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INTRODUCTION

Ecosystems are ultimately limited by two resources: energy, fundamentally 

as sunlight, and elemental nutrients (Odum 1971). Much of the dynamics of 

lotic systems must therefore revolve around the mobilization of energy and 

nutrient resources into organic compounds. Coupled with organic synthesis 

is the eventual dissipation of this biomass towards some physiochemical 

equilibrium and a regeneration of assimilated nutrients (Webster et al. 1975).

Emphasis on lotic processes has focused primarily on energy metabolism 

(Teal 1957; Nelson and Scott 1962; Minckley 1963; Minshall 1967; Coffman et 

al. 1972; Fisher and Likens 1973; Boling et al. 1975). If any unifying concept 

in stream ecology has emerged from these studies it is the generalization that 

the surrounding terrestrial community provides the primary energy input to 

small unperturbed woodland streams (Cummins 1974, 1979; Hynes, 1975). The 

same generalization also applies to stream nutrients (Bormann and Likens 

1967; Cooper 1969; Hall 1972; Likens and Bormann 1972, 1974a; Saunders 1972; 

Hobbie and Likens 1973.)*

Lotic system stability necessarily entails material inputs, internal 

processing,and material outputs. Because nutrient cycling is inexorably linked 

with ecosystem stability (Pomeroy 1970; Odum 1971) the concepts of input, 

processing,and output provide a logical review framework. Further specific 

approaches detailing land-water linkages, as espoused by Likens and Bormann 

(1974a), the river continuum concept (Vannote et al. 1980) and, the nutrient 

spiralling hypothesis (Wallace et al. 1977; Webster and Patten 1979) will serve 

as focal points for discussions of nutrient-stream interrelationships.

Saunders (1972) broadly defines nutrients in a manner suitable to the pre

sent context as, "elements and their organic derivatives necessary to stimulate
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and sustain the growth of flora and fauna in river ecosystems”. He subdivides 

them into macro- and micro-nutrients according to the relative proportions 

required for plant growth* Macronutrients include: hydrogen, oxygen, carbon, 

nitrogen, phosphorous, potassium, calcium, magnesium and sulfur. Iron, 

manganese, cooper, zinc, boron, sodium, molybdenum, chlorine, vanadium, cobalt 

and silica are considered micronutrients. Since micronutrients are infrequent

ly limiting to aquatic plants (Eyster 1964) they will not be appraised further. 

Hydrogen, particularly as it affects pH, and oxygen, necessary for respiration, 

are important elements in aquatic systems; however, they are generally treated 

under dissolved gases and not nutrients (Hynes 1970; Reid and Wood 1976).

Carbon, although it may limit plant growth (Schindler et al. 1973; Wetzel 1975), 

is more often included with reference to flowing waters under the subject of 

energy transformation (i.e., as organic carbon) rather than under nutrient 

dynamics. Emphasis on nutrients in lotic waters centers on phosphorus and nitro

gen as these are widely recognized as the primary nutrients limiting aquatic 

plant production (Blum 1956; Feth 1966; Keup 1968; Owens et al. 1972; Saunders 

L972). Potassium (Hynes 1970) and calcium (Blum 1956) are also seen as impor

tant to aquatic plant growth although neither has been supposed to limit plant 

production. Potassium, calcium, magnesium and sulfur will be treated to the 

extent represented in the literature.

NUTRIENT DYNAMICS IN STREAMS: THE TERRESTRIAL-AQUATIC LINKAGE 

Nutrient Inputs to Streams

Hynes (1975) summed up the association between a stream and its surround

ing environment when he concluded, "that in every respect the valley rules the



stream". Energy and nutrients from the terrestrial watershed are commonly 

illustrated (Fig. 1) as entering streams via meteorologic, geologic,and bio

logic vectors (Borraann and Likens 1967; Likens and Bormann 1972, 1974a; Likens 

1975).

Meteorologic Inputs of Nutrients

Dissolved and particulate matter, including mineral ions, are added 

directly to streams as gases, aerosols, precipitation, and dust (dry fallout).

Figure 1. Diagrammatic model of the functional linkages between terrestrial and 
aquatic ecosystems. Nutrients may be moved across ecosystem boundaries 
by meteorologic, geologic, or biologic vectors (from Likens and Bormann 
1974a).
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The latter two sources, considered together as bulk precipication (Whitehead 

and Feth 1964), have been most extensively investigated. Precipitation chemis

try is highly variable both temporally and geographically (Likens 1975). 

Nutrient concentrations in rainfall frequently decrease x̂ ith time within a 

single precipitation event and also over time between a series of closely 

spaced events. This suggests that much of the nutrients in precipitation 

are derived from "washout" of atmospheric particulates (Angstrom and Hogberg 

1952a; Junge 1958; Junge and Werby 1958; Gorham 1961; Keup 1968; Brezonik 

1972)*

Phosphorus concentrations in rain and snow are typically low away from 

urban areas (Cooper 1969; Weibel 1969; Vollenweider 1971). Likens (1975) 

reports 1 to 5 yg P/l in precipitation at Hubbard Brook, NH, and 5 to 8 yg 

P/l at Ithaca, NY, Brezonik et al. (1969) found 9 yg P/l in north-central 

Florida and Pearson and Fisher (1971) recorded an average of 13 yg P/l in 

the northeast U. S. Values of phosphorus in precipitation from Minnesota were 

21 yg P/l (Wright 1974) and from snow in the Sierra Nevada Mountains, CA,

10 yg P/l (Leonard et al. 1979). The highest value reported was by Weibel 

et al. (1966) of 80 yg p/l in Cincinnati rainwater.

Of the three nutrient input vectors, phosphorus derived from precipitation 

was of least importance (5%) to the phosphorus budget of Hubbard Brook (Meyer 

and Likens 1979). Peters (1977) has shown that a large fraction of the phos

phorus (76%) in bulk precipitation southeast of Montreal, Quebec was dissolved, 

and of this at least half x̂ as biologically available.

Much of the research on the chemical composition of precipitation has 

dealt with nitrogen compounds (Eriksson 1952). Hutchinson (1944) listed the 

sources of atmospheric nitrogen to precipitation as: soil, oceans, electrical
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and photochemical fixation and industrial contamination. Many workers (Angstrom

and Hogberg 1952a, Junge 1958, Gambell and Fisher 1964, Yaalon 1964) contend

that electrical generation is insignificant. Also, values of NH,+ and NO
4 3

were low near coastlines and over oceans compared with inland areas (Junge 

1958). Yaalon (1964) showed a strong correlation between NH,+ content in 

rainfall and soil temperature. Furthermore, areas with low pH soils appear to 

absorb NH^ and hence have low NH^+ concentrations in rainfall, while conversely, 

alkaline soil regions are associated with high NH^* and N03“ concentrations 

in rainfall (Junge 1958). Tropical air masses contained 10 to 30 percent more 

nitrogen than polar air and twice the amount recovered from arctic air (Angstrom 

and Hogberg 1952b)» These authors also found that in temperate regions 

(Sweden), nitrogen in precipitation peaked in spring which they attributed to 

photochemical oxidation of atmospheric ammonia. It is currently recognized 

that most of the non - anthropogenic nitrogen in precipitation is derived from 

this source (Hutchinson 1957). Human activities have produced a significant 

increase in nitrogen concentrations in precipitation. Since 1945 the increase 

has been fourfold in central New York, and since 1956, double in rural New 

Hampshire (Likens 1972, 1975).

These factors result in a wide variability of nitrogen concentrations 

in precipitation. Additionally, how much nitrogen present in rainfall enters 

a stream is dependent on many factors. Climate, precipitation chemistry, 

runoff characteristics, geology, soil type, watershed vegetation composition, 

and land use practices all influence precipitation nitrogen transport to 

streams.

Compared with phosphorus, concentrations of nitrogen in precipitation 

are quite high, no doubt due in part to its high solubility in water relative



to phosphorus. Ammonia usually is the dominant form rather than nitrate.

Feth (1966) and Vollenweider (1971) tabulated nitrogen concentrations in 

precipitation from early studies while Cooper (1969), Likens (1975), and 

Coats et al. (1976) detail more recent observations. Total inorganic ni

trogen concentrations in precipitation of over 1.0 mg/1 as N are not uncommon 

(Hutchinson 1957; Vollenweider 1971).

With such high levels of nitrogen in precipitation it is not surprising 

that many authors consider precipitation to be an extremely important non— 

biological source of nitrogen to watersheds and lentic waters (Hutchinson 

1957; Feth 1966; Cooper 1969; Likens 1975). Coats et al. (1976) showed that 

nitrogen from bulk precipitation (snow) and biological nitrogen fixation were 

the two major nitrogen sources to streams feeding Lake Tahoe, California.

Levels of other inorganic nutrients in precipitation (K, Ca, Mg, S) are 

reviewed by Junge and Werby (1958), Gorham (1958, 1961)r Whitehead and Feth 

(1964), Saunders (1972), and Likens (1975). Soils are the principal source 

of potassium and calcium which accounts for their high concentrations in bulk 

precipitation in arid regions where dust storms are common. Rainfall near oceans 

had higher potassium and sulfate concentrations than non-urban inland areas 

in the 1950's (Junge and Werby 1958) indicating the importance of seawater 

as a source of these minerals, particularly sulfate (Gorham 1961; Golterman 

1975).

Unfortunately, atmospheric pollutants from man's combustion of fossil 

fuels, primarily as sulfur and nitrogen dioxides, have contaminated precipita

tion on a global scale (Likens et al. 1972, 1979; Likens and Bormann 1974b;

Lewis and Grant 1980). Today, the nutrient dynamics of most streams can no 

longer be considered uninfluenced by anthropogenic activities. The insiduous
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toxic effects of decreased pH from acid rain far outshadow any beneficial 

impacts of industrially generated nitrogen and sulfur in rainfall.

Feth (1966) concludes that precipitation might be the most important single 

source of nitrogen for surface waters. Mineral contributions from precipita

tion to streams can also be significant, particularly in tropical regions of 

low relief and leached soils. Gibbs (1970) calculated that 81% of the Na,

K, Mg and Ca carried by a tributary of the Amazon (Rio Tefe) were derived 

from precipitation. He generalized that nutrient loads of African and South 

American tropical rivers are precipitation, rather than geologically, dominated. 

Phosphorus inputs to watersheds from rainfall are variable but frequently 

low (Likens 1975).

Through the process of nitrogen fixation,atmospheric nitrogen, originally 

in a gaseous state, can enter aquatic ecosystems (Keeney 1973). Horne and 

Carmiggelt (1975) observed a high rate of nitrogen fixation in Nostoc, a 

common lotic algae. Nitrogen fixation in streams by aquatic bacteria on wood 

was demonstrated by Buckley and Triska (1978). They estimated that the nitro

gen contribution to a Cascade mountain stream from this source was nearly

2fifty percent (0.70 g N/m stream channel) of that from litterfall input. 

Although the source of nitrogen to stream nitrogen fixing algae and bacteria 

is atmospheric, it is important to recognize that nitrogen fixation in streams 

is mediated by biological processes and that it is also the only noncarbon 

autochthonous nutrient input.

Alder, a frequent riparian tree, also fixes atmospheric nitrogen and 

is an important litter source to stream ecosystems (Kaushik and Hynes 1971; 

Triska and Sedell 1976). Leonard et al. (1979) showed that the contribution 

of nitrogen to a Sierra Nevada mountain watershed from nitrogen fixation by
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alders and other terrestrial plants surpassed that from atmospheric precipi

tation and was potentially the largest single nitrogen source to Ward Creek.

Geologic Inputs of Nutrients

The geologic input of terrestrial nutrients dissolved into water and as 

particulate matter to streams is one of the most important land-water link

ages in the biosphere (Likens and Bormann 1974a). Streams and rivers take 

on particular significance in this regard as the primary bond between terres

trial and lentic systems. Particulate matter (sediments) enters streams by 

erosion and surface drainage (particulate removal). Nutrients in rock and soil 

also become dissolved in surface and subsurface water by which they are then 

transported to streams as surface and groundwater runoff (solution removal) 

(Bormann et al. 1969).

Rock and soil composition, daily and seasonal variations in precipitation, 

topography, terrestrial vegetation composition, land use practices, and soil 

biological processes are all critical factors which determine the chemical 

composition, quantity, and size fraction of geologic nutrient inputs to lotic 

waters. Golterman (1975a) presents a thorough review of weathering processes 

involved in the dissolution of rock. Sedimentary rocks and their associated 

soils are the principal geologic source of calcium in streams (e.g. limestone). 

They are subject to rapid erosion according to the type of cement binding the 

rock particles into a matrix. Sedimentary rocks are also frequently the main 

supplier of inorganic sediments entering streams, where such sediments are 

subject to further dissolution. Igneous and metamorphic rocks are much more 

resistant to weathering, which is why rivers in basaltic or granitic areas are 

often poor in dissolved minerals.
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Much of the non - anthropogenic phosphorus entering streams is derived 

from geologic sources. Wilde et al. (1949) list the percentage phosphorus 

contained in representative rocks as follows: sandstone, 0.02; diabase, 0.03; 

gneiss, 0.04; unweathered loess, 0.07; andesite, 0.16; and limestone, 1.32. 

Phosphorus content in topsoil fluctuates between 0.0 and 0.3 percent; lowest

values being found in clay and sandy soil followed by silt and loamy soils 

(Vollenweider 1971).

Phosphorus binds tenaciously to soil particles which thereby minimizes 

its solution loss from terrestrial ecosystems. Its solubility is highly pH 

dependent, being most available to dissolution at pH values between 6 and 7,

Two important factors governing phosphorus availability in water are adsorp

tion on clays which can transfer phosphorus from an available solute fraction to 

an unavailable particulate fraction (see Table 5.1; Vollenweider 1971) and com- 

plexmg of phosphorus with calcium, iron and aluminum which also make it un

available for plant absorption. Griffith’s et al. (1973) volume devoted ex

clusively to phosphorus presents more detail on its solubility chemistry.

Virtually no nitrogen compounds are contained in parent rock except in 

organogenic sedimentary strata, and these can be very rich in this nutrient 

(Vollenweider 1971). Nitrogen content of organic rich shales averaged 0.06 

percent with a maximum of 0.86 percnet (Trask and Patnode 1942). Nitrogen 

content of lignite and bituminous coal from Chile ranged from 0.3 to nearly 2.0 

percent (Clarke 1924). Formation of geologic deposits rich in nitrogen neces

sitates shelter from leaching. This can occur by location (e.g. caves), by de

position over impermeable basement strata, or where the climate is arid enough 

so that deposition exceeds leaching (Feth 1966).
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Dissolution of potassium from parent rock is quite high, 0.2 to 4 percent 

(Vollenweider 1971), and the weathering of calcite, colomite, and gypsum are 

important sources of calcium, magnesium, and sulfate to streams.

Heavy rainfall, especially when concentrated in a short time period, 

transports enormous quantities of sediment to streams, but nutrient concentra

tions in solution are typically low. Particulate removal of nutrients from land 

to streams dominates at such times (Cooper 1969). This contrasts with periods 

when rainfall is low or absent. Long contact of ground water with soil and 

rock increases concentrations of dissolved nutrients and solution removal 

from the terrestrial ecosystem to streams predominates.

Topography also plays a crucial role in nutrient transport to streams. 

Regions of low relief exhibit high infiltration rates and low surface runoff. 

Consequently in such areas input of minerals in solution exceeds particulate 

transport to streams. As land gradient increases so does the potential for 

erosion and therefore sediment transport to flowing waters. Sheet erosion ap

pears to be of greater importance for removing soil from hillsides than gully 

erosion (Keup 1968) and Cooper (1969) concluded that at steep gradients sub

surface flow was more significant than surface runoff in transporting nutrients 

from land.

The significance of terrestrial vegetation and land use practices on nu

trient movement from terrestrial to aquatic ecosystems has been repeatedly 

demonstrated. Most noteable has been research done at the Hubbard Brook 

Experimental Forest, New Hampshire (fifteen years of studies there are summar

ized in a volume by Likens et al. 1977) and at the Coweeta Hydrologic Labora

tory, North Carolina (Webster and Patten 1979 refer to much of the work generated 

there). Forest cover regulates nutrient output to streams by storage in plant
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biomass and by influencing surface and ground water movement. t*7hat nutrients 

the stream gains the forest loses. Hence, a strategy of maximum retention and 

recycling of terrestrial nutrients minimizes "leakage" to streams (Johnson 

al. 1969). In unperturbed forested ecosystems this leakage is very small 

(Cooper 1969). Vegetative cover impedes surface runoff and erosion thereby 

reducing particulate mineral losses. As intact terrestrial ecosystems mature 

they develop tight internal nutrient cycles which minimize losses of soluble 

nutrients to ground water (Likens and Bormann 1974a).

The effectiveness of terrestrial vegetation as a mechanism for nutrient 

retention has been well illustrated by forest removal (Bormann et al. 1969,

1974; Likens and Bormann 1972; Jordan et al. 1972; Hobbie and Likens 1973). 

Phosphorus losses in drainage water from the Hubbard Brook forest increased 

ten-fold, while inorganic nitrogen losses increased about fifty-fold, and po

tassium losses increased eighteen-fold. Because the effects of logging in

creased watershed nutrient losses to streams, it has been postulated that 

similar conditions would occur following forest fires. Support is lacking, 

however, as Johnson and Needham (1966) found no effect of fire on the ionic 

composition of Sage Hen Creek, California. They concluded that a combination 

of low post-fire rainfall and high exchange capacity for calcium, magnesium, 

and potassium characteristic of the region's acid soils were responsible for 

nutrient retention in the terrestrial environment.

Biologic Inputs of Nutrients

Only migrating animals are included under this category by Likens and 

Bormann (1974a). Donaldson (1967) believed decomposing sockeye salmon carcasses 

were an important biogenic phosphorus source to Alaskan lakes. From this Gregory
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and Donaldson (1972) suggested that stream spawning species of Pacific salmon 

(coho and chinook) could also provide substantial phosphorus loads period

ically. They reported that most labled phosphorus in rainbow trout carcasses 

was leached out within 15 days and was incorporated into periphyton and inverte 

brates biomass. Terrestrial invertebrates falling into streams are important 

food for stream fishes and during summer may contribute 40 to 50% of trout 

diet (Hynes 1970). Vallentyne (1952) gives the nitrogen and phosphorus content 

of emerging aquatic insects from a lake as four and 0.16 percent respectively. 

These figures are likely appropriate for terrestrial insects as well.

My consideration of allochthonous nutrient inputs to streams has up to 

this point neglected a major source— litterfall. Fisher and Likens (1973) 

include leaf-litter organic inputs under meteorologic vectors, however, I 

do not concur with this classification, but believe that nutrients in ter

restrial vegetation transported to streams should be considered a biologic 

input. It is correct that meteorological vectors (gravity, wind, rain) trans

fer nutrients bound in terrestrial plant biomass to streams, but the same is 

also true for nutrients bound in soil particles, and yet Likens includes these 

under the geologic vector. Since a unifying concept of stream ecology is that 

running water habitats are dependent for their major energy supply on terres

trial plant biomass, and such material is of biological origin, it seems more 

appropriate to relegate nutrient inputs to streams via terrestrial plants 

under this heading.

Although the magnitude of terrestrial organic matter inputs to streams is 

well documented (see Hynes 1975 for a literature summary)*few authors have 

considered in depth the associated input of nutrients from terrestrial litter- 

fall. Deciduous leaf—litter contains a moderate amount of phosphorus (Cowan
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and Lee 1973), and Meyer and Likens (1979) found that phosphorus in coarse 

particulate litter amounted to twenty-three percent of the total phosphorus 

budget of Bear Brook, New Hampshire.

Significant quantities of nitrogen are also contained in leaves, although 

concentration varies with tree species. Kaushik and Hynes (1971) reported 

the percent nitrogen content for five species of deciduous leaves after leaching 

as: maple, 0.70; beech, 0.73; elm, 1.02; oak, 1.20 and alder, 2.12. Coniferous 

needles contain less nitrogen than deciduous leaves, 0.64 percent nitrogen from 

unleached Douglas fir needles (Triska and Sedell 1976). The transport of nitro

gen to streams by litterfall is significant. Buckley and Triska (1978) report
2

a contribution of 1.35 g N/m to a Cascade mountain streambed from fir-needles 

and deciduous leaves.

Webster and Patten (1979) evaluated litterfall calcium and potassium 

input to flowing waters and showed that their concentrations in litter varied 

by season and vegetation type but were substantial for both nutrients (see 

their Table 1).

Considering the moderate amounts of nutrients present in litterfall and 

the vast quantities of litter which enter streams5the dearth of research 

on the magnitude of this nutrient source to streams is astonishing (e.g. Likens 

et al. (1967) ignored this source in their mineral budget for Hubbard Brook). 

Certainly much of the nutrient content of leaf-litter is recycled within the 

terrestrial environment. Nevertheless, Thomas (1970) reported that for cal

cium the rate of loss was faster when leaves decomposed in water versus on

land.
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Nutrient Processing in Streams

From the preceeding discussion we can generalize that nutrients enter 

flowing-waters in three fractions! soluble, inorganic, and organic, and 

once in the stream may also be exchanged between these three compartments 

(Fig, 2). A fundamental difference between lentic and lotic waters is that 

nutrient cycling between these three compartments in lakes occurs in place 

(although a vertical, i.e. stratification-turnover component exists), while 

the defining feature of streams— unidirectional flow— precludes cycling at a 

single point (Webster and Patten 1979). Nevertheless, nutrient cycling is 

prominent in stream nutrient dynamics, but because a longitudinal component 

is incorporated such cycling has been more appropriately labled "spiralling" 

(Webster 1975; Wallace et al. 1977; Webster and Patten 1979).

A second feature which distinguishes stream nutrient dynamics from that 

of lakes is that feedback mechanisms are of limited significance in streams, 

again because their unidirectional flow limits inplace reuse of regenerated 

soluble nutrients (Webster and Patten 1979). Downstream nutrient export may 

be offset by two factors: import from upstream, and influx from the surround

ing terrestrial environment. The magnitude of input by these sources requires 

no feedback control. These views of instream nutrient dynamics, though by 

no means new (Leopold 1949), contrast sharply with the "conduit concept" of 

streams often purported by engineers, whereby rivers merely serve as conveyances 

for fluids.

Nutrient cycling characteristics figure significantly in considerations 

of ecosystem stability (Webster and Patten 1979). Tight nutrient cycles imply 

strong system stability. Our unidirectional, nonfeedback view of stream nu

trient dynamics suggests streams to be rather unstable systems. Contrasted

I

*
[



I

I
N
P
U
T

■WORGANIC

Figure 2. A simplistic model of nutrient storage and release in streams.
Only soluble organic and inorganic nutrients are absorbed by microbes 
and plants. Although the solute fraction is small, turnover between it 
and the organic compartment is rapid. Most instream inorganic nutrients 
are unavailable for microbial or plant uptake because they are: bound in 
primary minerals, adsorbed on clays, or complexed with other ionsi.4

STA B LE*

MAXIMUM 4  
UTILIZATION ̂

*  UNSTABLE

^  MINIMUM 
1  UTILIZATION

Figure 3. Schematic illustrating potential range of nutrient utilization 
within a stream reach. Maximum utilization (far left) corresponds to 
cycling in place (recycling), while minimum utilization is represented 
by unidirectional downstream transport (no cycling). The degree of nu
trient spiralling between these extremes defines the efficiency of with
in reach nutrient reuse.
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with a terrestrial climax forest this is undoubtedly true. However, several 

attributes characterize streams which function to delay downstream nutrient 

losses thereby enhancing overall system stability.

If nutrient recycling in the traditional view (i.e., in place) is seen 

to represent maximum nutrient utilization efficiency (Fig. 3, far left) and 

unidirectional nutrient flow is accepted as representing minimum utilization 

efficiency (Fig. 3, far right), then the tightness of sprialling between these 

extremes defines the degree of nutrient reuse within hypothetical equal length 

stream reaches. Greater nutrient reuse within a reach moves the stream towards 

greater stability. Thus, strategies which shift spiralling towards the left 

in Figure 3 increase nutrient processing efficiency of the system while those 

shifting it to the right reduce efficiency.

The river continuum concept (Cummins 1977, 1979; Vannote et al. 1980) 

stresses structural and functional stream system attributes which lead towards 

minimum energy loss within a reach. Applied to instream nutrient dynamics, 

minimum energy loss translates to maximum spiralling (Webster 1975). According 

to the river continuum concept, reduced fluctuations in energy flow (i.e., 

stability) are achieved by resource partitioning of food, substrate, nutrients, 

etc. However, there exists a trade-off between the ideal of maximum energy 

(nutrient) utilization within a reach and a temporally uniform rate of energy 

(nutrient) processing (minimization of variation). Examples of the former 

include strategies which entrain nutrients such as pools, debris dams, effi

cient bacterial and algal nutrient uptake kinetics, selective particle size 

feeding by invertebrates, etc. Such mechanisms function to retard downstream 

energy and nutrient losses. A successsion of plant and animal species, each



highly adapted to seasonal variations of a river's inorganic nutrient regime, 

distributes utilization of nutrient inputs over time.

An element central to the river continuum hypothesis is the dependence 

of downstream reaches on upstream processes (Cummins 1979). Seen in terms 

of a nutrient spiralling concept the storage—release cycle of flowing waters 

cascades nutrients down a river's course from headwater streams to the ocean.

The simplistic model in Figure 2 serves as a starting point with which to 

review the mechanics of nutrient storage and release in streams. Only a tiny 

fraction of the nutrients in water are in a soluble form, and thereby avail

able for uptake (Feth 1966; Keup 1968; Golterman 1975b). Nutrient absorption 

into bacterial and plant biomass is rapid, but metabolic release of certain 

soluble forms (e.g. NH^ ) may also be swift. Rates of phosphorus regenera

tion, and presumably that of other nutrients as well, are dependent on external 

concentrations and on the organism's metabolic activity (Pomeroy 1960; Hooper 1973). 

Nutrient uptake and release kinetics of bacteria and algae are a vast subject 

and not specific to lotic habitats, therefore, the reader is referred to de

tailed discussions on bacteria by Alexander (1971) and Skinner and Shewan 

(1977); on algae, Carr and Whitton (1973), Werner (1977); or for both groups,

Goldman (1965), Golterman (1975b).

The largest fraction of mineral nutrients (i.e., non-nitrogen nutrients) 

resides in the unavailable inorganic compartment (see Fig. 2 for sources). 

Dissolution of primary minerals, disassociation and desorption are the prin

cipal modes of release. Dissolution of nutrients from sediments and rocks 

can, as on land, operate at a very slow rate. These processes are also general 

to the biosphere and are detailed elsewhere (Hutchinson 1957; Stumm and Morgan 

1970; Golterman 1975a,b 1976).



