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PREFACE 

The purpose of this p rof i l e  i s  t o  
summarize the  ecological information 
available f o r  and relevant t o  stream and 
r ipar ian habi ta ts  of t h e  Great Basin. The 
Great Basin comprises t h e  northern half  of 
the Basin and Range physiographic province 
and covers most of Nevada and western Utah 
and portions of California,  Oregon, and 
Idaho. The e n t i r e  basin actual ly  cons i s t s  
of numerous subbasins and mountain ranges 
which present an extremely diverse physical 
se t t ing .  Unlike other  physiographic 
regions, drainage patterns in  the  Great 
Basin are charac te r i s t i ca l ly  toward the  
i n t e r i o r ,  which has a major influence on 
water qual i ty  as well a s  biota within t h e  
basin. Surface waters of the  Great Basin 
incl ude perennial, in termit tent ,  and 

ephemeral streams ; f reshwate r  and sal ine 
1 akes; playa 1 akes ; f reshwater  and sal ine  
wetlands and the rmal  spr ings  associated 
w i t h  faul t ing and v o l c a n i c  ac t iv i ty .  

Riparian and stream h a b i t a t s  within the  
Great Basin have r e c e i v e d  l e s s  a t tent ion 
from ecologis ts  t h a n  s imilar  habi ta ts  
elsewhere in the  Uni ted  Sta tes .  As a 
consequence, 1 i ttl e i s known about ce r ta in  
aspects of ecosys tem s t ruc tu re  and 
function within t h e  Great Basin. This 
p r o f i l e  i s  i n t e n d e d  t o  serve as a 
reference t o  t h e  ecology of r ipar ian and 
stream hab i ta t s  of the  Great Basin. 
References c i t e d  i n  t h e  p r o f i l e  should 
a l s o  a s s i s t  t h o s e  wishing t o  learn  more 
about these h a b i t a t s  . 
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CHAPTER I .  INTRODUCTION 

The purposes of this document are to 
provide a geographical overview of the 
Great Basin environment and to provide more 
resolute descriptions of the ecological 
features of riparian and stream habitats. 
The overview is focused on the environ- 
mental parameters that influence the 
distribution, magnitude, flux, and quali- 
ties of surface water. The distribution, 
structure, composition, and dynamics of 
riparian and stream habitats are inter- 
preted as a response to geologic, hydro- 
logic, geomorphic, pedogenic, and biotic 
processes. The values of stream and 
riparian habitats are considered to be a 
measure of the relative effectiveness of 
these same processes in determining the 
qualities of each site. 

1.1 GREAT BASIN 

John C. Fremont, following an expedition 
through the region in 1843 and 1844, first 
applied the term "Great Basin" to a vast 
area of land encompassing most of Nevada 
and western Utah, The region includes 
numerous north-to-south trending mountain 
ranges separated by nearly 1 eve1 basins. 
Contrary to the singular connotation of the 
term "Great Basin," the region includes 
more than 75 elongated basins, most of 
which are bordered by mountain ranges on 
the east and west and by low alluvial 
divides on the north and south. The 
Great Basin region also includes two 
irregularly shaped basins that contained 
extensive l akes during the Pleistocene 
Epoch (including lake Bonneville and Lake 
Lahontan) (Figure 1). Since the time of 
Fremont, the term "Great Basin" has been 
used to denote physiographic, floristic, 
and hydrographic regions, each with 
somewhat different boundaries. 

Fenneman (1931) defined the Great Basin 
as a section of the Basin and Range physio- 

graphic province (Figure 2). The Great 
Basin section, including portions of Ore- 
gon, Idaho, Cal ifornia and most of western 
Utah and Nevada, makes up the northern 
half of the physiographic province. The 
Great Basin physiographic section is bor- 
dered to the north by the Columbia Plateau 
province; to the west by the Sierra-Cascade 
province; to the east by the Middle Rocky 
Mountain and Colorado Plateau provinces; 
and the southern border is the arbitrary 
latitude of 35'30' N. Although drainage is 
to the interior characteristic of the Great 
Basin physiographic section, three water- 
sheds located along the periphery drain 
toward the ocean. 

The Great Basin floristic division of the 
intermountain region (Cronqui st et a1 . 
1972) includes most of the Great Basin 
physiographic section and also the Snake 
River Plains and Owyhee Desert of Idaho and 
Oregon which drain to the Columbia River 
(Figure 3). Floristic sections generally 
correspond with cl imatic, physical, or 
edaphic criteria that influence the 
distribution of plants. 

The Great Basin hydrographic region is 
the watershed area contributing to the 
closed basins (Figure 4). The hydrographic 
del ineat ion provides the most discrete and 
unequivocal boundary and has been used i n  
this report. It includes most of the Great 
Basin physiographic section (Fenneman 
1931), i n  addition to portions of the 
Sierra-Cascade, Middle Rocky Mountain, 
Col umbia Plateau, and Colorado Pl ateau 
physiographic provinces. 

1.2 RIPARIAN HABITAT 

For the purposes o f  this review we have 
adopted the fol f owing working definition 
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Figure 1. Distfibution of Pleistocene lakes in the American Great Basin (after Snyder et al. 1964). 
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Figure 4. Great Basin hydrographic region. 



of  r i p a r i a n  h a b i t a t :  Land i n c l u s i v e  o f  
hydrophytes and/or w i t h  s o i l  t h a t  i s  
sa tu ra ted  by ground water  f o r  a t  l e a s t  p a r t  
o f  t h e  growing season w i t h i n  t h e  r o o t i n g  
depth o f  p o t e n t i a l  n a t i v e  vege ta t ion .  Th i s  
d e f i n i t i o n  i nc l udes  bo th  vegetated we t l  ands 
as de f i ned  by t h e  U.S. F i s h  and W i l d l i f e  
Serv ice  (Cowardin e t  a1. 1979), and more 
mesic r i p a r i a n  h a b i t a t s .  The e x t e n t  o f  
r i p a r i a n  versus w e t l  and h a b i t a t s  r e l a t i v e  
t o  seasonal v a r i a t i o n s  i n  ground water  
l e v e l  i s  compared i n  F i gu re  5 ,  

The U.S. F i s h  and W i l d l i f e  Se rv i ce  i s  
conduct ing an i nven to r y  o f  we t land  and 
deepwater h a b i t a t s  o f  t h e  Un i t ed  S ta tes  
(Na t iona l  Wet1 ands I nven to r y )  accord ing  t o  
t h e  c l a s s i f i c a t i o n  developed by Cowardin e t  
a l .  (1979), Whi le d r a f t  and r e v i s e d  map 
p roduc ts  are a v a i l a b l e  f o r  p o r t i o n s  o f  the  
Great Bas in  (U.S. F i s h  and Wild1 i f e  Serv ice  
1986a, b),  a  l a r g e  p o r t i o n  of the  
hydrographic  r e g i o n  remains t o  be 
i nven to r i ed .  I n  genera l ,  c l a s s i f i c a t i o n s  
f o r  r i p a r i a n  h a b i t a t s  i n  t h e  vas t  m a j o r i t y  
o f  t he  Great Bas in  hydrographic  r e g i o n  are 
n o t  c u r r e n t l y  a v a i l a b l e .  A h i g h  degree o f  
d i s p a r i t y  between methods, c r i t e r i a ,  and 
t h e  r e s o l u t i o n  o f  c l a s s i f i c a t i o n s  f o r  
d i f f e r e n t  r eg i ons  o f  t h e  Great Basin 
l i m i t s  meaningfu l  comparison o r  p o s s i b l e  
i n t e g r a t i o n  o f  e x i s t i n g  r i p a r i a n  c l a s s i -  
f i c a t i o n s .  

C lass i  f i c a t i o n s  o f  r i p a r i a n  community 
types have been prepared f o r  p o r t i o n s  o f  
t h e  Great Bas in  hydrographic  r e g i o n  i n  Utah 

(Jensen and Tuhy 1981; Youngblood e t  a l .  
1985a,b). A r i p a r i a n  community t ype  i s  
de f i ned  as an a b s t r a c t  g roup ing  o f  r i p a r i a n  
communities based upon f l o r i s t i c  and 
s t r u c t u r a l  s i m i l a r i t i e s  i n  b o t h  ove rs to r y  
and undergrowth l a y e r s  (Youngblood e t  a l .  
1985a). These c l a s s i f i c a t i o n s ,  requested 
by t h e  U.S. Fores t  Serv ice,  a r e  p a r t  o f  a  
r eg i ona l  e f f o r t  t o  i d e n t i f y  r i p a r i a n  
communities i n  U.S. Fores t  Se rv i ce  lands  o f  
Idaho, Nevada, Utah, and Wyoming (Region 
4 ) .  Methods o f  c l a s s i f i c a t i o n  have been 
summarized by Nor ton  e t  a1 . (1981) and by 
Youngblood e t  a1 . ( 1 9 8 5 ~ ) .  Whi le  these 
c l a s s i f i c a t i o n s  were based p r i m a r i l y  on 
f l o r i s t i c  c r i t e r i a ,  geomorphic, s o i l ,  and 
hyd ro l og i c  parameters a1 so were descr ibed 
f o r  each community t ype .  

Streamside types  were i d e n t i f i e d  
accord ing t o  l o c a t i o n  i n  t he  watershed and 
topography f o r  p o r t i o n s  o f  t h e  Malheur 
Na t iona l  Fores t ,  l o c a t e d  a long t h e  no r t he rn  
boundary o f  the  Great Bas in  hydrographic  
r e g i o n  i n  e a s t - c e n t r a l  Oregon ( C l a i r e  and 
S to rch  1977). Vegetat ion types were 
descr ibed  f o r  each streamside type. 
C l a s s i f i c a t i o n s  o f  r i p a r i a n  h a b i t a t  i n  
Ar izona and New Mexico have been attempted 
(Brown and Lowe 1974; Dick-Peddie and 
Hubbard 1977; Pase and Layser 1977) .  

Several  o t h e r  e f f o r t s  have been made t o  
c l a s s i f y  r i p a r i a n  h a b i t a t s  which may have 
re levance t o  t h e  Great Basin. Shaw and 
Fred ine  (1956) developed a c l a s s i f i c a t i o n  
system t h a t  i d e n t i f i e d  20 wet land types, 11 
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o f  which a re  represented i n  t h e  Great Bas in  
hydrographic  reg ion,  i n  o rde r  t o  e v a l u a t e  
t h e  importance o f  wet land h a b i t a t  t o  
water fowl .  They i d e n t i f i e d  1,008 km2 o f  
h i gh  qua1 i t y  wet lands cons idered t o  be f o r  
water fowl  i n  Utah; 442 km2 i n  Nevada; and 
996 km2 i n  Oregon. The vas t  m a j o r i t y  o f  
wet lands were assoc ia ted  w i t h  sha l l ow  
f reshwate r  and s a l i n e  lakes .  Brown (1982) 
descr ibed  b i o t i c  communities o f  t h e  
American Southwest, a  r e g i o n  i n c l u d i n g  
southern p o r t  i ons  o f  t h e  Great Bas i n  
(Mohavian B i o g e o g r a p h i c  P r o v i n c e ) .  
M inck ley  and Brown (1982) suggested a  
genera l  s t r u c t u r e  f o r  c l a s s i f i c a t i o n  o f  
wet lands i n  t he  Southwest. A d i g i t i z e d  
h i e r a r c h i c a l  c l a s s i f i c a t i o n  system f o r  b o t h  
up land and r i p a r i a n  h a b i t a t s  o f  N o r t h  
America, w i t h  examples o f  communities and 
assoc ia t ions  f o r  t h e  Southwest was p repared  
by Brown e t  a l .  (1984). Th i s  system uses 
biogeography, vege ta t ion ,  s t r u c t u r e ,  and 
c l i m a t e  as c r i t e r i a  (Brown 1984). 

1.3 AQUATIC HABITAT 

Aquat i c  h a b i t a t ,  as used i n  t h i s  rev iew,  
i s  any environment covered by water  and 
inc ludes  b o t h  t h e  wet land and deep wate r  
h a b i t a t s  d i s t i n g u i s h e d  by Cowardin e t  a l .  
(1979). Great Bas in  aqua t i c  h a b i t a t s  
i n c l ude  r i v e r i n e  (stream), l a c u s t r i n e  
( l a ke ) ,  and p a l  u s t r i n e  (marsh) systems 
(Cowardin e t  a l .  1979). We have at tempted 
t o  i n c l ude  coverage o f  a1 1  o f  these systems 
because t hey  have a  g r e a t  deal  i n  common: 
gene ra l l y  a1 1 have assoc ia ted  r i p a r i a n  
hab i t a t s ,  they  f r e q u e n t l y  are l i n k e d  

together ,  and a l l  a re  o f  s i g n i f i c a n c e  t o  
a q u a t i c / r i p a r i a n  r e s o u r c e  managers. 
However, p a r t 1  y  because o f  h i  s t o r i c  
precedent,  b u t  ma in l y  because o f  t h e i r  
g r e a t e r  numbers and e x t e n t  and because t hey  
have been t h e  focus o f  more s tud ies ,  
streams w i l l  be t h e  focus  o f  our  coverage. 

Stream h a b i t a t  i s  cons idered t o  be 
synonymous w i t h  t h e  r i v e r i n e  system, as 
de f i ned  by t h e  U.S. F i s h  and W i l d l i f e  
Serv ice  (Cowardin e t  a l .  1979). The 
r i  ve r i ne  system i nc l udes  nonvegetated 
wet1 and h a b i t a t  and deepwater h a b i t a t  
con ta ined  w i t h i n  a  r i v e r  channel. Stream 
h a b i t a t  i n c l udes  t h e  channel banks, channel 
bottom, and aqua t i c  h a b i t a t  (F igure  6).  It 
should be noted t h a t  t h e  p o r t i o n  o f  t h e  
channel inundated by s t reamf low (aqua t i c  
h a b i t a t )  may va r y  as a  f u n c t i o n  o f  stream 
d ischarge.  Streams can be f u r t h e r  sub- 
d i v i d e d  i n t o  (a )  pe renn ia l  which f l o w  yea r  
round and (b) eohemeral streams which f l o w  
o n l y  f o r  r e l a t i v e l y  sho r t  pe r iods  d u r i n g  
t h e  w e t t e r  months ( u s u a l l y  sp r i ng ) .  
Ephemeral streams appear t o  be b i o l o g i c a l  1 y  
depauperate. 

