chl_a was used as a surrogate for estimating biomass.  Due to the scope of the project 

and limited funding stoichiometric measurements were not taken on periphyton.   

Material and Sample Methods: 

Site Description: Refer page 6 for a detailed site description.  B. tricaudatus was 

sampled at eight sites along the Walker River, Lyon County Nevada and Mono County 
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California (Figure 1. for a Map of the Basin).  During some sampling events B. 

tricaudatus samples were not obtained due to the unavailability and insufficient biomass 

of the organism. 

Collection details are given in chapter 1.  Organisms were placed in a tray and 

identified using an Olympus SZ30 microscope.  Once B. tricaudatus was identified, 

between 6 and 10 organisms were placed in two vials using either a pipette or flat tip 

forcipes.  Samples collected for stoichiometry were stored on dry ice without chemical 

fixing and samples collected for diet analysis were placed in 5-10% Formaldehyde (Rosi-

Marshall et al. 2002) for 24 hours and then transferred to 98% ethanol and 2% glycerol.     

Baetis tricaudatus collection: 

Samples were sent to the Desert Research Institute, Las Vegas, NV and stored in the 

freezer until processing occurred.  Samples were thawed, photographed (2-4 pictures) and 

dried in a convection oven, at 60◦C (140 ◦F) for at least 24 hours.  The dried material was 

partitioned into whole organisms or parts depending on the size of the organism, weighed 

in a microbalance and placed in test tubes for P analysis, and in aluminum capsules for C, 

and N analysis.  There were two replicates for C, and N, and three replicates for P.   

Prepared C, and N samples were sent to Gold Water Environmental Laboratory, Arizona 

State University for processing and were analyzed using the Perkin-Elmer, model 2400 

elemental analyzer.  P analysis was done using a per-sulfate oxidation followed by an 

acid molybdate technique, allowing phosphate to bind to the reagent, and then using a 

UV-vis spectrophotometer to determine how much P the organism contained. (APHA 

2005)   

Baetis tricaudatus Stoichiometry 
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 All specimens were rinsed with distilled water and all debris removed with 

needles or forceps.  The abdomens were slit and the entire digestive tract removed 

(Chessman 1986) and mounted on slides for identification.  The gut contents were made 

into semi-permanent slide mounts using Taft’s glucose solution (Lowe et al. 1996, Taft 

1978).  The contents were enumerated and identified using differential inference contrast 

(DIC) microscopy on an Olympus BX-60 electron microscope with imaging capabilities, 

using 

Diet  Analysis 

Q Capture Pro imaging software.  Five different B. tricaudatus guts were examined 

from each site, during different seasons, with five different views on one slide (using an 

area of 530 µm2 for each view), to characterize the gut contents of the organism.  The 

contents were classified using three categories: percent amorphous detritus, percent 

filamentous algae and percent diatoms as well as most dominant diatom.  The percents in 

each category are based on five, 530 µm2 views per slide from at least 3 gut samples from 

each site.   

Periphyton Biomass: Refer to chapter 1. for details. 

 All Water Chemistry data was collected by Brad Lyles of the Desert Research 

Institute and analyzed at Division of Hydrologic Science’s EPA certified Water Analysis 

Laboratory.   

Water Chemisty:  

Analytical Methods: 

Baetis tricaudatus Stoichiometry and Diet Analysis 
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 A series of one-way and two-way Analysis of Variance (ANOVA) were 

performed to examine the spatial and temporal affects on the elemental composition of % 

body phosphorus of B. tricaudatus, by site, season, and habitat.  All data was arcsin 

square root transformed prior to analysis.  A Shapiro-Wilks analysis was used to test 

normality of data.  Normality test for B. tricaudatus % body phosphorus was p = 0.5869. 

A post hoc least square means Tukey pair-wise analysis was performed on % body 

phosphorus to see where the significant comparisons were drawn.  A multivariate 

analysis of variance (MANOVA) was performed to identify changes in the independent 

variable and whether they have a significant effect on the dependent variable.  This 

method also tests for interactions among the independent variable and any association 

among the dependent variable.  This provides insight on how B. tricaudatus % body 

phosphorus changes through space and time.  