Stream processing models usually concentrate on detritus (Boling et al. 

1974, 1975; Mclntire et al. 1975), but they present a paradigm applicable to 

nutrient dynamics with the exception of the just described inorganic nutrient 

storage fraction. Webster et al. (1975) illustrate a generalized ecosystem 

nutrient flow model which includes an inorganic reserve (Fig. 4, x^). The 

left side of their model approximates Figure 2 while the remainder details 

biological interactions involving nutrients. Elwood et al. (1980) suggest 

that biological processes control nutrient spiralling dynamics in undisturbed 

streams, therefore it is these biotic nutrient transformations on which I will 

concentrate.

Figure 4. General nutrient-flow model of an ecosystem, x^ is the size of 
the ith compartment; z^ is inflow to compartment x^; gjl  ̂ is the flow

from x. to x .; and F~ . is the outflow to the environment from x..
2 i 0,j 2

(From Webster et al. 1975.)
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Phosphorus translocations in lotic ecosystems, observed through the 

use of radioactive tracers, have been most studied (Ball and Hooper 1963;

Gardner and Skulberg 1966; Nelson et al. 1969; Gregory 1978). Labled phos

phorus released into streams is rapidly taken up by aquatic plants, as much 

as 95 percent within 100 m of stream (Keup 1968). Gregory (1978) showed that 

epilithic algal communities (i.e., diatoms) had higher phosphorus sorbtion 

rates than filamentous algae; riparian trees were lowest. Phosphorus uptake 

rates by aquatic macrophytes were similar to periphyton (Ball and Hooper 

1963), but concentrations in macrophytes have been reported to be both 

greater (Schoonbee and Swanepoel 1978) and less (Ball and Hooper 1963) 

than in benthic algae. Microbial communities attached to sediments and leaf— 

litter absorbed as much as three and seven times more phosphorus, respec

tively, than did identical substrates that were first sterilized (Gregory 1978). 

Gregory also demonstrated that biological phosphorus uptake (i.e., microbial 

and algal) was much more important to phosphorus translocation in streams than 

physical sorbtion.

Aquatic macrophytes and fine bottom sediments become more abundant 

in mid-sized rivers, primarily because of reduced stream velocity (Cummins 

1977). Carignan and Kolff (1980) reported that aquatic macrophytes derive over 

seventy percent of their phosphorus from sediments and not from the water column. 

They and others (Hill 1979) characterize submergent macrophytes as pumps of 

phosphorus from sediments to open water.

From these studies and an understanding of lotic plant community succession 

we can generalize on soluble phosphorus uptake and spiralling along the river 

continuum. In low-light headwater streams attached microbial communities 

dominate as converters of soluble phosphorus into an organic form capable



of ingestion by higher trophic level heterotrophs. As stream order increases 

and the water's surface receives more light, periphytic algae gain prominence 

and along with microorganisms become important for sorption of soluble phos

phorus. With the appearance of macrophytes in larger rivers we see an evolu

tion towards uptake strategies which mobilize sediment phosphorus, thereby cycl

ing phosphorus back into the water column where an emerging phytoplankton 

community can exploit it. Such a spatial sequence of communities capable 

of utilizing soluble phosphorus illustrates the concept of maximum utilization 

of a nutrient by sprialling it between soluble and organic fractions along 

a river's course. Since most higher trophic levels cannot use nutrients 

in their soluble inorganic fraction but ingest them in an organic form, the 

repeated cycling of phosphorus through the microbial-plant community over a 

river's length provides a reservoir of useable phosphorus to higher trophic 

levels. Nitrogen, potassium and calcium uptake by plants is similar to that

of phosphorus and all are represented in Fig. 4 by the vector F .
1*5

In terms of Webster's model (Fig. 4) nutrient leaching whether from al

lochthonous or autochthonous sources is included in vector F_ . Depending
D * J

on the leaf species, up to thirty percent of its dry weight can be lost 

through solubilization within twenty-four hours after initial wetting (Petersen 

and Cummins 1973). Dramatic losses of nitrogen and phosphorus occur due to 

leaching during the first few days after leaves enter streams. As decomoosi- 

tion proceeds organic nitrogen concentration increases (and to a lesser de

gree so does phosphorus) as a result of microbial immobilization (Mathews and 

Kowalczewski 1968; Kaushik and Hynes 1971; Iversen 1973; Petersen and Cummins 

1973; Triska et al. 1975; Triska and Sedell 1976). Microbes absorb many forms



21

Mmii * i

of organic nitrogen and through mineralization (ammonification) convert some 

to ammonium. Ammonium may be used in this form or nitrified before uptake to 

other bacteria and plants (Alexander 1971; Keeney 1973; Fenchel and Jorgensen 

1977). The importance of nitrifying bacteria who derive energy by oxidizing 

ammonium to nitrate is well known and therefore need not be summarized further 

(see Hutchinson 1957; Keeney 1973; Wetzel 1975; Garland 1977). This trans

formation is included in vector F„ Fig. 4.5,4

Potassium is a very mobile cation and leaching is responsible for much 

of the loss of potassium to stream water. In one study on Appalacian streams 

quantities leached varied with the composition of terrestrial vegetation, being 

89 percent from old-field detritus, 80 percent from hardwoods and coppice, and 

50 percent from pine (Woodall and Wallace 1975), Potassium’s general insignifi

cance as a limiting nutrient in waters is likely a consequence of its high 

solubility. Woodall and Wallace (1975) and Webster and Patten (1979) be

lieve that almost no leaching of magnesium and calcium from detritus occurs 

but that digestion by invertebrate consumers plays the major role in calcium 

and magnesium integration from terrestrial organic matter to the lotic food 

web. Although my treatment has been cursory, the significance of microbial 

mobilization and decomposition in nitrogen transformations should be apparent. 

(Saunders 1976, presents a more thorough review of organic matter decomposition 

in freshwaters.)

Once soluble nutrients are absorbed by autochthonous organic matter

(microbes, periphyton, macrophytes) some may again spiral through the food base—

detritus— available nutrient compartments, illustrated by vectors F , F ,
3,1 5,3*

F , Fig. 4* Another pathway available is FQ 1, F, Fc ,, F- 1 where the
J>1 4,3 5,4’ 1,5

decomposers include, in addition to bacteria and fungi, invertebrate collectors
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and shredders. A third pathway also exists (F, , F . . .,) to stream

consumers (invertebrate and vertebrate collectors, scrapers, shredders and pre- 

dators).

This last pathway is more convoluted since it can incorporate portions 

of previous pathways. It is clear that translocation of nutrients through 

consumer and decomposer trophic levels quickly becomes complex and only a few 

studies have attempted to detail the various pathways. By far the most com

plete research has been by Woodall and Wallace (1975) and Webster and Patten 

(1979) for potassium, calcium,and magnesium in Appalacian streams (Fig. 5). 

Early studies on phosphorus by Ball and Hooper (1963) and Gardner and Skulberg 

(1966) have been updated by Hall (1972, Fig. 6) primarily for fish and by 

Schoonbee and Swanepoel (1978) for selected invertebrates. Nitrogen, unlike 

phosphorus, potassium, calcium, and magnesium, does not have a restricted bio- 

geochemical cycle (Keup 1968; Keeney 1973). Exchange between aqueous and 

gaseous phases limits quantitative radioactive tracer studies and therefore 

little work has been done on non-microbial nitrogen translocations in lotic 

ecosystems. A thorough study of nitrogen cycling in flowing waters was con

ducted by Stanley and Hobbie (1981, Fig. 7) for the lower reaches of a North 

Carolina coastal river. They showed that high summer algal productivity 

is dependent on release and regeneration of nitrogen from organic sediments 

and the water column. Two nonbacterial sources of inorganic nitrogen regen

eration in stream sediments appear to be tubificid worms (Chatarpaul et al.

1979) and chlronomid larvae (Graneli 1979).

Nutrient Outputs from Streams

Corresponding to meteorologic, geologic and biologic input vectors are 

similar output vectors (Fig. 1). Sources of meteorologic nutrient outputs
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are gaseous exchange, which is restricted to nitrogen as it is the only nu

trient common in a gaseous form. Geologic outputs include overbank or down

stream export of nutrients dissolved in stream water and carried as inorganic 

sediments or bedload. Emigrating animals consumption of aquatic organisms by 

terrestrial animals, and downstream export of nutrients contained in organic ma

terial constitute the biologic output vector.



Figure 6. Some phosphorus storages
and flows for New Hope Creek and 
surrounding watershed, based on 
studies from June 14̂ , 1968, to 
June 13, 1969, and on litera
ture values. (From Hall 1972.)

Figure 7. Total annual inflow, assimi
lation, and outflow (tonnes) of 
nitrogen for lower Chowan River 
between November 1974 and November 
1975. (From Stanley and Hobbie 
1981.)

Météorologie Output of Nutrients

Small quantities of ammonia appear to be lost from water to the atmosphere 

by gaseous exchange. The magnitude is directly related to temperature, pH 

(up to 9.5), and surface turbulence or wind velocity (Stratton 1968; Weiler 

1979). How significant this output is in streams is poorly understood.
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Denitrification, herein defined as the biochemical reduction of nitrate-N 

or nitrite-N to gaseous nitrogen (N^) is an important factor for meteorologic- 

biologic nitrogen export from lakes (Brezonik and Lee 1968, Chen et al. 1972, 

Keeney 1973). Its role in stream nitrogen dynamics is less well studied.

Canadian workers (Kaushik and Robinson 1976, Sain et al. 1977, and Chatarpaul 

et al. 1979) concluded that denitrification was the dominant source of nitrate- 

N removal from a woodland stream. Hill (1979) reported that nitrogen losses 

by denitrification represented approximately seven percent of mean annual 

total nitrogen export from another Canadian river basin.

Biologic Output of Nutrients

It has been suggested that emerging aquatic insects are a means whereby 

nutrients are exported from streams and recycled back to the terrestrial eco

system. Available evidence, however, lends little credence to this conten

tion. Keup (1968) calculated that 5.4 trillion insects would have to emerge 

from the Pigeon River, North Carolina, to the surrounding land to effect a 

significant phosphorus loss by this vector. Inconsequential nitrogen and phos

phorus export by emerging aquatic insects has also been suggested for a lentic 

water (Vallentyne 1958). Compared with calcium and potassium losses from several 

North Carolina rivers by dissolved materials, sediments,and particulate organic 

matter, insect emergence was calculated to be trivial (Webster and Patten 1979). 

Foraging birds (e.g. shorebirds, waders, dippers, etc.) and mammals (e.g. moose, 

hippopotami, mink, etc.) also likely remove insignificant quantities of nu

trients from lotic waters. Phosphorus export by upstream migrating fish were 

reported by Hall (1972) to be about one-half that lost by leaves moving down

stream but less than 0.1 percent of that lost in stream discharge (Fig. 6).
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Another potential biologic loss of nutrients is uptake by riparian ter

restrial plants whose roots remove water from the stream. Gregory (1978) 

found that riparian plants had lower phosphorus uptake rates than stream algae. 

He noted, however, that because of their high standing crops terrestrial plants 

represent a significant sink for stream nutrients. Presumably, after these 

plants die (annuals), shed their leaves, or high stream discharge erodes them 

from the bank, most of the minerals they removed from the stream would be re

cycled back to the aquatic system.

Geologic Outputs of Nutrients

During flood stage in large rivers (e.g. Mississippi, Nile, Amazon) 

massive quantities of previously deposited sediments may be resuspended and ex

ported by overbank flow to the surrounding flood plain. Once in the flood plain 

river velocity decreases and the suspended sediment with its nutrient load is 

deposited (Keup 1968). Formation of unique igapos forests and varzea lakes are 

a consequence of the Amazon's annual flooding. Productivity may be high in 

varzea lakes and overbank nutrient loadings are important to the igapos forest 

community (Sioli 1975).

The importance of overbank flows from large rivers to flood plain fer

tility is common knowledge because of the intimate association of human 

cultural development with this recurrent event. The impact of annual Nile 

River deposition of over 50 million tons of sediment on Egyptian agriculture 

and its loss due to construction of the Aswan High Dam are discussed by Hammerton 

(1972) and Rzoska (1976).

The largest single loss of nutrients from a stream reach is by downstream 

export of inorganic and organic materials that are dissolved or suspended in 

water. (Likens et al. 1967 (Ca, Mg, K); Vollenweider 1971 (N,P); Hobbie and
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Likens 1973 (P); Johnson et al. 1976 (P); Hiller and Smith 1976 (N); Meyer and 

Likens 1979 (P); and Webster and Patten 1979 (Ca, K)). Quantities of nutrients 

exported in this manner are highly variable between streams and are dependent 

on numerous factors including,but not limited to: upstream loadings, stream order, 

gradient, channel morphometry, bank characteristics, instream retention de

vices (e.g. debris dams), and instream biological processes.

Our present view of streams as a continuum of physical and biological 

gradients from headwaters to mouth raises questions regarding the relevance 

of many published stream nutrient export studies to within stream processes.

Many of the studies just referenced do not elucidate the efficiency of stream 

nutrient processing in relation to nutrient output, but rather relate to water

shed export. Indeed, they evaluate throughput rather than output (Likens 

1975). Similarly, most export studies consider outputs only in terms of a 

selected stream reach. Often a weir is constructed along the stream and ma

terials passing the weir or collected behind it are quantified. Yet from a 

holistic viewpoint, nutrients discharged from one reach are input to the 

contiguous downstream reach. Little research on stream nutrient export to 

date has actually tested the river continuum hypothesis, instead most reflect 

a more parochial view defined by practical sampling constraints in lieu of 

attempting to integrate the multiplicity of nutrient utilization strategies.

judgements concerning whole stream nutrient processing efficiency can 

logically be made only at points of discharge into lakes or eventually the 

ocean. Naiman and Sibert’s (1978, 1979) studies demonstrating the dependence 

of juvenile salmon production in the Nanaimo Estuary on river energy inputs 

suggests the significance of whole river export. Stanley and Hobbie (1981,

Fig. 7) show that nearly all nitrogen discharged from the Chowan River watershed
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to the lower Chowan River (7224 tonnes) is ultimately exported to Albermarle 

Sound (6845 tonnes export; which leaves 329 tonnes .in storage). Extrapolating 

nitrate-N loadings into Lake Tahoe from Ward Creek to the entire Tahoe basin, 

Leonard et al. (1979) estimated a contribution of -1 yg NO^-N/l to Lake Tahoe’s 

total volume^ This loading rate was considered highly significant when related 

to the lake’s average nitrate-N concentration of 13 ug/1. The magnitude and 

importance of river nutrient loadings to estuaries can be appreciated in view 

of Windom et al.’s (1975) report that fluvial inputs of inorganic phosphorus 

from nine southeastern rivers are adequate to supply the phosphorus demands of 

the appoximately one million acres of Spartina salt-marsh between Georgetown,

S. C. and Jacksonville, Fla. Inorganic nitrogen inputs from these rivers 

could also account for twenty percent of salt-marsh vegetation requirements.

CONCLUSIONS

As Stanley and Hobbie (1981) showed, nutrient inputs into rivers are 

balanced by nutrient outputs. Were this not the case nutrient concentrations 

within undisturbed streams would increase or decrease over time as no feedback 

loop exists between instream levels and terrestrial loadings. One can conclude 

that factors which prolong retention of nutrients are the key to stream processing 

efficiency. The preponderance of attached rather than planktonic plant and an

imal communities in streams best illustrates this strategy of retention.

Meanders, pools and debris dams are physical features which biological com

munities exploit to maximize nutrient retention. These and other factors 

define the extent of nutrient spiralling over a river’s course. Because nu

trient movement in streams is inexorably a downhill process, strategies which 

maximize spiralling (i.e., reuse over a defined reach) enhance stream process

ing efficiency and thereby system stability.



f

29

The most significant natural factor countering nutrient processing effi

ciency and contributing to high output-low spiralling is flooding• High dis

charges scour stream beds and remove reserves of organic and inorganic nutrients. 

Periphyton and benthic invertebrates may be detached and once in the water column 

can no longer restrain undirectional nutrient flow as they have themselves 

become part of it. Floods reset the stream ecosystem. Much material is 

exported, yet new materials are introduced from upstream reaches and the 

surrounding terrestrial environment. Debris dams are destroyed and new ones 

generated. Previously detached algae and invertebrates recolonize scoured 

bed materials. Webster et al. (1975) characterize ecosystems in terms of 

their resistance to displacement and their resiliency following displacement.

As suggested by the impact of flooding on streams, they exhibit low resistance to 

perturbations. In fact, Webster et al. (1975) state that with respect to nutrient 

stability streams may be the least resistent ecosystem in the biosphere.

They characterize an idealized stream as an ecosystem without large abiotic 

reserves, with low biotic localization of nutrients and with little or no 

nutrient recycling.

What stability streams do exhibit can be attributed to their resilience 

following disturbances (Webster and Patten 1979). Nutrients lost downstream 

during a flood are replaced by watershed inputs. Internal function is re

gained by retention mechanisms and organism recolonization and regrowth as 

was previously described. Notwithstanding these reset devices, Webster et 

al. still consider streams as low resilience ecosystems compared with oceans, 

marshes, lakes, tropical and temperate forests, tundra and grasslands. If 

one accepts their premise that high resistance and resilience equate to stabil

ity, then their proposition implies that streams are highly unstable environments. 

Such a conclusion gains support from the devastation wrought on lotic ecosystems
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by anthropogenic perturbations.

We cannot escape the conclusion that, on a global scale, lotic systems func

tion primarily in the transport of nutrients from the terrestrial to the oceanic 

environment. Nevertheless, I hope to have demonstrated that the voyage is 

a circuitous one. Indeed, the evolution, diversity, and integrity of a stream1s 

biotic community is at once both a cause and consequence of non—linear nutrient 

transport.
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Mr. R olan d  C. F i s c h e r  
C o lo ra d o  R iv e r  W ater  
C o n s e r v a t io n  D i s t r i c t  
P .0 .  Box 1120
G lenw ood S p r in g s ,  CO 81601

Re: J u n ip e r - C r o s s  -  R e sp o n se  t o  D ata  R e q u e st  (0 3 7 5 C .0 2 )

D ear R o i ly :

A tta c h e d  i s  a  d r a f t  o f  o u r  r e s p o n s e  t o  t h e  p e n d in g  FERC D ata  
R e q u e st  b e a r in g  t h e  d a t e  0 5 /1 5 /8 1  on e a c h  p a g e  t o  d i s t i n g u i s h  i t  
from  o th e r , v e r s i o n s  w h ich  w i l l  e v o lv e  a s  we g e t  m ore a n s w e r s .

• m ajor  .e ffo r t  ^ in  t h i s  v;as t o  e d i t  some o f  Bob B eh n k e’ s
o c e n a r io  and th e n  i n s e r t  p a r a g r a p h s  from  t h a t  S c e n a r io  i n  w hat 

seem ed t o  me t o  be t h e  a p p r o p r ia t e ’ s p o t s  in  r e s p o n s e  t o  t h e  v a r io u s  
q u e s t i o n s .  So t h a t  you and Bob can  s e e  q u i t e  r e a d i ly .w h a t  I d id  
w ith  B o b 's  work X am e n c l o s i n g  a cop y  o f  th e  m a n u sc r ip t  o f  h i s  
w h ich  I  m arked up f o r  t y p in g .

I  b e l i e v e  you  h av e  a s e p a r a t e  t y p in g  o f  B o b 's  f u l l  p a p er  
u n d er w a y . He w an ted  t h a t  in  o r d e r  t o  c r o s s  c h e ck  some o f  h i s  
d a t a .  I  w ould  r e q u e s t  t h a t  when ho h a s  don e t h a t  he m akes s u r e  
t h a t  any n e c e s s a r y  c h a n g e s  a r e  made i n  t h e  d r a f t  r e s p o n s e  t o  th e  
d a ta  r e q u e s t  so  t h a t  wc can  k eep  t h a t  p r o j e c t  m o v in g .

John Marr h a s  any n o t io n s  f o r  s u p p le m e n tin g  some o f  B o b 's  
com m ents, w ith  r e g a r d  t o  v e g e t a t i o n  I  am s u r e  h e  w i l l  l e t  you  know.

You w i l l  n o t e  in  t h e  l e f t  hand m a rg in  o p p s i t e  e a ch  q u e s t io n  
I  have i n d i c a t e d  t h e  p e r so n  o r  o r g a n is a t io n  w h ich  i s  t o  g e t t o g e t h e r  
a r e s p o n s e .^  I  am s e n d in g  c o p ie s  t o  a l l  o f  t h o s e  in d i c a t e d  and 
nope th e y  w i l l  sen d  me c o p ie s  o f  any m a t e r ia l  i n  r e s p o n s e  w h ich  
th e y  sen d  t o  y o u . We can  th e n  i n t e g r a t e  t h a t  m a t e r ia l  in  t o  th e  
d r a f t  and r e c i r c u l a t e  i t ,  a s  may b e n e c e s s a r y ,  u n t i l  we g e t  a 
f i n a l ,  f in s h e d  p r o d u c t .

We s h o u ld  b e  v i s u a l i z i n g  a t r a n s m i t t a l  l e t L e r  w h i c h I  
w ould  p r o b a b ly  b e  r a t h e r  b r i e f  c o n t ia n in g  w h a te v e r  g e n e r a l  
we th in k  d e s i r a b l e ,  p r o b a b ly  s ig n e d  by b o th  you and John B 
a s  th e  3o m t  a p p l i c a n t s .

e x p e c t  
commen 
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Page Two
Mr. R olan d  C. F i s c h e r

I  w i l l  b e  o u t  o f  t h e  o f f i c e  u n t i l  May 2 7 , b u t w i l l  be in  
to u c h  w ith  you  p ro m p tly  on ray r e t u r n  t o  a s s e s s  ou r  p r o g r e s s .

As X in d i c a t e d  a t  th e  Grand J u n c t io n  m e e t in g  I t h in k  wc s h o u ld  
b e a s  f u l l y  r e s p o n s iv e  a s  p o s s i b l e  t o  e a c h  o f  t h e  q u e s t io n s  and  
t h a t  wc s h o u ld  t r y  t o  g e t  t h e  m a t e r ia l  b ack  t o  t h e  s t a f f  a s  much 
ah ead  o f  t h e  J u ly  9 d e a d l in e  a s  we c a n , a s  lo n g  a s  we a r e  s a t i s f i e d  
t h a t  w hat we a r e  g e t t i n g  t o g e t h e r  r e p r e s e n t s  t h e  b e s t  jo b  we can  d o .

W ith  b e s t  r e g a r d s .

S i n c e r e l y ,

McCARTY, .NOONE & WILLIAM'
/  )

f Ë I H  f';R o b ert L . M cCarty

c c :  M essrs  B alcom b  
B ugas  
W agoner 
C h r is t e n s e n  
C u r r ie r  
Behnke  
Marr 
I r i s h
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RESPONSE TO FERC ST A FF DATA REQUEST OF 
APRIL 10, 1981 FOR JUNIPER-CROSS MOUNTAIN PROJECT

The fo llow ing m a ter ia l is  subm itted in resp o n se  to the Data R equest 
attached to W illiam  W. L in d say 's  le t te r  dated A pril 10 (O E PR -D E A , P ro ject  
N o. 2757 , C olorado), to  Roland C . F isc h e r  o f the C olorado R iver W ater 
C onservation  D is tr ic t , r ec e iv ed  A pril 17. F o r  e a se  of r e feren ce  the questions  
have been rep ea ted , with the resp o n se  im m ed ia te ly  fo llow ing , r e ferr in g  to 
any supp lem en tary data which m ay be appended.

C -U . Q. 1. Submit a com pleted  copy of the attached p ages frohi the D O E/FER C  
Annual Report (F orm  N o. 1) for the y ea r  ended D ecem b er 31, 1980. Data 
should be supplied for a ll sy s te m  generating  p lants (d isregard  in stru ction s  
for rep orting  only " large plants") for page 4 3 2 , S tea m -E lec tr ic  G enerating  
Plant S ta tis tic s  (including any Com bustion Turbine P lants); and page 433 , 
H yd roelectr ic  G enerating P lant S ta t is t ic s . P ro jec t data equivalent to that 
ca lled  for in F orm  N o. 1 for the follow ing planned expansions; (1) the 
proposed  800 Mw th erm al c o a l-f ir e d  generating  fa c ility  in the v ic in ity  
of D elta or Grand Junction (se e  C raig  D aily P r e s s , D ecem b er 24, 1980) 
and (2) the proposed recapture o f an additional 30 percen t o f Hayden Unit 
2 in 1982 (see  Exhibit U ).

C -U  Q . 2 . F o r  each  gen eratin g  plant d escr ib ed  in F orm  N o. 1, provide
com parable unit data show ing p ercen t of ow n ersh ip , generating  units in 
sta lled  and dependable ca p a c ity , full and p artia l load heat r a te s , forced  
and planned outage r a te s , and generating  unit resp o n se  t im e s .
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C-CJ Q. 3 . P rovid e data on the seq uence in  which the generating units would be 
dispaicthed for a ll y e a r s  betw een 1981 and 1995, and the ord er in  which they  
have been d ispatched  during 1980.

C -U  Q . 4 . In addition to plant in vestm en t co st data in  F orm  N o. 1, provide  
a deta iled  co st breakdown of C raig Units 1 and 2 , and the estim a ted  co3t 
of C raig  Unit N o. 3 .

C -U  Q . 5 . P rovid e a breakdown of fixed charge ra te s  (including c o st o f m on ey , 
d ep recia tion , in su ran ce and taxes) for the m ost recen tly  constructed  C raig  
u n its , and a s im ila r  breakdown of estim a ted  fixed ch arges for the Ju n ip er-  
C ross Mountain P r o je c t.

C -U  Q. 6 . P rov id e  a copy of a ll an a ly tica l stu d ies ( e . g . , LOUP stu d ies) perform ed  
by the C olorado-U te E lec tr ic  A sso c ia tio n , Inc. (CUEA) ju stify in g  the r e se r v e  
m argin  cu rren tly  being u se d . On what b a s is  w ere the r e s e r v e  m argin planning 
c r ite r ia  ch osen ?  What is  the rela tion sh ip  betw een the r e s e r v e  m argin  
c r ite r ia  and sy ste m  r e lia b ility ?