Great Bas in  aqua t i c  ecosystems have been 
a p p r o p r i a t e l y  cha rac te r i zed  as i s l  ands o f  
f reshwate r  i n  a  sea o f  l and .  These dese r t  
oases p rov i de  impor tan t  r e f uge  f o r  a 
v a r i e t y  o f  i n ve r t eb ra tes ,  f i s h ,  and w i l d -  
l i f e  many o f  which have ad jus ted  i n  a  
number o f  i n t e r e s t i n g  ways t o  t h e  s t resses  
imposed by  t h e  environment.  Due t o  t h e  
shortage o f  p r e c i p i t a t i o n  over  most o f  t h e  
Great  Bas in  and t h e  c r i t i c a l  importance of 

Flood Pleln- - - - S t r e a m  Hebl ta t  --- - -r-.r - Flaad Pla in  

figure 6. Stream habitat (modified from Ptatts 1983). 



water t o  humans, the  manipulat ion, a1 t e r a -  
t i on ,  and o u t - r i g h t  des t ruc t ion  o f  water- 
bodies are among the  major per tu rbat ions  
tak ing  place. Many unique and 
s c i e n t i f i c a l l y  i n t e r e s t i n g  s i t e s  have been 
o r  are being destroyed o r  s i g n i f i c a n t l y  
a l tered.  Thus there  i s  an urgent need t o  
study such environments and the organisms 
t h a t  occupy them before they are a l t e red  o r  
removed forever.  

Less i s  known about t he  s t ruc tu re  and 
func t ion  o f  aquat ic  systems i n  the Great 
Basin than i n  any o ther  major area i n  the 
United States. Furthermore, very 1 i t t l e  i s  
known o f  the b io logy  o f  the many unique 
species 1 i v i n g  there o r  o f  the adaptat ions 
which enable them t o  pe rs i s t .  Aquatic 
hab i ta t s  i n  t he  Great Basin are ecosystems, 
o f ten  r e l a t i v e l y  "closed" o r  i so la ted ,  
operat ing under severe s t ress  condi t ions 
espec ia l l y  i n  regard t o  temperature, t im ing 
and amount o f  water, and s a l i n i t y .  Many o f  
these systems are extremely f r a g i  l e t  others 
are s u r p r i s i n g l y  r e s i l i e n t .  The reasons 
fo r  these d i f fe rences need t o  be known f o r  
proper management and p r o t e c t i o n  and t o  
make the  e f f e c t s  OF poss ib le  f u tu re  
disturbances pred ic tab le .  

The cu r ren t  s l a t e  o f  study o f  Great Basin 
aquatic communities serves t o  o u t l i n e  how 

l i t t l e  i s  known about how they respond t o  
changes and st ress.  Much can be learned 
about " s t ra teg ies  f o r  su rv i va l  " from study 
of the  co lon iz ing  species, from pat terns o f  
succession, and from study o f  the food 
chains and energy sources and t h e i r  
u t i l i z a t i o n .  For example, one o f  the 
reasons t h a t  temporary waterbodies respond 
b i o l o g i c a l l y  so r a p i d l y  a f t e r  wet t ing  seems 
t o  be due t o  t he  dehydrated vegetable 
matter  and feces c a r r i e d  i n  by r u n o f f  and 
stored i n  t h e  basin. Th is  qu i ck l y  becomes 
a  n u t r i e n t  b ro th  f o r  bac te r i a  and algae and 
i n  t u r n  provides food f o r  protozoans and 
newly hatched crustaceans and insects.  
Thus e l im ina t i on  o f  t h i s  allochthonous 
input  by overgrazing cou ld  severely 1 i m i  t 
the chances for  successful complet ion o f  
l i f e  cycles by the  res iden t  populat ion. 
Because o f  a  1 i m i  ted  number o f  taxa, the 
extreme physical  fac tors ,  and the  r e l a t i v e  
i n s t a b i l i t y  o f  populat ions, many Great 
Basin aquat ic  systems provide espec ia l l y  
favorable s i t e s  f o r  func t iona l  s tudies and 
f o r  t he  study o f  non-equi l ibr ium species 
popis lat ions under constant ly  changing 
condi t ions.  Few such s tud ies  have been 
made; therefore,  Great Basin aquat ic  
ecosystems provide an important opportuni ty  
t o  extend the  ra the r  a t yp i ca l  "steady 
s ta te"  eco log ica l  concepts t o  more 
rea l  i s t i c  dynamic condi t ions.  



CHAPTER 2. GEOGRAPHICAL OVERVIEW 

2.1 CLIMATE OF THE GREAT BASIN 
PHYSIOGRAPHIC SECTION 

The Great Basin lies in the rain shadow 
of the Sierra Nevada Mountains. The region 
is semiarid to arid. High mountains to the  
west capture most of the moisture assoc- 
iated with the generally eastward-movi ng 
air masses from the Pacific Ocean (Morrison 
1965). Rain shadow effects also are 
produced by the numerous ranges oriented 
transverse to prevailing winds within the 
Great Basin, 

Mean annual precipitation in the Great 
Basin ranges from less than 10 cm in  the 
lower basins to more than 76 cm on the 
higher mountain summits; a difference of 
more than 51 cm over a distance of a Few 
kilometers is common. Most of the winter 
precipitation falls as snow, while most a f  
the summer precipitation occurs as 
infrequent torrential showers. Patterns 
and amounts of precipitation are extremely 
variable from year to year, while annual 
temperatures are more consi stent . In 
general , re1 ati ve humidity i s  very 1 ow. 

temperatures across the 1 ati tudinal 
gradient are listed in Table 1. 

Due to the closed drainage configuration 
characteristic of the Great Basin 
hydrographic region, all loss of pre- 
cipi tation is through evapotranspiration. 
In the northern portion of the region, 
precipitation general 1y equal s or exceeds 
evapotranspiration and permanent lakes are 
maintained at the terminal sinks of larger 
rivers. In the southeast, potential 
evapotranspiration exceeds precipitation by 
a considerable amount and there are no 
permanent natural 1 akes, 

In the Miocene and Pliocene, the climate 
of the Great Basin was subhumid, with 63 to 
76 cm of precipitation (Axelrod 1950). 
Botanical evidence indicates that the 
contemporary climate of the Great Basin 
began i n  early Pleistocene time. The more 
arid climate is thought to have resulted 
from uplift of the Sierra Nevada by block 
faulting (Morrison 1965). The Pleistocene 
climate fluctuated considerably with res- 
pect to both temperature and precipitation. 

Mean annual temperature for a given The cooler and wetter climatic periods of 
a1 titude generally differs by about 6.1 "6 the Pleiocene Epoch are called pluvials, 
between southern and northern boundaries of and are thought to have been 4.4 to 8.3 "C 
the Great Basin. Average January and July cooler than interpluvial periods, causing 

Table 1 .  Average Januaw and July temperatures (Morris 1965). 
- 

Average Temperature ("C) 
iocati on L a t i  tude January July 

Burns, OR 43.5 - 4 19 
Salt Lake City, UT 4 1 - 1 25 
Reno, NV 39.5 0 22 
Las Vegas, NY 3 6 7 30 



permanent 1 akes t o  form in terminal bas ins .  
These pl uvial  i n t e rva l  s  were concurrent  
with g l a c i a l  i n t e r v a l s  i n  t he  higher  
mountains t o  t h e  e a s t  and west of t h e  Great 
Basin, wi th  s t u d i e s  of depos i t s  showing 
evidence of several  such wet/dry cyc les  
(Morrison 1965). These c1 imatic  changes 
caused b io log i ca l  l i f e  zones t o  move 
hundreds of ki lometers  from north t o  south 
and many thousands o f  meters up and down 
mountainsides. 

2.2 STRUCTURAL GEOLOGY OF GREAT BASIN 
PHYSIOGRAPHIC SECTION 

The topography of t he  Great Basin i s  
cha rac t e r i zed  by numerous nor th- to-south  
t rending ranges separated by broad, nearly 
leve l  bas ins .  The topography i s  t h e  r e s u l t  
of block f a u l t i n g  of folded and t h r u s t -  
fau l  ted overl  apping geosyncl ines  of 
Paleozoic and e a r l y  Mesozoic ages, and of 
t he  accompanying deposi t i o n  of mineral 
d e b r i s  weathered from upthrus t  por t ions  of 
blocks over  downthrust block su r f ace s .  

Throughout most of geologic  h i s t o r y ,  t he  
cen t r a l  and e a s t e r n  a reas  of t h e  present  
Great Basin were p a r t  of t he  Cord i l le ran  
Geosyncline ( s e e  Figure 7a ) .  Sediments 
were depos i ted  in t h e  anc ien t  sea t h a t  
passed back and f o r t h  over  the  Paleozoic 
landscape,  and formed t h e  rock s t r a t a  
conspicuous i n  mountain ranges throughout 
t he  region.  While ca lcareous  scdimcnts in 
t he  ea s t e rn  and northern a reas  of t he  
geosyncl ine  were 1 a t e r  consol ida ted  as 
l imestonc s t r a t a ,  igneous sedinierlts 
c h a r a c t e r i s t i c  of more wester ly a reas  of 
t he  geosyncl i ne formed sands tone,  
s i l t s t o n e ,  and sha l e .  

A second geosyncl ine formed in  e a r l y  
Mesozoic time along t he  western f lank  of 
t h e  Great Basin (F igure  7b ) .  Mesozoic 
sediments,  der ived pr imar i ly  from volcanic  
e r u p t i v e s ,  over l  apped t he  western f lank  of 
t h e  Paleozoic geosyncl ine,  whi 1 e  s t r a t a  t o  
t h e  e a s t  were folded and u p - l i f t e d  i n  a  
g e a n t i c l i n e .  The Mesozoic sediments a r e  
evident  i n  s t r a t a  of ranges in  t h e  western 
Great Basin. 

In middle and l a t e  Mesozoic time, an 
ex tens ive  b a t h o l i t h  intruded i n t o  t he  
region of t h e  Sierra-Cascade province, 

causing fo ld ing ,  t h r u s t  f a u l t i n g ,  and 
u p l i f t  o f  t h e  Paleozoic and Mesozoic s t r a t a  
t o  t he  e a s t  (F igure  7c ) .  During l a t e  
Mesozoic and e a r l y  T e r t i a r y  time, 
i n t r u s i o n s  o f  igneous rocks ( s tocks  and 
1 accol i t h s )  penetrated t he  deformed 
sedimentary s t r a t a  of t h e  Great Basin 
(Figure 7d) .  

The ex t ens ive  block f a u l t i n g  respons ib le  
f o r  t h e  presen t  topography of the  Great 
Basin began i n  middle T e r t i a r y  time (Figure 
7e ) .  Volcanic a c t i v i t y ,  which was sporadic  
throughout t h e  e a r l y  T e r t i a r y ,  became 
ex tens ive .  As block f a u l t i n g  continued, 
sediments weathered from upthrus t  por t ions  
o f  blocks accumulated i n  the  intervening 
basins .  Nolan (1943) suggests  t h a t  block 
f a u l t i n g  has been continuous s i nce  the  
01 i  gocene age .  

2.3 PHYSIOGRAPHY OF THE GREAT BASIN 
SECTION 

Fenneman (1931) def ined  the  Great Basin 
a s  a  s ec t i on  of t he  basin and range 
province. A 1  a t i  tud ina l  c ro s s - s ec t i on  
through the  cen t e r  of t he  s ec t i on  resembles 
a  broad, p a r t l y - c o l l  apsed arch (Morrison 
1965) having i t s  h ighes t  pa r t  in ea s t e rn  
Nevada and dipping towards both t he  e a s t  
and west .  The l ong i tud ina l  p r o f i l e  of the 
s ec t i on  d ip s  southward. Dutton (1880) 
l ikened the  pa t t e rn  of d i scont inuous ,  sub- 
p a r a l l e l  ranges t o  t h a t  of an "army of 
c a t e r p i l l a r s  marching t o  Mexico." H u n t  
(1967) f u r t h e r  d iv ides  t he  Great Basin 
p h y s i o g r a p h i c  s e c t i o n  i n t o  f i v e  
subdiv is ions  based on s t r u c t u r e ,  topo- 
graphy, hydrography, and su r f ace  depos i t s  
(F igure  8 ) .  

The c e n t r a l  subdiv is ion  o f  the  Great 
Basin physiographic s ec t i on  i s  topo- 
g r aph i ca l l y  and s t r u c t u r a l l y  elevated 
r e l a t i v e  t o  surrounding p a r t s  of the  Great 
Basin. Basins in e a s t e r n  Nevada range from 
1,615 t o  1,833 m in  e l eva t i on  (Morrison 
1965). During t he  P le i s tocene ,  a t  l e a s t  21 
p luv ia l  l akes  formed in t h e  Central Basin, 
some overflowing t o  ad jacent  basins  
(Meinzer 1922). Two basins  within the  
subdiv is ion  overflowed t o  t h e  Colorado 
River during 1 a t e  P le i s tocene  time 
(Morrison 1965);  t h e  White River and Meadow 
Valley Wash have maintained t h i s  external  
d ra inage .  Dry I ake beds and playas make up 
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Figure 7. Evolution of geologic Structure in the Great Basin (from Hunt 1967). 





about 10% o f  t h e  c e n t r a l  subd i v i s i on ,  and 
mountain ranges and a l l u v i a l  fans about 45% 
o f  t he  area (Hunt 1967). A ma jo r  p a r t  o f  
t h e  s u b d i v i s i o n  d r a i n s  t o  t h e  Lahontan 
Basin v i a  the  Humboldt R ive r .  