A Shapiro-Wilks test was performed to test normality of C, N and diet data.  All 

data failed the test of normality.  Wilcoxon/Kruskal-Wallis analyses were performed to 

examine the spatial and temporal affects on stoichiometry and mass of B. tricaudatus by 

site, season, and habitat and any interaction affects.  All analyses were analyzed in JMP, 

Version 5.01. SAS Institute Inc., Cary, NC, 1989-2009. 

A Shapiro-Wilks test was performed to test normality of chl_a, TN and TP data.  

Wilcoxon/Kruskal-Wallis analyses were performed to examine the spatial and temporal 

affects water chemistry has on periphyton and how food quality affects the stoichiometry 

and mass of B. tricaudatus.  Analyses were performed by site, season, and habitat and for 

Periphyton Biomass and Water Chemistry: 



75 

 

any possible interactions.  All analyses were analyzed in JMP, Version 5.01. SAS 

Institute Inc., Cary, NC, 1989-2009. 

 

Results: 

There was significant spatial variation (p < 0.01, df = 7) of TP, however, temporal 

variation (p = 0.0598, df = 2) between different sites in the Walker River was not 

significant. The East fork of the Walker and specifically site EWB had the highest TP 

spikes during summer and autumn.  Similarly, site EWA had higher TP during all three 

seasons with major spikes during summer and autumn. (Figure 39-40).  In contrast, the 

West fork had the highest TP concentration during spring and summer, with small peaks 

at site WWA, decreasing noticeably during autumn.  Site WWB and WA also had higher 

TP during summer, with levels increasing fairly noticeably at site WA during autumn.     

Walker River Chemistry 

 
 
 Figure 39. Mean TP concentrations (µM) by site in the Walker River 2007-2008. (n = 88 
all sites had n = 12, except for WA, n = 6 and WB, n = 10). 
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Figure 40. Mean TP concentrations (µM) by season in the Walker River 2007-2008. 1. 
Spring (black) [n = 27], 2. Summer (gray) [n = 31], 3. Autumn (speckled) [n = 30]). 
 

Similarly, TN showed significant spatial variation (p < 0.01, df = 7) between 

different sites in the Walker River, but did not vary temporally (Figure 41-42).  TN was 

highest on the East fork of the Walker at site EWB and was lowest at sites WA on the 

main Walker River and site WWB on the West fork.  Although, TN showed no temporal 

variation, it did however; show a site by season interaction, suggesting that during 

specific seasons at certain sites TN does change.  TN varied significantly (p < 0.01, df = 

7), during summer and autumn between sites, but in spring it was only marginally 

insignificant (p = 0.0998, df = 7). 
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Figure 41. Mean TN concentrations (µM) by site in the Walker River 2007-2008. (n = 88 
all sites had n = 12, except for WA, n = 6 and WB, n = 10). 
 
 

 
 
Figure  42. Mean TN concentrations (µM) by season in the Walker River 2007-2008. 1. 
Spring (black) [n = 27], 2. Summer (gray) [n = 31], 3. Autumn (speckled [n = 30]). 
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 Baetis tricaudatus body C content was found significantly different between 

seasons (p < 0.05, df = 3).  However, body N content did not change significantly by site, 

season or habitat, or any combination of interactions. Significant spatial and temporal 

variations were found in B. tricaudatus body P content.  A multiple analysis of variance 

(MANOVA) showed that body % P was significantly different by site (p < 0.05, df = 21) 

(Figure 43) and site by season interaction (p < 0.01, df = 21; Figure 44)  Generally, body 

P content of the B. tricaudatus appeared higher in woody debris habitats (Figure 45) over 

riffle habitats, but was not significantly different.  Similarly, P content was not found 

significantly different between habitats, between habitats during different seasons or 

between habitats at different sites.  