C -U  Q. 7 . Quanitfy en ergy  and peak dem and r e so u r c e s  ava ilab le  via a ll tr a n s
m iss io n  in tercon n ection s with other u t i l i t ie s ,  both on a lo n g -term  and on an 
em erg en cy  b a s is .  What is  the c o st  o f such pow er ? Note sea so n a l r e s tr ic t 
io n s , if  any. Submit data for each m ajor tra n sm issio n  link  sep a ra te ly . 
D escr ib e  a ll arran gem en ts including p r ic in g  ag reem en ts  that the CUBA  
has made with other e le c tr ic  u t ilit ie s  for p u rch ases of p ow er , including  
em ergen cy  p o w er , over  the period  1981-1995. At what p r ice  and quantity 
m ight additional pow er be ava ilab le  during th is tim e p eriod ?
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C -U  Q. 8 . What is  the magnitude of load cu rren tly  contracted  for an in te r 
ruptible b a s is  and what i s  the probable m angnitude of th is variab le  for 
the y e a rs  1981-1995. A lso , show the con tro lled  s e r v ic e  load s for both 
w ater heating and a ir  conditioning, and other typ es of lo a d s .

C -U  Q. 9 . P rovid e any load m anagem ent stu d ies  that CUEA has p erform ed  or
co n sid ered  and the con clu sion s reach ed  resp ec tin g  sy stem  en ergy  consum p
tion and peak dem and.

C-U Q. 10. P rovid e a com puter readable card deck (or m agnetic tape) with the 
CUEA sy ste m  hourly  demand for 1980. In the ab sen ce of y e a r ly  ADP data 
substitu te sy s te m  load data for the sp ec if ied  w eeks which w ill be rep orted  
in  DO E/FER C  F orm  N o. 12, P ow er S ystem  Statem ent for the y ea r  1980. In 
addition to the w eek s sp e c if ied  in F orm  12, include data for the two 
w eeks during which the p rev iou s su m m er and w inter peak loads o ccu red .

C -U  Q . 11. P rovid e e s t im a te s  o f spinning r e se r v e  req u ired  on peak for the 
y e a r s  1981-1995, and explain  how th ese  e s t im a te s  w ere m ad e.

C-U  Q . 12. P rovid e data to show which generating  units (both within and outside  
the CUEA sy stem ) cu rren tly  provide the follow ing operating functions: 
peaking p ow er , pow er sy ste m  regu lation  (load fo llow in g), and r e s e r v e  
pow er ca p a c ity . P ro jec t which units w ill supply th ese  functions for the 
y e a r s  1981-1995.
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C -U  Q. 13. Update or r e v is e  a ll load p ro jection s that w ere filed  with the application  
for lic e n se  so  that th ese  data m ay be coordinated with the 1980 F orm  12, Pow er  
S ystem  Statem en t, Schedule 13, Demand on G enerating P la n ts , Pow er R ece iv ed , 
and P ow er D e liv ered , for R e sa le , at the T im e of S ystem  Peak Load of the 
Year (copy a ttach ed ).

C -U  Q. 14. Submit the h is to r ic a l data u sed  to support p rojected  future ra tes  
of load growth and the options s e le c te d  for sa tis fy in g  th em , including: 
h is to r ic a l production data (annual peak load s and annual en ergy  produ ction , 
1970 to date), peak load growth ra te s  cind total en ergy  for each m ajor  
sy ste m  com ponent (d istribution  o f u ltim ate c o n su m e r s , by c la s s ) ,  and 
location  of p ast load cen ters  and p rojected  changes in location  o f future 
load c e n te r s .

IECO Q. 15. D escr ib e  the p o ss ib le  con seq u en ces dow nstream  to p rop erty  and 
l i f e ,  using hyp othesized  situ ation s such as s lo w ly -d ev e lo p ed  fa ilure and 
rap id ly -d evelop ed  fa ilu re  for e ith er  or both dam s at norm al pool e lev a tio n s .

WE Q. 16. Show the e ffec ts  of evaporation lo s s e s  from  the r e s e r v o ir s  on 
pow er production and w ater r igh ts dow n stream .

IECO Q. 17. Show the con sid era tio n s and lim ita tio n s used  to develop the optim um  
dam h e ig h ts .
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Q. 18. D escr ib e  the m ajor factors that preclu de developm ent o f a s in g le 
dam p roject in lie u  of the proposed  two d a m s.

Q. 19. What i s  the fe a s ib ility  of sto r in g  and using the v /atcrs of the Yampa 
R iver for a m ultipurpose developm ent, including p o w er , ir r ig a tio n , and 
m unicipal in d u str ia l u s e s ?  Are th ese  a ltern ative  u se s  of w ater incom patib le  
with h y d ro e lectr ic  developm ent? Do they o ffer  l e s s  econ om ic b en efits  o v era ll 
than the proposed  h y d ro e lectr ic  developm ent?

Q. 20 . What is  the fe a s ib ility  o f irr ig a tin g  cu rren tly  dry lands to m itigate  
for lo s s e s  that would occu r on cu rren tly  irr ig a ted  lands in the proposed  
r e s e r v o ir  b a sin s?  Indicate the quantity of w ater required  for th is purpose  
and the potential im p acts on p ro ject pow er generation  and r e se r v o ir  r ecrea tio n , 
the location  of the lands to be ir r ig a ted , a d escrip tion  of th eir  p resen t u s e ,  
and lik e ly  environm ental im p a c ts .

Q . 21. Would the p ro ject req u ire con stru ction  of a new 2 2 -m ile - lo n g  
tr a n sm iss io n  lin e  from  Juniper sw itchyard  to C raig?  If s o , provide data 
on tow er d es ig n , a ltern ative  rou tes co n sid ered , environm ental im p a cts , 
and m itigative  m e a su r e s .
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RD Q. 22 . Provide e s t im a te s  of sa lin ity  in c r e a s e s  in  m g/1 at Im p eria l Dam  
that would resu lt from  evap orative lo s s e s  and r e s e r v o ir  inundation of the 
M ancos sh a le . Indicate the su rfa ce  area  of the sh a le  form ation  that wo.uld 
be: (a) in  d irect contact with the w a ter , (b) covered  by a llu v ia l m ateria l 
and in in d irect contact with the w a ter , and (c) subject to c y c lic  fluctuation  
in r e se r v o ir  l e v e l s .  What e ffec t would w et-d ry  c y c le s  have on the form ation?  
Would any in c r ea se  in sa lin ity  be tem p orary  or would v/eathes'ing c y c le s  
cau se  continuous lea ch in g  of sa lts  from  the M ancos? Would sa lts  be able  
to lea ch  upward through any overly in g  a llu v ia l m a ter ia ls?

A . Item  N o. 22 r a is e s  5 q u estio n s. We w ill take them  in o r d e r , as fo llow s:

"P rovide e s t im a te s  of sa lin ity  in c r e a se s  in m g/1 at Im perial Dam  that would 
r esu lt  from  evaporative lo s s e s  and r e s e r v o ir  inundation o f the M ancos S h a le ."

Com m ent: In our judgm ent, the sa lin ity  in c r e a se s  would be n eg lig ib le  
b ecau se  the m ost lik e ly  d isso lv a b le  m in eral in the M ancos Shale is  gypsum  
and it  does not rea d ily  r e d isso lv e  on contact with co ld , fresh  w a ter . We 
have checked with sen io r  so u rces  in both the U .S . Bureau o f R eclam ation  
and the U .S . A rm y C orps of E n g in eers , and they confirm  our a s s e s s m e n t .  
They know of no docum ented situation  in which r e se r v o ir - le a c h e d  gypsum  
has contributed sig n ifica n tly  to the sa lt  content of the r e s e r v o ir  w ater or  

. o f the w ater r e le a se d  from  the r e s e r v o ir . The sa lin ity  of r e s e r v o ir  
w ater i s  not s ig n ifica n tly  in crea sed  by the leach in g  of sh a le s  underlying  
the r e se rv o ir ;  con seq u en tly , in c r e a se s  in sa lin ity  cau sed  by evaporative  
lo s s e s  w here the sa lin ity  is  d erived  from  leach in g  a lso  should be n e g lig ib le .

"Indicate the su rface  area  of the sh a le  form ation that would be: (a) in  
d irect contact with the w a ter , (b) co v ered  by a llu v ia l m ateria l and in in d irect  
contact with the w a ter , and (c) subject to c y c lic  fluctuation in r e se r v io r  
le v e ls ."

Com m ent: A pproxim ately  4 ,3 5 0  a c r e s ,  4 ,0 5 0  a c r e s ,  and 3 ,2 0 0  a c r e s ,  
r e sp e c t iv e ly . N ote, h ow ever, that the sh a le  ty p ica lly  is  blanketed by residu al 
and slop ew ash  s o ils  on the v a lley  s lo p e s , thus would note be com m only in 
d irect contact with r e se r v o ir  w ater.

"What e ffect would w et-d ry  c y c le s  have on the form ation s?"

Com m ent: The M ancos Shales typ ica lly  a ir  s la k e , but do not d is so lv e  or  
breakdown read ily  to th eir  constitu en t c la y s  when rep eated ly  w etted and 
d ried . Within a sh ort tim e the slaked  m ateria l form s ru b b le-lik e  arm or  
on the s h a le s , retard in g  further d eter io ra tio n . T his arm or ty p ica lly  is  
a few in ch es to a few feet th ick . Of equal im portance to th is q u estion , 
h o w ev er, the sh a le s  r a re ly  crop out a c r o s s  the v a lley  s lo p es  w ithin the 
r e s e r v o ir  a r e a . They a re  m antled by resid u a l s o i ls  and slop ew ash  
s o i l s ,  m ainly c la y s , and they should provide a la rg e  m easu re of p rotection  
from  e r o s iv e  a ttack . F in a lly , we know of no reported  c a se  o f sh a le  d e te r 
ioration  cau sed  by w etting and drying that resu lted  in ap p reciab le  dam age 
in a r e se r v o ir  area  or pollution o f r e se r v o ir  w ater.
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"Would any in c r ea se  in sa lin ity  be tem p orary  or would w eathering c y c le s  
cau se  continuous leach in g  of sa lts  from  the M ancos?"

Com m ent: A s noted ab ove, the in c r e a se  in sa lin ity  of the r e s e r v o ir  w aters  
due to so lu tion ing o f sa lts  from  the M ancos Form ation  shoud be n eg lig ib le . 
Any influx o f sa lts  due to that p r o c e s s  to the r e se r v o ir  w a te r s , m o reo v er , 
is  lik e ly  to be dei'ived from  su r fic ia l secon d ary  d ep osits  that would be 
leach ed  v ery  s lo w ly  over a long p eriod  of t im e , probably m easu red  in 
hundreds to thousands of y e a r s .  Once th ose  sa lts  are  rem oved  at a v itru ally  
unm easurab ly  s lo w  r a te , the p r o c e s s  would c e a se  for lack  of su r fic ia l  
m a te r ia ls .

"Would sa lts  be able to lea ch  upward through any ov erly in g  a llu v ia l m a ter ia ls? "

Com m ent: Y e s , but the p r o c e s s  i s  s low  and the quantity of m ater ia l per  
unit tim e reach in g  the r e se r v o ir  should be sm a ll b ecau se  the leach in g  p r o c e ss  
i s  s lo w .

| j  In su m m ary , we conclude that the r isk  of pollution o f the r e s e r v o ir  w aters
by sa lt  leach ed  from  the M ancos Shale by those w a te rs , i s  m in iscu le; and 

r? that the r isk  of s ign ifican t d eterioration  of the sh a le s  as a resu lt of exposure
j I to thé r e s e r v o ir  w a te rs , follow ed by s ign ifican t e r o s io n , i s  a lso  judged to
L:J be v ery  sm a ll .

~ 3 B , RD Q . 23 . D escrib e  and com pare p rojected  w ater quality dow nstream  v is - a - v is  the 
preim poundm ent w ater qu ality .

NOTE: D r . Behnke has o ffered  the fo llow ing com m ents by way o f p ersp ec tiv e  
in connection with som e of the data supplied for item s 2 3 -2 5 , 30 , 31 
and 43-48:

CHANGING A LOTIC (FLUVIAL OR RIVER) ENVIRONMENT 
TO A LENTIC (LACUSTRINE OR LAKE) ENVIRONMENT.

The en ergy  pathw ays in re la tion  to converting  raw m a ter ia l (nutrients) 
into organic m atter by p r im ary  production (photosynthesis by plants) 
and through s u c c e s s iv e  connections o f the food web into fish es  , is  b a s ica lly  

j  the sam e in the two en v iron m en ts. The organ ism s fillin g  the various
n ich es at d ifferent trophic le v e ls  change due to changes in depth, flow  
v e lo c ity , su b str a te s , tem p era tu res , and oxygen . The p lot in th ese  two 
p lays in the theatre of l if e  is  e s s e n tia lly  the sam e , only the a ctors change .
T hus, it  i s  im portant to understand the p r o c e s s e s ,  the troph ic-dynam ic  
rela tio n sh ip s (the plot) and not be concerned  over sp e c ie s  l i s t s  of plants  
and an im als (the a c to r s ) , w hich can vary enorm ously  in tim e even in 
the sam e en viron m en t. A wide range of sp e c ie s  can function at any 
p articu lar  trophic le v e l to e ffe c t iv e ly  m ove the en ergy  flow  to the next 
le v e l .  F or ex a m p le , g reen  a lgae and diatom s are the m ain so u rces  
of p r im ary  production in the Yampa R iv er . In a r e s e r v o ir , green  a lgae  
(although there w ill probably be a change from  the genus Cladaphora .
to the genus Spirogjg«?.) and diatom s (b en th ic-p elag ic  sp e c ie s )  w il l  continue 
to e x is t ,  but the m ain so u rce  of p r im ary  production w ill be a d iv ersity
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of u n ice llu la r  a lgae (phytoplankton). The sa m e is  true o f the in vertib ra te  
an im als that m ove the en ergy  from  p r im ary  production into fish e s  
a v a r ie ty  o f s p e c ie s  function in variou s n ich es  in the food web 
of d ifferent en v iro n m en ts. It is  only when we com e to the f is h e s ,  
in  re la tion  to endangered s p e c ie s  or food and gam e fish e s  influencing  
recrea tio n a l U3e that inform ation  on what sp e c ie s  fill what niche b ecom es  
sign ifican t in form ation . W hile for th ese  rea so n s  sp e c ie s  oif aquatic 
vegetation  and m acro in v ertib ra tes  have r e la t iv e ly  l it t le  im port they are  
catalogued  ante at Q . 43 .

F o r  the follow ing d isc u ss io n , I have drawn on a wide range of m ater ia l 
such as the book on the eco lo g y  of regu lated  s trea m s (Ward and Stanford  
1979) and WPRS publications on N orth P latte  R iver r e s e r v o ir s  (La Bounty 
e t .  a l .  1976, 1978), p a rticu la r ly  in re la tion  to Sem inole R e se r v o ir , W yom ing, 
w hich has c lo se  s im ila r it ie s  to the proposed  Juniper R eserv o ir  - -  6357 
feet e levation  at m axim um  p o o l, 10 ,000  su rfa ce  a c r e s ,  and 1,011,000 acre  
fee t o f sto ra g e  ca p a c ity . A full l i s t  of r e fer en ce s  is  contained in the appendix.

WATER QUALITY

Total D isso lv ed  Solids (TDS). T h is i3 the m in era l or sa lin ity  content of 
w ater com posed  of variou s ions or form s of sod iu m , p o ta ss iu m , ca lc iu m , 
m agn esiu m , ch lo r id e , su lfa te , ph osp h oru s, and n itrogen . B eca u se  the 
m ajor nutrients governing p rim ary  production - -  n itrogen  and phosphorus - -  
are part of TD S, TDS is  a key factor for p red ictin g  fish  production in  
la k e s . In g en era l, the h igher the TDS (within lim its )  the h igher the fish  
production . T his s im p le  rela tion sh ip  does not hold for w ater in  the Colorado  
R iver basin b e c a u se , although TDS le v e ls  are  high in various p arts o f the 
b asin  (from  l e s s  than 100 in headw ater tr ib u ta r ies  to m arethan 1000 in the 
m ain stream  during low  flow s and exceed in g  sev e r a l thousand in -som e  
tr ib u ta r ies  at low  flow  such as the P r ic e  and San R afael r iv e r s  of Utah), 
the re la tiv e  proportion  of n itrogen and phosphorus are  low  in re la tion  to the 
other m o le c u le s . T hus, n itrogen  is  ty p ica lly  the lim itin g  factor for p rim ary  
production in r e s e r v o ir s  of the C olorado R iver b a sin . B eca u se  som e of the 
com ponents of TDS are  in corporated  into liv in g  o rg a n is im s in a r e s e r v o ir  and 
som e com ponents m ay p recip ita te  out in r e s e r v o ir s , the outflow v/ater w ill 
ty p ica lly  have reduced TDS va lu es from  the inflow  w ater (p articu larly  if  w ater  
i s  r e le a se d  from  the su r fa c e ) , u n less  the flooded r e se r v o ir  basin  le a ch es  
additional m in era ls  ipto t h ^ r e s e r v o ir . R eserv o ir  evaporation a lso  in c r e a se s  
TDS va lu es (Junipe?>Jile'§S(lrvoirJ'j^rpred icted  to have an annual evaporation  
o f l e s s  than 4 0 ,0 0 0  a cre  feet which m ay in c r ea se  TDS le v e ls  by about G%).
The average  annual TDS concentration  in the Yampa R iver (at M aybell) is  
178 ppm; how ever , th is concen tration  w ill typ ica lly  vary  by about 10 fold from  
peak dillution flow to m inim um  low  flow . The J u n ip er-C ross Mountain P ro ject  
E nvironm ental A sse ssm e n t Report (p. W 3-18) based  a p red iction  on post 
im poundm ent TDS le v e ls  on data from  F lam ing Gorge R eserv o ir  w here so il  
leach in g  in crea sed  TDS le v e ls  by 28%. S im ila r  in c r e a se s  in Juniper and C ro ss  
Mountain r e s e r v o ir s  would in c r ea se  the TDS in the outflow from  C ross Mountain 
to about 290 ppm  accord in g  to the rep o rt. T here is  no fea sib le  way to p red ict  
a ccu ra te ly  p ost im poundm ent TDS le v e ls  (the a s se ssm e n t rep ort did not co n sid er  
TDS lo s s  to nutrient trapping in r e se r v o ir  sed im en is  hnd the often la rg e  d ifferen ces
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in TDS le v e ls  betw een r e se r v o ir  r e le a s e s  from  deep w ater (hypolim nion) as  
from  F lam ing  G orge, and from  su rfa ce  w aters (low er TDS v a lu es), a s  would 
be the c a se  with J u n ip er-C ro ss  Mountain r e s e r v o ir s ) .

It can be sa fe ly  sa id , h ow ever, that an average in c r e a se  in TDS 
le v e ls  in the Yampa R iver to a range of 200 to 300 p o se  no threat to  
aquatic l i f e .  On the co n trary , i f  additional n itrogen  is  part o f in crea sed  
TDS v a lu e s , p r im a ry  production w ill in c r ea se  lead in g  to in crea sed  in v e r te 
brate and fish  production both in the r e s e r v o ir s  and in the r iv er  dow nstream  
from  C ro ss  Mountain dam . S tee le  (1980, f ig . 3) p red ic ts  that if  Juniper 
D am , C ro ss  Mountain D am , and other dam s are con stru cted  in the Yampa 
b a sin , the average  annual TDS le v e ls  in  the Yampa R iver at Echo Park  
w ill d ecrea se  from  the p resen t 309 ppm to 185 ppm and the fluctuations  
around the m ean value w ill be much reduced a fter  the im poundm ents are  
con stru cted .

N u tr ien ts . A s m entioned , the m ajor nutrients governing p rim ary  
production in w ater (as on land ), n itrogen  (nitrate) and phosphorous (phosphate) 
ai*e part of the T D S. C oncern is  often ex p r essed  over eutrophication  or  
the enrichm ent o f w ater that grea tly  in c r e a se s  p r im ary  production (and 
subsequently  fish  production). It m ust be recogn ized  that a r tif ic ia l en r ich 
m ent or  fer tiliza tio n  o f w ater has been a fish  cultural p ra c tice  for 2000 
y e a r s  or  m ore in China, and is  a regu lar  fish  m anagem ent p ra c tice  in the 
United S ta te s . N itrate n itrogen  w ill lik e ly  be the lim itin g  .factor governing  
p rim a ry  production in Juniper and C ro ss  Mountain R e se rv o ir s  . V alues of 
n itrate  n itrogen  in the Yampa R iver range from  e sse n tia lly  zèro  at peak  
dilution flow s to .9  ppm at m inim um  low flo w s , averagin g  about .2  ppm .
T his value in too low  to produce e^utrophic conditions (T ypical ecutrophic  
la k e s , w here phosphate is  l im itin g , m ay have n itrate  n itrogen  va lu es o f 2 .0  
or h ig h er . The m ost productive o f the TVA r e s e r v o ir s  (g rea test production  
of fish ) i s  C herokee L ak e, which a v era g es  2 .7  ppm n itra te-n itro g en  in its  
w a ters  (K renkle, e t .  al 1979).

N utrient va lu es in Juniper R eserv o ir  can be expected  to in c r ea se  s lig h tly  
soon a fter  fillin g  due to leach in g  and decom position  of flooded organic m atter . 
The phytoplankton in the ep ilim nion  (su rface  zone) o f the r e s e r v o ir  w ill 
u tiliz e  much of the ava ilab le  n u fr ien ts. The stra tifica tio n  of the r e se r v o ir  
(due to v/ater of d ifferent tem p erature and d ensity  form ing la y e r s  — ep ilim in ion  
[upper], m eta lim in ion  or th erm oclin e  [m iddle], and hypolim nion [low er] w ill 
tend to concentrate nutrients in  the hypolim nion.. T his d ifferen tia l concentration  
of nutrients by depth in a r e se r v o ir  is  dependent on the in ten sity  of phytoplankton 
developm ent in the ep ilim nion  and the d egree of co m p le ten ess  of s tra tifica tio n . 
T hus, the outflow from  the su rfa ce  zone of Juniper R eserv o ir  can be expected  
to have reduced nutrient concentration  and the s im ila r  p r o c e s s  in C ross  
Mountain R eserv o ir  should further reduce nutrients d ow n stream . In any even t, 
th ere should be no p rob lem s from  eutrophication  such as e x c e s s iv e  growth  
of b lu e-g reen  a lg a e , oxygen dep letions and fish  k i l l s ,  e tc .^  Juniper and 
C ro ss  Moutain r e s e r v o ir s  would be c la s s if ie d  a s  raesotropTc bod ies of 
w ater - -  w aters o f m oderate p rod u ctiv ity . See g en era lly  W 3 .1 8 -2 0 .



05/15/31
- 10 -

B , RD Q. 2 4 . W ater quality (b acteria l) in the Yampa R iver below  C raig is  now rep orted  
to be unsu itable for bod y-contact r ec r ea tio n . What conditions a re  anticipated  
after  im poundm ent?

A . 24 . B a cter ia  are  a n e c e s sa r y  com ponent in e c o sy s te m s  to r e c y c le  en ergy  
from  decom postion  o f organic m a tter , r e le a s in g  nu trien ts and incorp oratin g  
p ro tien , ca rb oh yd rates, and fats into more, b a cter ia  that are  consum ed by 
variou s in verteb rate  an im als (s n a ils , detXAffiSiw? feeding in s e c ts  and cru sta cea n ). 
Such enex’gy rec y c lin g  is  not co m p le te , h ow ever, a s  can be d em on strated  
by fo s s i l  fuel - -  coa l and o il - -  that r ep re sen ts  the in co m p lete ly  r ecy c led  
en ergy  trapped in sed im en ts  m any m illio n s o f y e a r s  a g o . The only  concern  
in re la tion  to b acter ia  for envii’om nental a s se s sm e n ts  is  that of pathogenic  
b a cter ia  that cau se  d is e a s e . T h ese  m ain ly concern  feca l co lifo rm  b a c ter ia . 
F o rtu n a te ly , feca l co lifo rm  b acter ia  can not su rv iv e  for long p er io d s  outside  
o f the d ig estiv e  track  or  outsid e o f fe c e s  . When washed into a s trea m  or  
introduced into a s trea m  from  in com p lete  sew age trea tm en t, th eir  num bers 
dwindle rap id ly  dow nstream  from  the point so u r c e . C oliform  b a cter ia  are  
continually and ubiquitously introduced into w aters from  dung of w ild  and 
d o m estic  an im als (p articu larly  liv e s to c k ) . Potential human health prob lem s  
occu r only n ear the so u rce  of raw or in com p lete ly  trea ted .sew a g e  effluent 
w here pathogenic b acter ia  d en sity  is  h igh . The sew age effluent from  L as  
V eg a s, N evada, en tered  Lake Mead via L as V egas Wash into L as V egas  
B ay which crea ted  a potential health prob lem  near the p o in t. sou i’ce  (Baker  
e t .  a l. 1977). H ow ever, fi>cal b acter ia  num bers rapidly  d ec lin e  in  L as V egas  
B ay away from  the Las V egas W ash. Lake Mead r e c e iv e s  enorm ous human 
u se  for sw im m in g and w ater sk iin g . The L as V egas W ash sew age input w as 
b en efic ia l to aquatic life  by grea tly  in crea s in g  phytoplankton and zooplankton  
production (and u ltim ate ly  fish) by its  nutrient en r ich m en t. The current f ish e r ie s  
m anagem ent plan for Lake Mead is  to change from  a hypoliranion to an 
ep ilim nion  r e le a s e  in ord er to reta in  nu trien ts and in c r ea se  fish  production .
Undue a larm  over human health  v/ithout rea l b a s is  in fact can cau se  great 
but n e e d le ss  expenditure of funds and red uce the quality o f a f ish e r y  due to 
reduction  of nutrient input. F or ex a m p le , the trout population in the North  
B ranch of the A usable R iv er , M ighigan, w as reduced in b io m a ss by 70% 
and with much s lo w er  growth after  the C ity o f G rayling, M ichigan, in sta lled  
te r tia r y  sew age treatm ent and reduced  the n itra te  n itrogen  concentration  in 
the r iv e r  by 70% (C lark , e t . a l .  1980). O dell Lake »O regon, was once a fam ous 
f ish e r y  for kokanee sa lm o n . The F o r e s t  S erv ice  cam pgrounds r ec e iv ed  heavy  
u s e .  It w as feared  that the sep tic  sy s te m  o f human w aste  d isp osa l was polluting  
the lake by lea ch in g  through the so il  and the to ile ts  w ere  vaulted to prevent 
lea k a g e . As a r e s u lt , the n itrate n itrogen  le v e l in  O dell Lake dropped by  
20%, but th is tr ig g ered  reduced p rodu ctiv ity  and a declin e in the catch  of 
kokanee sa lm on  by 80% (O regon D epartm ent of F ish  and W ild life , F ish ery  
R esea rch  R eview  and Planning R eport 1977-78). The O regon D epartm ent of 
F ish  and W ildlife in cooperation  with the U .S . F o rest S erv ice  i s  now planning  
to fe r t iliz e  the lake a r tif ic ia lly  to rep la ce  the nutrients lo s t  from  the sep tic  
se e p a g e . The point i s  that nutrient enrich m ent is  n e c e s sa r y  for aquatic  
e c o sy s te m s  to function . P ro b lem s a r ise  when the enrichm ent c a r r ie s  pathogenic  
o rg a n is im s or  when enrich m ent rea ch es  too high a le v e l caxising oxygen d ep letion , 
eleva ted  le v e ls  o f am m onia and fish  k ills  (too much of a good th ing).
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J.L* E'*pa“ d and quantify the a n a ly s is  and d iscu ss io n  of w ater tem ner^turp  

connu^cfe^with^th^Gr^eii
G reen R iver and F lam ing Gorge 'r e le a se s  ^ p o s S b l ^ Z t ^ n V ^ .