The Bonnev i l l e  subd i v i s i on  i s  t o p o -  
g r a p h i c a l l y  1 ower than t h e  c e n t r a l  
s u b d i v i s i o n  t o  t h e  west, w i t h  b a s i n  f l o o r s  
commonly 1,158-1,524 m i n  e l e v a t i o n .  The 
s u b d i v i s i o n  i s  bordered t o  t he  e a s t  by t h e  
M idd le  Rocky Mountain and Colorado P l a t e a u  
phys iograph ic  p rov inces .  The Grea t  Sa1 t 
Lake, cove r i ng  an a rea  o f  about 6,030 km2 
i n  1985 (U.S. Department o f  I n t e r i o r ,  
Bureau o f  Land Manangement 1986), i s  t h e  
modern r e l i c t  o f  Lake Bonnev i l l e .  Lake 
f l a t s  and p layas a re  ex tens i ve  and 
c o n s t i t u t e  about 40% o f  t h e  B o n n e v i l l e  
subd i v i s i on .  Mountain ranges occupy abou t  
25%, and a l l u v i a l  f ans  and bajadas make up  
about 35% o f  t h e  area (Hunt 1967). D e l t a  
t e r r aces ,  and beaches s k i r t i n g  t h e  f e e t  o f  
mountain ranges i n  t h e  B o n n e v i l l e  
subd i v i s i on  r e f l e c t  severa l  r e l a t i v e l y  
s t a b l e  l e v e l s  o f  Lake Bonnev i l l e .  

The Lahontan s u b d i v i s i o n  i s  s i t u a t e d  
between t h e  e l eva ted  c e n t r a l  s u b d i v i s i o n  
and t h e  Sierra-Cascade p rov ince .  Lake 
Lahontan covered an area o f  about 22,442 
km2 a t  i t s  maximum l e v e l  d u r i n g  P l e i s t o c e n e  
t ime  (Mor r i son  1965). Russel 1 (1885) 
determined t h a t  t h e  p l u v i a l  l a k e  neve r  
over f lowed i t s  bas in .  Honey, Pyramid, and 
Walker Lakes a re  r e l i c t s  o f  Lake Lahontan. 
The p r o p o r t i o n a l  e x t e n t  of a l l u v i a l  f l a t s ,  
playas, a l l u v i a l  fans, bajadas, and 
mountain ranges i n  t h e  Lahontan Bas in  i s  
s i m i l a r  t o  t h a t  desc r ibed  f o r  t h e  
Bonnevi l  l e  s u b d i v i s i o n  (Hunt 1967). 

The n o r t h e r n  s u b d i v i s i o n  i s  n o r t h  of  t h e  
Lahontan s u b d i v i s i o n  and i nc l udes  p o r t  i o n s  
o f  southeastern Oregon, n o r t h e a s t e r n  
Cal i f o r n i a ,  and nor thwes te rn  Nevada. The 
s u b d i v i s i o n  i s  cha rac te r i zed  by many h i g h  
v o l c a n i c  cones and t h i c k b l o c k - f a u l  t e d  1 ava 
beds t h a t  a r e  though t  t o  be u n d e r l a i n  b y  
t h e  f o l d e d  and f a u l t e d  Mesozoic s t r a t a  
c h a r a c t e r i s t i c  o f  t h e  Lahontan s u b d i v i s i o n  
(Hunt 1967). Whi le  t ~ p o g r a p h i c a l l y  h i g h e r  
t han  t h e  Lahontan s u b d i v i s i o n  because o f  
t h e  t h i c k  l a y e r s  o f  v o l c a n i c  sediments,  t h e  
s u b d i v i s i o n  i s  s t r u c t u r a l l y  depressed, 
p o s s i b l y  as a r e s u l t  of  t h e  o v e r l y i n g  mass 
o f  Qua te rnary  lava.  A t  l e a s t  13 m a j o r  
p l u v i a l  l a kes  f i l l e d  bas i ns  i n   lei stocene 

t ime: severa l  overf lowed t o  t he  Snake 
River ,  another d ra i ned  t o  t h e  Pac i f i c  v i a  
t h e  P i t  R i ve r  d ra inage  and a few i n  t h e  
v i c i n i t y  o f  Honey Lake d ra ined  t o  t h e  
Lahontan bas in .  Most o f  t he  p l u v i a l  lakes 
1 acked ex te rna l  d ra inage  (Morr ison 1965). 
Many sha l low lakes ,  remnants o f  t h e  more 
ex tens ive  p l u v i a l  bodies, a re  d i s t r i b u t e d  
throughout  t h e  no r t he rn  subd iv i s ion .  

The southern subd i v i s i on  i s  bo th  
s t r u c t u r a l l y  and topograph ica l  l y  lower  
than t h e  Lahontan and c e n t r a l  subd i v i s i ons .  
The no r t he rn  boundary corresponds w i t h  t h e  
Las Vegas shear zone, which runs  p a r a l l e l  
t o  t h e  d iagonal  southwestern boundary o f  
Nevada and extends f rom t h e  v i c i n i t y  o f  
Lake Mead t o  t he  v i c i n i t y  o f  Walker Lake. 
B locks on t h e  southwestern s i d e  o f  t h e  
shear zone have moved no r t hwes te r l y  
r e l a t i v e  t o  b l ocks  on t h e  nor theas te rn  
s ide;  t he  ex ten t  o f  displacement appears t o  
have been severa l  k i l ome te r s  a long t h e  
southeastern p a r t  o f  t h e  shear zone (Hunt 
1967). The shear displacement i s  marked by 
a nor thwest  t r e n d i n g  b e l t  o f  low h i l l s .  
S t r a t a  exposed .in t h e  mountain ranges o f  
t h e  southern area i n c l u d e  i n t r i c a t e l y  
f o l ded  and f a u l t e d  Precambrian beds o f  a  
geosyncl  i n e  which preceded t h e  Cordi  l l e r a n  
Geosyncl i ne .  Paleozoic  s t r a t a  and more 
i s o l a t e d  e a r l y  Mesozoic beds, g r a n i t i c  
i n t r u s i o n s  r e l a t e d  t o  t h e  Sierra-Cascade 
bath01 i t h ,  and a t h i c k  s e r i e s  o f  T e r t i a r y  
and Quate rnary  v o l c a n i c  rocks  a l s o  a re  
p resen t .  A s e r i e s  o f  p l u v i a l  l akes  
inundated p a r t s  o f  t h e  southern bas in  
d u r i n g  t h e  P le i s t ocene  Epoch. Lake 
Russe l l ,  o f  which Mono Lake i s  a  r e l i c t ,  
and two o t h e r  s i z a b l e  p l u v i a l  l akes  
over f lowed t o  Owens Lake v i a  t he  Owens 
River .  Owens Lake d ra i ned  through severa l  
p l u v i a l  bas ins on i t s  course t o  p l u v i a l  
Lake Manly i n  Death Va l ley ,  The Amargosa 
R i ve r  c a r r i e d  ove r f l ow  from t h ree  add4 - 
t i o n a l  bas ins t o  Lake Manly, now a deser t  
p laya.  The southern s u b d i v i s i o n  inc ludes  
much o f  t h e  Mojave Deser t  and i s  t r a n s i -  
t i o n a l  t o  t h e  Sonoran Deser t  s e c t i o n  o f  t h e  
bas in  and range p rov i nce  (Fenneman 1931). 

2.4 GEOMORPHOLQGY 

Mountain ranges and bas ins  a r e  t h e  major 
geomorphic f ea tu res  o f  t h e  Great Basin, 
The 'land forms o f  the  Great Bas in  are a 
response t o  weather ing and e ros i on  a c t i n g  



upon diastrophic features. Lake terraces 
and beaches s k i r t i n g  the f lanks o f  the 
Efonnevj 1 l e  and Lahontan subdivi sJons are 
evidence o f  c l ima t l c  changes slnce the 
Pleistocene age. GlacJal land forms also 
are evident i n  the highest mountain ranges 
o f  the central  subdfvlsion. 

The mountain ranges o f  the Great Basin 
are t yp i ca l l y  faul  t -b lock ranges that  are 
r e l a t l v e l y  narrow and oriented i n  a north- 
to-south direct ion,  w i th  steep escarpments 
an the upthrust aspects and somewhat 
gent ler  slopes on the down-dip aspects. 
About. three-fourths o f  Great Basin ranges 
F i t  t h i s  generalized descr ipt ion (Bostick 
e t  a l .  1975). 

Fanneman (1931) describes the " typ ica l  " 
mountain range as 80-120 km long, 10-24 km 
wide, 914-1524 m above the base, 2133-3048 
m fn  elevat ion and north-to-south trending 
w i th  a s l f gh t  deviat ion t o  the east. 
Generally, the crests o f  the ranges are 
r e l a t l v e l y  leva1 w i th  few prominent peaks, 
a1 though rf dgel f nas may be very jagged. 

Mountaln slopes usual ly are nearly 
unSform I n  angle from crest  t o  base, thus 
enhancfng an appearance o f  steepness. The 
angles o f  mountain slopes appear t o  remain 

constant as escarpments recede (Hunt 1967), 
which may be more a response t o  rock type 
than t o  any other character is t ic  (Fenneman 
1931). The sideslopes o f  some ranges 
consist en t i r e l y  o f  deep ravines, forming 
V-shaped gorges t ha t  are separated by acute 
r idge spurs (Gi lber t  1890). Ravines are 
apt t o  be cu t  i n t o  bare rock w i th  l i t t l e  or 
no rock de t r i t us  i n  t h e i r  beds. The slope 
o f  ravines i s  normally as steep near the 
base o f  the mountain ranges as a t  the 
summit instead o f  f l a t t en i ng  out towards 
the foot as 3s character is t ic  o f  most 
stream pro f i l es .  I n  many cases, the r idge 
spurs between the ravines do not taper 
gradually t o  the base o f  slopes but rather 
are cu t  o f f  abruptly i n  terminal facets, 
which are thought t o  be the resu l t  o f  
r e l a t i ve l y  recent fau l t i ng .  The t rans i t i on  
from residual mountain slopes t o  a1 1 uvi  a1 
basins generally I s  marked by an abrupt 
change i n  slope angle, Successional 
stages of geomorphic development o f  f a u l t -  
block mountains are i l l u s t r a t e d  i n  Figure 
9. 

While g lac la l  (U-shaped) val ley forms are 
evident along the crests o f  some ranges, 
f l u v l  a1 (V-shaped) canyons are typ ica l  o f  
the vast major i ty  o f  Great Basin ranges. 
I n  headwater segments, f l u v i a l  erosion i s  
headcutt ing towards ridge1 ines, resu l t ing 
i n  dendr i t i c  patterns o f  steep ravines. 

f , 

Figure 3. fdealfzed geamotphlc development of fault block landscape (modified from Fenneman 1931): (a) fault 
bfacik: fbf rasrlnes dcru@lof,e$ sufficiently to divlde the face into spurs; triangular facets at base of slope indicate 
conXInued upthmst af fautt; (c) lower portions of spurs are buried by mineral detritus (fan-bayed stage); (d) 
mineral cfotritus extends considerable distances up major drainages (fakfrayed stage); (43) some of the former 
spurs Esppesr detached from the major face due to lnundatlan by unconsolJdrrtod mineral detritus (fan-wrapped 
stage); (f) the mountains are prslcllcally buried in their own detritus (pan-fan stage). 
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Sediments a r e  t r anspo r t ed  p r imar i l y  during 
b r i e f  ep isodes  of high runoff  and a r e  
eventual  l y  depos i t ed  a s  a1 l u v i a l  fans  
sp lay ing  from t h e  mouths o f  canyons. 

2.4.2 Basins 

Basins a r e  d i a s t r o p h i c  t roughs  t h a t  a r e  
i n  t h e  process  o f  being f i l l e d  with 
a1 1 uvi u m  t r anspo r t ed  from surrounding 
mountain ranges.  In c o n t r a s t  t o  mountain 
s l opes ,  bas ins  appear q u i t e  l e v e l .  Al- 
though t h e  f l a n k s  o f  bas ins  may exceed 15% 
s lope ,  a s l o p e  of l e s s  than 7% i s  more 
common. The f a l l  from t h e  edge of t h e  
bas in  t o  i t s  c e n t e r  i s  commonly 90 t o  200 
m (Fenneman 1931). The depth o f  a l l u v i a l  
f i l l  i s  more than 1,524 rn in  some bas ins  
(U.S. Bureau o f  Land Management 1986). 

Al luv ia l  landforms commonly form a broad 
s k i r t  a t  t h e  bases  of mountain ranges.  
Near t h e  mouths of d r a inages ,  a l l u v i a l  f ans  
may be d i s t i n c t  and broadly convex i n  form 
o r  may merge i n t o  g e n t l y  undulat ing 
bajadas.  Upper po r t i ons  of  a l l u v i a l  f ans  
and bajadas o f t en  a r e  d i s s e c t e d  a s  a 
r e s u l t  o f  a l t e r e d  s t ream regimen o r  from 
loca l  u p l i f t  by block f a u l t i n g  (Morrison 
1965). Pediments a r e  land forms c o n s i s t i n g  
of a veneer of  alluvium over  s o l i d  rock. 
These land  forms a r e  p r imar i l y  t h e  r e s u l t  
o f  e ros ion  i n  c o n t r a s t  t o  t he  depos i t i on  
c h a r a c t e r i s t i c  of a1 1 uv ia l  fans  and 
bajadas.  In gene ra l ,  pediments a r e  narrow 
i n  t h e  nor thern  Great Basin and become 
p rog re s s ive ly  wider toward t h e  south.  

Al luv ia l  1 andforms may extend toward t h e  
c e n t e r  of bas ins  t o  merge with those  
a r i s i n g  from t h e  oppos i t e  s l ope ,  t he  l i n e  
of  coalescence marked by a dry  wash. 
A1 t e r n a t e l y ,  a1 1 uvi a1 1 andforms may grade 
towards t h e  bas in  i n t e r i o r  u n t i l  they merge 
i n t o  a l l u v i a l  f l a t s  and f i n a l l y ,  l eve l  
playas.  Some bas in s  have been breached and 
now d r a i n  t o  lower bas ins .  