Baetis tricaudatus Stoichiometry 

 
 
Figure 43. Mean (±2SE) B. tricaudatus % body phosphorus by site in the Walker River 
2007-2008. (n = 37, WA, WB, WC and WD, n = 2, EWA and WWB, n = 6, EWB n = 12 
and WWA n = 5). 
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Figure 44. Mean (±2SE) B. tricaudatus % body phosphorus by season within site in the 
Walker River 2007-2008. 1. Spring (black), 2. Summer (gray), 3. Autumn (speckled), 4. 
Winter (hatched) (Spring, n = 8, EWA, WB and WD, n = 1, EWB, n = 3, and WWA, n = 
2, Summer, n = 11, EWB and WWB, n = 3, WA, n = 2, and WWA, n = 1, Autumn, n = 
10, EWA, WC, WD, and WWA, n = 1, EWB, n = 4, and WWB, n = 2, Winter, n = 8, 
EWA and EWB, n = 2, and WB, WC, WWA and WWB, n = 1). 
 
 

 
 
Figure 45. Mean (±2SE) B. tricaudatus % body phosphorus by habitat in the Walker 
River 2007-2008. (riffle = speckled [n = 16], woody debris = black [n = 21]). 
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Diet Analysis

 Baetis tricaudatus, gut contents were composed of diatoms, amorphous detritus, 

filamentous algae and some green algae.  Feeding habits appeared to change seasonally 

by sites. Baetis tricaudatus was available for collection at sites EWB and WWB during 

summer and autumn in 2007 and at sites WD, EWA, EWB, WWA, and WWB during all 

three seasons in 2008.  All other sites had biomass constraints or B. tricaudatus was not 

present during that season.  There were five dominant diatoms consumed by B. 

tricaudatus that are: Cocconeis, Diatoma, Gomphonema, Rhoicosphenia, and Fragilaria.  

  During the summer of 2007 B. tricaudatus, consumed mostly Cocconeis at site 

EWB and WWB.  In autumn however, grazing switched to Gomphonema at site WWB.  

At site WWB Navicula and Nitzschia were only consumed as the second and third most 

abundant diatom.  At site EWB consumption of Cocconeis increased in autumn and 

comprised 75% of the total food intake.  At site WWB in autumn of 2007 B. tricaudatus 

preferred Gomphonema over other diatoms.   However, Gomphonema only comprised 

25% of its food intake, along with Nitzschia which was 7% of its food intake.  Similarly, 

during autumn of 2008 diet analysis at site WWB showed that Gomphonema comprised 

24% of the total food intake, along with 12% of Navicula and 8% of Nitzschia.     

  

Periphyton Biomass was measured using chl_a measurements.  Chlorphyll_a 

varied spatially throughout the Walker River system where chl_a was significantly 

different by site in riffle habitats (p < 0.05, df = 7) but not in woody debris habitats 

(Figure 22 and 23, Table 4).  Similarly, chl_a also differed significantly (p < 0.05, df = 7) 

by sites in riffle habitats (Figure 25).  In addition, chl_a also varied by season in riffle 

Periphyton  
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habitats but not in woody debris habitats (Figure 24).  Chlorophyll_a was lowest during 

spring in both habitats but had similar periphyton biomass during summer and autumn in 

woody debris habitats (Figure 24).  In contrast, periphyton biomass was most abundant 

during autumn and summer in riffle habitats.  Additionally, the overall periphyton 

biomass was highest at sites WA, EWB, WC and WWA in riffle habitats, and highest at 

sites EWB, WA, and WD, in woody debris habitats.   

Of the five dominant diatoms that were consumed by B. tricaudatus, relative 

abundance of Cocconeis differed significantly by site (p < 0.05, df = 7) and season (p < 

0.01, df = 2).  Similarly, Diatoma relative abundance differed significantly by site (p < 

0.01, df = 7) and by season (p < 0.05, df =2).  In addition, Diatoma differed significantly 

by habitat within site (p < 0.05, df = 7) in riffle habitats and (p < 0.05, df = 7) in woody 

debris habitats.  Furthermore, Gomphonema differed significantly by site (p < 0.05, df = 

7) but not by season (p = 0.0548, df =2).  Rhoicosphenia, differed significantly by site (p 

< 0.01, df = 7), it also differed seasonally by site (Summer p < 0.05, df = 7, Autumn p < 

0.05, df = 7).  They also differed significantly by habitats within a site for (riffle p < 0.01, 

df = 2).   Finally, Fragilaria differed significantly by site (p < 0.01, df =7), habitat (riffle 

p < 0.05, df = 2) but was not significant by season (p = 0.0662, df = 2).   