■ & 2  P The r e s e r v o ir s  w ill act to w arm  the Yampa R iver w a t-r  e a r lie r
sp rin g  by exp osin g  a great su rfa ce  area  to the a tm osph ere and so la r

i t i m ^ 6  fr ° m Sprin^ e n te r s th e  r e se r v o ir

S E ^ t W  sh°uld set in with * w l  < ^ g Z T t o f 5 ^ s ?fJuly
J ff i1i  T U T ’3 tran sition a l z °ne of rapid tem p erature change [m etalim nion) 

n ‘,l iifCe zone or ep ilim nion  that w ill be w arm er than the Yam oa Riv- r *
h e ^ o t w ay S ® reaching * m m m^ oh ot.ie.s t  part of the su m m er , the su rfa ce  w aters w ill a p oro -im ate  l i S

h igher ? o T e tfm e T sU « h ‘l v i r iV er iat t S  s “ m m er f l° « .  so m etlm ee  s lig h tly  c S S  ^ ra®U m es s lig h tly  low er  (ranging from  about 70 d e c re e s  to 80 *
iluctiiaH^n ’ dr dingt ° n t i e  am liient a ir  tem p eratu res - -  bu< the daily  fluctuation m tem p eratu res w ill be dam pened by the r e s e r v o ir  That K

hypolim netic  volum e w ill m aintain d isso lv ed  oxygen l e v e l s , r 1° 
su itab le  to allow  f ish e s  to liv e  in the h y p o U m n S ?  4 ‘°  | «

1  , overatl tem p eratu re reg im e  in the r e s e r v o ir s  w ill a llow  for "t u
and c o l d \ " ," ,arm ' Wate,r “ 8h es W w #  the epilim nion  durinr the sn m m e i 

" d : W ̂ / s p e c i e s  liv in g  in the hypoiim nion. The new tem oerature  
reg im e  should benefit the endangered f is h e s .  The reduction  o f the ¿ W -
i n Z T f  fl,° W and war m =r fsm p eratu re  in the la te  sp rin g  flow  w i n ^ t  'o'
M  about 70 72 i M M  “nd
mid Ju ly  K  ea r lf  *°

s r r tepr H e K c r  mo"°u
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2CO, C -U  Q. 28 . P rovid e a t im e -in c r e m e n t, m on th ly-projected  hyd rologic load curve

peak h o u rs . What m ethodology w as used  to extrapolate  s trea m  flow s on 
the Yampa R iver to the r e se i'v o ir s  (d ra in age-area  ra tio )?

A . 29 . A s sta ted  in our [W oodward-Clyde] geotech n ica l rep ort on the Jun iper-

e ro s io n  and degradation . T his co n stitu tes  em p ir ica l ev id en ce  of a general 
w ell-d ev e lo p ed  slop e  s ta b ility . G enerally  low -an g le  s lo p e s  and neutral 
or slop e  stab ility -en h an cin g  bedding dij> orien tation s p red om in ate . C on se
quently , we have judged the gen era l r isk  of r eserv o ir -in d u ced  la n d slid es

ß IK;j*. HD tscu ss  sea so n a l turbidity and sed im en t in  the Yampa R iver

T urbidity is  the d egree  o f opaq ueness o f w ater (inhibition o f ligh t p en etra tio n ), 
U n less  th ere is  a non p articu la te  so u r c e , such as acid  bog w a ter , to d is 
co lo r  w a ter , turbidity is  d ir e c tly  re la ted  to the suspended sed im en t lo a d .
The Yampa R iver  i s  r e la t iv e ly  low  in sed im en t y ie ld  in com p arision  to 
other Colorado R iver basin  tr ib u ta r ies  . It y ie ld s  12% of the flow  but only  
1.5% o f the sed im en t in  the upper b asin  (Yorke 1980). The Yampa R iver  
at M aybell y ie ld s  an average  of 90 tons of sed im ent p er square m ile  of 
w atersh ed  with an average suspended sed im en t load o f 196 ppm (m g/1).
The L ittle  Snake R iver y ie ld s  295 tons p er  square m ile  o f w atersh ed  at 
an average concentration  of 1 ,790  pp m . Juniper and C ro ss  Mountain 
r e s e r v o ir s  w ill e ffe c t iv e ly  rem ove sed im en t from  the Yampa R iv er . The 
flow from  C r o ss  Mountain Dam  v i l  be e sse n tia lly  free  of sed im en t (but 
with som e sm a ll contribution of turb idity from  phytoplankton and p articu late  
organic m a tter ).

(including both w inter and su m m er e s t im a te s ) . Indicate the p rojected  on-

h ili
Q . 29 . D escr ib e  the la n d slid e  and slum ping potential at the p r o je c t . How would 
the im pounded w ater a ffect the unstable M ancos sh a le  form ation?

C ro ss  Mountain P r o je c t , we co n sid er  the r e se r v o ir  induced la n d slid e  r isk  
to be lo w . The M ancos Shale is  w eak , r e la t iv e  to other typ es o f rock such
as g ra n ite , g n e is s  or dense lim e s to n e , but i s  not n e c e s s a r ily  u n sta b le . L ong,
h igh , steep  s lo p e s  underlain  by sh a le  stra ta  that dip toward the r e s e r v o ir  
p resen t the b est developed potential for r e se r v o ir  w ater seep a g e-in d u ced  
ground fa ilu r e s , w h ereas sh a llow  s lo p e s  underlain by gently  dipping sh a le  
beds tend to be s ta b le . That la tter  condition pred om in ates w ithin the
p erip h era l sec tio n s  o f the planned Juniper R eserv o ir  undei'lain by M ancos 
S h a le s . C onsequently , we have judged the r isk  of r ese rv o ir -in d u c e d  lan d 
s lid e s  to be lo w .

O th erw ise , la n d slid es  (large  or  sm all) are  ra re  within the two r e s e r v o ir  
a r e a s . L andslid ing does not appear to be' one o f the m ajor m ethods of land

| throughout the C ro ss  Mountain and Juniper R eserv o ir  a rea s  to be lo w .

belcfiv the L ittle  Snake con flu en ce, and the lik e ly  e ffec ts  o f p ro ject r e le a s e s  
during th ose  m onths when the L ittle  Snake i s  r e la t iv e ly  c le a r .

A . 30 . Sedim ent and consequent turb idity changes w ere noted at W. 3 .1 9 -2 0 .
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A . 24 . C ont. /
F rom  the foregoing  and as ind icated  in Exhibit W (W 3 .2 3 -2 4 ) , the focal ' 

co lifo rm  b a cter ia  from  C raig are not expected  to su rv iv e  long enough 
to attain^itfv§Ls*in the l'c ser v o ir  ^  cau se  a larm  on m atters of human health . 
C oliform  b a cter ia  in the r e se r v o ir  w ill be m ain ly from  subm erged  anim al 
fe c e s  (p articu larly  liv e s to c k  feces) and from  tr ib u ta r ies  draining grazin g  
la n d s. T h ese  co lifo rm  le v e ls  can be exp ected  to be c h a r a c ter is tic  of 
natural w a ters  in  s im ila r  geographic a r e a s .

Q. 25 . A nalyze and d isc u ss  tra ce  m etal con cen tration s rep orted  for the Yampa 
R iver in the C olorado W est A rea Council o f G overnm ents P la n , 1979.

A . 25 . Som e w a ters  in Colorado have pollution  p rob lem s from  heavy m eta ls  
- -  z in c , cop p er, le a d , m ercu ry , a lum inum , e tc . The m ajor so u rce  of m etal 
pollution  i s  draining from  old m ine ta il in g s . W ater quality data for the Yampa 
R iv e r , g iven  in  the environm ental a s se s s m e n t rep o rt, g ive r.o ind ication  of 
any problem  from  m etal p o llu tion . The d iv ersity  o f fish es  and in verteb ra tes  
throughout the Yampa b asin  a lso  is  ev idence for an ab sen ce o f any threat 
from  m etal p o llu tion .

The C olorado W est A rea Couucil of G overnm ents P lan , 1979, has been  
rev iew ed  for the Yampa R iver and g iv e s  no cau se for con cern . The con 
centration  of m ost e lem en ts  can be expected  to be g rea tes t at lo w est flo w s, 
yet a d iv e r s ity  o f p lants and an im als liv e  throughout the flow p eriod  in
the Yampa (actu ally  the low  flow su m m er p eriod  is  the tim e of the g r ea tes t  
in c r ea se  in production and b io m a ss ) . If an aquatic to x io log ica l problem  
e x is t s  it sh w ld^ ave^ b^ e^ v.^ i’y^evident by now . C oncentrations o f m etal 
ion s|w m i s^tspenefed organic m atter and^PII above 7 . T hus, the average  
concen trations o f heavy m eta ls w ill be much l e s s  in the r e se r v o ir s  (averaging  
out the y e a rs  flow , p lu s precip itation) than they are p resen tly  at low  flow  
conditions in the Y am pa.

W C,RD Q. 20 . How would san itary  fa c ilit ie s  at the p roposed  p ro ject recrea tio n  a rea s  
pq affect groundw ater?

A . 26 . The im pact of sa n itary  fa c il it ie s  at the proposed  p roject recrea tio n  
a rea s  on ground w ater would be dependent on the type of fa c ility  u sed . It 
could w ell be se lf-co n ta in ed  and could even  be a recy c lin g  un it. Both would 

Li have no im pact on the ground w ater r e g im e . Standard ranch or farm -typ e
pin v ie s  m ight w ell r e su lt  in pollution of the ground v/ater, but this is  not a 
cer ta in ty . It would depend on thé geo lo g ic  and ground w ater settin g  at 

y  each sp e c if ic  s i t e .  V alley  bottom  s i t e s ,  w here the ground w ater table is
sh a llo w , ob viou sly  p resen t m ore o f a r isk  than upland a rea s  w here the 

cpi ground w ater le v e l m ay be r e la t iv e ly  deep . The point to be m ade, h ow ever,
is  that the san itary  fa c ilit ie s  can be en g in eered  to v irtu a lly  e lim in ate  

iP pollution p ro b lem s.
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A . 30 . Cont.
The L ittle  Snake dumps a r e la t iv e ly  enorm ous sed im en t load into the 

Yampa R iv er , but v ir tu a lly  a ll o f th is sed im en t co m es in May and June 
(and with flash  floods at other t im e s ) . Sedim ent transport in a r iv er  
is  a continually balanced p r o c e ss  betw een aggradation (sed im ent deposition) 
and degradation (sed im en t tra n sp ort). The sed im en t free  w ater from  
C ro ss  Mountain Dam  w ill act to "degrade" the r iv e r  bed by sed im en t  
tran sp ort, but th is p i'o ee ss  w ill be g rea tly  m odified  th ree m ile s  dow nstream  
w here the L ittle  Snake e n te r s . The reduced peak flow s from  C ross  
Mountain Dam can be expected  to in c r ea se  the rate  o f sed im en t deposition  
below  the L ittle  Snake R iver in  May and Jun e. T yp ica lly , the L ittle  
Snake r iv e r  c e a s e s  to flow  into the Yampa a fter  m id J u ly . At th is t im e ,  
the en tire  flow o f e s s e n tia lly  sed im en t free  w ater from  C ross Mountain 
Dam w ill act to transport the "surplus" sed im en t d eposition  o f the M ay-June  
period  with the end r e su lt , that by the fa ll-w in ter  p er io d , the dynam ics  
w ill be s im ila r  to the p resen t s itu a tion . The L ittle  Snake con trib u tes  
3 .5  tim es m ore sed im en t than the Yampa at p resen t and the o v era ll 
resu lt w ill be about 25% reduction  in total sed im en t y ie ld  in the Yampa 
R iver (at Echo P a rk ).

L ike nutrients , sed im en t is  a natural part of flow ing w ater but too much  
sed im ent from  m an-induced a cce lera ted  ero s io n  (such as L ittle Snake River) 
i s  harm ful to aquatic l i f e ,  e sp e c ia lly  f is h e s . Sedim ent is  a lso  deposited  at 
high flow s along the m argin of the r iv er  to provide su b strate  and nutrients  
for riparian  vegetation  (the ea r ly  cen ters  of human c iv iliza tio n  in the lower*
N ile and low er T ig res-E u p h ra tes  V a lleys depended on sed im ent d ep osition ).
T his r iparian  dep osition  w ill continue to o ccu r , but the o v era ll sed im en t y ie ld  
in the low er  Yampa w ill be reduced by about 25% - -  but s t i l l  above v irgin  
con d ition s, b efore  m an's land u se  produced in crea sed  ra tes  o f a cce lera ted  
e ro s io n .

The hyd rologic term  "degradation" is  not en tire ly  d escr ip tiv e  in rela tion  
to its  im pact on fish ery  v a lu es . "Degradation" of a s tr ea m  channel, rem oving  
accum ulated sed im en t down to bou lders and bedrock ("arm oring" of the su b stra te ), 
deepens the channel and can crea te  m ore fish  hab itat. E xam ples d isc u sse d  
in Ward and Stanford (1980) point to in crea sed  abundance of in verteb ra tes  
and fish es  below  so m e  TV A dam s and below a dam on the B razos R iv er ,
T ex a s , w here the "degradation" of sed im en t rem oval by sed im e n t-fre e  
flow s from  the r e s e r v o ir , deepened the channel and provided con sid erab ly  
m ore habitat than w as there before im poundm ent. Som e deeping o f the 
Yampa R iver can be expected  from  "degradation", but the e ffec ts  should  
be m oderate in v iew  of the fact that m ore than 70% of the p resen t sed im ent 
load in the low er  Yampa w ill continue to be provided by the L ittle  Snake 
R iver* A lso  as in d icated , the e ffect on the fish ery  is  expected  to be 
b en efic ia l . O ther exam p les include the outstanding trout f ish e r ie s  on South 
P latte  R iver below  C heesem an Dam (up to 800 lb s /a c r e  standing crop) and 
the "M iracle M ile" o f the North P la tte  R iv er , below  Sem inoe R e se rv o ir , 
even though th ese  are in "degradhfcbcj)' (in the h yd rological sen se ) s trea m s  
w here sed im ent has b een  rernovea By r e s e r v o ir s .



05/ 15/81
-15-

CO, BB 31 D escr ib e  the p o ss ib ility  of n itrogen  su p ersatu ration  in p ro ject d isch a rg es  
and the poten tia l for d isch a rg es  drawn from  low er r e s e r v o ir  le v e ls  w here  
d isso lv ed  oxygen is  lo w .

A . 31. N itrogen  su p ersatu ration  can be a p rob lem , p a r ticu la r ly  with s e n s it iv e  
sa lm onid  fish e s  in the Colum bia R iver w here a s e r ie s  of dam s build up 
nitrogen  and sp illo v e r  during high flow s (free  fa ll of w ater over  sp illw ays)  
cap tu res a tm osp h eric  n itrogen  and plunges it into p oo ls  below  d a m s.
No com parable d am -dam -dam  sy ste m  without free  flow ing r iv e r  betw een  
o ccu rs  on the Yampa R iv er . D iscu ss io n  with CDOW as to the o ccu ren ce  o f  
nitrogen  su p ersatu ration  p rob lem s in C olorado su ggested  that at c er ta in  
tim es  if  the tu rb ines .w ere running J t reduced capacity  and a ir  w as jetted  
into th em , the outflow below  the dam  would becom e su p ersatu rated  with 
n itro g en . Equal ibrium  le v e ls  would be reach ed  100-200 feet from  the 
dam . No m o rta lit ie s  or s t r e s s  on salm onid  fish e s  w ere  e v er  ob served  - -  
ev id en tly  they avoid the a rea s  o f su p ersa tu ra tion . No potential prob lem  
below  C r o ss  Mountain Dam  is  an ticip ated . R egarding oxygen , the en v iron 
m ental a s se s sm e n t rep ort m akes it  c lea r  that withdrawal v/ill occu r from  the 
su rfa ce  zone of the r e s e r v o ir s  (oxygen at saturation  or above on sunny  
days from  p h o to sy n th esis). H ypolim nion withdrawal would occu r only 'Mg
after  fa ll overturn and (^ .sa tu r a tio n  o f the whole r e s e r v o ir . The only  
p o ss ib le  prob lem  from  low  0« le v e ls  would be if  con sid erab le  organic  
m atter decom posed  during tne w inter m onths in C ro ss  Mountain R e se r v o ir .
As d isc u sse d  above, th is  is  not lik e ly  to occu r to a point of ser io u s  
oxygen d ep letion . If it  could be a p ro b lem , the d isch arge  could be changed  
back to u su rface  r e le a s e .

, WE Q. 32 . P rovid e a l i s t  o f a ll im poundm ents on the Yampa R iver  above Juniper  
d a m site , including a ll tr ib u ta r ie s , the p u rp ose(s) of th ese  im poundm ents, and 
the p o ss ib le  in teraction s betw een th ese  ex istin g  developm ents and the p r o jec t. 
L ist a ll up stream  w aste d isch a rg es  and a ll NPDES p erm its  for d evelop m en t. 
P rop osed  w a ter-re la ted  developm ents up stream  should a lso  be d e scr ib e d .

MARR Q. 33 . Would any plant s p e c ie s  or  sp ec ia l con cern  in the p ro ject and surrounding  
a rea s  be affected  by p ro ject con stru ction  or operation? If s o ,  d e scr ib e  the 
potential im p acts and m itigation  m e a su r es . P lant s p e c ie s  o f sp e c ia l concern  
are th ose included on the Sp ecia l P lant L ist o f the C olorado N atural H eritage  
Inventory .

MARR Q. 34 . A s s e s s  the im p acts of the p ro ject on the d iv e r s ity , com p o sitio n , and 
abundance o f dow nstream  riparian  vegeta tion , including D inosaur National 
M onum ent.



05/15/81
-16-

Ar îstrcm g

A m stro n g , 
BB

Ai h stro n g , 
S RD

A: n stron g , 
HD

C-U

Q. 35 . E stim ate  the w ild life  lo s s e s  that would resu lt from  the p ro ject due to 
habitat d estru ction  or  interrupted  m igration  r o u te s . Data ava ilab le  from  the 
C olorado D iv is io n  W ildlife should , in p a r t, be utilized  for th is p u rp o se .

Q . 3 6 . D escr ib e  the lik e ly  im p acts on te r r e s tr ia l  w ild life  from  p ro ject-in d u ced  
alteration  o f r ip arian  habitat below  C ross M ountain, including D inosaur  
N ational M onum ent.

Q. 37 . P rovid e a deta iled  d escrip tion  of p lan s to m itigate  for the lo s s  of 
te r r e s tr ia l w ild life  hab itat. The p lan s should be quantified and d iscu ss io n s  
should include the amount of p r ivate  lan d , if  any, to be included in the 
m itigation  p ro p o sa l.

Q. 38 . A d eta iled  fie ld  su rv ey  for a ll c lif f -n e st in g  r a p to rs , including the p ereg r in e  
falcon and golden e a g le , should be conducted during the ea r ly  sp rin g  nesting  
sea so n  in Juniper and C ro ss  Mountain Canyons and D inosaur N ational M onum ent. 
The r e su lts  o f th is su rv ey  should be used  to analyze the value of the potential 
lo s s  o f c lif f  n e s ts  due to inundation or detachm ent of rock s dur to project 
con stru ction  and op eration .

Q. 39 . Evaluate the probable im p acts of the p ro ject on the bighorn sheep  
introduced on C ro ss  M ountain, including the potential for s tr e ss- in d u ce d  
d ise a se  as rep orted  in W aterton Canyon by the C olorado D iv ision  of W ild life .
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Q. 4 0 . D escr ib e  the im p acts of the p ro ject on nearby g rea ter  sandhill 
cran e stag in g  and n estin g  a rea s  ( e .g .  B ig  Bottom  and Round B ottom ).

Q. 41. D escr ib e  the potential e ffec ts  on v /ild life  from  p ro ject-in d u ced  human 
encroachm en t (cam p ing, h ik ing, recrea tio n a l v eh ic le  u s e , e t c .)  and hom e and 
b u sin ess  developm ent on non -p roject lands adjacent to the prop osed  p ro jec t.

Q . 4 2 . How. does th is p ro ject and its  proposed w ild life  m itigation  m ea su res  
corresp on d  with the C olorado D iv ision  o f W ild life 's  sta tew ide m anagem ent 
p r io r it ie s  for w ild life  ( e .g .  planned w ild life  population, n u m b ers , h a rv est  
r a te s , and hunter days u se )?  Would hunting be a llow ed on p ro ject lands  
and w a ters?  Would th ere  be additional hunting opportunities at the p ro jec t, 
such as for w aterfow l, and, if  s o ,  who would m anage an d /or  develop- 
th em ?

Q . 4 3 y  P rovid e a d eta iled  d escr ip tion  of ex istin g  aquatic vegetation  and 
m ad ro -in v erteb ra tes  in the Yampa R iver at the p ro ject s i t e ,  and how they 
would be changed by the p ro ject im poundm ents.

A . 4 3 . Further r e fe r e n c e s  and substan tia l detail m a y b e  found at W 2 .5 4 -  
56 and W 3.26-*27. W hile that data ^ c o n s id e r e d  adequate, it m ay be added 
that Cum m ins (1974, 1980) d iscu ssed  the functional a sp ec ts  o f the dynam ic 
changes of life  form s in  a r iv e r  from  headw aters to la rg e  r iv er  environm ent 
- -  the r iv e r  continuum  con cep t. When a dam is  p laced  a c r o s s  a r iv e r , the 
continuum  is  d isru p ted , new life  form s f il l  the r e se r v o ir  and a new stage  
of the r iv er  continuum  develops below  the dam . Depending on the flow and 
tem p erature reg im e r e le a se d  from  the reser’vo ir  the new condition can 
d e c re a se  or in c r ea se  the abundance of in v erteb ra tes  and fish es  below the 
r e s e r v o ir  in com parison  to preim poundm ent con d ition s. In r iv e r s ,  a con
sid era b le  part of the organic m atter (and food for in v er teb ra tes  and fish es)  
m ay com e from  the te r r e s tr ia l  environm ent (alloctrabnous input). The p r o c e s s e s  
the functional a sp ec ts  of converting  inorganic nutribnts into liv in g  organ ism s  
and the m ovem ent of en ergy  through various trophic le v e ls  into fish es  is  
b a s ic a lly  the sa m e in r iv e r s  and in la k e s , but the sp e c ie s  fillin g  n ich es  
at various trophic le v e ls  d iffer .
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A s has been noted , the p r im ary  p rod u cers in running w ater m s tr ea m s

with b ou ld er, rubble su b str a te , are  d ia to m s. D iatom s en cru st rock s and 
produce a "slim y" textu re to the su b str a te . G reen a lg a e , ty p ica lly  the genera  
Cladophora and Uffihrix are  com m on in C olorado r iv e r s ,  p a r ticu la r ly  in p oo ls  
and at low  flow  when current v e lo c it ie s  are  lo w . They form  filam entous  
m ats that m ay reach  con sid erab le  p ro p o rtio n s. C arlson , e t . a l .  (1979), notes  
that channel ca tfish  in the Yampa R iver  had m ainly Cladophora in th eir  
s to m a c h s . If nu trien ts could be ex tracted  from  Cladophora by c a tf ish , th is  
would be a m ost e ffic ien t feeding s tr a teg y , u tiliz in g  p r im ary  production  ̂
d irec tly  without tra n sferr in g  the en ergy  through in verteb rate  an im als with  
subsequent lo s s  to the e c o s y s te m . It is  doubtful, hov /ever, that the ca t
fish  d er ive  much nutrition from  the a lgae they co n su m e. Only fish es  
with sp e c ia liz e d  teeth  to break down the c e llu lo se  w a lls  of p lan ts can  
obtain nu trien ts from  a plant d ie t. C atfish  lack  such tc e tn . C atfish  d ig est  
the m icro o rg a n ism s that liv e  in the g reen  a lgae  and actu a lly  obtain th e ir  
nutrition  from  the anim al and b a c ter ia l l ife  a sso c ia te d  witn the a lg a e .
O ther aquatic p lan ts are r e la t iv e ly  ra re  in  the Yampa R iv er . D lodea  
has been  seen  in quiet spring seep  a r e a s .

In a r e s e r v o ir , the m ain p r im ary  p rod u cers w ill be u n ice llu la r  algae  
(d iatom s a re  u n icellu lar  a lg a e ), c o lle c t iv e ly  ca lled  phytoplankton. Due to  
draw -dow ns (up to 65 feet) in Juniper R e se r v o ir , m acrophyte vegetation  is  
exp ected  to be very  lim ite d . F rom  a fish ery  point of v iew , the great  ̂
predom inance of phytoplankton as the p r im ary  p ro d u cers  over  m a^ropnyte 
vegetation  i s  d esira b le  and fish e r ie s  m anagem ent a c tiv it ie s  try  to fo ster  
the favoring of phytoplankton over m a crop h ytes. T his is  b eca u se  the 
en ergy  in  phytoplankton is  quickly p a ssed  on to zooplankton and f is h e s , v n e i 
m acrophyte en ergy  sto rage  is  a d ead -en d , until they decay and r e le a se  
n u tr ien ts , u n less  som e anim al con su m es the liv in g  m acropuyte. V irtually  
no fish  or in verteb rate  feeds d irec tly  on liv in g  aquatic m acrophytes except 
the g r a ss  carp . P'ilam entous green  a lgae in r e s e r v o ir s  is  typ ica lly  of  ̂
the sen u s S p irogyra . The e a r lie r  w arm ing of spring flo w s, the reduction  
of peak scou rin g  f lo w s , which d islod ge diatom s and green  a lgae  , and the 
high er b ase  flow s below  C ro ss  Mountain Dam w ill im prove the p h ysica l 
exrvironment for p rim ary  production in the low er Yampa R iver . If n itrate  
and phosphate le v e ls  are  not s e r io u s ly  depleted in the r e s e r v o ir s  , the Juviip 
C ro ss  Mountain P ro ject should r e su lt  in in crea sed  p rim ary  production in  
the lo w er  Yampa R iv er .