Lake beds a r e  r e l i c t  of r e l a t i v e l y  r ecen t  
geo logic  t ime ,  a1 though contemporary 
in f luences  a r e  l o c a l l y  ev iden t .  The West 
Desert in t h e  Bonnevil le  Basin was 
separa ted  from t h e  main body of  t h e  Great 
S a l t  Lake by a r i s e  i n  a neck of  land about 
5,000 yea r s  ago (Eardley 1962). Successive 
f looding caused evapo r i t e s  t o  c o l l e c t  a t  
t h e  su r f ace  of  t h e  lower western h a l f  of 
t h e  d e s e r t ,  forming t h e  Bonneville S a l t  

F l a t s .  Wind e ros ion  o f  t h e  s a l t  c r u s t  
r e s u l t e d  i n  t h e  formation of  gypsum sand 
dunes on t h e  e l eva t ed  e a s t  f l a n k  of  t h e  
anc i en t  l a k e  bed. Dry l a k e  beds a r e  
ex t ens ive  throughout  t h e  Bonnevill e and 
Lahontan subd iv i s ions .  

Pl ayas a r e  pl aces  where water  may 
accumulate on a seasonal  b a s i s  o r  
f o l l  owing p r e c i p i t a t i o n  t h a t  r e s u l t s  i n  
runof f .  Water i s  dep le ted  from p layas  
mostly through evapora t ion  and slow 
perco la t ion  through underlying s t r a t a .  The 
proport ion o f  evapora t ion  ve r sus  perco la -  
t i o n  i n f luences  t h e  degree t o  which s a l t s  
de l i ve r ed  i n  s u r f a c e  runof f  accumulate a t  
t h e  playa su r f ace .  

2.5 SOIL OF THE GREAT BASIN PHYSIOGRAPHIC 
SECTION 

S o i l s  of t h e  Great Basin a r e  mostly 
a r i d i s o l s ,  e n t i s o l s ,  and m o l l i s o l s  (U.S. 
Soi l  Conservation Serv ice  (SCS) 1975). 
S a l t  and mud f l a t s  ( i . e . ,  nonso i l )  a r e  a l s o  
ex t ens ive  i n  t h e  Bonnevil le  and Lahontan 
subdiv is ions .  The d i s t r i b u t i o n  o f  con- 
t r a s t i n g  s o i l  s g e n e r a l l y  corresponds with 
t h e  geomorphic c h a r a c t e r i s t i c s  of t h e  Great 
Basin landscape. 

On mountain s l opes ,  r e s idua l  s o i l s  
u sua l l y  a r e  shal low t o  moderately deep. 
Areas of exposed bedrock a r e  common. Soi 1 s 
on mountain s l opes  i n  western Utah t y p i -  
c a l l y  have a dark-co lored  s u r f a c e  horizon 
and a subsur face  horizon cha rac t e r i zed  by 
an accumulation of i l l u v i a l  c l a y  ( a r g i l l i c  
horizon)  o r  1 ime ( c a l c i c  horizon)  (Wilson 
e t  a1 . 1975). Runoff from mountain s lopes  
i s  t y p i c a l l y  moderate t o  r ap id .  

S o i l s  on a l l u v i a l  f ans  and bajadas a r e  
gene ra l l y  s k e l e t a l  near  t h e  f o o t  o f  moun- 
t a i n  s lopes  and grade t o  a f i n e r  t e x t u r e  
towards t h e  medial axes of ba s in s .  Desert 
pavement, cha rac t e r i zed  by a smooth su r f ace  
of t i g h t l y  f i t t i n g  pebbles ,  i s  bel ieved t o  
be a r e s u l t  of wind d e f l a t i o n  and i s  a 
common f e a t u r e  i n  t h e  southern  Great Basin. 
Lime- and s i l i ca -cemented  hardpans a r e  
common a t  v a r i a b l e  depths  of  t h e  a l l uv i a1  
fans  and bajadas (U.S. Air  Force 1980). 
While su r f ace  runoff  i s  t y p i c a l l y  moderate 
t o  slow, subsur face  l a t e r a l  flow along 
cemented horizons may be sus ta ined  
fol lowing p r e c i p i t a t i o n .  
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KEY TO VEGET ATION TYPES 
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Figure 10. (Concluded). 
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Lower portions of the basins are commonly (p--&&S-Pseudotsu43) forests are 
smooth to gently undulating with deep soil. prevalent. Juniper-pinyon (~uni~erus- 
The texture of surface horizons ranges from Pinus_) woodland is common at lower 
loam to silty clay loam. ~ubsoils are elevations in the mountains and foothills 
generally a finer texture. These soils are throughout the Great Basin. other vege- 
mostly saline, sodic, or saline-sodic. tation types common in the mountains 
Permeabi 1 i ty ranges from very slow to include juniper steppe wood1 and (Junioerus, 
moderate and drainage often is impaired. &&$&&I, A U ~ O D V ~ O ~ )  in the northern 

subdivision, Mountain mahogany-oak scrub 
Playas and 1 ake beds typically consist of (~ercocar~us-~&&!&!G~.) and bl ackbrush 

1 ight-colored sediment wlth high salinity. ( G m e ) .  
Runoff usually ponds on the surface and 
sai t crusts may form during dry periods. Shrub-dominated communities are common on 
The depletion of ponded water occurs alluvial deposits. Great Basin sagebrush 
through evaporation and infiltration into (Artemisia) type is common on deep, well - 
underlying strata. Playas generally are drained soil throughout the central 
devofd of vegetation. subdivision and, less extensively, in the 

Bonneville subdivision. The sagebrush 
steppe (&rtemisi a-Aqroovron) type is 

2.0 FLORA extensive in the northern subdivision. In 
lower portions of the Bonneville and 

BaSley (1978) includestheGreatBasin in Lahontan subdivision with saline-alkali 
the intermountain sagebrush and American soil and drainage, sal tbrush- 
desart provf ncas. The I ntermauntai n greasewood Sarcobatus) vegetation 
sagebrush provlnce is characterized by type is remote bush (Larrea) 
saqebrush ( ) and salt-tolerant vegetatfon type is extensive south of 37 'N 
plants on law@r elevations and Forested latitude. 
habitat a t  higher elewations. Bailey 
(1978) suggested that sagebrush habitats Vegetation is 1 argely absent on saline 
may bo a disclimax resulting from over- lake beds i n  the northwestern portion of 
yrarzfng. Tho American desert province is the Bonneville subdivision and the Black 
ckaracterlzed by sparse vegetation in- Rock Desert in northwestern Nevada. Less 
clusSvs of" cacti and thorny shrubs. Bailey extensive, nonvegetated areas correspond 
further JdenLf ffes flve sectians within the with playas and Take beds distributed 
provinces: sagebrush-whealgrass section throughout the Great Basin. 
for the Snake River plain, Owyhee Desert, 
and Northern subdfvislon; Lahontan Axelrod (1973) suggested that riparian 
sagebrush-greasewood sect ion in the vegetation in western North America is a 
lahentan subdl vision; Great Basin sagebrush reduced vestige of an Arcto-Tertiary 
seetl~n for the central subdivision; geoflora, a zone of diverse forests that 
Elennevjlle sal tbrush-graasewood section in once covered extensive areas of the 
the Bonnrvll le subdivision; and creosote Northern Hemisphere, When the geoflora was 
bushsectionforthesouthernsubdivision. destroyed in the late Tertiary and 

Quaternary periods by spreading cold and 
A more detailed survey of vegetation drought, some of the elements that already 

types in the Great Basin was prepared by were adapted to riparian conditions were 
Kuchler (1964) (see Figure lo), Kuchler able to survive along stream courses 
fcfentified 14 major vegetation types in the (Axelrod 1977). The origin and 
Great Basin physiographic section and distribution of many modern riparian 
several additional vegetation types within species including maple (& spp.), alder 
the hfgh mountain areas bordering the (Alnus spp,), birch (Betula spp.), ash 
Great Basin physiographic section on the (Fraxinus spp.), walnut f3uqf ans sgp. f , 
east and west. sycamore (Pl atanus spp. ) , cottonwood 

(PODU~U$ spp.), oak (guercus spp.) and 
Along the crests of high ranges in the willow (Salix spp.) are discussed by 

central subdivision, spruce-fir-Doug1 as fir Wol stein (1984). 
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CHAPTER 3. RIPARIAN ECOSYSTEMS 

Riparian habitats associated with the 
Great Basin hydrographic region are dis- 
tributed across a broad geographic 
continuum having wide variations in pre- 
cipitation and elevation. The degree of 
diversity in the form, composition, and 
dynamics of riparian habitats is expected 
to be as broad as that of the region's 
characteristics. 

Riparian ecosystems of the Great Basin 
hydrographic region are distributed along 
at least three environmental gradients: a 
North to South latitudinal gradient; an 
elevational gradient consisting of river 
headwaters to the oceanic or basin sink; 
and a lateral gradient of stream channel to 
up1 and ecosystems. The latitudinal 
gradient of the Great Basin hydrographic 
region extends from about 35' to 44 O N  

latitude. Cl imate is principally respon- 
sible for variations in the structure, 
composition, and dynamics of riparian 
ecosystems a1 ong the 1 ati tudinal gradient. 
For a given elevation, net climatic inputs 
(i .e., precipitation minus evaporation) are 
general ly highest in the northern 
1 ati tudes. As a result, perenni a1 streams 
are more frequent in northern 1 ati tudes and 
riparian ecosystems are often dominated by 
obl igate hydrophytes. In southern 
latitudes, ephemeral, intermittent, and 
interrupted streams are more common and 
riparian communities typically are 
dominated by facultative hydrophytes, often 
complemented by up1 and plant species. 

The elevational extremes of the Great 
Basin hydrographic region range from 4,418 
m on the summit of Mount Whitney to 75 m 
below sea level in Death Valley, sink of 
the Amargosa River. The distribution of 
contrasting riparian habitats along the 
elevational gradient of watersheds is 
thought to general 1 y correspond with the 

geomorphic form of river val 1 eys (Vannote 
et al. 1980, Cummins et al. 1984, Minshall 
et al. 1985). The watershed of a single 
stream may include gl aci a1 headwater 
basins, broad (U-shaped) glacial valleys, 
fluvial (V-shaped) canyons, a1 1 uvial 
valleys, and 1 acustrine basins transitional 
to terminal lakes or playas. Although a 
sing1 e mechanism may be the principal 
influence on the geomorphol ogy of a valley 
segment, the concomitant influence of 
subordinate mechanisms may impart a 
considerable degree of diversity to the 
riparian habitat along the length of a 
given valley-form. Climate may also impart 
diversity to the distribution of riparian 
communities along the elevational gradients 
of watersheds. 

The lateral gradient between the stream 
(aquatic) and upland ecosystems also has 
been termed the transriparian gradient 
(Minckley and Brown 1982). The distri- 
bution of riparian communities along the 
lateral gradients of valleys is primarily 
a response to water regime, as influenced 
by topographic position relative to the 
dynamics of streamfl ow and a1 1 uvi a1 ground 
water, and the frequency and intensity of 
flooding. 

3.1 HIERARCHICAL CLASSlFlCATION OF RIPARIAN 
ECOSYSTEMS 

We propose a hierarchical framework for 
classification of riparian ecosystems of 
the Great Basin hydrographic region: 
hydrologic unit, geomorphic valley form, 
water regime, physiognomy of the community, 
community type, and decriptors. The 
purpose of this approach i s  to demonstrate 
the dynamic re1 ationships responsible for 
the structure, composition, and values of 
riparian ecosystems of the Great Basin. 



The approach may also be useful for 
predicting the distribution of riparSan 
crummunitjes and the effects of land and 
water management upon the dynamic qualities 
OF riparian ecosystems. The objects of 
this hierarchical classification are 
riparian comunities, which are grouped as 
community types, the fundamental units. 

ktydrograyhic units may be useful for 
idcntif ication of watersheds at any degree 
of resohtian. Preliminary hydrographic 
units, arranged in order of increasing 
resolution, are regjon, subregion, basin, 
subbasin, and tributary basin. 
Ilydragraphic regfans (i .e., Great Basin 
reg4on) are eharac teri zed by diverse 
ycu logy, c l  Jmate, and geomorphology, 
Subrcginns are watersheds of simil ar 
hydrologic character. Basins denote the 
w,$terr;hed draining to a particular sink. 
Subbasins are used to distinguish majar 
wintersi~eds draining to a single sink while 
tributary subbasins may be used to 
identify s t i l l  more resolute divisions of 
wdtcrshads. 

valley-form are glacial valleys (alpine and 
subalpine) ; fluvial canyons (V-shaped and 
notch-shaped) ; alluvial valleys (confined 
and unconfined floodplains) ; and lacustrine 
basins (open and closed). Geomorphi c 
val ley-forms may be further distinguished 
based on geographic parameters (e.g., 
elevation or geology) and/or based on the 
relative effectiveness of specific 
geomorphic processes ( i e  erosion, 
transport, and deposition of sediments) 
characterizing a given valley segment. 
Water-regimes are used to indicate the 
temporal dynamics of hydrologic parameters. 
Preliminary classes of water-regime are 
amended from those used to classify wetland 
ecosystems (Cowardin et al. 1979). In 
order of decreasing duration of flooding, 
prel iminary classes of water-regime are: 
(1) permanently flooded; (2) semi - 
permanently flooded; (3) saturated; (4) 
seasonally flooded; and (5) sub-irrigated 
(Figure 11).  The distribution of con- 
trasting riparian communities along the 
lateral gradients of valleys is primarily 
a response to variations in water-regime. 

Geatnnrphic va'tlc;y-form could be useful The physiognomy of riparian communities 
fttr subdCvfdiny hydrographic units along is based on the 1 ife form of the uppermost 
the elevationalN5Xgradientsof watersheds. stratum of vegetation with an areal cover 
Val icy-forms are named far tile principal of at least 30 percent, or upon the com- 
rgiaorner.phic mecharr ism responsible for its position of the substrate, if vegetation 
ycnesir .  Prel imfnary classes af geomorphic covers less than 30 percent o f  the 

Figure 11. Prelinlinary classes of water regimes. 



community (Cowardin et al. 1979). 
Prel imi nary physiognomic cl asses for 
vegetated communi ties are: forest, shrub, 
herbaceous, and moss/l ichen. Non- 
vegetated physiognomic cl asses incl ude 
cobble bars, gravel bars, sand bars, and 
silt bars. 