Discussion: 

Contrary to other studies, diet analysis showed Walker River B. tricaudatus 

consumed mostly diatoms, filamentous algae, green algae and small amounts of 

amorphous detritus.  Other studies, have found Baetis spp. and other mayfly species 

consuming more detritus (64%) than benthic (27%) or planktonic algae (1%) in two 

streams in Melbourne, Victoria, Australia (Chessman 1986).  Similarly, Rosi-Marshall et 
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al. (2002) found Baetis spp. consumed high amounts of amorphous detritus and only 

secondarily consumed diatoms.   Ephemerella spp. on the other hand, consumed more 

diatoms at upstream sites and more amorphous detritus at downstream sites in the Little 

Tennessee River (LTR), NC (Rosi-Marshall et al. 2002).    

Rader et al. (1986) found that filamentous green algae were rarely consumed due 

to their thick cell wall structure despite their high abundance.  Lamberti and Moore 

(1984) and Gary and Ward (1979) found that the caloric intake of filamentous green 

algae was half that of detritus.  Baetis tricaudatus consumption of detritus was lower than 

diatom consumption at all sites on the Walker River throughout both years.  Although, 

during autumn at lower sites, more detritus was consumed than during spring or summer. 

These results differ from Shepard and Minshall (1984) where, in a laboratory study, they 

found that mayflies did not discriminate between algae and various forms of detritus.  

However, it appears that Walker River B. tricaudatus prefer diatoms over detritus.  

Kohler (1984) demonstrated that B. tricaudatus movement within preferred periphyton 

patches was highly systematic, avoiding non-periphyton patches and maximizing energy 

gains from the food source.   Algae, specifically diatoms, have been proven to be an 

important food resource for mayflies in studies by Bird and Kaushik (1984) and Fuller 

and MaKay (1981).    

Baetis tricaudatus consumed Diatoma, Rhoicosphenia and Gomphonema during 

the spring.  It seemed to prefer higher profile diatoms, that appeared to be nutrient rich, 

when available.  Rhoicosphenia and Gomphonema, comprised on average > 28% of B. 

tricaudatus diet during spring (from 75 observations of 3 samples at 3 different sites), 

despite the higher quantities of other diatoms, such as the motile diatoms in the river.   At 
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one site alone diatom consumption was almost 40% of the total intake.  Compared to 

summer months, these diatoms were still consumed but comprised on average < 16% of 

the total intake.  In contrast, Rosi-Marshall et al. (2002) did not see a significant change 

in diet between any of their taxa examined at any of their sites in the Little Tennessee 

River (LTR), NC.  However, significant differences in the proportion of content that they 

found in the guts of all taxa did differ among sites.   

At sites where B. tricaudatus diet analysis showed consumption of the most 

abundant diatom, Cocconeis sp., B. tricaudatus phosphorus levels were relatively high 

(i.e., low C:P ratio).  This occurred mostly during summer and autumn, supporting that B. 

tricaudatus were heavily consuming P rich diatoms during these months to support 

higher growth patterns in winter and spring (Chapter 2).  Further, the consumption of 

Cocconeis sp. occurred at all sites, suggesting that this diatom is an important food source 

for B. tricaudatus.  Cocconeis sp., has been shown to significantly respond to P and N 

enrichments (Pan and Lowe 1994) thus increasing its nutritional value.  It is relatively 

harder to decipher if organisms are selecting for nutritional food or consuming what is in 

largest quantity.  Baetis tricaudatus did however consume high profile diatoms over 

motile diatoms when motile diatoms were most abundant and these diatoms appeared to 

be more nutrient rich.  It has also been shown that quality of a food resource is important 

for the growth of littoral mayflies (Frost et al. 2002, Frost et al. 2005).  Similarly, other 

studies have shown mayflies selecting algal patches in a systematic method maximizing 

net energy intake within patches (Frost et al. 2002, Kohler 1984).   