In r iv e r s ,  the great m ajority  of in verteb rate  an im als (the p r im ary  and 
secon d ary  con su m er trophic le v e ls )  are la rv a e  of aquatic in sects* ;. C ru st
acea n s are  ty p ica lly  lim ited  to quiet a rea s  of a s tr e a m , A ccordingy to 
the r iv er  continuum  con cep t, the headw ater a rea s  are la r g e ly  shaded by 
t r e e s .  Thus sunlight and p r im ary  production i |- l im it e d . L ea f fa ll from  
tr e e s  into the w ater are  coated with docom posinS b acteria  .which provide  
a so u rce  of nutrition for in se c ts  that feed by shredding le a v e s ,  the |  > 
d e b r is , or p articu la te  organic m atter crea ted  by the feeding o f the sh red d er  
group o f in se c ts  c re a te s  a food so u rce  for in se c ts  that sp e c ia l is e  in  
co llec tin g  organ ic  p a r tic le s  (such as net spinning cad d is la r v a e ) . T h u s, 
headw ater a rea s  are typ ica lly  dom inated by sp e c ie s  o f in se c ts  that can be 
ch a ra cter ized  by th eir  feed ing — "shred ders"  and " co llec to rs  . D ow nstream  
as the r iv e r  w id en s, sunlight and nutrient enrichm ent stim u late  in crea sed

»ueas

e.r-
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p rim ary  production and a group o f in se c t sp e c ie s  that are sp e c ia lis e d  
to graze  or scra p e  the ep ilith ic  d iatom s as a food so u rce  b eco m es im portant. 
A lso  with in crea sed  abundance and b io m a ss of a ll in s e c t s ,  predatory  
in se c ts  (those feed ing on other in se c ts )  in c r e a s e . F ish e s  feed on all 
of th ese  groups of in s e c t s .

In a r e s e r v o ir , the m ajor sh ift in the p r im ary  consum er trophic le v e l  
i s  that of cru sta cea n s  rep lacin g  in se c ts  as the m ajor co n v erters  of plant 
l ife  into anim al l i f e .  F rom  com parable s itu a tio n s , it is  v ery  pred ictab le  
that the p r im ary  zooplankton that would inhabit Juniper and C ro ss  Mountain 
r e s e r v o ir s  are s p e c ie s  of C ladocera (w ater fleas) and C opepods.

In sec ts  would be rep resen ted  m ain ly  by ch ironom ids (m idge larvae) in 
the benthic zone and by free -sw im m in g  C oleóptera (b eetles) and H em iptera  
(w ater boatm en, b a ck sw im m ers).

C raw fish  have n ever  been found to our knowedge in the Yampa R iver  
(they are  v ery  abundant in the Colorado R iver near Grand Junction where 
they provide an abundant food supply for channel c a tfish ) . C raw fish  
m ight be stocked  into Juniper and C ross Mountain r e s e r v o ir s .  They are  
ex ce llen t food for gam e fish  and convert en ergy  from  low  trophic le v e ls  
(liv ing  and dead p la n ts , som e an im als) d irec tly  into f ish .

P o st im poundm ent dow nstream  e ffec ts  below  C ro ss  Mountain Dam on 
in v er teb ra tes  would be la r g e ly  b e n e fic ia l. Many exam p les and d isc u ss io n s  
on in verteb rate  changes below  dam s are given  in  Ward and Stanford (1979) 
and p erson a l infox’m ation from  Henry Z im m erm an , C .S .U . graduate student 
cu rren tly  conducting r e se a rc h  invertebr’ate production above and below  
36 Colorado r e s e r v o ir s  (Appendix A ), lead  to the follow ing con clu sion s  
regard in g p ost im poundm ent conditions for inver'tebrates in the low er  
Y am pa. Flow changes that reduce peak scou rin g  flow and e leva te  la te  
sea so n  b ase  flow , as would the J u n ip er-C ro ss  Mountain P r o je c t , w ill act 
to in c r ea se  total abundance and b io m a ss of in se c ts  below  a dam , even  
with daily  fluctuations in flow from  peaking pow er production (see  Ward 
and Sanford 1979, and Holden and C rist 1980). T his is  la r g e ly  due to  
b en efic ia l changes in the p h ysica l habitat (reduced sco u r in g , reduced  
sed im en t, m ore uniform  flow s and tenrvperaturcs and m ore  subm erged  
habitat during low  flow tim es  of the y e a r ) . A great in crea se  in p articu late  
organ ic  m atter (m ainly phytoplankton) would be expected  below  the su rface  
r e le a s e s  from  C ro ss  Mountain Dam and th is would favor in crea sed  abundance 
of the c o lle c to r  group o f in se c ts  (s im u lid s and Hydropsy ch e ) .

44y* D escr ib e  the im p acts on aquatic org a n ism s due to p roject-in d u ced  
uo^vuuctuations and tem p erature changes in the G reen R iver dow nstream  
of its  confluence with the Yam pa, to J e n sen , Utah, con sid erin g  both rein forein  
and ca n ce llin g  e ffe c ts  o f the F lam ing  Gorge P r o je c t.

A . 4 4 . F or our p rev iou s gen era l d iscu ss io n  of th is  question s e e  E x. W at 
pp. W 3 .1 7 , 31-32 and E x. S . ,  p . 11. In addition , sec tio n s  in Ward and Staafui 
(1979) rev ea l in crea sed  abundance and b io m a ss  of in v erteb ra tes below  dam s 
even with daily  flu ctu ation s. Ward and Stanford sp ecu lated  that the p o sitiv e
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a sp ec ts  of the long term  stab le  flow and tem perature reg im e o v err id es  the 
negative im pact of short terra fluctuation .

Of in ter e st  in this regard  is  the work of Holden and C rist (1979, 1980) 
on the in verteb rate  fauna in the G reen R iver dow nstream  from  F lam ing  Gorge 
Dam (which fluctuates flow at a much g rea ter  absolute m agnitude and at a 
much g rea ter  re la tiv e  rate of change than the flow cu rren tly  proposed for  
C ro ss  Mountain D am ).

Invertebrate sam pling sta tion s w ere se t  up at L ittle  Hole (7 m ile s  
below B lam ing Gorge D am ), T aylor F la ts  (16.5 m iles  below dam ), Wade 
C urtis cam pground (49 m ile s  below  darn) and at J en sen , Utah (94 m iles  
below  dam and below  mouth of Y am pa). Invertebrcites w ere a lso  sam pled  
at L ily  Park and Box E lder in the Yampa R iv er . F ive  sam plin gs w ere  
m ade in 1978 and four sam p lin gs in  1979.

The follow ing table su m m a rizes  the average num ber of in verteb ra tes  
sam pled  p er sam pling period:

a f e s j H i
•r . _ * • _ . * t *. ** ' t -\  Bn M m  n i  r\ n  r\L ocation M iles Below^Dain 1978 1079

Ch
? .Little Hole 7 20 ,0 0 0 2 5 ,0 0 0

T aylor F la ts 16.5 11,000 2 9 ,0 0 0
Wade C urtis 49 7 ,5 0 0 3 ,5 0 0
Jen sen 94 5 ,0 0 0 5 ,0 0 0
Yampa R iver  
L illy 3 ,0 0 0 about 3
B oy E lder 2 ,0 0 0 le s s  than 3

Sufficient detail i s  not given in the publications to d iscu ss  adequately the 
rea so n s  for th ese  d iffe re n c e s , but one point is  very  ob v iou s, and th a t.is  the 
c le a r  indication that inverteb rate  abundance grea tly  in c r e a se s  in an upstream  
d irection  toward F lam ing Gorge Darn. That i s ,  the s ite s  with g rea tes t abund
ance are the s i t e s  exposed  to the g rea tes t flow fluctuation - -  but a lso  they  
are influenced by m ore stab le  w ater tem p eratu res and probably h igher nutrient 
le v e l and organic p a r tic le s  orig inating  in F lam ing Gorge R e se r v o ir . The 
s ite s  in the Green R iver exposed  to fluctuations greatly  exceed in g  the proposed  
fluctuations from  C ro ss  Mountain Dam have a con sid erab ly  g rea ter  abundance 
of in v erteb ra tes  than found in the low er Yampa R iver s i t e s .

A l i s t  of in v erteb ra tes is  given in th e:en v iron m en ta l• a s se s sm e n t rep ort, 
taken from  C arlson , e t .  a l.  (1979).

The Yampa R iver contributes about one third and the G reen R iver  
two th irds of the total flow at their con flu en ce. Diurnal fluctuations in 
the Yampa would be l e s s  than the fluctuations induced by B lam ing Gorge 
D am . Even if  the peak high flow from  the Yampa happened to co incide  
and re in fo rce  peak high flow s from  F lam ing G orge, the m axim um  fluctuation  
at Jen sen  (for perhaps one or two\Ei^s^aryear) would be le s s  than the e v e r y 
day fluctuations at L ittle  Hole and T aylor F la ts  w here the g rea test abundance 
of in v erteb ra tes  are found.
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B B ,R D  Q .(4 5 ^  D escr ib e  the proposed resex'voir fish ery  m anagem ent p lan . If the 
r e s e r v io r s  are to be stock ed , provide s p e c ie s ,  stock ing r a te s , expected  

■A forage b a se , annual c o s t ,  and m anagem ent agen cy . If stock ing is  not
p lanned, ind icated  s p e c ie s  expected  to populate the r e s e r v io r s ,  potential for 
reproduction of ea ch , and e ffec ts  of p rojected  w ater le v e l fluctuations on ea ch .

1

A . 4 5 . B efore  d iscu ss in g  the potential r e s e r v o ir  f ish ery  (introduced gam e  
f is h e s ) , the im pact on the fish es  p resen tly  inhabiting the Yampa R iver w ill 
be review ed  (endangered sp e c ie s  are covered  in a sep arate  sec tio n ).

F rom  the above d iscu ss io n s  regard in g  P ro ject im p acts pred icted  to 
in c r ea se  p r im ary  production and .invertebrate production b ecau se  of changes  
in flow reg im e (reduced peak scou rin g  flow , in crea sed  base flow) and tem p eratu re  
reg im e (e a r lie r  w arm in g , m ore stab le  tem p era tu res , h igher w inter tem p eratu res)  
can only lead  to the conclusion  that fish  production w ill a lso  in c r ea se  b ecau se  
they are the gen era l trophic end p oin ts in the e co sy s tem  and b en efits  accrued  
at lo w er  trophic le v e ls  w ill be p a ssed  on to h igher trophic l e v e l s .

m  11 )

If no fish  are stocked into the r e s e r v o ir s  th ere w ill be a la r g e ly  u n d er
utilised , n iche - -  that o f a p elag ic  zooplankton fe e d e r . Fathead m innow s, 
red sid e  sh in e r , and to a l e s s e r  ex ten t, sp eck led  dace w ill occupy litto ra l  
a rea s  around the reser-v o ir . The creek  chub, o f rare  o ccu ren ce , m ay grea tly  
in c r ea se  it s  abundance in the r e se r v o ir  without predation p r e ss u r e . The native  
roundtail chub w ill probably g rea tly  in c r ea se  in abundance in it ia lly , u tiliz in g  
both litto ra l and pe a rea s  and consum ing both in se c ts  and zooplankton  
(although its  g illr a k e r s  are not w ell adapted to stra in  sm a ll zooplankton).
Carp w ill flou rish  in the r e la t iv e ly  few shallow  b a y s , but b ecau se th ese  
a rea s  are  lim ited  by r e se r v o ir  m orphom etry and drawdown (and drawdown 
w ill lik lcy  e ffec tiv e ly  su p p ress  carp reproduction in the r e s e r v o ir ) , the carp  
w ill be only lo c a lly  abundant, but at low o v era ll abundance in con sid eration  
of r e se r v o ir  vo lu m e. A s in F lam ing Gorge R e se r v o ir , the n a tive ' Fi(annelmOuth 
su ck er m ay be expected  to m aintain i t s e lf ,  and the bluchcad su ck er  w ill 
lik e ly  be of rare  occu ren ce in the r e s e r v o ir s .  The su ck er fauna w ill be 
dom inated by the white su c k e r . The longn ose su ck er which now only o ccu rs  
in the UpperYam pa drainage (Trout Creek) w ill lik e ly  becom e esta b lish ed  
in the r e s e r v o ir s  and becom e abundant. When liv in g  together in a la k e ,  
the m ain foods of white and longn ose su ck ers  are zooplankton (m ain ly  
C lad occrs) and chironom id la r v a e , but the longnose su ck er is  m ore of a zo o 
plankton feeding sp e c ia l is t s  w hile the white su ck er tends to p rey  m ore  
ch ironom ids (Barton and Bidgood 1980). P a rticu la r ly  if  longn ose su ck ers  and 
creek  chub becom e abundant in the r e s e r v o ir s  along with the white su ck er , 
they would crea te  con sid erab le  com petition  with stocked .hatchery trout.

Without stock in g , som e rainbow and brown trout (and white fish) w ill 
m igrate into the r e s e r v o ir  and attain a la rg e  s iz e  but they w ill be re la tiv e ly  
sc a r c e  and seld om  taken by a n g le r s .

The channel ca tfish  w ill in c r ea se  in abundance and growth rate in the 
r e se r v o ir  in com p arison  to p resen t r iv er  conditions but w ill not attain a 
high abundance b ecau se  it w ill be r e s tr ic te d  to the w arm er-epiliram  on zone 
and have a lim ited  grow ing se a so n .
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Without any m anagem ent. Juniper and C ro ss  Mountain r e se r v o ir s  

would not be highly a ttractive  to m ost a n g le r s , but the occa sio n a l catch es  
of trout and channel ca tfish  would be much g rea ter  than the p resen t catch  
of fish  is  in the r iv er  sec tio n s  of the r e se r v o ir  s ite s  (e sse n tia lly  n il) .

The d irection  that f ish e r ie s  m anagem ent should take to convert the 
r e s e r v o ir s  into productive and a ttractive  sport f ish e r ie s  would be to introduce  
p red ators to u tiliz e  the lit to r a l forage (such as red sid e  sh in ers) and the 
p elag ic  forage (su c k e r s , roundtail chub) and a sp e c ie s  to u tiliz e  p e la g ic  
zooplankton (forage sp e c ie s  such as a lew iv es  or gam e sp e c ie s  such as kokanec 
sa lm o n ). Sem inoe R e se r v o ir , W yom ing, has developed an ex ce llen t fish ery  
for w a lley es  (prey m ain ly on su ck ers) and trout (feed on in se c ts  and z o o 
plankton with so m e predation on forage f is h e s ) . Sem inoe R eserv o ir  provid es  
1.4% of the total fish in g p r e ssu r e  for the sta te  of W yoming (La Bounty, 
e t .  a l .  1976).

T h ese  m atters are then p resen ted  in som e detail at W 3 .2 7 -2 9  and 
on p . 12 of Exhibit S . W h ile  we continue o f the stron g  b e lie f  that the f ish e r ie s  
m anagem ent of the r e s e r v o ir s  i s  c le a r ly  the p erogative of the s ta te , as  
m entioned ab ove , we would su g g est the goal to be to crea te  a "two story  
f ish ery  by introducing gam e fish  s p e c ie s  to f ill un deru tilized  n ic h e s . L arge-  
mouth and sm allraouth b a ss  (particu laidy sm allm outh) would be stocked  
to u tiliz e  lit to ra l and su b littora l fo ra g e . Wild s tra in s  (to b etter  com pete  
with nongam e fish es) o f brown, rainbow (such as Lake McConaughy 
rainbow) and cutthroat trout (Snake R iver cutthroat) would be stocked  to 
com pare growth and su r v iv a l. Two or m ore sp e c ie s  of trout stocked would 
a lso  in c r ea se  trout production by the phenom enon of e co lo g ica l segregation  
(Troji^W . Behnke 1974). If the trout make e ffective  use of the zooplankton, 
the stock ing  of kokanee sa lm o n , which are b etter  adapted than trout to capture  
zooplankton, should be d elayed . If trout do not su rv ive  and grow as expected  
due to se v e r e  com petition  from  su c k e r s , introducing w alleye  as a predation'"' 
on su ck ers  could be con sid ered  as could the introduction of a p elag ic  

.p la n k to n  feed ing forage fish  (probably a le w iv e s ) . Trout stock ing  
m iosts'weiuld be m in im ized  by stock ing fin gerlin g  fish . E ssen tia lly  un lim ited  

fish in g  p r e ssu r e  can be generated  by heavy stock ing  of ca tch ab lc- s iz e  
trout (3000 h r s . p er acre  angling p r e ssu r e  in som e Colorado w a ters), 
but the option is  too exp en sive  for la rg e  r e s e r v o ir s .

Kokanee salm on are su c c e ss fu l in fluctuating r e s e r v o ir s  , such as  
D illon  R eserv o ir  which m ay fluctuate by m ore than 100 feet,;- The p resen t  
declin e in  the kokanee fish ery  in D illon , and the virtual lack  of su rv iva l 
of stocked  fin gerlin g  rainbow trou t, is  not due to the fluctuations o f the 
r e s e r v o ir , but due to the introduction of the opposum  shrim p (M ysis ■ r e lic ts )  
by the C olorado D iv ision  of W ildlife in the b e lie f  (which app ears m istaken) 
that M ysis would in c r ea se  the food supply to trout. My s is  has v irtu a lly  
elim in ated  the zooplankton from  D illon Reservoir» and its  behavior of s o t 
ting on the bottom  of the d eep est p arts of the r e se r v o ir  during the day, 
e ffe c t iv e ly  rem o v es it from  being preyed  on by trou t.

T h u s, a fter  evaluating the r e su lts  o f the f ir s t  few y ea rs  of trout stock in g , 
the probable con seq ’aen ces of stock ing kokanee salm on should bo co n sid ered . 
R ather than introduce M y s is , craw fish  should be in troduced .
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Q ./4 6 . ’ D escr ib e  the m ethodology, data and r e fer en ce s  used  to e stim a te  the 
num bers of angler days at the proposed  p r o jec t.

A . 4 6 . It was th ere estim ated  angular use at about 40 hrs p er  su r fa ce  
a cre  per y e a r . T his is  a realistic? e stim a te  if  quality f ish e r ie s  m anagem ent 
and stock ing  are  app lied . Each pound of fish  caught in C olorado typ ica lly  
g en era tes  about two or three hours o f angling u s e . Thus a catch of 20 
pounds p er  a cre  would be expected  to gen erate  40 to 60 hours p er a cre  o f  
angling p r e s s u r e . It i s  obvious that th ere  i s  a d irect connection  between  
an gler  u se  and catch  w hich, in turn , depends on the production o f the target 
s p e c ie s  sought by a n g le r s . _

R yder (1974) re6$£§^ K h e application of h is  m orphoedaphic index to 
p red ic t fish  production (total d isso lv ed  so lid s  [ppm of TDS] divided by average  
lake depth). Jenkins (1977) evaluated  data from  166 r e s e r v o ir s  m ore than 
500 a c r e s  in a r e a . He broke the data down to con sid er  hydropow er sep a ra te ly  
from  nonhydropower r e s e r v o ir s  and in rela tion  to reten tion  tim e  of the  
r e s e r v o ir  and w ater ch em istry  ty p es .

D r . W illiam  M cC onnell, C olorado C ooperative F ish e r y  U nit, has 
developed a m odel pred ictin g  habitat quality  and fish sp e c ie s  o ccu rren ce  
in  planned r e s e r v o ir s  for the US.FWS W estern  E nergy and Band U se T ea m ,

It i s  b e lieved  prem ature to devote further effort now to the construction  
of a r e s e r v o ir  m odel for f ish e r ie s  until it is  decided what fish  sp e c ie s  may 
be stocked  (for ex a m p le , should str ip ed  b a ss  be stocked  to ea t the su ck ers  ? ). 
In any even t, th ere  can be no doubt that the future r e se r v o ir  f i s h e r ie s , no 
m atter how p o o r , w ill generate en orm ou sly  grea ter  angler use then the 
p resen t r iv er  f ish e r y , and a good fish ery  (yield ing 40-50  pounds p er  acre)  
v/ill gen erate m uch m ors u se  than the estim ated  40 h rs . /a c r e  given in die  
a s se s s m e n t rep ort.

Mttllan (1976) p resen ted  data on an gler  use of 6 r e s e r v o ir s  along  
U .S . 40 in Utah. Juniper and C ross Mountain r e se rv o  hrs would bo near*
U .S . 40 and the d ista n ces  from  population cen ters  (Salt Lake City and D enver)  
are com p arab le . T h ese Utah R eserv o irs  (S traw berry, ■ S tarvation , Sandw ash, 
S tein ak er, M idview , and B ottle Hollow) generated  from  37 to 158 h r s /a c r e /  
y ea r  angling p r e ssu r e  over sev e r a l y e a r s . The catch ranged from  about 1 /4  
to  about 1 pound p er hour of angling or averagin g out at 2 -3  hours of angling  
for each  pound.

B , RD Q l 47 .o D escr ib e  the ex istin g  gam e fish ery  from  the p ro ject area  dow nstream  
^  toT3fnbsaur National M onum ent.

A . 4 7 . T here i s  only one s i t e ,  at the mouth of C ro ss  Mountain Canyon,
Li that r e c e iv e s  detectab le  fish ing p r e ssu r e  at p r e se n t. Over the co u rse  o f

4 or 5 v is it s  to th is s ite  no fish erm en  have been s e e n , but rem nants of 
1 ta ck le , rem ain s of cleaned  fish , e tc .  have been noted . The fish ery  here

is  for channel ca tfish  but the s iz e -a g e  stru ctu re  of ca tfish  sam pled h ere  is  
ind icative o f ligh t exp lo itation  (light fish ing p r e ssu r e ) . It i s  no m ore (and 
probably much le s s )  than 100 p erso n  days of angling p er  y e a r . The lack  

i i o f angling p r e ssu r e  on the Yampa R iver is  ev ident from  the r e su lts  of
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A . 4 7 . Cont.
angling  in the pool at L ily  Park about one m ile  dow nstream  from  C ro ss  
M ountain Caynon. H ere , at a s ite  w here a v eh ic le  can be driven  to the 
edge o f the r iv e r , M r. Ed. W ick and h is  a s s  is tan If. o f the Coloi'Hdo J3i v is ion  
of W ild life 's  Endangered S p ec ie s  M onoloring T ea m , have taken s e v e r a l  
la r g e  squaw fish  and northern pike o f 5 to 9 pounds on n rtifica l lu r e s .
It i s  obvious that th is s ite  i s  not used  by a n g ler s  or such sp e c im en s  would 
not be so  rea d ily  ava ilab le  to the lu r e .

^Q. 4 8 . , Subm it the m ethodology and supporting .data fox’ the sta tem en t (page 
''^fL£iT7t E xhibit W) that, proposed  p ro jec t Rows are d esign ated  to m aintain  aquatic  
l i f e .

A . 4 8 . A s the m ateria l, in  E xhibit W n otes the flow conditions a re  to m aintain  
recrea tio n a l u se s  as "well.

The m ethodology attem p ts to u tiliz e  that developed by M r . Tennant 
of FWS (197G). H e, in resea rch in g  flow s in rela tion  to fish , d eveloped  
a s im p le  s e t  o f  r u le s  based  on years, of ex p er ien ce  and stu d y . "Optimum" 
flow s (b est for fish  and in verteb ra te) are in the range of GO to 100% o f the 
a verage  daily  flow . "Outstanding" flow s a v erage  40% of the avcx’agc daily  
flow from  O ctober to M arch and G0% from  A pril to  S ep tem b er• "E xcellent"  
flow s a r e  30% and 50% of average  da ily  flow s for th ese  r e sp e c tiv e  tim e  
p e r io d s , "Good" flow s a re  20% and 40% r e s p e c t iv e ly , "'Fair or degrading"  
flow s , 10% and 30%, "poor or m inim um " flow s are  10% of the average  
daily  flow , and l e s s  than 10% of the lon g  term  a v erage  daily  flow is  "severe 
degradation" accord in g  to Tennant (187b).

The s ig n ifican t inform ation  with r e sp e c t  to flow s i s  included in Exhibit 47. 
B a s ic a lly , the r a tio n a le . that 'project flow s arc an 'im provem ent for aquatic 
l ife  over  p r e -p r o je c t flow s can be o b serv ed  on the fo llow ing fig u re .

p

A verage daily  flow (23 y r • average) - 1980 cl’s (round off to 2080 c f s ) ,  thus 
G0% ~ 1200 e f s ,  40% = 800 c f s ,  30% 1 G00 eft;, 10% I  200 HB
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A . 4 8 . Cont.
T h u s, as can be noted (se e  a lso  A ppendixes B and C) the p resen t flow  

for m ost of the year  fa lls  in the poor or degrading range o f flow in /’e la tion  to 
aquatic life  v a lu e s . P o st im poundm ent flow s change th ese  values into  
the e x c e lle n t , outstanding and optim um  ran g e . A lso , the great short 
term  (week to week) and long term  (year to year) fluctuations w ill be 
con sid erab ly  dam pened. T h ese  changes in the flow reg im e from  dam s that 
s to r e  peak runoff (reduce scou rin g  flow) and r e le a s e  the sto red  flow la te r  
in  the y ea r  ( in crea se  the la te  su m m er b ase flow from  poor or degrading to 
ex ce llen t or outstanding) are the b a sic  rea so n s  for in crea sed  production of 
in v erteb ra tes  and fish es  in the m any exam p les c ited  p r e v io u s ly . Nehring  
(1979) com pared the Tennant m ethod of evaluating the e ffe c ts  of flow on f ish e r ie s  
with the USFWS “Instream  F low “ method (the method cu rren tly  being used  
to p red ict flow s needed for squaw fish  in FWS study). N ehring evaluated  
the p red ic tiv e  s u c c e s s  o f the two m ethods by com paring actual b io m a ss of 
trout in a strea m  with flow data. He found that in gen era l the Instream  
Flow  and the Tennant m ethods w ere in ag reem en t. F or in sta n ces  w here there  
w as d isa g reem en t th ere was no co n c lu sive  ev id en ce that the In stream  Flow  
Method had su p er io r  pi*edictive c a p a b ilit ie s .