Community types are based on floristic 
similarities in both the overstory (if 
present) and the understory of riparian 
communities (Youngblood et a1 . 1985a). 
While the description of riparian com- 
muni ties should include detailed geologic, 
climatic, hydrologic, geomorphic, soil, 
and floristic parameters, the identi fica- 
tion of riparian communities is generally 
based on the presence/absence and coverage 
of a few indicator species with high con- 
stancy. A1 though floristic parameters gen- 
erally are the focus of riparian community 
types, more fundamental soi 1, hydro1 ogi c, 
and geomorphic parameters are often of 
greater interpretive value for management. 

A search of the literature for descrip- 
tions of riparian communities in the Great 
Basin hydrographic region has been somewhat 
futile. While relatively thorough 
descriptions of riparian communities are 
available for portions of some watersheds 
(Clair and Storch 1977; Jensen and Tuhy 
1981; Youngblood et al. 1985a, b), most 
descriptive information pertains to the 
discrete aspects of riparian ecology (e .g. 
fish and wildlife parameters) and does not 
address parameters needed to interpret the 
functional attributes and mu1 tiple values 
of riparian habitats (e.g., geologic, 
climatic, hydrologic, geomorphic, 
pedogeni c, and biotic) . 
As an a1 ternative, the major hydrographic 

units of the Great Basin Region are dis- 
cussed, followed by general interpretations 
of riparian ecosystems occurring in dis- 
crete geomorphic valley forms arranged 
along the continuum from headwaters to 
basin sinks. Hydrologic, soil, and flo- 
ristic parameters are discussed with 
respect to specific geomorphic valley- 
forms. The intent o f  this approach is t o  
develop a framework in which subsequent 
investigations of riparian ecosystems in 
the Great Basin may be integrated. 

The emphases of the following discussions 
are upon the functional attributes of 

riparian ecosystems. The approach is 
designed to facil i tate interpretations of 
the flux of water and sediments along 
elevational and lateral gradients of 
watersheds. It is be1 ieved that these 
fundamental processes are of paramount 
importance for understanding the dynamics 
and proper management o f  riparian and 
stream ecosystems. 

3.2 HYDROGRAPHIC UNlTS 

Surface waters of the Great Basin include 
perennial, intermittent, and ephemeral 
streams; freshwater and sal i ne 1 akes; playa 
lakes; freshwater and saline wet1 ands 
sustained by springs; and thermal springs 
associated with faulting and volcanic 
activity. The primary emphases of 
hydrographic descriptions presented here 
are upon perennial streams and rivers. 
Discussions are subsequently presented with 
respect to the central basin, Bonneville 
basin, Lahontan basin, northwest basin, and 
southern basin hydrographic subregions as 
delineated in Figure 12. Subregions of the 
Great Basin denote watersheds of similar 
hydrologic character, such as basins and 
subbasins. Hydro1 ogic features, major 
dams, diversions, and the locations of 
selected stream gauging stations are 
illustrated on the relief map in the 
Appendix. 

3.2 .1  Central Basins Hvdrosraohic 
Subreq i on 

The central basins contain no major 
rivers or lakes. However, many minor 
streams are distributed throughout the 
area. Some of these streams are spring-fed 
and perennial and a few sustain short 
courses through basins before being 
depleted. Most of the streams diverge into 
numerous channels upon leaving the 
mountains and crossing alluvial fans, 
resulting in substantial depletion through 
infiltration and evaporation (U.S. Air 
Force 1980). That portion of runoff 
reaching the center of closed basins may 
col tec t  in playa lakes, Streamflow para- 
meters at U.S. Geological Survey gauging 
stations in the central basin subregion are 
summarized in Table 2. 

Ephemeral streams are numerous throughout 
the Central Basin. They are characterized 



Figure 12. Subregions of the Great Basin hydrographic reglon. 



Table 2. Streamflow parameters for the Central Basins subregion (U.S. Geological S U F V ~ Y  1981). 

-----_ _ -̂ - _ _ w - ~ - -  

Period 
of oral nage Average annual Dai 1 Y extremes 

Stream record area d i scharge max. mi n. 

gauge (~r) ( kmz 1 (mJ/s) (x106 m3/yr) (m3/s) (m3/s) 

Spring Val 1 ey 
2437 14 8 2 0.28 8.49 3.54 0.06 

Ruby Valley 
244720 16 2 7 0.34 10.27 5.58 0.03 
244745 2 3 12 0.34 10.55 4.30 0.00 

Steptoe Valley 
24494 14 2 9 0.20 6.28 1.05 0.06 

Little Smoky and 
Newark Val 1 eys 
2458 18 40 7 0.01 0.18 8.24 0.00 

Hot Creek and 
Railroad Valleys 
246846 16 33 0.20 3.21 10.37 0.00 

B ig  Smoky Valley 
24928 14 6 1 0.23 7.46 4.25 0.03 
2493 15 52 0.20 5.86 3.62 0.06 

Smith Creek Valley 
29411 17 6 <0.01 0.05 5.07 0.00 

Fish Lake Valley 
2499 2 0 

by short periods of high discharge 
punctuating long periods of little or no 
flow. Flooding may occur as a response to 
snowmel t, rain on snow, or thunderstorms. 
Snowmel t generally occurs f r o ~ n  Apr i 1 
through June; rain on snow may occur 
between November and March; thunderstorms 
occur most frequently during the summer and 
fa1 f months. Thunderstorms cause the mo;t 
catastrophic and frequent flood events. 
The rate of precipitation may be as high as 
18 cm (7 inches) per hour over an area o f  
less than 260 ha (U.S. Air Force 1980). 

of the central basin area. Managed as a 
National Wildlife Refuge, Ruby Marsh covers 
about 8,100 ha and is fed by about 135 
springs at a rate of 1,208 to 1,850 
hectare-meters per year (U .S.  Air Force 
1980). Another 12,500 hectare-meters are 
contributed annually by precipitation and 
runoff, yet there is no outlet. Franklin 
Lake, located 8 km north of Ruby Marsh, i s  
comparable in size and resembles Ruby Marsh 
during wet years. Most of Franklin lake is 
privately owned and intensively managed for 
hay and livestock production. 

Ruby Marsh (also called Ruby Lake) and Pahranagat Valley in Lincoln County 
Franklin Lake are on the eastern flank o f  contains a wetland i n  the bed of the White 
the Ruby Mountains in the northern Portion R i v e r  which is sustained by many springs. 



Several 1 arge thermal springs (Ash, 
Crys ta l ,  and Hiko) have been designated a s  
f i s h  sanc tua r i e s  by the  Nevada Department 
of  Wildl i f e  and have been recommended f o r  
nat ional  landmark s t a t u s  (Bostick e t  a l .  
1975). 

3.2.2 Bonneville Basins Hydroara~hic  
Subrecrion 

The Bonnevi 11 e basins encompass the  
northeastern port ion of t h e  Great Basin, 
and include p a r t s  of  t h e  Middle Rocky 
Mountains, Colorado Plateau,  and Wyoming 
basin physiographic provinces. During the  
Pleistocene,  Lake Bonnevi 11 e covered 
nearly 52,000 kmz t o  a maximum depth of 
about 335 m (Houghton 1976). The lake  was 
about t h e  s i z e  of Lake Michigan. Lake 
Bonnevil l e  overflowed from the  northern 
extreme of  Cache Valley t o  the  Snake River 
drainage f o r  a b r i e f  in terva l  of 
Pleis tocene time (Gi 1 be r t  1890). The 
a l l u v i a l  s i l l  of t h e  o u t l e t  was rapidly 
eroded over 110 m t o  the  Provo Lake l e v e l .  
The b r i e f ,  ca t a s t roph ic  discharge through 
t h e  erosion c u t  i s  be1 ieved t o  have been 
primari ly respons ib le  f o r  the Snake River 
Gorge i n  Southern Idaho. 

According t o  Broecker and Kaufman (1965), 
four  low - l e v e l s  o f  Lake ~ o n n e v i l l e  
occurred between 8,000 and 22,000 years  
ago. One period of complete des icca t ion  
was followed by a r e f i l l i n g  of t h e  basins 
about 11,000 years  ago r e s u l t i n g  in 10 o r  
12 independent lakes.  By the  end of the 
pluvial  period about 10,000 years  ago, most 
of  the  lakes  had d r i ed  up. 

evaporation and p rec ip i t a t ion  over  i t s  1.3 
mill ion square kilometer watershed, Since 
1851, t h e  t o t a l  annual ignflow t o  t h e  lak: 
has varied from 1 . 3 6 ~ 1 0  t o  1 1 . 2 5 ~ 1 0  m 
causing the lake  leve l  t o  vary a s  much as 
6.1 m (U.S. Bureau of  Land Management 
1986). The average alnual input  t o  the 
lake  i s  about 3 . 7 0 ~ 1 0  in j 2i59x109 m3 from 
surface  runoff;  1 . 0 1 ~ 1 0  from d i r e c t  
p rec ip i t a t ion ;  and 1 . 0 1 ~ 1 0  m from ground 
water (U.S. Bureau of Land Management 
1986). A t  i t s  normal leve l  (about  1,280 m) 
t h e  surface area of the  l ake  i s  about 4,370 
k d  with ;p ayerage depth of 4 rn and volume 
of  1 . 9 ~ 1 0  m (U.S. Bureau of Land Manage- 
men t 1986) . 

The Great S a l t  Lake con ta ins  about 4.72 
b i l l i o n  metr ic  tons of s a l t  (Bureau o f  Land 
Management 1986). Since 1963, the  volume 
of  the  lake  has f luc tua t ed  from a minimum 
of 7.07 mil l ion hectare-meters  in 1963 
(27.5% s a l t  by weight) t o  a maximum of 
23.97x1012 m3 in t h e  spring o f  1986 (10% 
s a l t  by weight).  The f l a t  shores  r e s u l t  in 
a very high degree o f  l a k e  expansion 
corresponding with a small r i s e  i n  lake 
l e v e l .  An increase in  l ake  level  from 
1,281 - 7  m t o  1,282.2 m corresponds t o  a 971 
km2 increase in sur face  area  (U.S.  Bureau 
of  Land Management 1986). 

High runoff assoc ia ted  with record 
p rec ip i t a t ion  over t he  Bonnevil l e  basin 
s ince  1983 has r e su l t ed  in record lake 
l e v e l s  and considerable damage t o  
indus t r i e s ,  r e s iden t i a l  a r eas ,  highways, 
r a i l roads ,  and pub1 i c  u t i l i t i e s .  Eight 
waterfowl management a reas  administered by 
the  Utah De~artment  of Wildl i f e  Resources. 
t he  Bear 'River Migratory Bird ~ e f u g e  The t h r e e  major bodies remnant of Lake managed by the U.S. Fish and W i l d l i f e  Bonneville a r e  d i s t r i b u t e d  along the Service, and over 30 pr iva te  waterfowl eas t e rn  f lank  of t he  Bonneville basin: The hun t ing  areas also have Great S a l t  Lake, Utah Lake, and Sevier  s i gn i f i c an t  damage. 

sus ta ined  

Lake. These lakes  a r e  dependent on A1 t e r n a t i v e s  a re  
cu r ren t ly  being considered t o  reduce the  drainage from the western of the potent ia l  of fu tu re  flooding (U.S. Bureau Middle Rocky Mountains and Colorado of Land Management 1986), 

Plateau.  Streamflow aarameters f o r  ma.ior 
r i v e r s  o f  t h e  ~ o n n e v i l l e  basin subregjon The principal  drainages cont r ibut ing  
a r e  st~mmarized in Table 3 .  Hydrologic directly to the Great Salt  Lake are the  f ea tu re s  and t h e  loca t ion  of  stream gauging Bear River and Webey River.  The Jordan s t a t i o n s  a re  i l l u s t r a t e d  on the  r e l i e f  map River drains from Utah Lake to the Great (Appendix) . S a l t  Lake. Peak flow f o r  s treams o r i g i -  

nat ing along the  Wasatch Front corresponds 
3.2.2.a Great S a l t  Lake basin.  The with snowmelt in May and June, and minimum 

Great S a l t  Lake has no o u t l e t .  I t  i s  flow occurs during winter  months (U.S. 
cons tant ly  f l u c t u a t i n g  i n  response t o  Geological Survey 1979 a-d) . 



Table 3. Streamflow parameters for major rivers of the Bonneville Basins subregion (U.S.  Geological Survey 
1985). 

Period 
of Drai nage Average annual Daily extremes 

Stream record area discharge max . m i  n .  

Great Sa l t  Lake Basin 

Bear River 
0104 
0395 
0750 
1260 

Weber River 
1285 
1305 
141 0 

Provo River 
1542 
1595 
1630 

Spanish Fork River 
1505 

Jordon River 
1670 
1710 

Sevier Lake Basin 

Sevier River 
1745 
2050 
2190 
2240 

West Desert Basins 

Dunn Creek 
17952 

Trout Creek 
172870 

South Willow Creek 
1728 

Vernon Creek 
1727 



(1 )  Bear  R i v e r  subbasin. The2 Bear R i ve r  
d r a i n s  an area o f  18,324 km i n c l u d i n g  
p o r t i o n s  of t h r e e  phys iographic  p rov inces  
(Middle Rocky Mountains, Wyoming bas in ,  and 
minor  p o r t i o n s  o f  t h e  Great Bas in ) .  I t  
c o n t r i b u t e s  t h e  p r i n c i p a l  hyd ro l og i c  i n p u t  
t o  t he  Great S a l t  Lake, averaging 59% o f  
t h e  annual i n f l ow .  Whi le t he  headwater 
source o f  t h e  Bear R i v e r  i s  on l y  about 145 
km from t h e  Great S a l t  Lake, i t  wanders 
over  800 km be fo re  e n t e r i n g  i t s  s i nk .  