Although, factors such as light limitation and temperature could be affecting these 

diatom communities, however, algae are generally considered less homeostatic than 
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secondary consumers (Sterner and Elser 2002) and therefore represent ambient nutrient 

contents in their biomass.   Cocconeis grows on Cladophora mats which are filamentous 

green algae often found on woody substrate or larger cobbles (Davis et al. 2009) and its 

abundance was highest during summer when TP concentrations of the water were also 

high.  Cladophora was found at all sites except WWB but Cocconeis was found at all 

sites.   In some cases, other diatoms were favored over this diatom perhaps because 

Cocconeis is considered to be a grazer resistant diatom species (Pan and Lowe 1994) or 

because of the high abundance of Cladophora mats that were thick making Cocconeis 

hard to get to.  Perhaps other diatoms were more nutritious but were in lower quantity in 

this river system.  Nonetheless, the exact impact of Cocconeis is not known on other 

species at this time due to funding constraints.  Further stoichiometric tests on periphyton 

C:N:P ratios are suggested to more clearly state what is truly driving these feeding, 

growth, and mass patterns.    

Percent body P for B. tricaudatus changed by site and by site interacting with 

season, suggesting that B. tricaudatus percent body P changes by site during a specific 

season throughout the year.  Percent body P for B. tricaudatus was highest during the 

summer and autumn but lowest during the spring.  C: P body stoichiometric ratio was 

generally low during autumn.  These results coincide with their mass and length results, 

where mass and length were  largest and longest during spring and winter suggesting that 

they were optimally feeding during summer and autumn months, when food quality, C:P 

was lower than other seasons.  Total P levels were also high during summer and autumn 

and lower in spring.  These high levels in summer and autumn were likely due to high P 

levels in algae and diatoms, creating an optimal high quality food resource during these 
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months.  Similar results were found in other studies by Carrillo et al. (1996) and Main et 

al. (1997) where changes in body phosphorus content of zooplankton taxa coincided with 

changes in their mass and their diet.  Additionally, Hessen (1990) found that food quality 

(low C:P) and quantity affected the mass per unit length of Daphnia similar to results 

found in this study of B. tricaudatus.  Food quality and quantity are influenced by 

variations in river chemistry as a result of variability in nutrient input due to land use and 

land cover changes in the watershed, thus affecting consumers.   

 Periphyton biomass increased in woody debris habitats downstream, most likely 

in response to substrate size creating optimal grazing opportunities in woody debris 

habitats.  Body P content of B. tricaudatus was generally higher in woody debris habitats 

compared to riffle habitats although this was not significantly different.  Baetis 

tricaudatus abundance however, was highest in woody debris habitats.  Similarly, mass 

and length were also found to be largest and longest in these habitats.  This suggests that 

food quality in woody debris habitats was perhaps more nutritious than in riffle habitats.   

The results of this study suggest that macroinvertebrates may be more directly 

affected by river chemistry in terms of nutrient uptake via higher algal nutrients.  

Therefore, macroinvertebrates feeding on algae during summer and autumn when river 

TN and TP concentrations were high are provided with higher nutrients and thus have 

possibly higher growth rates and population densities.  If this holds true then this suggests 

that food quality is an important factor in dictating distribution and growth patterns of B. 

tricaudatus.  These results coincide with results from Culver (1980), Hessen (1990), 

Frost et al. (2002), and Tuchman et al. (2002) who found food quality, low C:P, to be 

important for growth in benthic consumers.   
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The application of ecological stoichiometry in lotic benthic ecosystems has only 

recently begun.  Documenting stoichiometric variation in benthic consumers and their 

resources, in combination with other food web and ecosystem dynamics has proven to be 

an insightful path for gaining understanding of factors influencing benthic populations. 

(Frost et al. 2002, Cross et al. 2005)  Recent studies and previous sections of this study 

have shown spatiotemporal variations in B. tricaudatus distribution, abundance, length 

and mass, in response to changing environmental conditions.  These results provide 

insight into understanding regulating factors of B. tricaudatus on the Walker River and 

directions for future investigators studies on other species.  This study also suggests that 

further research between habitats should be investigated more thoroughly and that further 

investigations on diatom C, N and P would provide better insight into specific feeding 

habits of this and other species on the Walker River.   
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