P rew itt and C arlson (1980) rela ted  flow s at two a rea s  o f the Yampa '
R iver (M aybell and L ily  Park) to factors enhancing squaw fish  hab itat.
The FWS Instream  Flow  c o ^ p ie fe  m odel pred icted  that when flow s are  
in c r ea se d  to the 1200 to 1500 c fs  ra n ge , the environm ental changes w ill 
begin to favor the squaw fish  over the channel ca tfish . T his is  p r e c is e ly  
what the C ro ss  Mountain flow s would do rep lace  ca tfish  habitat with 
squaw fish  habitat if  P rew itts  and C arlson ’s con clu sion s are c o r r e c t .

W esche and R ichard (1980) rev iew ed  the vaincus m ethods used to pred ict 
flow s favorable to f is h e s . It should be c lea r  that a ll m ethods have a co n sid 
erab le  e lem en t of un certa in ty . C om m ents found in Sm ith (IB79} point to 
som e ser io u s  lo g ica l flqws inherent in Instream  Flow  m ethods as an accurate  
p red ic to r  of the resp o n se  of fish es  to changes in flow . Orth (1980) could  
find no co rre la tio n  betw een Instream  Flow  p red iction s and sm a ll month 
b a ss  abundance in an Oklahoma r iv e r .

The FWS Instream  F low  m odel has been im proved by the addition  
of m ore data input and probably o ffers  the b est approach for the ultim ate  
determ ination  of favorable endangered s p e c ie s  f lo w s . H ow ever , substantial 
experim en tation  is  probably to be expected  together with the evaluation  
of r e su lts  over  se v e r a l y e a rs  before the m ost optim um  flow reg im e  for 
endangered sp e c ie s  can be estab lish ed  fox'* any r iv er  se c t io n .

A s m entioned, the peaking pow er fluctuations from  Cross Mountain 
Dam are of a much reduced rate of change and of much l e s s  absolute  
m agnitude than typ ical peaking pow er op era tio n s. The proposed  C ross  
Mountain flow change would in c r ea se  from  500 c fs  to 3000 c fs  over a 
2 .5  hour p er io d . If no flow was com ing from  the L ittle  Snake R iver (and 
no sp ill at C ross Mountain Dam) th is tra n sla te s  into a rate of change 
betw een 750 c fs  to 2000 c fs  over a tw elve hour period  at the mouth of 
the Yarnpa in Fcho P ark , about 50 m iles  d ow n stream , accord in g to the 
a s se s sm e n t rep o rt. The attached figure (Appendix C) is  based on data
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from  table 2 .2 - 8  of the Exhibit W a s se s sm e n t rep ort compaxung stage  
flow s re la tio n sh ip s at three flow s at three points in the low er Yarnpa.
The data can not be p r e c is e ly  used  to p red ict the stage  flow changes 
from  a change of flow s from  750 c fs  to 2000 c fs  b ecau se  o f in su ffic ien t  
data p o in ts ,a n d  each rivei' sec tio n  would respond d ifferen tly  in relation  
to channel and bank m orphology. In any even t, com parable flow s from  
F lam ing Gorge Dam vary from  800 to 4100 c fs  at Lodore Canyon, 
about 50 m ile s  below  F lam ing G orge. T im s, the magnitude of daily  
fluctuation im p act is  about 2 fold g rea ter  in the Gz*een R iver 50 m ile s  from  
the dam than would the C ross Mountain im pact on the Yarnpa at the sam e  
d ista n ce .

It w ill be im portant to learn  what V7PRS plans to do regard in g  future 
operation  at F lam ing  Gorge Dam and th#*<rdegree of w illin g n ess  to m odify ^  
the operation  of the dam in rela tion  to endangered s p e c ie s .  An adequate 
a s se s s m e n t  and pred iction  of the im pact of the Ju n ip er-C ro ss  Mountain 
P ro jec t on endangered sp e c ie s  req u ires  a s se s sm e n t of F lam in g  G orge 
im pact (F lam ing Gorge Darn r e le a s e s  average about tw ice the annual flow  
that o r ig in a tes from  the Yarnpa - -  th erefore  F lam in g  Gorge flow s are tw ice  
as sign ifican t in rela tion  to creatin g  m ore favorable conditions for endangered  
sp e c ie s  in the G reen R iv er).

Holden and C rist (1979, 1980) reported  capturing 18 y o u n g -o f-ih e -  
y ea r  squaw fish  from  the G reen R iver at J en sen , Utah, in 1978 and 8 in 
1979 (where daily  fluctuation i s  16 in c h e s ). C om parison with the abundance 
of young squaw fish  found in V anicek’s ea r ly  p ostim poun drunitstudy  w h ere  
daily  fluctuations at Jen sen  w ere only about 4 in ch es , would ind icate  
that the 16 inch fluctuation inh ib its but does not block su c ce ss fu l reproduetibta. 
What are the exact habitat conditions at Jen sen  that a llow  su c c e ss fu l  
reproduction  and su rv iva l of young with a 18 inch daily  -fluctuation ?
Can th ese  conditions be crea ted  in other a rea s  subjected  to la rg e  fluctuations 
to in c r ea se  squaw fish  reproductive s u c c e s s ?  What range betw een 4 and 
16 in ch es is  le a s t  inhibiting to reproduction? T h ese  are the b a s ic , essen tia !  
qu estion s on which inform ation is  needed to allow  endangered sp e c ie s  
to be m aintained and with in crea sed  abundance in co ex isten ce  with w ater  
developm ent, A cooperative agreem en t concerning the opeim tions of 
F lam ing  G orge Dam and the J u n ip er-C ro ss  Mountain P ro ject has the 
potential to crea te  optim um  spawning and rearin g  conditions for endangered  
sp e c ie s  in the G reen R iver below  the mouth of the Yarnpa if  th ese  
conditions can be quantified , attention focused  on the tru ly  s ign ifican t  
i s s u e s ,  and agreem en t to cooperate obtained from  W PRS. The Jun iper- 
C ross Mountain P ro ject flow s can not do the job a lo n e .

Q. 4 9 . D escr ib e  the agricu ltu ra l lands that would be inundated by the 
p ro jec t, th eir  com bined a r ea , p resen t u se , and crop va lu e .
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Q. 50 . A s s e s s  the im pact of fencing on the current u se of the r iv er  a s  a 
w ater sou rce  by liv e s to ck  and w ild life .

C - U  Q. 51. A s s e s s  the im p acts and potential m itigation  m ea su res  a sso c ia ted
1' with w ild life  and liv e s to c k  drowning in the unstable w inter ice  on the p ro ject

r e s e r v o ir s .

/fC -U  ' Q . 52 . How would m itigation  for lo s s  of b ig -g a m e w inter range in ter -nth
r_, grazin g?  Would w ild life  m itigation  req u ire d isp lacem en t of p resen t 1:1 L ick
I ■ a c tiv it ie s  ?

SHOWN Q. 53 . What i s  the p resen t contribution of recrea tio n  a c tiv it ie s  (hunting, 
ra ftin g , e tc .)  to the lo c a l econom y on the project a rea ?

EDAW Q . 54. R ev ise  the recrea tio n  demand p ro jection s for the p ro ject based  
upon the 1981 C olorado State C om prehensive Outdoor R ecreation  P lan  
(SCO RP).

IPCO, C -U  Q. 55 . P rovid e a sp ecific , sch ed ule of r e s e r v o ir  drawdown and dow nstream  
flow s on a diurnal and m onthly b a s is ,  con sid erin g  biotic and recreation a l 
req u ir em en ts .
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RD Q. 56 . How would com pensation  for lands required  for the p ro ject be 
| l  d eterm in ed . Would it be based  on agricu ltu ra l or developed land va lu es?

Would only inundated a c r e s  be p u rchased?

hi

m m  c-u
felDL-3

Q. 57 . What m ea su res  would be taken to m itigate  the lo s s  of tax reven u es  
from  private  lands that would be incorporated  in the p ro ject?  Would the 
A pplicants make paym ent in  lieu  o f ta x es  ?

ra
E3

m l  Brown Q. 58 . How would agricu ltu ra l land values be a ffected  by the p ro ject?  
What is  the econ om ic contribution of th ese  lands to the lo c a l econ om y?

Q . 59 . W here would construction  w orks 
sch ed u le i s  delayed so  that the Ju n ip er- 
draw w ork ers from  othei' p ro jec ts  in the

rs  com e from  if  the construction  
G ross Mountain P ro jec t could not 
a r ea , as planned?

ID Q. 60 . What 
labor fo r c e ,  
em plo3rm en t,

would a delayed construction  sch ed ule m ean in teinns of 
im m igra tion , im p acts on hou sin g , serv ices' and infrastructure  
lo ca l econ om y, and lo ca l governm ent reven u es and expenditui

RD Q . 61. Indicate the num ber, typo; o r ig in /d estin a tio n , and routes to be
u sed  by con stru ction  w orker v eh ic le s  and trucks used to d e liv er  m a ter ia ls  
D efine h o u rs/d a y  and days /w eek  when con stru ction  a c tiv it ie s  would o ccu r .

:’CS
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VVE Q. 62 . P rovid e co p ies  of the follow ing m aps at a la rg e  sca le : (a) land
ow nership (with p roperty  lin es) of inundated la n d s, and (b) sp e c if ic  r e se r v o ir  
le v e ls  (h igh est, lo w e st , n orm al).

: , ' | | *  ;; . ; • |  I |  l S ‘ i , , . i |  i

Jennings Q . 63 . P rovid e: (1) the final rep ort that has been com pleted  on a rch eo lo g ica l 
in v estig a tio n s conducted for the p ro ject in 1980, and (2) the com m en ts of 

vt [ j the C olorado State H isto r ic  P reserv a tio n  O fficer (SHPO) and Interagency
A rcheologic.al S e r v ice s  (D enver o ffice) (IAS), U .S . D epartm ent o f the In te r io r , 

~l on the content of the rep o rt.
IllliS*«? U 8 - SI* j ^  ■ 1 • . v.‘

Jennings Q. 64 . P rov id e a rep ort on 1981 a rch eo lo g ica l in vestiga tion s for com pleting  
-S p  id en tifica tion  of e lig ib le  p rop erties  for the N ational R eg ister  o f H istoric

P la c e s ,  and an a s se s sm e n t of im p acts to th ese  s i t e s .  The rep ort should  
contain the following:

(a) inform ation  about how a rch eo lo g ica l su r v e y s , su b 
su rfa ce  te s tin g , and other p ro ced u res , if any, w ere  
conducted to inventory s ite s ;

(b) data to support recom m endations concern in g el ig ib ilty  
of s i t e s  for the National R e g is te r , including s ite  
su rv ey  form s;

(c) an a s se s s m e n t of the nature o f im p acts on inventoried  
s ite s ;

(d) a deta iled  m anagem ent plan for avoiding or m itigatin g  
im p acts to e lig ib le  p ro p erties  for the National R eg ister;

(e) an overv iew  of known a rch eo log ica l and h is to r ic  r e 
so u r ce s  in the v icin ity  of the m ajor a ltern ative  d eve lop 
m ent s i t e s ,  and the potentia l for d isco v er in g  and a ffec t
ing e lig ib le  p ro p erties  at th ese  lo ca tio n s; and

(f) ev id en ce of consultation  with the SHPO and the IAS 
about the scop e  and d esign  of th ese  in vestigation s and 
the form at of the report; the rep ort should a lso  be 
filed  with the SHPO and the I AS with a req uest to  
forw ard com m ents to the C om m issio n .
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1.0 INTRODUCTION

This report contains an assessment of the potential impact of the proposed GCC 
diversion/intake system on the aquatic .environments of the Colorado River in the 
vicinity of the site. Particular emphasis has been placed on examination of the 
possible effects on threatened and endangered species. The impacts on other biota 
and on certain physical and chemical parameters are also discussed.

The aspects of the proposed project that Could affect the aquatic environment may 
be divided into those resulting from construction activities and those resulting from 
the operation of the intake. The construction impacts are generally short-term and, 
except for the small area of river bottom upon which the structures will be built, 
will cease after construction on the facility is completed. For this assessment, the 
area of impact for potential construction effects is defined as extending from the 
site itself downstream about one mile. This determination is based on the 
assumption that the only impact of construction outside the site might be some 
short-term increases in turbidity during construction and removal of the cofferdam 
needed to build certain facility structures in the river. These impacts are discussed 

in detail below.

The operational effects produced by the intake will be present for the life  of the 
facility. The area of impact in this case may extend from the intake itself 
downstream to about State Line, a distance of approximately river miles. The 
potential for downstream effects are related primarily to the reduction in river flow 
resulting from water withdrawal by the facility. These potential effects are also 
assessed in the following sections.



2.0 PHYSICAL-CHEMICAL ASPECTS

The construction of the GCC diversion/intake system will result in some short-term 
increases in turbidity due primarily to the emplacement and removal of the 
cofferdam. These effects are not expected to have serious impact on river water 
quality. All construction activities will be carried out using appropriate precautions 
to prevent suspended solids from altering the river from surface runoff from

precautions will be used to prevent any spills and/or leakage of solvents and

principally through flow reduction. The maximum diversion possible by GCC under 
their water rights will range from 380 cfs (23,365 acre-ft) in August to cfs 
(27,190 acre-ft) in May. The percentage of the flow at DeBeque that will be 

— withdrawn ranges from about 5% in June to a maximum of about 32% in February. 
The average total annual diversion wiif be 303,988 acre-ft or about 14.5% of the 
flow at DeBeque. This level of flow reduction will affect the 40-mile reach of the 
river downstream of the site to the point where the Gunnison River discharges into 
the Colorado at about RM 171 £  The flow of the Gunnison approximates that of the 
Colorado during most months. On an annual basis, the Gunnison contributes about 
44% of the flow of the Colorado River as measured at State Line. Consequently, 
the percentage depletion caused by the GCC withdrawals is reduced by about half 
below this confluence and, accordingly, potential effects are reduced. Between the 
Gunnison and State Line (considered the lower limit of the area of potential impact) 
there are no major tributaries to the Colorado and water flow and quality are 
influenced primarily by the numerous irrigation laterals that withdraw and return 
substantial volumes of water in this reach of the river. At State Line, the effects of 
the GCC withdrawals are largely masked by the influence of the Gunnison and the 
irrigation diversion and return flows (Table 2-1). The percentages that the flow at 
State Line will be reduced by the GCC withdrawals range from about 2.4% in June 
to about 11.5% in August.

C  . - . - T  !<■• ' • - • • ' 5  ? < <  ~  A w  .  i/  , ' #
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disturbed areas or from other sources. Proper engineering practice and appropriate

petroleum products from reaching the river. Solid waste materials will also be
disposed of in an acceptable manner.

1
The operation of the intake will affect the abiotic component of the river

\



Any possible effect of the GCC diversion on levels of total dissolved solids (TDS) in̂  
downstream areas is expected to be minimal. Typically, the flow into the Colorado 
River from the Gunnison River is higher in TDS than the Colorado at that point. In 
effect, the Colorado dilutes the dissolved solids content of the water entering from 
the Gunnison. Therefore, theoretically, the GCC withdrawals would reduce this 
dilution flow resulting in higher TDS concentrations downstream from the conflu
ence of the two rivers. However, the impacts on TDS levels of the numerous 
irrigation diversions and return flows in Grand Valley are so great that any effect 
caused by the GCC project would be masked by the overall changes in dissolved 
solids that occurs in this reach of the Colorado. ^Mareovori tho fish species of
•special interest-in this-

3 W JLt
(eg. jquawfioh and hu rhiilr) hPivo

range -(Bureau of Reclamation,

The withdrawal of water by GCC will result in small increases in the concentration 
of dissolved solids (TDS) in downstream areas. Using equations developed by the 
Bureau of Reclamation and assuming the average annual TDS concentration at 
DeBeque is in the order of 300 parts per million (ppm), it  can be estimated that the 
annual withdrawal of 110,000 acre-ft by GCC will result in increases in TDS at 
Imperial Dam (near the Arizona-Mexico border) of about 10.4 ppnr̂  in 1990, 8.2 ppm 
in 2000 and 8.9 ppm in 2010. As the fish species of^oncern  in the areas

Ly downstream of the proposed intake site (i.e., squawfish and humpback 
chub) have both been shown to tolerate a wide range of TDS concentrations (Bureau 
of Reclamation 1982), it is anticipated that the GCC withdrawals will not adversely 
impact these fishes due to increases in dissolved solids.



3.0 THREATENED AND ENDANGERED SPECIES

There are four fish species that have been given special status by the federal and/or 
Colorado governments:

Colorado squawfish (endangered: federal and state)
Humpback chub (endangered: federal and state)
Bonytail chub (endangered: federal and state)
Razorback sucker (endangered: state)

The potential impact of the proposed project on each of them is assessed below.

3.1 Colorado Squawfish, Ptychocheilus lucius.

3.1.1 Area of Impact.

The effects of the proposed GCC diversion on squawfish are evaluated for the reach 
of the Colorado River from the Grand Valley diversion dam at Palisades (RM 185) to 
State Line (RM 132). These limits were chosen because Squawfish do not occur 
above the diversion dam and effects of the flow reductions are not expected to (JJ 
extend below State Line because of the flow inputs by the Gunnison River (RM 171) 
and the impacts of the agricultural diversions and return flows in Grand Valley.

(ffrtv »9S- 4© »3-Z^ U-e

This reach of the Colorado River^i*. significant for squawfish because successful 
reproduction has occurred every year from 1979 through 1982, as verified by the 
finding of young-of-the-year (YOY) specimens in this river section (Bureau of 
Reclamation 1982). Accordingly, spawning, incubation, and early larval develop
ment will be of primary concern with respect to potential impacts on squawfish. 
Valdez et al. (1982) identify the 22-mile reach of the river from Loma (RM 154) to 
State Line (RM 132) as being critical to squawfish during these life stages.



3.1.2 Critical Periods.

The period June 15 to August 30 appears to be critical to spawning and incubation ISF 
squawfish. The most sensitive time for development in nursery areas is from about 
July 1 through August 30 (Valdez e t al. 1982). The exact timing and length of these 
critical periods each year is determined primarily by water temperature.

Miller et al. (1983a, 1983b) reported on squawfish spawning and squawfish larvae 
collections in the Colorado River in 1982. Congregations of sexually mature 
squawfish indicated spawning sites in two areas of the Colorado River in Colorado, 
one site near^*lifton, the other near Black Rocks. Sampling for larval fish in August 
found 2 i squawfish larvae along the Colorado River below these suspected spawning 
sites and above State Line. September and October samplings found YOY 
squawfish only in Utah, below RM 110. Evidently, there is a downstream movement 
of YOY squawfish spawned in Colorado. The 1982 sampling indicates that the most 
critical period for the maintenance of habitat quality of squawfish nursery sites in 
the impact area would be from time of spawning until late August-early September.

3.1.3 Critical Environmental Factors.

The two environmental factors that are generally regarded as the most critical in 
determining the success of the squawfish in the Upper Colorado River ares river 
flow and the presence of non-native fishes. With respect to potential impacts of the 
GCC project, it is the river flow that will be of principal concern.

River flow effects squawfish success in several ways:

•  controlling water temperatues critical to spawning and larval devel
opment

•  determining availability of nursery areas along the river
•  flushing spawning areas at peak flows



Water temperatures are critical to the maintenance of squawfish populations in this 
reach of the Colorado River because the fish is a warm water species living near the 
upstream limits of its distribution in the mains tern river. Preferred temperatures 
for squawfish spawning and early development are maintained in this section of the 
river for only a relatively brief period in most years. Indeed, there is no historical 
evidence that the species was ever common in the Colorado River in Colorado. 
Laboratory studies to determine the preferred temperatures of the various life  
stages of the species have shown that juvenile and adult squawfish most typically 
selected water temperature from about 22°C to 28°C, with a final preferred 
temperature estimated at about 25.5°C (Bulkley et al. 1982). Thus, an appropriate 
temperature regime for nursery habitat, where YOY squawfish can develop after 
hatching, is about 22°C to 28°C, with an optimum of about 25°C to 26°C, especially 
during the first few weeks after hatching when the larvae are most vulnerable. In 
the Colorado River during the late spring and summer, the river water is warmed 
primarily due to the influence of higher ambient air temperatures. The rate of 
warming is inversely proportional to the volume of river flow (e.g. water 
temperature increases more rapidly during low flows). Accordingly, the squawfish 
optimum temperatures of 24°C or more are generally reached in the Upper Colorado 
in July and August at river flows of about 2,000 to 4,000 cfs. When flows exceed
5,000 cfs, water temperatures tend to remain below 24°C.

The extent to which water temperature is important to successful squawfish 
reproduction can be seen from the recent history of flow management in the Green 
River. Between 1966 and 1978, few YOY squawfish were found in the Green 
between about Ouray, Utah and the Yampa River((Holden 1973; Holden and Crist
197%* 1980; Holden and Seiby 1978; Seethaler et al. 1979).| A change was made in 
the outlet works of the Flaming Gorge dam in 1979. This resulted in warmer water 
being released into the Green River: the average July water temperature at Jensen, 
Utah increased from 18°C -  19°C to 21°C -  23°C. Shortly thereafter, many YOY 
squawfish were again found in this reach of the river as evidenced by the collection 
of more than two thousand^ YOY in this section of the Green River*(Tyu$^ et al. 
1982, Holden and Selby 1979) oollertod therebetween 1979 and 19827*^



The physical habitat within nursery areas is also critical for the survival of newly 
hatched squawfish. When the larval squawfish absorbs its yolk and becomes free- 
living it is only 6 to 7 mm and is essentially planktonic* It must get into quiet 
backwaters and side channels where more typical lentic-type food organisms, such 
as rotifers and minute crustaceans, are more abundant. There are a variety of such 
potential nursery habitats along the Colorado River. Some maintain more optimum 
conditions at higher flows (e.g. 3500 -5000 cfs) and some are more optimum for YOY 
survival at lower flows. Thus, spawning success should occur over a range of flows 
if flows remained relatively stable during the early life  history stages (typically late  
July and August), especially if warm water temperatures are maintained. However, 
fluctuations in flow which result in rises and declines of the river surface level 
during the larval development period may have negative impacts on YOY squawfish 
survival in small, shallow backwaters. For example, extrapolating from stage-flow  
data from the USGS Colorado River guage at State Line, the river surface level 
changes about one inch for every 100 cfs change in flow. Thus, YOY squawfish 
taking up residence in a side channel habitat at a flow of 3000 to 3500 cfs may be 
flushed out if the river rises 18 to 20 inches with an increase in flow to 5000 to 6000 
cfs. On the other hand, YOY entering shallow backwaters created at flows of 5,000-
6,000 cfs could be le ft stranded or forced out when flows drop to 2500-3000 cfs. 
Thus, an optimum flow regime would be one that would maintain the most nursery 
habitat in a relatively stable condition for the first few weeks of life (typically late 
July and the month of August) and also maintain warm water temperatures (e.g. 2ft° 
or more).

It is important to note at this point the role that non-native fishes have in the 
reduced success of squawfish reproduction in the Upper Colorado. The most 
optimum backwater habitat, the large off-channel ponded areas along the river, 
which maintain good habitat conditions under a wide range of river flows, are 
probably a negative influence on YOY squawfish survival because these habitats 
harbor high densities of non-native fishes that prey on small squawfish. On October 
5, 1981, about 30,000 YOY squawfish (35 to 85 mm) raised at the Dexter, New 
Mexico National Fish Hatchery, were stocked into six sites along the Colorado River



from Clifton to above Black Rocks (Miller et al. 1983a). These hatchery-reared 
squawfish all had minute magnetic tags implanted in their snouts. Subsequent fish 
collections made in the habitats containing largemouth bass and green sunfish 
revealed a high incidence of predation on the newly-stocked tagged squawfish. It is 
doubtful that this section of the Colorado River can become an important nursery 
area for squawfish, regardless of flows and temperatures, unless non-native preda
tors can be controlled.

The third important role that river flow plays in squawfish reproduction is in 
flushing loose debris and sediment out of the spawning locations. Although no 
squawfish spawning has actually been observed in the Upper Colorado River, based 
on information from other locations, it is assumed that squawfish in this area prefer 
to spawn over a cobble substrate. The presence of excessive sediment in the 
spawning locations can smother the developing eggs or young larvae. Accordingly, 
the high river flows that occur during snowmelt are important in maintaining these 
areas by removing the sediment from the gravel bottom.

Miller et al. (1982) presented USGS flow data for the Colorado River recorded at the 
State Line. They divided the periods of analysis into pre-impoundment (1951-1965) 
and post-impoundment (1969-1981). The present (post-impoundment) period main
tains more stable and higher flows during July and August, the most critical period 
for squawfish:

JULY

Pre-Im poundment Post-Im poundm ent

Median flow 3,800-4,000 cfs 5,600 -  5,800 cfs

Most frequent 
low flow

2,200 -  2,400 cfs 3,200 -  3,400 cfs

50% average daily 
exceedance flow

4,100 cfs 5,800 cfs

75% average daily 
exceedence flow

2,200 cfs 3,500 cfs



A similar trend can be seen in the August flows. These differences are due to the 
controlled release from upstream reservoir storage in the post-impoundment period.

The information in Table 3-1 also illustrates this point.

The comparisons of flows under present (post-impoundment) and pre-impoundment 
conditions demonstrate that a much more stable flow, characterized by a higher 
median flow, much higher minimum flow, and considerably less fluctuation around 
the median flow now exist during periods of squawfish spawning and rearing of young 
in comparison to historical flow regimes. Comparisons of the relative success of 
squawfish spawning in the two periods cannot be made because no information exists 
for the pre-impoundment conditions. However, based on our present understanding 
of squawfish requirements during the critical life  stages, it is likely that present 
flow regimes are more conducive to successful squawfish spawning and rearing than 
those of the pre-impoundment period, but that the predominance of non-native 
predators in the most optimum nursery habitats severely limits squawfish spawning 
success irregardless of flows.

3.1.^ Estimates of Flow Requirements.