The Bear R i v e r  o r i g i n a t e s  i n  g l a c i a t e d  
a l p i n e  bas ins  on t h e  no r t he rn  f l ank  of 
Nayden Peak i n  t h e  U i n t a  Mountains. A f t e r  
f l ow ing  a r e l a t i v e l y  sho r t  d i s t ance  through 
g l a c i a l  (U-shaped) v a l l e y s  t o  t h e  f o o t  o f  
t he  mountains, t he  r i v e r  f l ows  nor thward 
a long t h e  southwestern f l a n k  o f  t h e  
Wyoming bas i n  p rov ince ,  an u p l i f t e d  s e r i e s  
o f  s t r u c t u r a l  bas ins separated by low 
a n t i c l i n e s .  Ncar t h e  Wyoming-Idaho-Utah 
border,  t he  Bear R i ve r  t u rns  westward 
through s t r u c t u r a l  v a l l e y s  and passes near  
t he  no r t he rn  shore o f  Bear Lake. Whi le t h e  
Bear R i ve r  once f lowed through Bear Lake, 
t.he dra inage was d i v e r t e d  t o  the  nor thwest  
several  thousand years ago (Mans f ie ld  
1927). lhrj Bear R i v e r  has been a r t i f i -  
c i a l l y  1 inked w i t h  Bear Lake through D ing l e  
Marsh a t  t he  n o r t h  end o f  Bear Lake w h i l e  
ou t f low back t o  t he  Bear R i v e r  i s  r egu la ted  
through a d i v e r s i o n  channel.  

The Ucar R i v e r  cont inues nor thward t o  t h e  
v i c i n i t y  o f  Soda Springs, Idaho, where a 
l ava  f l a w  obs t r uc ted  d ischarge  t o  the  Snake 
R i v e r  d ra inage  about 34,000 years ago 
(Mor r i son  1966). The l a v a  f l ow  caused t h e  
r i v e r  t o  t u r n  south and ove r f l ow  a low 
d i v i d e  o f  t h e  Bonnev i l l e  bas i n  a long t he  
no r t he rn  e x t r e m i t y  o f  Cache Va l l ey .  
Numerous t r i b u t a r i e s  a r i s i n g  i n  f l u v i a l  
(V-shaped) canyons i n c i s e d  i n  the  Bear 
R j ve r  range merge w i t h  t h e  Bear R ive r  a long 
4 t s  s low,  meandering course through Cache 
Val I c y .  Streamflow i s  im~ounded i n  C u t l e r  

t h e  Great S a l t  Lake over f lowed t h e  d i kes  i n  
1984 and inundated most of  t he  f reshwate r  
wet lands. Several  p r i v a t e l y  operated 
water fowl  areas 1 ocated ups1 ope susta ined 
l e s s  ex tens i ve  damage. 

(2 )  Weber R i v e r  subbasin. The Weber 
R i ve r  d ra i ns  5,390 kmL l o c a t e d  mos t l y  
w i t h i n  t h e  M idd le  Rocky Mountains (U.S. 
Geolog ica l  Survey 1979). I t  c o n t r i b u t e s  
about 20% o f  t h e  annual su r face  i n f l o w  t o  
t h e  Great S a l t  Lake. The r i v e r  o r i g i n a t e s  
i n  g l a c i a l  l a kes  near  t h e  western f l a n k  o f  
Hayden Peak. I t s  headwater t r i b u t a r i e s  
f l ow  through g l a c i a l  (U-shaped) v a l l e y s  t o  
t h e  f o o t  o f  t h e  U i n t a  Mountains. A p o r t i o n  
o f  i t s  f l o w  i s  d i v e r t e d  t o  t he  Provo R i ve r  
dra inage through an over1 and d i v e r s i o n  near 
Kamas, Utah. Beaver, Chalk, Echo, and Los t  
Creeks converge a long lower  s teep-g rad ien t  
segments o f  t h e  Weber R ive r .  The Ogden 
River ,  o r i g i n a t i n g  i n  a cont iguous dra inage 
a f  the Wasatch Front ,  u n i t e s  w i t h  t he  Weber 
along t h e  western f l a n k  o f  t h e  Great Basin. 

Discharge through t h e  Weber R i ve r  i s  con- 
t r o l l e d  by severa l  impoundments a long both 
t h e  main stem and i t s  t r i b u t a r i e s .  The 
Ogden Bay Waterfowl Management Area, 
operated by t h e  Utah D i v i s i o n  o f  W i l d l i f e  
Resources, was r egu la ted  by d i k i n g  t he  
r i v e r  west o f  Ogden, Utah. Most o f  t he  
management area i s  now inundated by t he  
b rack i sh  waters  o f  t h e  Great S a l t  Lake. 

(3) Utah Lake subbasins. Utah Lake 
covers an area o f  about 337 km2 and 
h i s t o r i c a l l y  con ta ined  f resh water .  
Cu r ren t l y ,  t h e  1 ake i s  hypereu t roph ic  due 
t o  i n f l o w  of i n d u s t r i a l ,  urban, and a g r i -  
c u l t u r a l  e f f l u e n t .  I n  summer months, t o t a l  
c o l i f o r m  l e v e l s  a long  t h e  eas te rn  shore 
make water u n f i t  f o r  a l l  b u t  i r r i g a t i o n  and 
i n d u s t r i a l  use. Marshy l a n d  around Provo 
Bay, t h e  p r i n c i p a l  i n l e t ,  i s  thought  t o  
reduce water-qua1 i t y  degrada t ion  (U.S. 
Bureau o f  Reclamation 1979a). 

~ e s e A o i r  on t h e  wes te rn  f l a n k  o f  Cache 
The Prove and Spanish Fork Rivers are the The Halad River, t h e  o n l y  major 

principal drainages to Utah Lake. The l a k e  t r i b u t a r y ,  converges w i t h  t h e  Bear R i ve r  drains to the Great Salt Lake via the 
near Crijham C i t y ,  Utah. 

dordan River .  

Extens ive d i k i n g  near t h e  mouth o f  t h e  The watershed o f  t h e  Provo R i v e r  i s  about 
Bear R i v e r  once sus ta ined  expansive f r e s h -  1,760 km2 l o c a t e d  mos t l y  w i t h i n  t h e  Middle 
water  wet lands operated by t h e  U,S.  F i s h  Rocky Mountains. I t s  t h r e e  headwater 
and Wi ld? i f e  Serv ice  as t h e  Bear R i v e r  t r i b u t a r i e s  o r i g i n a t e  i n  g l a c i a l  l a k e s  on 
M ig ra to r y  B i r d  Refuge. Brack ish  waters s f  .the south s lope  o f  t h e  U i n t a  Mountains. 



Flow i s  augmented by several  s teep-gradient  
t r i b u t a r i e s  a1 ong i t s  121-km course through 
t h e  Wasatch Mountains t o  Utah Lake. The 
Provo R iver  con t r i bu tes  about 70% o f  t h e  
average annual i n f l o w  t o  Utah Lake. Flow 
i n  t he  Provo R ive r  i s  increased by d i v e r -  
s ions from t h e  Duschesne River  v i a  a 
tunnel,  and from t h e  Weber R ive r  v i a  an 
overland d i v e r s i o n  canal.  Two dams on t h e  
main stem and numerous d i ve rs ions  reduce 
annual streamflow t o  57% o f  upstream 
d i  scharge (U. S. Bureau o f  Reclamation 
1979a). Construct ion o f  several add i t i ona l  
r e s e r v o i r s  and d i ve rs ions  are planned as 
p a r t  o f  t he  Centra l  Utah Pro jec t .  

The Spanish Fork R ive r  d ra ins  a watershed 
o f  about 1,800 kmz o f  a t r a n s i t i o n a l  area 
between the  Colorado Plateau and the  South 
and the  Middle Rocky Mountains t o  the  
nor th.  T h i s t l e  Creek and Diamond Fork are 
i t s  p r i n c i p a l  t r i b u t a r i e s .  Flow i n  Diamond 
Fork i s  exoanded by water d i v e r t e d  from the  
s t rawber ry  R iver  - v i a  a tunnel excavated 
under i t s  headwater d i v i de .  The channel o f  
Diamond Fork i s  severely degraded f o r  some 
k i lometers  below t h e  i n l e t  o f  t he  
Strawberry Tunnel because o f  extreme 
f l u c t u a t i o n s  i n  f l o w  (U.S. Bureau o f  
Reclamation 1979a). I n  1984, a major 
l a n d s l i d e  a long a steep slope above the  
Spanish Fork R iver  created T h i s t l e  Lake, 
named f o r  t h e  town i t  f looded. Many 
i r r i g a t i o n  d i ve rs ions  along the  lower 
segment o f  t h e  Spanish Fork R iver  reduce 
annual d ischarge t o  about 65% o f  upstream 
f low.  During summer months, f l o w  t o  Utah 
Lake o f t e n  i s  l i m i t e d  t o  seepage, i r r i g a -  
t i o n  r e t u r n  f low, and drainage from sep t i c  
tanks (U. S. Bureau o f  Reclamation 1979a). 

The Jordan R iver  f lows out  o f  Utah Lake 
and c o l l  ec ts  a d d i t i o n a l  drainage from seven 
canyons along the  Wasatch Front  before 
te rm ina t i ng  i n  the  Great S a l t  Lake (U.S. 
Forest  Serv ice 1978). It con t r i bu tes  about 
13% o f  t he  average annual sur face f l ow  t o  
t h e  lake.  

3.2.2.b Sev ier  Lake basin. Dur ing the 
t ime o f  e a r l y  set t lement i n  the  l a t e  
18005,  Sevier  Lake covered an area o f  487 
km2 (Houghton 1976). Today t h e  l ake  i s  
i n t e r m i t t e n t  due t o  dams and d ivers ions  
along t h e  Sevier  R i ve r  and i t s  t r i b u t a r i e s .  

The Sevier  R iver  o r i g i n a t e s  as two fo rks  
along t h e  western f l a n k  o f  t h e  Colorado 

Plateau physiographic province. Dra in ing  
an area o f  19,956 kmz i t  f lows northward 
and i s  j o i ned  a t  obtuse angles by O t t e r  
Creek and t h e  San P i t c h  River, bo th  f l ow ing  
t o  t he  south. The Sevier  t u r n s  westward 
and f lows towards the Sevier  Desert near 
t he  town o f  Leamington, and i t s  h i s t o r i c  
course continues through 115 km o f  desert  
t o  Sevier  Lake. The Beaver River ,  d ra in ing  
ranges along the  h igh  western f l a n k  o f  the  
Great Basin, i s  i n t e r m i t t e n t  along i t s  
lower course and i s  normal ly  a d ry  channel 
a t  i t s  confluence w i t h  t h e  Sevier  River. 

While several dams along t h e  t r i b u t a r i e s  
and t h e  main stem o f  t h e  Sevier  River  
regu l  a t e  f l o w  t o  1 ower segments, numerous 
d ivers ions  f o r  i r r i g a t i o n  o f  t he  Sevier 
Desert are thought t o  be p r i m a r i l y  
responsib le f o r  dep le t i on .  Sevier  Lake i s  
a d r y  p laya except f o l l o w i n g  per iods o f  
excep t i ona l l y  h igh  r u n o f f .  

3.2.2.c West Desert basins. Numerous 
minor t r i b u t a r i e s  o r i g i n a t e  i n  t he  ranges 
along t h e  Utah-Nevada border i n  t he  western 
p o r t i o n  o f  t he  Bonnevil'iie basin. While 
some o f  these drainages main ta in  perennia l  
f lows i n  t he  mountains, they d i s s i p a t e  upon 
en te r i ng  basins and f a i l  t o  achieve a con- 
t inuous network. 

I n  Fish Springs F l a t ,  F i sh  Springs 
Nat ional  Wild1 i f e  Refuge i s  sustained by 
th ree major and many minor spr ings (U.S. 
A i r  Force 1980). These spr ings have a 
combined f l o w  o f  1.27 t o  1.42 m /s (Bolen 
1964) and have inundated an area of about 
50 km2. 

3.2.3 Lahantan Basins Subresion 

Dur ing t h e  Pleistocene, Lake \ahontan 
covered an area o f  about 22,015 km (about 
the  s i z e  o f  Lake E r ie )  t o  a maximum depth 
g rea te r  than 267 m (Hubbs e t  a l .  1974). 
The Ple is tocene Lake had a watershed o f  
about 116,550 km2. About 8,000 years a f t e r  
t he  l a s t  g l a c i e r s  melted (11,000 years 
ago), the  c l ima te  became warm and dry, and 
the  ancient  l ake  was depleted; on ly  Pyramid 
and Walker Lakes remain (Gerstung 1982)- 

Three major lakes  d i s t r i b u t e d  along the  
western f l a n k  o f  t h e  Lahontan basin 
(Pyramid Lake, Carson Lake, and Malker 
Lake) are dependent on t h e  drainage 



originating in the Sierra-Cascade province 
to the west. The Truckee, Carson, and 
Walker Rivers are of similar origin, 
starting as swift, clear streams in the 
Sierra Mountains and terminating as turbid, 
sluggish rivers at their terminal sinks. 
The Humboldt River, originating in the 
high mountains of northeastern Nevada, 
normally terminates at Humboldt Sink, a 
short distance north of Carson Lake. The 
minor rivers of the Lahontan basin include 
the Quinn and King Rivers that unite and 
terminate in a playa in the Black Rock 
Desert. The Quinn River normally shrinks 
more than 160 kilometers toward its source 
during the summer (Russell 1885). The 
Susan River drains intermittently to Honey 
Lake. Streamflaw parameters for the 
Lahontan basin subregion are summarized in 
Table 4.  Hydrologic features and the 
locations of gauging stations are 
illustrated on the re1 ief map (appendix). 

3.2.3.a Truckee River basin. The 
Tryckee River drains an area of over 5,000 
km'. Originating from Lake Tahoe at about 
1,900 m elevation, it follows a course of 
about 161 km to its terminus, Pyramid Lake, 
over 730 m below (Houghton 1976). Lake 
Tahoe is a large (499 km2), high altitude 

(1,897 m), deep (maximum, 502 m; mean, 313 
m) alpine lake of an extremely 01 igotrophic 
nature. Throughout most of its course, the 
river is incised in a narrow channel and is 
notable for a1 ternating cascades and pools. 
Streamflow is seasonal, with peak flow 
occurring in late spring due to snowmelt. 
Donner, Prosser, Little Truckee, and Dog 
Creeks are tributary drainages. 