In order to properly assess any potential impact of the GCC water withdrawal on 
squawfish, it is first necessary to estimate the flow requirements of the species in 
the Upper Colorado River within the reach extending from about Cameo to State 
Line. Some flow estimates have already been made (Bureau of Reclamation 1982). 
These were first approximations based primarily on the data generated during the 
1979-1981 Colorado River Fishery Project. For the analysis in this report, a 
somewhat different approach was taken using both the CRFP information and some 
results of the Colorado Division of Wildlife collections during the same period. An 
examination of these data reveais that the numbers of squawfish YOY collected 
during both studies varied from year to year indicating that in certain years more 
YOY were produced and survived than in other years. By relating these levels of 
success to the flow and water temperature regimes that occurred during the years 
sampled, an indication can be obtained of the environmental requirements of these



early life  stages in the reach of the river under consideration. It is recognized that 
the results of the YOY sampling during the two studies are not directly comparable 
from year to year or one study to the other, due to variability in sampling technique, 
timing and expertise of the collectors. However, even though the results of the 
sampling cannot be considered strictly quantitative and could not be validly 
subjected to statistical analysis, they can be viewed as indicative of general trends 
in squawfish spawning success during the years samples were collected. As such, the 
1980 collections indicated a much greater abundance of YOY squawfish than did the 
1979 or the 1981 collections. The FWS investigators working in the Colorado River 
from Lake Powell to about Grand Junction captured about 10 times more YOY 
squawfish per effort of sampling in 1980 than in 1979. They found none in 1981 and 
148 in 1982 (Miller et al. 1983b). |  The most quantitative data for YOY squawfish 
collections in the Colorado River from the State Line (RM 132) to Grand Junction 
(RM 170) were obtained by the Colorado DOW monitoring studies for 1979-1982. In
1979, 155 collections yielded eight YOY squawfish; in 1980, 114 collections yielded 
77 YOY; in 1981, 319 collections found only a single YOY; in 1982, 16 YOY were 
collected in approximately 300 samples (Haynes et al. 1982, Haynes and Muth 1983). 
All YOY were taken by CDOW between RM 135 and RM 153. The hydrographic data 
is taken from the published USGS records at this gauging station which was chosen 
as being most representative of the conditions in the reach of the river where 
potential effects of the proposed project could be manifested. The results of these 
analyses are discussed for each year of sampling in the following paragraphs.

1979 and 1980. It is evident from both the FWS and CDOW catch statistics that, in
1980, many more squawfish YOY were produced than in 1979. An examination of 
the river flow and temperature data for these two years (Figures 3-1 and 3-2) 
reveals that there were major differences in these regimes during the months that 
are critical to squawfish spawning, incubation and rearing (i.e., June-August). 
Although total annual flow volumes at State Line were above normal for both years, 
the flows for July and August of 1980 were close to the long-term average, while 
those for 1979 were considerably above normal:



AugustM 1

1979 11,580 cfs
1980 7,183 cfs
1969-1981 average 6,900 cfs

4,338 cfs 
3,073 cfs 
3,110 cfs

Also, the flows in August (when YOY are most vulnerable) were relatively more 
stable in 1980 than in 1979. However, it is the temperature regime (as influenced 
indirectly by flow) that appears to be the major environmental factor responsible for 
the far greater success of squawfish reproduction in 1980 than in 1979. Natural 1 
spawning of squawfish was observed at the Willow Beach Hatchery in water of 20- 
21°C (Hamman 1982). The mean daily temperature of the Colorado River at State 
Line iSj on the average, about 1°C less than the maximum daily temperature during 
the summer. The calculation of spawning time derived from the size of YOY 
squawfish (Haynes and Muth 1983a) and the time of congregations of sexually 
mature squawfish, assumed ready to spawn, reported by Miller et al. (1983a), 
indicate that spawning of squawfish in the Colorado River in Colorado is initiated 
^fter a daily maximum water temperature of 22^C is recorded at State Line. Young 
squawfish prefer temperatures of 24°C to 28°C. In 1980, spawning temperatures 
were reached earlier (than in 1979) and a considerable part of the critical early life- 
history stage had optimum growing temperatures (Figure 3-2). In 1979, in 
comparison, spawning temperatures were delayed by two or three weeks, and 
maximum water temperatures during July and August barely attained levels 
sufficient for optimum growth and then only for a very brief period (Figure 3-1).

The water temperature regimes for 1979 and 1980 can also be compared in relation 
to cumulative warming. In 1979, a maximum of 20°C was first attained on July 12. 
From that date through August 31, water temperatures of 20°C were attained or 
exceeded on 47 days. Accordingly, total accumulation of "degree days" in excess of 
20 C during this period was 108. In 1980, water temperatures first reached 20°C on 
3une 26 and from then through August 31, every day reached or exceeded 20°C for a 
total accumulation of 291 degree days. In 1979, July and August water tempera
tures reached or exceeded 22 C on a total of 23 days and the cumulative degree 
days in excess of 22 C was 36. In 1980, river temperatures reached or exceeded



22°C on 58 days during July and August, for an accumulation of 165 degree days in 
excess of 22°C. The inference drawn from this analysis is that the higher summer 
flows of 1979 maintained water temperatures too cool for successful squawfish 
spawning and larval survival. The iower summer flows of 1980 provided more 
optimum temperatures and this was reflected in the ten-fold increase in YOY 
squawfish sampled in 1980.

1981. Figure 3-3 illustrates conditions in 1981, which was an extremely low flow  
year. A peak river flow was reached on June 9 (11,200 cfs) and rapidly declined to 
less than 4000 cfs by June 17 and then to less than 3000 cfs on June 27. Thereafter, 
until the end of August, flows fluctuated greatly, increasing or decreasing by 1,000 
to 1,500 cfs at one or two week intervals. Because of thq low flow, the river water 
warmed rapidly in 1981, reaching 24°C on June 22, and remaining above 22°C for 
July and August. Thus, the temperature regime appears to have been favorable for 
squawfish spawning success in 1981. If the 1981 sampling was indeed indicative of 
spawning success, then the reason for failure is more likely related to the flow  
pattern. Squawfish probably spawned early in 1981 (late June to early July) based on 
the temperature regime information. The young, during their first few weeks of life  
in the nursery habitats, would have been subjected to highly erratic flow fluctua
tions from 1600 cfs to 3800 cfs; that is, on a week by week basis river levels would 
rise or fall about 10 to 20 inches. This could have resulted in YOY either being 
stranded or flushed out of their nursery areas.

Another characteristic of the 1981 flow regime that bears scrutiny in relation to 
squawfish spawning success is the magnitude and duration of the peak flow. The 
maximum flow of 11,200 cfs occurred on June 9. This flow was approximately 200 
percent of the long-term average daily flow and such a percentage flow is generally 
considered a "flushing" flow for mitigation purposes in regards to regulation of fish 
habitat (i.e., the flow expected to flush out silt and fine material from gravel, rock 
areas). However, only six days of 1981 had flows of 10,000 cfs or greater. In most 
years, peak flows between 15,000 to 30,000 cfs occur in the Colorado River at the 
State Line. It is possible that in 1981 the peak flows were insufficient to properly 
dear out squawfish spawning areas and that successful incubation was limited.
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1982» The 1982 data on squawfish spawning success is based on more intensive 
sampling by the USFWS. The timing of sampling was geared to information obtained 
from radio-tagged spawners so that the sites and times of spawning could be much 
better estimated than in previous years (Miller e t al. 1983a, 1983b). Thus, the 1982 
YOY collections have a high positive bias for success in comparison with the 1979- 
1981 collections. From July 27 to August 27, 1982, 195 collections have been made 
by USFWS biologists in the Colorado River from Lake Powell to the Grand Valley 
diversion dam (about RM 185). Of these, 23 samples contained 124 YOY squawfish 
from 9 to 25 mm in length. In the section of the Colorado River under consideration 
for impact analysis (RM 135 to RM 185), seven samples contained 24 YOY 
squawfish. Two YOY taken at RM 175.3 and one taken at RM 175.9 extend the 
occurrence of YOY squawfish about 33 miles upstream from previous records and 
are the first records above the confluence with the Gunnison (RM 171). Radio- 
tagged spawning squawfish had been tracked to a site in the Colorado River near 
Clifton, Colorado, (about RM 180) one of these spawners had migrated from Lake 
Poweil, about 200 miles for spawning. The remaining 21 YOY were found in five 
collections from RM 135.3 to RM 151.5. | The September and October sampling by 
USFWS personnel found YOY squawfish only below RM 110 in Utah. Evidently,
downstream movement of the young spawned in Colorado occurs about 4 to 6 weeks 
after hatching.

For a comparative indication of squawfish spawning success in the Colorado River in 
Colorado, the results of the CDOW squawfish YOY sampling programs from 1979 
through 1982 provides the best source of information because the timing, sites 
sampled, gear, and expertise are comparable from year to year. Approximately 300 
collections were made in 1982 which yielded 16 YOY squawfish between RM 135 to 
RM 151 (Haynes and Muth 1983b). These results indicate that the 1982 spawning 
success was similiar to 1979 when 155 collections yielded 8 YOY squawfish. The 
July-August flow and temperature regimes followed similiar patterns in 1979 and
1982. In both years flows were well above average and a surge in flows occurred 
during mid-late August.



indicated to be low and highly variable. Even in the best years, YOY survived is only 
a small fraction of what is produced along comparable sections of the Green River. 
A major factor limiting survival of YOY may be predation by non-native fishes that 
dominate the largest backwater nursery habitat, thus restricting YOY survival to 
small habitats such as shallow side channels and shoreline "pockets" that are 
susceptible to the loss of critical habitat characteristics during periods of fluc
tuating river flows.

The most successful spawning, as indicated by numbers of YOY found, occurred in 
1980. Figure 3-2 illustrates the relative stability of the flow from late July to late 
August in 1980 which was necessary to maintain optimum squawfish nursery habitat 
during the first few weeks of life . The higher flows of 1979 probably resulted in 
spawning at much higher flows (5,000 -  8,000 cfs versus 4,000 -  6,000 cfs in 1980) 
and more limited opportunity for the YOY to find suitable nursery habitat. A sharp 
rise in flow in mid-August 1979 (from 3,500 cfs to 5,200 cfs in a six day period) was 
probably detrimental due to a flushing out of YOY from nursery sites. All eight 
YOY found in 1979 were from shoreline sites in the large pool environment at Black 
Rocks, whereas the 77 YOY found in 1980 were taken from numerous backwater 
habitats along 20 miles of river. In 1981, the low, but erratic flow was probably a 
negative influence due to relatively rapid fluctuations after spawning from highs in 
excess of 3,000 cfs to lows of about 1,500 cfs which would have resulted in highly 
unstable nursery habitats. Only a single YOY was found in 1981. Success in that 
year would most likely have been better if post-spawning flows stabilized around
2,000 cfs.

The 1982 spawning success was approximately similar to that of 1979 according to 
CDOW collections, and the 1979 and 1982 flow and temperature regimes were 
generally similar (Figures 3-1 and 3-4).

Idealized Flow Regime -  Based on the foregoing analysis, an idealized flow regime 
for successful reproduction can be developed for State Line. Figure 3-5 shows this 
regime for a normal flow year. To provide for adequate flushing flows, the 
generally accepted USFWS recommendation for other rivers of a peak flow of 200



percent of the average daily flow can be suggested for a period of two weeks. This 
would mean a flow of 11,600 cfs should be maintained at State Line for two weeks 
during the peak run-off period in May and June. At this time, the magnitude and 
duration of a flushing flow designed to maintain habitat quality of squawfish 
spawning and nursery sites and the deepwater area in Black Rocks can only be 
roughly estimated. The USFWS research on endangered Colorado River fishes and 
their environment is now in its fifth year (1983). It may be assumed that 
quantification of habitat relationships to flow regimes has received careful consid
eration and that USFWS flow recommendations based dpj^boncrete data will be soon 
available. Until then, various options may be available for arriving at a flushing 
flow recommendation in relation to flow peaks and duration. The virgin, undepleted 
flow of the Colorado River at State Line probably averaged about 7,000 cfs or 
slightly greater (Joseph et al. 1977). Examination of flow duration curves for the 
Colorado River at State Line reveals that during the 1951-1965 (pre-impoundment) 
period, flows during May exceeded 12,000 cfs 50% of the time, and exceeded 15,000 
cfs 40% of the tim e. The June flows for this period exceeded 15,000 cfs 55% of the 
tim e. The flow duration curve for the 1969-1981 (post-impoundment) period is 
comparables 12,000 cfs exceeded 50% of the time and 15,000 cfs exceeded 35% of 
the tim e in May and these same levels were exceeded 65% and 55% of the time, 
respectively, during June. Thus, until hard data are available on sediment transport 
capacity and hydrology for this section of the Colorado River, an interim recom
mendation for flushing flows might include a peak of 14,000 -  ? 5,000 cfs for one or 
two days and an 11,000 -  12,000 cfs flow for 10 days to two weeks (for background 
information see Simons et al. 1981).

From about mid June, the flow should steadily decline to 5000 cfs or less by early 
July. This would warm the water to maximum temperatures of 23°C -  24°C or more 
(mean daily water temperature is about l .|P c  less than maximum during July and 
August) and stimulate early spawning of squawfish. About one week after the time 
of peak spawning when the YOY squawfish are taking up residence in nursery sites, 
the flow should be stable, at least for the next 4 to 6 weeks (mid July to late  
August). For normal flow years, this is about 3,000 cfs during August (note that the 
50% August exceedance flow is 2,600 cfs for pre-impoundment period and 2,900 cfs



for post-impoundment period). In reality, however, because there is no major 
impoundment that can regulate the flow comparable to Lake Powell's capabilities to 
regulate Colorado River flows in the lower basin, the average July flows during 
spawning can be expected to be about twice as high as the average August flows 
that are assumed to be needed for maintaining nursery habitat. Also, there is 
limited regulation between years (the totai storage capacity of present upstream 
impoundments is less than the annual average flow volume), thus any recommended 
flows must consider what flows are available during high, normal, and low flow  
years. For a normal flow year, after squawfish spawning, the aim would be to 
maintain nursery habitat from late July through August at about 3,000 -3,500 cfs 
with a goal of avoiding rapid fluctuations in flow. Actually, the mid to late July 
flow would be expected to be 4,000 -  5,000 cfs and August flows of 2,800 -3,000 cfs 
in normal years. Once the base flow is reached, fluctuations ideally should not 
increase or decrease by more than 1,000 cfs during August, especially the first half 
of the month. A reasonable minimum flow within these fluctuations for August in 
normal years is 2,300 cfs, the present (post-impoundment) 75% exceedance flow (the 
75% preimpoundment exceedance flow was 1,900 cfs). Future depletions, under this 
recommendation, would be regulated to maintain an August flow of at least 2,300 
cfs in the Colorado River at State Line. The basis for flow recommendations for 
higher than normal and lower than normal flow years would take into account the 
base flow present about one week after peak spawning and attempt to maintain a 
relatively stable level around the base flow and avoid rapid fluctuations. For 
example, a high flow year may have a base flow of 4,000 cfs, the goal would be to 
maintain a range from 3,000 to 5,000 cfs. A low flow year may have a base flow of
2,000 cfs. A range from 1,700 to 2,300 fcs should maintain nursery habitat in which 
YOY squawfish established residence at 2,000 cfs.

If future studies verify that all, or virtually all, YOY squawfish move downstream 
into Utah by September from the area under consideration, then some thought could 
be given to upstream river regulation aimed at depleting the autumn flow to a very 
low level (ca. 1000 cfs). Such a low flow would desiccate many of the backwater 
and side channel connections that harbor non-native fishes. The goal would be to 
reduce potential predator abundance in these sites, making them more favorable as 
squawfish nursery areas the following summer.



3.1.5 Potential Impact.

The construction activities and the operation of the intake itself will not effect any 
of the life  stages of squawfish because the fish does not occur in the Colorado River 
above the Grand Valley diversion dam, about 25 miles below the site. The water 
withdrawal (442 cfs) is not expected to have a negative influence on squawfish 
spawning success if it does not cause depletion of August flow at State Line to fall 
below 2,300 cfs during average flow years. As discussed above, this is a 
conservative estimation of the lower range of optimal-to-good flows for maintaining 
nursery habitat. It is the most frequent low at State Line during August under 
present (post-impoundment) conditions (but is 1000 cfs more than the most frequent 
pre-impoundment low flow for that month). It is also about 40 percent of the long
term average daily flow. Also, GCC diversions during May and June will not 
adversely effect peak flushing flows if they do not reduce flow below 11,600 cfs for 
a two week period during these months.

3.2 Humpback Chub, Gila cypha

3.2.1 Area of Impact.

This species occurs in the Black Rocks area of the Colorado River (RM 135-137) and 
in Westwater Canyon (RM 116-124) below State Line. Black Rocks is within the 
potential area of impact assumed for the proposed intake. Westwater Canyon is 
somewhat below ths_^rea_of-'Concepnjvs_Humpback chub populations are believed to be 
self-sustaining in these areas; i.e ., no movement to other river areas is required to 
complete its life  cycle. Accordingly, all life  history stages of this species can be 
found in Black Rocks and Westwater Canyon.

Some specimens of an unusual chub have been collected in DeBeque Canyon (RM 
195) about 5 to 6 miles below the proposed intake location (Valdez et al. 1982). This 
chub has been called a "humpback chub-like" fish and there was initial speculation as 
to its genotype. The taxonomic characters of the fish are predominantly charac
teristic of the roundtail chub (G. robusta). Specimens were examined by Dr. R. R. 
Miller of the University of Michigan to clarify the taxonomy of this chub. It was Dr.



Miller's conclusion that the DeBeque chub should be classified as G. robusta because 
it overwhelmingly possess the roundtail chub genotype (personal communication to 
R. J. Behnke). Based on this information, the population in DeBeque Canyon has not 
been considered a special status species for this report and this area is therefore not 
dealt with in this section.

3*2.2 Critical Environmental Factors.

The two principal concentrations of the humpback chub are found in relatively deep, 
swift reaches of the Colorado that differ markedly from most other areas of the 
upper mainstem river. Investigations indicate that adults and juveniles prefer 
habitats with bedrock, boulder and sand substrates. They are rarely found in the 
swift water areas, but rather prefer the slower pools and eddies.

Bioassay and toxicity tests with humpback chub carried out as part of the Colorado 
River Fisheries Project demonstrate the hardiness of the species to potential 
environmental stresses (Bureau of Reclamation 1982). No avoidance was found to 
water with the highest levels of total dissolved solids (TDS) of 11,600 parts per 
million. The humpback chub is more resistant to acute toxicity from organic and 
inorganic toxicants than non-native fishes such as channel catfish, fathead minnows 
and bluegill. The studies on humpback chub in the Little Coiorado River (Kaeding 
and Zimmerman 1982) demonstrate that the greatest concentration of humpback 
chub known m the Coiorado River basin thrives in an extremely harsh environment 
tolerated by very few other fish species.

There is conflicting evidence regarding the critical water temperatures for the 
important life  stages of the humpback chub. Laboratory and hatchery investigations 
indicate optimum temperatures of 16°C -  18°C are for spawning; 20°C - 26°C for 
egg incubation and larval development and 24°C -  26°C for growth (Bureau of 
Reclamation 1982). However, the report by Valdez et al. (1982) indicates that 
spawning of this chub occurred in the Colorado River at Black Rocks during peak
runoff periods of 1980 and 1981 at temperatures much beiow the indicated optimum 
for spawning, incubation and YOY growth.



There has been some speculation as to the need to maintain certain water 
temperatures during spawning periods in order to prevent hybridization between the 
humpback and roundtail chubs (Bureau of Reclamation 1982). However, hybridiza
tion between these two species has yet to be verified in the wild (Valdez et al. 1982) 
and there are no data in the published literature indicating that the two species have 
different preferred spawning temperatures, or any other specific preferences that 
act to enforce reproductive isolation by temporal or spatial separation during 
spawning.

3.2.3 Flow Requirements.

A major concern of flows for maintenance of humpback chub habitat relates to the 
magnitude of the peak flushing flows and their significance in maintaining the 
peculiar habitats in Black Rocks and Westwater Canyon. Since no factual data exist 
on this question, it would be reasonable to recommend the same flushing flow for 
humpback chub as for squawfish — a minimum of 11,600 cfs for 1» days during peak 
runoff periods in normal flow years. '

There is little  factual information upon which to base recommendations for required 
flows for any life  stage of this species. The Finai Report on the Colorado River 
Fishery Project (Bureau of Reclamation 1982) suggests that flows of 10,000 to
13.000 cfs are necessary from May 1 to June 30 during the spawning period for 
humpbacks. Presumably, this is the minimum range to be reached during the annual 
May-June runoff period* At these flows, although water temperatures will be 
appropriate for spawning, they will not reach the levels that have been found in the 
laboratory to be optimal for humpback chub egg incubation and larval rearing. 
Prewitt et al. (1982) present information derived from a flow-temperature model for 
the Colorado River at Black Rocks that illustrates that water temperatures would 
not rise above 16 C in the May to mid-June period if water flows exceed about
10.000 cfs. A more practical approach for correlating flow-temperature relation
ships is to simply observe the U.S.G.S. records for the Colorado River at the State 
Line for a period of years. The records do support the assumption that 16°C water 
temperatures are rare during the May -  mid-June period when flows exceed 10,000



cfs. For example, from June 1 to June 15, 1982, during high flows (15,000 -  18,000 1 
cfs), maximum water temperatures at State Line ranged from 13.9°C to 15.6°C, '
whereas, this temperature range was achieved during the first week of April, 1981, 
with flows of about 2000 cfs.{ There is not sufficient data on YOY humpback chubs 
to determine flow requirements for this Ufe stage. Valdez et al. (1982) do suggest 
that any dramatic changes in flow during nursery periods could reduce the area of 
shallow water habitat available. However, there is little  information on whether the 
availability of such habitat would, in fact, change under lower flow conditions, 
except that Prewit et al. (1982) state that the instream flow model for adult 
humpback chub habitat at Black Rocks indicates a general trend for increased 
habitat at lower flows due to lower velocities, but little  overall change was 
predicted over a wide range of flows. Valdez et al. (1982) also suggest that median 
flows during at least 2 out of 3 consecutive years will protect juvenile and adult 
humpbacks. This would require flows of about 5,600-5,800 cfs in July and about
2,800 -3,000 cfs in August under post-impoundment conditions during two 
years.

The construction activities and the operation of the intake will not have any effect  
on the humpback chub because the nearest population is at Black Rocks, about 73 
river miles below the site. The water withdrawals by GCC may effect the 
humpback only if flows at State Line fall below 10,000 to 13,000 cfs in May and June 
and below about 5,600 cfs in July and 2,800 cfs in August. Projections show that 
depletions to these levels will not occur in normal flow years (Table 2-1).

3.3 Bonytaii Chub, Gila elegans

None, the bonytaii is extirpated from the upper mainstem Colorado River and 
probably from the entire upper basin as w eDuring the past four years, a single

3.2.^ Potential Impact,
1 1

3.3.1 Area of Impact,



specimen of a Gila chub was tentatively identified as G. elegans (from the Green 
River) (Tyus et al. 1982). It is highly unlikely that a viable population could have 
been overlooked during the intensive and widespread fish sampling by state and 
federal agencies and by others during the past several years. Apparently, the 
remnants of the G. elegans genotype has been absorbed into G. robusta and G. cypha 
through hybridization.

The latest official position of the U.S. Fish and Wildlife Service regarding Gila 
elegans under Section 7 Consultation of the Endiangered Species Act was given in the 
Biological Opinion for the White River, Utah dam project (February 1982 from 
Regional Director USFWS Denver, to BLM State Director, Salt Lake City), which 
states:

"the only recognized pure population of bonytail chub occurs in Lake 
Mohave, Arizona. The bonytail chub is probably extirpated from the entire 
upper Colorado River basin."

3.3.2 Potential Impact.

The proposed plant will have no impact on the bonytail chub, because no individuals 
of this species are believed to be in the area of potential impact.

3A  Razorback Sucker, Xyrauchen texanus

3.^.1 Area of Impact.

The razorback sucker has been found above the site at RM 221 and RM 224 between 
DeBeque and Rifle and at several locations downstream within the potential area of 
impact. The species was found most frequently in abandoned gravel pits adjacent to 
the river near Grand Junction. Only adult specimens have been collected.
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3.4.2 Environmental Requirements.

The razorback sucker prefers water of low velocity. Aggregations of the species 
occur in the Walter Walker pond and the Clifton gravel pond, especially in the 
spring. It is likely that lentic type environments are favored for spawning and 
important nursery habitats. Razorback sucker larvae lack the ability to swim for 
about two weeks after hatching (Inslee 1982) and thus, they are extremely 
vulnerable to predation and to suffocation by silt. It is believed that the lack of 
reproductive success of this fish is due largely to predation by the non-native 
species that occur in high numbers in the remaining habitats suitable for razorback 
spawning (Bureau of Reclamation 1982). Jff,

Razorback suckers have been reported to spawn over a wide range of temperatures, 
10°C to 20°C. This wide range is probably an evolutionary adaptation to correlate 
spawning with the peak runoff flows when the maximum amount of backwater, 
lentic type habitat would be available for rearing of young.

3.4.3 Estimates of Flow Recommendations.
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Due to the lack of information on the various life  history aspects of the species, no 
soundly based recommendations for an optimum or minimum flow regime can be 
made. The species occurs in greatest abundance in impoundments and off-channel 
ponds (lentic environments). Originally, the high runoff-flows forming the back
water habitats were probably an important aspect of the life  history of the species 
by creating the necessary nursery environment. These habitats are now dominated 
by non-native fishes which probably preclude any survival from spawning by preying 
on eggs and larvae in these confined areas.
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3AA  Potential Impact,

The construction of the GCC intake is not expected to impact the razorback sucker 
because of the limited time such activities will be in effect and the few individuals 
of this species that are present in this reach of the river. The operation of the

r->xI i



intake will not result in the entrapment of any razorbacks because the individuáis 
present in the vicinity of the site are adults large enough cm) to escape the 2 fps 
approach velocity should they get past the fish-protection facilities in the intake. 
The water withdrawals will not impact the species because the flow reduction 
downstream will not significantly effect the preferred artificial off-channel habitats 
near Grand Junction.



OTHER AQUATIC ORGANISMS4.0

There are several aspects of the construction and operation of the proposed 
diversion/intake system that will have some impact on the other aquatic biota in the 
Colorado River near the site.

4.1 Construction Effects

The emplacement of the cofferdam and associated temporary structures in the river 
will destroy the benthic organisms in about one acre of river bottom at the site. 
This impact is considered temporary because the benthic forms present are adapted 
to the ephemeral conditions in the river and will repopulate effected areas after the 
cofferdam is removed.

The impacts of turbidity produced during construction will be minimal. Turbidity 
caused by the construction and removal of the cofferdam will not be serious because 
these activities will be carried out during low-flow periods and their duration will be 
short. Also, aquatic organisms are tolerant to turbid conditions due to the high 
natural suspended solid load carried by the river at this point. Turbid water 
generated during construction within the cofferdam will be pumped to a settling 
pond prior to release to the river or will not be returned to the river. Construction 
on river bank areas will be planned so that any runoff from exposed surface areas 
will not carry suspended material into the river.

4.2 Operation Effects

The emplacement of the weir, King's Vanes and intake structure itself will 
permanently occupy about 0.5 acres of river bottom. However, the loss of this small 
area of benthic habitat is not considered serious because of the large uneffected 
areas in this reach of the river. It is anticipated that the presence of the weir at 
this point in the river will result in an increased deposition of smaller sized sediment 
in the upstream areas behind this structure. This is not considered to be an adverse 
impact since other areas of low velocity flow and sediment accumulation occur 
along this reach of the Colorado.