Three reservoirs provide flood control on 
tributaries of the Truckee River upstream 
from Reno (Prosser Reservoir, Stampede 
Reservoir, and Marti s Creek Reservoir) . 
Numerous diversion dams used for irrigation 
and electric power deplete the river along 
its lower course. Derby Dam, a part of the 
New1 ands Project enacted in 1903, diverts 
a major portion of streamflow through a 
51 km canal to the Lahontan Reservoir on 
the Carson River. In the early 1960rs, the 
Truckee River from Reno to Nixon was 
channel ired and a1 1 streamside vegetation 
el imi nated (Kl ebenow and Oak1 eaf 1984). 
Commercial 1 oggi ng, gravel operations, and 
severe overgrazing also have resulted in 
the demise of riparian habitat. 

The act creating the Newltnd~ Project 
guaranteed a minimum of 500x10 m of water 

Table 4. Streamflow parameters for major rivers in the Lahontan Basins subregion (U.S. Geological Survey 
1981). 

Period 
o f Draf nage Average annual Dailv extremes 

Stream record area discharge max . mi n. 
gauge (~r) ( km2 ) (m3/s) (x106 m3/yr) (m3/s) (m3/s) 

Upper Truekee 
3366 2 0 

Truckee River Basin 

Truckee River 
3460 8 1 2,414 22.29 703 -35 495.60 0.79 
3480 54 2,764 17.05 591.59 589.06 0.00 
3500 52 3,706 22.26 702,49 535.25 0.20 
3516 6 1 4,341 9.29 293.08 521.09 0.00 
351550 15 4,475 14.90 470.09 249.78 0.08 
3517 2 3 4,732 12.18 384.24 407.81 0.23 

(Continued) 



Table 4. (Concluded). 

Per i od  
o f Drainage Average annual Dai 1 v extremes 

Stream reco rd  area d i  scharge max . min. 
gauge ( y r )  ( km2) (m3/s) (xIO m /yr) (m3/s) (m3/s) 

6 3 

Carson R i v e r  Bas in  

East Fork Carson R i v e r  
3082 2 0 
3090 54 

Carson R i v e r  
310405 7 
3110 41 
3120 69 

Walker R i v e r  Bas in  

East Wal k e r  R i v e r  
2930 5 7 
29305 6 
2935 3 1 

West Wal k e r  R i v e r  
2960 42 
3000 41 

Wal k e r  R i v e r  
301 5 55 

Humboldt R i v e r  Bas in  

Marys R i v e r  
3155 37 

No r th  Fork  Humboldt R i v e r  
3174 15 

Humbol d t  R i ve r  
3185 
3210 
3225 
3235 
3250 
3275 
3330 
3350 

Quinn R i v e r  Bas in  

East Fork  Qu inn  R i ve r  
3530 3 2 

Qu inn  R i v e r  
35365 7 



annua l l y  f rom t h e  combined f l ows  o f  t h e  
Truckee and Carson R ivers .  T rans fe rs  f rom 
t h e  Truckee Basin have averaged about 
29,000 hectare-meters  annual 1 y (Houghton 
1976). The l e v e l  o f  Pyramid Lake dropped 
18.3 m between 1930 and 1960 as a r e s u l t  o f  
upstream water  use and pro longed drought  
(U.S. Bureau o f  Reclamation 1975). 

3.2.3.b Carson R i v e r  bas in .  Carson 
R i v e r  a r i s e s  as two f o r k s  a long t h e  S i e r r a  
Cres t  and te rmina tes  i n  Carson S ink  about 
193 km away. The eas te rn  f o r k  begins near  
t h e  base o f  Sonora Peak a t  n e a r l y  3,500 m 
and descends t o  t h e  no r t heas t .  Streams 
a d j o i n i n g  t h i s  f o r k  i n c l u d e  S i l v e r  King, 
Wolf ,  and M a r k l e v i l l e  Creeks. The western 
f o r k  s t a r t s  i n  Los t  Lake south o f  K i t  
Carson Pass. The two f o r k s  o f  t h e  Carson 
R i v e r  merge near  Genoa, Nevada. The upper 
reaches o f  t h e  Carson R i v e r  a re  steep and 
t u r b u l e n t .  The lower  course o f  t h e  r i v e r  
i s  through Lahontan Lake beds. Streamflow 
i s  impregnated w i t h  soda s a l t s  as i t  passes 
through Carson and Eagle Val 1 eys (Russel 1 
1885) . 

Lahontan Reservoig,  completed i n  1915, 
r e t a i n s  about 360x10 m3 a t  maximum capac i t y  
and covers about 4,050 ha. It i s  about 27 
km l o n g  and 30 m deep. I n f l o w  t o  the  
r e s e r v o i r  i s  augmented by water d i v e r t e d  
f rom t h e  Truckee R i ve r  v i a  t h e  Truckee 
Canal. Lahontan Rese rvo i r  i s  managed as 
s to rage  f o r  numerous i r r i g a t i o n  d i ve r s i ons  
as p a r t  o f  t h e  Newlands P r o j e c t .  Several 
smal l  r e s e r v o i r s  and Carson Lake are 
ma in ta ined  below Lahontan Reservo i r .  The 
excess d ra inage  d f  scharges i n t o  Carson 
Sink, a p l aya  l ake .  

3-2.3.c Walker R i v e r  bas in ,  The Walker 
R i ve r  o r i g i n a t e s  on t h e  S l e r r a  Crest  and 
ends i n  Walker Lake, d r a i n i n g  an area o f  
about 10,900 km2 ( U . S .  Bureau o f  Reclarna- 
t i o n  1975). For  more than  h a l f  i t s  l eng th ,  
t h e  Walker R i v e r  e x i s t s  as two separate and 
n e a r l y  equal f o r k s .  The East Walker 
o r i g i n a t e s  i n  Twin Lakes Basin below t h e  
no r t heas te rn  r i m  o f  Yosemi t e  and meanders 
about 137 km no r t hwa~d ,  r e c e i v i n g  t r i b u -  
t a r i e s  f rom t h e  Sweetwater and Walker 
Ranges. The west f o r k  o r i g i n a t e s  i n  
Kirkwood and T o ~ e r  Lake l o c a t e d  near the  
S i e r r a  Nevada d i v i d e .  I t  i s  r egu la ted  by 
gates a t  Topaz Lake ( B o s t i c  e t  a l .  1975). 
Major t r i b u t a r i e s  o f  t h e  West Walker are 

L i t t l e  Walker, L e a v i t t ,  and S i l v e r  Creeks. 
The n o r t h e r l y  t r e n d i n g  f o r k s  merge near  t h e  
town o f  Yer ington,  Nevada, a f t e r  which 
t h e  Walker R i ve r  t u r n s  southeastward, 
f l o w i n g  about 50 km t o  Walker Lake. The 
lower  p o r t i o n s  o f  t h e  Walker R i ve r  a re  
slow moving and heavy w i t h  suspended 
sediment. 

Russe l l  (1885) r e p o r t e d  ex tens i ve  use of 
t h e  Walker R i ve r  f o r  i r r i g a t i o n  i n  Mason 
Va l l ey  as e a r l y  as 1885. Today t h r e e  
r e s e r v o i r s  a r e  d i s t r i b u t e d  a long  upper 
p o r t i o n s  of t h e  Walker R i v e r  and i t s  
t r i b u t a r i e s :  Topaz, W i l  son, and B r i dgepo r t  
Reservo i rs .  The Weber Reservo i r  impounds 
water a long t h e  lower  course o f  t h e  Walker 
River ,  l e s s  than 33 km upstream from Wal ke r  
Lake. Extens ive d i v e r s i o n s  f o r  i r r i g a t i o n  
occur along t h e  lower  segments o f  t h e  
r i v e r .  Wel ls ,  spr ings,  and streams i n  t h g  
bas in  y i e l d  407x10~ m3/yr  o f  which 179x10 
m3 a re  consumed; 85% i s  used f o r  i r r i g a t i o n  
(U.S. Bureau o f  Reclamation 1975). The 
average annual d e c l i n e  i n  Wal k e r  Lake i s  
about 0.61 m though increases i n  l a k e  l e v e l  
commonly a re  recorded i n  wet years .  

3.2.3.d Humboldt R i v e r  bas in .  The 
Humboldt R i v e r  d r a i n s  an area o f  about 
41,700 km2 o f  no r t he rn  and eas te rn  Nevada. 
Headwater t r i b u t a r i e s  i nc l ude  t h e  Mary's 
R i ve r  f rom t h e  Jarb idge  Mountains, t he  
Nor th  Fork Humboldt R i v e r  f rom t h e  
independence Mountains, and t h e  South Fork 
from t h e  Ruby Mountains, a l l  o f  which 
converge near  Elko, Nevada. Pine Creek, 
Reese R iver ,  and L i t t l e  Humboldt R i ve r  
converge w i t h  the  Humboldt R i v e r  pas t  E l  ko. 
The Reese R i ve r  s i nks  be fo re  i t  l o i n s  t h e  - 
Humboldt except du r i ng  pe r i ods  o f  h i g h  
r u n o f f .  The Humboldt R i ve r  channel i s  
i n c i s e d  i n  l a c u s t r i n e  depos i t s  throughout  
much o f  i t s  lower  course. Discharge t o  
HumboJdt S ink has v a r i e d  from 0 t o  
125 m /s. The average annual d i scharge  i s  
182,000 m3 (U.S. Geolog ica l  Survey 1979b). 
Russel1 (1885) no ted  t h a t  Humboldt Lake 
overflowed t o  No r t h  Carson Lake d u r i n g  
w i n t e r  months. 

Rye Patch Reservo i r ,  l o c a t e d  on t h e  
Humboldt R i ve r  about 50 km nor thwes t  of  
l ove lock ,  Nevada, impounds an area o f  about 
4,452 ha t o  a maximum depth o f  about 18 m. 
The r e s e r v o i r  i s  r a p i d l y  f i l l i n g  w i t h  
sediments (R ive rs  1962). 



3.2.4 Northwest Basins Hvdro~raph ic  
S u b r e ~ i  on 

The northwest basins hydrographic 
subregion i n c l  udes p a r t  o f  southeastern 
Oregon, northwestern Nevada, and nor th-  
eastern Cal i f o r n i a .  It i s  character ized by 
many shal low lakes, most o f  which are 
sal  ine.  The subregion i s  bordered t o  the  
n o r t h  by the  c r e s t  o f  the Blue Mountains; 
t o  the  west by the  watershed d i v i d e  o f  t he  
South Cascade Mountains, on the  east  by the  
Snake River  drainage, and by the  Lahontan 
basin t o  the  south. E ight  troughs i n  the  
reg ion bear evidence o f  p l u v i a l  1 akes. One 
o f  these s p i l l e d  t o  the  Snake River, and 
another drained t o  t h e  P a c i f i c  Ocean by way 
o f  the  P i t  River. A t  the end o f  the l a s t  
p l u v i a l  per iod  these basins became closed. 
I n  contrast ,  p l u v i a l  Lake Klamath 
overf lowed t o  the K l  amath-Trini t y  R iver  
system, and the  watershed now dra ins  t o  the  
ocean (Houghton 1976). 

Among the most notable lakes i n  the  
subregion are Malheur Lake, Harney Lake, 
Lake A1 be r t ,  Summer Lake, Goose Lake, Horse 
Lake, Eagle Lake, and the Warner Lakes. 
Extensive wet1 ands are  associated w i th  some 
o f  the lakes. The major r i v e r s  o f  the  
Northwest Basin are S i l v i e s  River and the 
Donner and Bl  i t z e n  Rivers, which f l ow  t o  
Malheur Lake, and S i l v e r  Creek, which 
empties t o  Harney Lake. Paul ina Marsh and 
Chewaucan Marsh a1 so are noteworthy. 
Streamflow parameters f o r  the northwest 
basin subregion are summarized i n  Table 5. 
Hydrographic fea tures  and the l oca t i ons  o f  
stream gauging s ta t i ons  are i l l u s t r a t e d  on 
the  re1 i e f  map (Appendix). 

Malheur and Harney Lakes are remnants o f  
p l u v i a l  Lake Malheur t h a t  f i l l e d  Harney 
Basin t o  become the t h i r d  l a r g e s t  o f  the  
Great Basin Ple istocene lakes (Houghton 
1976). A t  i t s  maximum, the  l a k e  covered 
2,383 km2 and overf lowed t o  the  Snake 
River. The S i l v i e s  River o r i g ina tes  on the  
south f l a n k  o f  t he  Blue Mountains and 
dra ins  a 3,500 km2 watershed northward t o  
Malheur Lake. The Donner and El  i t z e n  
Rivers d r a i n  a 2,600-km2 watershed 
southward from the Steens Mountains t o  
Malheur Lake. S i l v e r  Creek, a 2,330-km2 
drainage, f lows t o  Harney Lake. Overflow 
o f  Ma1 heur Lake f lows t o  Harney Lake. 
While the  former l a k e  maintains r e l a t i v e l y  

fresh water, t he  l a t t e r  i s  sa l ine .  
Extensive wetlands surrounding Malheur Lake 
are  managed as the  Malheur National 
W i l d l i f e  Refuge, t h e  l a r g e s t  freshwater 
marsh i n  the  western Uni ted States (U.S. 
Bureau o f  Reclamation 1975). 

Goose Lake straddles the  C a l i f o r n i 2 -  
Oregon border and covers about 635 km . 
During the p l u v i a l  period, i t drained t o  
the  Sacramento R ive r  v i a  the P i t  River. 
For the  many thousands o f  years s ince i t  
has been a te rmina l  sink. 

Honey Lake i s  a p laya t h a t  f l uc tua tes  
w i t h  annual v a r i a t i o n  i n  c l ima te  but  seldom 
goes dry.  The Susan River d ra ins  t o  Honey 
Lake. 

3.2.5 Southern Basins H v d r o q r a ~ h i c  
Subreqion 

A ser ies  o f  p l u v i a l  lakes inundated pa r t s  
o f  the  southern basins subregion dur ing  the 
Pleistocene Epoch. Lake Russel l ,  o f  which 
Mono Lake i s  a r e l i c t ,  and two other 
s izab le  p l u v i a l  1 akes overf lowed t o  Owens 
Lake v i a  the  Owens River.  Owens Lake 
overflowed from lakes i n  Ind ian  Wells, S a l t  
Wells, Searles, and Panamint Basins t o  Lake 
Manly i n  Death Val ley.  Predecessors o f  the 
Amargosa and Mo jave Rivers cont r ibu ted 
add i t i ona l  drainage t o  Lake Manly, now a 
desert  p1 aya. Streamfl ow parameters f o r  
the southern basin subregion are sum- 
marized i n  Table 6. Hydrographic features 
and the  l oca t i ons  o f  gauging s ta t i ons  are 
i l l u s t r a t e d  on the attached map. 