The King's Vanes will direct bed-load sediment away from the intake structure and 
through the slot in the weir to downstream areas. Benthic organisms, demersal 
spawning products and food materials in the sediment will also be directed past the 
intake, thereby minimizing the losses that would otherwise result if these materials 
were removed from the river with the water drawn into the intake.

One unavoidable impact of the operation of the intake will be the loss of fish larvae, 
YOY and small juveniles that will be removed from the river with the water, i.e ., 
will be entrained by the intake. There are no data available to quantify these losses; 
however, the numbers of ichthyopiankton and small fish in the water column is 
believed to be small based on the life  histories of the fishes in this reach of the 
river. It is also believed that there are no critical spawning areas in the vicinity 
that would be effected nor are the eggs or early life  stages of any special status 
species believed to occur at the intake site, or in immediate areas upstream. 
Accordingly, these unavoidable losses of fish due to entrainment are not expected to 
be significantly adverse.

The movement of fish up-or downstream past the site should not be impaired by the 
weir because the open area in the structure will allow passage in both directions. 
The water impounded behind the weir may provide a resting, feeding and/or 
spawning habitat for some fish species where there was none before. This potential 
effect is not expected to adversely impact the fish populations in the river.
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Watercolor renderings of a m ale (top) 
and fem ale (bottom ) Lahontan  
cutthroat trout, Salmo clarki henshawi, 
pain ted  by Charles Bradford H udson in 
1904. H udson (1865 to  1939) was 
em ployed as an illustrator for many 
years by the Sm ithsonian Institu tion  
and the Bureau o f Fisheries. D avid  
Starr Jordon once referred to  him  as 
the world's greatest pain ter o f fish. 
H udson was also w e ll known as a 
landscape painter, an etcher, an author, 
and an illustrator for som e popu lar  
magazines. T he trout specim ens he 
used for these pain tings were taken 
from  Lake Tahoe. T he pain tings are 
currently in the collection o f the  
Sm ithsonian Institu tion .
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Pyramid Lake and its Cutthroat Trout
by Robert J. Behnke

i
n  Pyramid Lake and its giant cut- 
! throat trout have been the subject 
! of numerous magazine articles. 
|  Many of these articles are charac- 
b terized by misinformation and 
1 hyperbole. T he true story of 
.... ....  Pyramid Lake, its enormous cut

throat trout, and their fate is indeed fasci
nating, but requires no fanciful embel
lishments. It is the intent of this endeavor 
to right some obvious wrongs and clear 
up any misconceptions concerning this 
extraordinary fishery.

The Great Basin of the western United 
States encompasses a large region south 
of the Columbia River drainage in 
Oregon, west and north of the Colorado 
River basin of Utah and Nevada, and east 
of the Sierra Nevada of California. 
Within this region, streams run from the 
mountains out onto the desert or into 
sumps, such as Great Salt Lake, Utah, 
and Pyramid Lake, Nevada. No running 
water escapes to the ocean. During the 
last glacial epoch (from about ten thou
sand to seventy thousand years ago), there 
were periods when the climate was cooler 
and wetter than it is now, and large lakes 
formed in numerous separate basins. For 
example, a lake formed in the Lahontan 
basin that was slightly larger than Lake 
Erie. The Lahontan basin of Nevada, as 
well as northeastern California, was 
invaded by an ancestral cutthroat trout at 
an unknown time. It is commonly 
assumed that this cutthroat-trout ances
tor gained access to the Lahontan basin 
from the Columbia basin at the begin
ning of the last glacial period or about 
seventy thousand years ago, but it may 
have been much earlier. Fossil trout 
bones, several million years old, have 
been uncovered in the Lahontan basin, 
and they are similar to the bones of the 
Lahontan cutthroat trout, Salm o clarki 
henshawi.

In any event, this ancestral trout was 
the only large predatory fish among

numerous species of minnows and suck
ers that established themselves. It evolved 
into an efficient predator and may have 
attained a large size in order to make use 
of the large stocks of forage fishes. The 
most common Lahontan minnow, the 
tui chub, commonly attains a maximum 
size of fifteen to eighteen inches, certainly • 
more than a mouthful for a pan-sized 
trout, but a mere appetizer to a subspecies 
of trout whose weight averages twenty 
pounds.

Approximately ten thousand years 
ago, when the climate became warmer 
and drier, Lake Lahontan rapidly de
clined in size. About a thousand years 
later, it desiccated considerably and left 
two sump lakes, Walker Lake and Pyra
mid Lake. But, only Pyramid Lake main
tained continuity and retained a full 
complement of Lahontan fishes. This 
allowed the Lahontan cutthroat trout to 
continue without interruption its evolu
tionary specialization as a large, preda
tory trout. In addition to the populations 
in Walker and Pyramid lakes, the Lahon
tan cutthroat trout survived in mountain 
rivers and lakes, such as Lake Tahoe, but 
these environments and their associated 
fish faunas were vastly different from 
Pyramid Lake, and these populations 
were subjected to evolutionary pressures 
distinctly different from those affecting 
the cutthroat of Pyramid Lake; other 
Lahontan cutthroat trout introduced 
into Pyramid Lake never approached the 
maximum size of the native trout. Al
though all Lahontan cutthroat trout 
populations that have been isolated from 
each other for about nine thousand years 
(since the desiccation of Lake Lahontan) 
exhibit little morphological differentia
tion and are all classified as the same 
subspecies, h en sh a w i, they have all 
evolved different life-history specializa
tions, and none were so finely adapted to 
make? such efficient use of the Pyramid 
Lake environment as was the native 
Pyramid Lake trout—thus their enor

mous size.
What happened to the original Pyra

mid Lake cutthroat trout is an interesting 
case history of a conflict of values be
tween settlers in the area and native 
Americans, particularly as this conflict 
relates to values associated with water. 
While the dating of artifacts indicates 
that the first native Americans appeared 
on the shores of Lake Lahontan about 
twelve thousand years ago, the present 
Paiute Indian culture at Pyramid Lake 
began only about six hundred years ago. 
The Pyramid Lake Paiutes developed 
great skills as fishermen and established a 
relatively stable, advanced society. The 
first nonnative Americans to visit Pyra
mid Lake were John C. Fremont, his 
scout Kit Carson, and their exploration 
party. Fremont had traveled south from 
Oregon to explore the Great Basin and to 
search for the mythical Buenaventura 
River that ancient maps depicted as 
draining the Great Basin to the Pacific 
Ocean. On January 10, 1844, Fremont 
and his party crested a ridge north of 
Pyramid Lake and were astonished at the 
sight of a vast sea existing in the midst of 
a great expanse of desert. Fremont’s party 
camped near the mouth of the Truckee 
River where it entered Pyramid Lake and 
soon came in contact with the Paiute 
Indians. The initial contact was friendly.
In fact, the Paiutes brought freshly 
caught trout to Fremont and his party. 
Fremont remarked, “Their flavor was 
excellent—superior, in fact, to that of any 
fish I have ever known. They were of 
extraordinary size—about as large as the 
Columbia River salmon—generally from 
two to four feet in length.” Unfortu
nately, in less than a hundred years from 
the time Fremont first saw these giant 
cutthroat trout, this magnificent fish was 
actually exterminated from the waters of 
Pyramid Lake.

The California gold rush of 1849 and 
the Nevada mining boom of the 1850s 
brought many settlers to the Pyramid
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Lake area. There were conflicts with the 
Paiute Indians, but during the 1860s a 
peace treaty was negotiated. The treaty 
established the Pyramid Lake Indian 
Reservation and gave ownership of 
Pyramid Lake and its fishes to the Pai- 
utes. However, the Indians were given no 
control over the Truckee River, the only 
stream flowing into the lake that is suit
able for the spawning of the cutthroat 
trout, and the major water supply for the 
lake.

The rapidly increasing population 
centers of western Nevada and eastern 
California created a great demand for 
lumber. Numerous lumber mills were set 
up on the Truckee River in California in 
the 1860s. As the stumpage in the water
shed was lumbered, massive amounts of 
sawdust were dumped into the river, and 
in 1869 a Reno newspaper reported that 
“millions” of spawning trout were killed 
in the Truckee River as a result of saw
dust pollution. During spring runoff, the 
sawdust deposits were transported to the 
mouth of the Truckee River, sometimes 
in such quantity that the spawning runs 
of trout from the lake were completely 
blocked. By 1875, dams blocked the river 
near Reno, effectively reducing potential 
spawning habitat by about seventy-five 
percent. From 1899 to 1930, a paper mill 
at Floriston, California, dumped up to a 
hundred fifty thousand gallons per day of 
highly toxic wastes into the Truckee 
River, eliminating all fish life for a con
siderable distance downstream. In addi
tion, numerous unscreened irrigation 
ditches must have led to the destruction 
of millions of young cutthroat trout in 
the river as they migrated downstream to 
Pyramid Lake.

In 1868, the railroad was extended to 
Wadsworth, Nevada, a short distance 
from Pyramid Lake; this provided the 
opportunity to ship trout to distant 
markets and resulted in a tremendous 
increase in commercial exploitation of 
the resource. During their spawning 
runs, the trout were netted, snagged, 
speared, clubbed, and dynamited. It is 
incredible that even with all these adver
sities the Pyramid Lake cutthroat trout 
lasted as long as they did. They must have 
been a superbly adapted fish because they 
not only persisted but managed to remain 
abundant until the 1920s when successful 
spawning became rare.

The ultimate demise of the Pyramid 
Lake cutthroat trout began in 1903 when 
a new government agency, the Reclama
tion Service (now the Bureau of Reclama* 
tion) annouced plans for its first project: 
the Newlands Project. It would divert 
water from the Truckee River to the Car- 
son River in order to irrigate desert lands 
and make them bloom. The early history 
of the Newlands Project is one I am sure 
the present Bureau of Reclam ation  
would prefer to forget, as it was an incred

ibly unwise use of a natural resource. The 
first Commissioner of Reclamation, 
Frederick Newell, drummed up support 
for the Newlands Project with speeches to 
Nevada audiences in which he frequently 
emphasized the philosophy of the depart
ment: “Fish have no rights in water law.” 
This is still a popular cliche among west
ern water-users.

The gates on Derby Dam, about thirty 
miles above Pyramid Lake, were closed 
June 7, 1905, in a grand ceremony high
lighted by the dewatering of the Truckee 
River below the dam and resulting in the 
stranding of numerous, large cutthroat 
trout.1 Derby Dam was constructed with a 
fish ladder, but the ladder was poorly 
designed and cheaply constructed. It was 
essentially a failure as a fish-passage 
device. Between 1905 and the early 1920s, 
there was a sufficient surplus flow in the 
Truckee River so that trout could spawn 
below the dam and even get over the fish 
ladder in some years. The trout popula
tion in Pyramid Lake remained relatively 
high, and their enormous size attracted 
presidents, supreme-court justices, and 
movie stars who had an interest in the 
gentle art. In the 1920s, the Bureau of 
Reclamation added an electrical generat
ing facility to its Newlands Project, as it 
seemed utterly foolish to let surplus water 
flow out into a desert lake (only to evapo
rate) when it could be diverted through 
turbines that gererated electricity and 
additional income. Thus additional 
water was diverted out of the Truckee 
River to the Carson basin, and cutthroat 
trout spawning became more infrequent. 
The last major, successful spawning run 
occurred in 1927, with some reproduc
tion reported in 1928 or 1929. Some artifi
cial propagation and stocking occurred 
in 1930. A high flow in 1928 allowed 
some trout to get above Derby Dam all the 
way to Reno. The people of Reno had not 
seen the Pyramid Lake trout that far up 
the river for so long they forgot its correct 
classification and the mayor of Reno mis
takenly declared Rainbow Day in honor 
of the cutthroat trout. In 1938 the off
spring from this spawning run made the 
last attempt to spawn in the Truckee 
River, but the flow was shut off and the 
fish and their spawn perished. Thus 
ended the era of the world’s largest cut
throat trout and probably the largest 
trout native to western North America. 
Stories relating that the native cutthroat 
trout did not completely perish from 
Pyramid Lake but were able to reproduce 
in springs on the lake bottom have per
sisted. But all known springs in Pyramid 
Lake have temperatures or chemistry 
lethal to trout eggs. I know of no evidence 
suggesting that the native trout did not 
become extinct in Pyramid Lake.

The data gathered on the 1938 spawn
ing run is truly amazing. The Indians 
harvested 1,069 trout in their commercial

fishery. When a United States Fish and 
Wildlife Service biologist weighed a sam
ple of 195 fish from the run, the average 
weight was twenty pounds! He measured 
321 trout taken from the 1938 spawning 
run; about ninety percent of these ranged 
from thirty-two to thirty-eight inches, 
with a few fish of forty inches. No maxi
mum weights were given in this report, 
but extrapolation from a length-weight 
curve suggests that a forty-inch trout 
would weigh between thirty and thirty- 
five pounds.

How abundant was the original Pyra
mid Lake cutthroat trout, and what was 
its maximum size? These questions can 
never be known with any degree of cer
tainty. In the 1880s, long after most of the 
upstream spawning and nursery areas 
were blocked or polluted in the Truckee 
River, commercial shipments of trout 
from Wadsworth ranged from two hun
dred to two hundred fifty thousand 
pounds per year. Records for another 
commercial fishery point at Verdi are not 
available. An unknown quantity of trout 
were transported by wagon to towns in 
Nevada and were consumed on the 
Indian reservation as well. I would esti
mate that even under the conditions of a 
declining fishery of the 1880s, the annual 
catch then was probably about five 
hundred thousand pounds, and the 
actual biomass of trout in Pyramid and 
Winnemucca lakes was in excess of two 
million pounds. The official world 
record cutthroat trout of forty-one 
pounds was caught in 1925 by a Paiute 
Indian, John Skimmerhorn, but there 
were reports of larger specimens taken by 
the Indian commercial fishery. Mr. Fred 
Crosby, the agent for the tribal fishery, 
claimed to have seen a cutthroat trout of 
sixty-two pounds in 1916!

The Nevada Fish and Game Depart
ment began to plant trout in Pyramid 
Lake in 1950 on an experimental basis. 
Rainbow trout were stocked at first, but it 
was soon found that the Lahontan cut
throat trout from available stocks in Hee- 
nan Lake, California, and Summit Lake, 
Nevada, grew faster and survived better 
than the rainbow trout. The advantage of 
Lahontan cutthroat trout over all other 
species and subspecies of salmonid fishes 
stocked into Pyramid .Lake was most 
likely due to their tolerance to high alka
linity, or more specifically, to the concen
tration of carbonate and bicarbonate ions 
in the water. As salts and various ions are 
transported into Pyramid Lake each year 
via the Truckee River, evaporation and 
the lack of any outflow concentrates salts. 
Pyramid Lake water, in recent years, has 
exhibited an average salinity of about 
5,400 parts per million or about fifteen 
percent of the salinity of ocean water 
(35,000 ppm.). Of the total (5,400 ppm. 
total salts) carbonate and bicarbonate 
ions average more than 1,100 ppm. Most
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Weight

A. Estim ated age and grow th  o f the original native cutthroat trout in Pyram id Lake. 
A dm ittedly, there are little  data available to  construct such a curve, and considerable error 
may be involved. Spaw ning probably first occurred at age four at a size o f three to four 
pounds. Thereafter, grow th  was rapid. The 1938 spaw ning run consisted o f fish th irty to  
forty inches in length and averaging tw enty pounds in weight. It is assumed that this run 
originated from  reproduction from  1927 through 1930 or o f fish aged eight to  eleven in the 
1938 run.

B. Known age and w eight o f 604 non-native cutthroat trout sam pled in Pyram id Lake in 
1973 and 1976. O f 604fish age tw o or more, only six (1 percent) attained age seven and none 
were age eight, typ ica lly , in large populations, the m axim um  w eight of an individual in 
any age class is about tw ice that o f the average w eight o f its cohorts; thus, the m axim um  
weight expected from  the original native cutthroat trout w ou ld  have been at least forty 
pounds and perhaps six ty pounds. The m axim um  w eight expected of the present non- 
native cutthroat throut stocked into Pyram id Lake w ou ld  be about sixteen pounds. There 
is a hereditary basis governing m axim um  grow th and m axim um  age. T his fact must be 
recognized and used before the P yram id Lake fishery can regain even a sem blance o f its 
form er greatness.

fish species are physiologically stressed at 
carbonate-bicarbonate levels greater than 
1,000 ppm. The pH of Pyramid Lake 
averages 9.2.

The stocking of Lahontan cutthroat 
trout from Heenan Lake or Summit Lake 
into Pyramid Lake, first by the Nevada 
Fish and Game Department, then by the 
United States Fish and Wildlife Service

and by the Paiute Indian Tribe, can be 
considered successful in that a popular 
fishery for large cutthroat trout has been 
reestablished. Many more pounds of 
hatchery trout have been stocked, how
ever, than have been caught in this 
fishery during the past thirty years. On 
the average, it takes fifteen to twenty 
hours of angling to catch a legal-sized

trout. But a small group of Pyramid Lake 
“experts, ’' fishing during winter months, 
have had considerably better angling 
success—and the exploits of these anglers 
have been the subject matter of several 
magazine articles. The present fishery 
pales in comparison to the fishery that 
was established when the trout were able 
to spawn in the Truckee River. Valid
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creel-census data are lacking for the 
Pyramid Lake fishery. Various estimates 
during the past ten years indicate an 
annual catch of legal-size fish of four 
thousand to twenty thousand, averaging 
about twenty inches in size, or an annual 
harvest of about ten thousand to forty- 
five thousand pounds. Minimum legal 
lengths have ranged from fifteen to nine
teen inches, and the present minimum is 
set at eighteen inches, with only flies and 
lures allowed. The annual catch of cut
throat from Pyramid Lake during the 
past ten years is probably less than five 
percent of the' catch of a hundred years 
ago. In comparison, the maximum size 
and maximum life span of the nonnative 
cutthroat trout falls considerably short of 
the native Pyramid Lake trout. The 
graph compares the age and growth of 
the nonnative cutthroat trout stocked 
into Pyramid Lake with that of the native 
trout (the latter data is estimated from 
historical records). The maximum life 
span of the original strain was probably 
eleven years in Pyramid Lake. Adequate 
reconstruction of an age-growth curve of 
the original Pyramid Lake trout is ham
pered by lack of precise data. AH that is 
known is that a run of trout from thirty to 
forty inches in length occurred in 1938 
averaging twenty pounds, with a maxi
mum weight of about thirty to thirty-five 
pounds. It is assumed that all of these 
trout resulted from spawning from 1928 
through 1930. That is, they were eight to 
eleven years old. Nonnative cutthroat 
from Heenan Lake and Summit Lake 
origins have a maximum life span of 
seven years when they average eight 
pounds in weight. A hereditary-based dif
ference between the native Pyramid Lake 
cutthroat trout and the stocks of Heenan 
and Summit lakes resulted in different 
life histories, influencing maximum size 
and age, which is predicted from evolu
tionary theory. The nonnative stocks of 
Lahontan cutthroat trout evolved in iso
lation from the past ten thousand years or 
more without large stocks of relatively 
large forage fishes in their environment. 
Thus, they did not obtain the size of the 
cutthroat trout in ancient Lake Lahon
tan.

It is interesting to note that from 1976 
to 1978, several trout weighing more than 
twenty pounds were caught in Pyramid 
Lake. Twenty-pound trout were not 
caught before or since that time. What 
differentiated these large trout from the 
other nonnative cutthroat trout in Pyra
mid Lake? They could be the result of the 
size of the trout stocked, the time of year 
they were stocked, a particular stocking 
site (environmental factors), or a different 
origin of the planted fish (hereditary fac
tor). I examined records of ail of the trout 
stocked into Pyramid Lake from 1950 to 
1977. In 1970, the Nevada Fish and Game 
Department stocked forty-eight hundred

two-year-old Lahontan cutthroat trout of 
Walker Lake origin. Since 1948 the 
Walker Lake cutthroat trout have been 
maintained in a hatchery, but of all La
hontan cutthroat trout, the Walker Lake 
stock continued to evolve (until 1948 at 
least) as a predator on tui chub in an 
environment most comparable to Pyra
mid Lake. I suspect that the exception
ally large trout caught in the 1976 to 1978 
period were eight- to ten-year-old Walker 
Lake cutthroat trout. I suggest that the 
hereditary factor be given more recogni
tion if the Pyramid Lake fishery is to 
regain a semblance of its original glory.

I bring this matter up because in 1979 
I published a paper with Terry Hickman 
that reported the discovery of what we 
believe to be the original Pyramid Lake 
cutthroat trout-still existing in a small 
stream on the Nevada-Utah border.2 Mr* 
Hickman was attempting to locate popu
lations of the rare Bonneville basin cut
throat trout at the time, when he found 
an unusual trout in a tiny stream drain
ing Pilot Peak on the Nevada-Utah 
border. The characteristics of the newly 
found cutthroat trout unmistakenly 
identified it as the Lahontan basin sub
species hens haw i. The small stream on 
Pilot Peak is in the Bonneville basin, so 
the trout had to be introduced by man. 
Cutthroat trout were known from the 
stream prior to 1950 (when Lahontan cut
throat trout from Heenan Lake were first 
available for stocking). We determined 
that Pyramid Lake cutthroat trout were 
the only source of Lahontan cutthroat 
trout propagated in Nevada (beginning 
in 1883) before the propagation of trout 
from Heenan and Summit lakes, thus the 
Lahontan cutthroat trout on Pilot Peak 
probably had its origin from the original 
stock native to Pyramid Lake. The exis
tence for many generations of a small 
population in a tiny stream, in such a 
completely different environment from 
Pyramid Lake, has undoubtedly altered 
the genetics (heredity) of the only known 
living descendents of the native cutthroat

1. Water diverted from the Thickee River 
lowered the lake level by eighty-five feet, 
most of the decline coming after 1920. 
Evaporation rates are high in this desert 
region—about four feet per year. If no 
inflowing water were to enter Pyramid Lake 
from the Truckee River for one year, the 
lake level would drop by four feet minus the 
relatively few inches of precipitation falling 
directly on the lake and the very minor 
input of a few springs and ephemeral dry 
washes. The surface area of Pyramid Lake 
and connecting Winnemucca Lake was 
about two hundred thousand acres until 
around 1910. Since then the lake has shrunk 
to little more than one thousand surface 
acres.

2. T. J. Hickman and R. J. Behnke, The 
Progressive Fish-Culturist (1979), 41, 135.

trout of Pyramid Lake. However, I 
believe that the Pilot Peak population 
and the Walker Lake stock of Lahontan 
cutthroat trout might offer genetic diver
sity for larger maximum size and longer 
life span than is presently found in the 
Heenan Lake and Summit Lake stocks. 
By stocking large numbers of genetically 
diverse Lahontan cutthroat trout into 
Pyramid Lake, then continually select
ing the oldest and largest spawners that 
survive in Pyramid Lake to reproduce the 
next generation (no significant natural 
reproduction is likely to occur in the 
Truckee River in the foreseeable future), 
a trout approximating the maximum size 
and age of the native trout might be 
obtained. By experimenting to determine 
the best rearing techniques, the most 
opportune size, time, and locations for 
stocking, and by producing sterile fish 
with no gonad development (which will 
increase growth and life span), it is prob
able that the annual catch of Pyramid 
Lake trout could be increased by fourfold 
to fivefold over current levels, and a new 
world-record cutthroat trout might be in 
the offing. This is all predicated, how
ever, on a sufficient flow of water (about 
four hundred thousand acre feet per year) 
in the Truckee River to maintain the 
Lake at its current level. In 1983, after a 
long legal battle, the Supreme Court of 
the United States ruled that the Pyramid 
Lake Indian Tribe is legally entitled to 
only thirty thousand acre feet of water 
each year from the Truckee River for irri
gation and that they have no legal claim 
to the water for Pyramid Lake or its 
fishes. I can only hope that there are pub
lic officials with an innate sense of justice 
and decency who will attempt to work 
out a compromise on water use in the 
Truckee River basin so that flow ade
quate to maintain the present lake level 
can be achieved. I also hope that some of 
the ideas and theories discussed herein 
will be applied in an effort to restore the 
greatness of the Pyramid Lake trout 
fishery. §

Robert Behnke is a professor of 
fisheries biology in the departm ent of 
F i s h e r y  a n d  W i l d l i f e  B i o l o g y  at  
Colorado State University, Fort Collins, 
Colorado. In addition to numerous 
professional articles, he w rites a regular 
colum n for Trout magaine. H e has 
also written the section on salm- 
oniformes for the Encyclopedia Britan- 
nica. We w ou ld  like to  add a note of 
thanks to  Bob Berls, John M ingo, and 
Chip Clark, who were instrumental 
in obtain ing the color photographs of 
Hudson*s pain tings of the cutthroat 
trout that illustrate this piece.
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D ear D r . B eh n k e :

The t r a n s c r i p t  o f  y o u r  d e p o s i t i o n  i s  now r e a d y  f o r  y o u  t o  r e a d  
a n d  s i g n .  I  b e l i e v e  t h a t  M r. J o h n s o n  w i l l  b e  i n  to u c h  w i th  y o u  
t o  make a r r a n g e m e n ts  f o r  y o u  t o  r e a d  arid  s i g n  h i s  co p y  o f  t h e  
t r a n s c r i p t .

H ow ever, i f  y o u  s o  w is h ,  y o u  may come t o  o u r  o f f i c e s  t o  r e a d  
a n d  s i g n  t h e  o r i g i n a l  t r a n s c r i p t ,  y o u  may do s o .  P l e a s e  b e  s u r e  
t o  make an  a p p o in tm e n t ,  t o  e n s u r e  t h e r e  w i l l  b e  som eone h e r e  to  
a s s i s t  y o u .

The F e d e r a l  R u le s  o f  C i v i l  P r o c e d u r e  a l lo w  a  w i t n e s s  t h i r t y  d a y s  
t d  r e a d  a n d  s i g n  h i s  t r a n s c r i p t .  I f  we h a v e  n o t  h e a r d  fro m  y o u  
w i t h i n  t h e  n e x t  t h i r t y  d a y s ,  we w i l l  f i l e  t h e  t r a n s c r i p t  w i t h o u t  
s i g n a t u r e ,  p u r s u a n t  t o  t h e  R u le s .

I f  y o u  h a v e  a n y  q u e s t i o n s ,  p l e a s e  do r io t  h e s i t a t e  t o  c a l l .

S i n c e r e l y ,

B ecky S . J a c k s o n
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