3.2.5.a Mono Lake basin. Lake Russell 
covered 692 kmL t o  a maximum depth o f  
29 m. Mono Lake, the  re1 i c t  o f  Lake 
Russel l ,  i s  16 t o  23 km i n  diameter and so 
f u l l  o f  s a l t s  (e.g., borax, sodium 
ch lor ide ,  and calc ium carbonate) t h a t  
macroscopic aquat ic  f nvertebrate 1 i f e  i s  
l i m i t e d  t o  b r i ne  shrimp (Artemia) (Melack 
1983). The shores o f  Mono Lake feature  
columns, arches, and batt lements which are 
l i k e  t h e  r u i n s  o f  an ancient  Roman c i t y  
(Houghton 1 976). The strange t u f a  deposi ts  
were formed by algae along t h e  submerged 
shelves o f  Lake Russel l .  Two volcanic 
is lands r i s e  from Mono Lake. 

Rush, Parker, Walker, and Lee Vin ing 
Creeks o r i g i n a t e  a t  3,200 t o  3,960 m along 



Table 5. Streamflow parameters for major streams in the Northwest Basins subregion (U.S. Geological Survey 
1984). 

Stream 

gauge 

Per iod 
o f Drainage Average annual Dai 1 v extremes 

record  area discharge max . min. 

( y r )  ( km2 1 (m3/s) (x106 rn3iyr) (m3/s) (m3/s) 

Warner Lakes Basin 
3660 48 502 1.50 44.99 103 -93 0.00 
3785 57 440 0.88 27.52 311.52 0.00 

Summer Lake Basin 
388001 3 5 Unknown 2.58 81.41 5.32 0.08 

S i l v e r  Lake Basin 
390001 64 

Ma1 heur and Harney 
Lakes Basin 

3935 7 0 
3960 53 

Alvord Lake Basin 
4065 52 

Eagle Lake Basin 
3593 19 

Surpr ise Val l e y  Basin 
3609 2 1 

Honey Lake Basin 

Susan R iver  
3565 3 7 477 2.61 82.21 65.67 0.00 

the  S i e r r a  Nevada east  o f  Yosemite National 
Park. These streams emerge from bedrock 
canyons a t  e levat ions  ranging from 2,130 t o  
2,440 m and f l ow  11 t o  16 km across 
a1 l u v i a l  , 1 acustr ine,  and aeo l ian  sediments 
t o  the shores o f  Mono Lake. This f l ow  
h i s t o r i c a l l y  accounted f o r  about 75 percent 
of the  sur face i n f l o w  t o  t h e  Lake (St ine  e t  
a ? .  1984). As the  streams cross a l l u v i a l  
fans and piedmont slopes a t  t he  f lank o f  
Mona Basin, a substant ia l  amount o f  f l ow  
percolates through t h e  coarse substrate and 
i s  s lowly re turned t o  stream channels i n  
t h e i r  'lower reaches, ac t i ng  t o  mainta in 
perennia l  f l o w  even through prolonged 

drought. Lower reaches o f  these perennia l  
streams h i s t o r i c a l l y  supported l u x u r i a n t  
r i p a r i a n  hab i ta t s .  Several s h a l l  ow 
depressions a1 ong these lower courses 
sustained more than 200 ha o f  wet meadow 
and marsh1 and. 

I n  the e a r l y  twen t i e th  century, 
i r r i g a t i o n  dams were constructed t o  impound 
water i n  t h e  p rev ious l y  c i t e d  shal low 
depressions. Then i n  1941, Los Angeles 
began d i v e r t i n g  water from Mono Basin 
through an extension o f  the  Los Angeles 
Aqueduct, and over the  nex t  30 years about 
60% o f  the basin 's  waters were d iver ted .  



Table 6. Streamfiow parameters for major streams in the Southern Basins subregion (U.S. Geological Survey 
1982). 

Per iod 
o f  Drainage Average annual Dai 1 v extremes 

Stream record  area d ischarge max . mi n. 

gauge ( y r )  ( h2 1 (m3/s) (x106 m3/yr) (m3/s) (m3/s) 

M i l  1 Creek 
28707 11 

Rush Creek 
28279 11 

Bishop Creek 
27121 11 

Amargosa R iver  
2513 2 0 
2774 10 

Oak Creek 
2646 24 

Mono Lake Basin 

4 7 0.79 25.39 3.99 0.00 

60 1.56 49.24 11.92 0.03 

Owens Lake Basin 

269 2.83 88.92 22.91 0.91 

Death Va l l ey  Basin 

8,000 0.08 2.90 2.12 0.00 
15,087 x * 26.03 0.14 

Closed Basin 

4 1 0.03 .88 49.28 0.00 

I n  1970, w i t h  t he  complet ion o f  a second 
aqueduct, Los Angeles increased d i ve rs ions  
o f  Mono Basin waters t o  t h e  ex tent  t h a t  
near ly  t h e  e n t i r e  f l o w  o f  Rush, Parker, 
Walker, and Lee V in ing  Creeks was d i v e r t e d  
(St  i ne  e t  a1 . 1984). Today t h e  marshes and 
wet meadows t h a t  once l i n e d  t h e  bas in  
s t re tches o f  these streams have vanished 
e n t i r e l y  and have been rep1 aced by 
sagebrush (Artemi s i a )  and rabb i  tb rush 
(Chrvsothamnus) . 

3.2.5.b Owens Lake basin. Owens Va l ley  
i s  a long, narrow graben bordered on t h e  
west by t h e  tower ing S i e r r a  Nevada and on 
the  east by the  White and Inyo Ranges. The 
v a l l e y  i s  about 160 km long, $5 t o  30 km 
wide, and covers about 8,500 km . Numerous 
t r i b u t a r i e s  o r i g i n a t e  i n  t h e  g l a c i a l  basins 
o f  t he  S i e r r a  Nevada a t  3,350 m above t h e  
v a l l e y  f l o o r ,  and supply most o f  the  f l o w  

t o  the  Owens River, the  l a r g e s t  perennia l  
stream o f  t h e  southern basin subregion. 
The Owens R ive r  i s  fed  almost e n t i r e l y  by 
r u n o f f  from t h e  S i e r r a  Nevada, but  even 
before man a1 te red  the  hydro log ic  regime, 
on l y  about a t h i r d  o f  t h e  S i e r r a  
t r i b u t a r i e s  maintained perenn ia l  f l o w  t o  
t h e  r i v e r .  The r e s t  o f  t he  t r i b u t a r i e s  
normal 1 y d i  sappeared before  reaching the 
r i v e r  channel due t o  pe rco la t i on  and 
evaporat ion. Much o f  t h e  S i e r r a  runoff 
reaches the  r i v e r  as subsurface f low 
(D i l ean i s  e t  a l .  1981). 

The Owens R iver  o r i g i n a t e s  i n  remote, 
snow-fed lakes  along the S i e r r a  Div ide.  
Glass, Deadman, Mot, McGee, and o ther  
creeks merge above Crowley Lake6, 33a 
r e s e r v o i r  w i t h  a capac i ty  o f  226.3~10 m . 
Below t h e  rese rvo i r ,  t h e  r i v e r  descends 
ab rup t l y  through a l ava  rim, dropping 732 m 



i n  32 km. Along t h i s  r o u t e  t h e r e  a re  
numerous penstock d i v e r s i o n s  t o  se rve  power 
s t a t i o n s  i n  Owens Gorge. Below Owens R i v e r  
Gorge, t h e  r i v e r  i s  a  meandering, low-  
g r a d i e n t  stream, w ind ing  o v e r  a  f l o o d p l a i n  
rang ing  f rom l e s s  t han  100 m t o  over  1  km 
wide (B ro the r s  1984). The r i v e r  channel i s  
i n c i s e d  and bounded by ab rup t  b l u f f s  a long  
much o f  i t s  course. A f t e r  merging w i t h  
severa l  o t h e r  t r i b u t a r i e s  o r i g i n a t i n g  f rom 
t h e  S ie r r as ,  t h e  r i v e r  f l ows  t o  t h e  
Tinemaha Reservo i r  near t he  town o f  
Aberdeen, Cal i f o r n i  a. 

Several  wet1 and areas i n  Owens Val l e y  
h i s t o r i c a l l y  were sus ta i ned  by sp r ings .  
Perk ins  e t  a l .  (1984) descr ibed  t h e  e f f e c t s  
o f  ground water  pumping on t he  demise o f  
L i t t l e  B lack  Rock Spr ing,  F i s h  Spr ings 
Lake, t h e  S p r i n g f i e l d ,  F i s h  Slough, and 
C o l l i n s  Warm Spr ings.  Attempts t o  m i t i g a t e  
t h e  e f f e c t s  o f  pumping by  d i v e r s i o n  o f  
su r face  f l o w  have r e s u l t e d  i n  f l o r a l  and 
faunal  d i s t r i b u t i o n s  q u i t e  d i f f e r e n t  f rom 
o r i g i n a l  popu la t i ons .  A1 t e r a t i o n  o f  
hyd ro l og i c  r e l a t i o n s h i p s  and i n t r o d u c t i o n  
o f  e x o t i c  f i s h  spec ies have r e s u l t e d  i n  
t h e  dec l  i n e  o f  endemic f i s h  spec ies i n  F i s h  
Slough ( P i s t e r  and Kerbavaz 1984). 

Most i r r i g a t i o n  d i v e r s i o n s  i n  Owens 
Va l l ey  began be fo re  1890. By 1904 i t  was 
es t imated  t h a t  over  75% o f  t h e  annual f l o w  
was d i v e r t e d  f o r  i r r i g a t i o n  (Bro thers  
1984). Los Angeles bought much o f  t h e  1 and 
i n  Owens V a l l e y  and i n  1913 began d i v e r t i n g  
s t reamf l  ow through an aqueduct f rom t h e  
Tinemaha Reservo i r  t o  t h e  c i t y ,  625 km 
away. Long Val l e y  and Pleasant  V a l l e y  Dams 
were cons t r uc ted  a long  upper p o r t i o n s  o f  
t h e  Owens R i v e r  dra inage.  I n  t h e  1920's 
and 1930's, Los Angeles began pumping 
about 170 w e l l s  i n  Owens V a l l e y  t o  supply  
t h e  aqueduct d u r i n g  seasons o f  low f l ow .  
An ex tens ion  o f  t h e  Los Angeles Aqueduct 
began d i v e r t i n g  wa te r  f rom Mono Basin t o  
t h e  Owens R i v e r  i n  1941, and d i v e r s i o n s  
inc reased  f o l l o w i n g  c o n s t r u c t i o n  o f  a  
second aqueduct i n  1970. More w e l l s  were 
d r i l l e d  a f t e r  comp le t ion  o f  t h e  second 
aqueduct. Today, Owens Lake, t h e  t e rm ina l  
sump o f  t h e  Owens R i ve r ,  has been reduced 
t o  a  d r y  p laya .  

3.2.5.c Death V a l l e y  bas in .  Death 
Va l l ey  i s  a deep and narrow graben t h a t  
formed between 1 and 2 m i l  l i o n  yea rs  ago. 
Lake Manly, t h e  f o u r t h  l a r g e s t  o f  t he  

P le is tocene  1 akes, covered 1,600 kmz o f  t h e  
basin,  reach ing  a maximum depth o f  about 
183 m a t  i t s  peak about 65,000 years  ago. 
Unconsol idated sediments a re  now as deep as 
2,286 m below t h e  v a l l e y  su r face .  The 
P le is tocene  l a k e  was f e d  by t h e  predeces- 
so rs  o f  t h e  Owens, Mojave, and Amargosa 
R ivers .  The Mojave R i v e r  now s i n k s  ou t s i de  
t h e  boundary o f  t h e  Southern Bas in  and t h e  
Owens R i v e r  te rm ina tes  a t  Owens Lake. The 
Amargosa R i v e r  i s  t h e  o n l y  dra inage 
r e a c h i n g  D e a t h  V a l  1  e y  ( a 1  b e i  t 
i n f r e q u e n t l y ) .  

The Amargosa R i v e r  a r i s e s  i n  t h e  Timber 
Mountains above Bea t ty ,  Nevada, and 
f o l l ows  a channel about 282 km l o n g  t o  
Death Va l ley .  Near i t s  headwaters, t h e  
r i v e r  i s  pe renn ia l  and o f  good qua1 i t y .  I t  
i s  f ed  by severa l  warm sp r i ngs  a long  i t s  
course; t h e  most no tab l e  a r e  Saratoga 
Spr ings and spr ings  i n  Ash Meadows. I n  t he  
m idd le  and lower  segments, t h e  dra inage 
has been descr ibed  as "an a r t e r y  o f  s a l t  
runn ing  th rough  t h e  dese r t "  (Hubbs and 
M i l l e r  1948). The r i v e r  i s  i n t e r m i t t e n t  
a long most o f  i t s  l owe r  course. 

Ash Meadows, l o c a t e d  about 60 km eas t  o f  
Death Va l ley ,  i s  sus ta i ned  by more t han  30 
spr ings  and seeps w i t h  a  t o t a l  annual 
d i scharge  o f  about 2 1 x 1 0 ~  t o  2 5 x 1 0 ~  m3 
(Wi l l i ams 1984). The unique and b i o l o g i -  
c a l l y  r i c h  ecosystem encompasses about 
16,200 ha o f  t h e  Amargosa Deser t  and 
e x h i b i t s  t h e  g r e a t e s t  b i o l o g i c a l  endemi sm 
o f  any area i n  t h e  Un i t ed  S ta tes .  More 
than 25 organisms, i n c l u d i n g  8 p l an t s ,  2  
i n sec t s ,  10 o r  more mol luscs,  5 f i s h ,  and 
1 mammal, a re  ind igenous t o  t h e  area. 
Between 1910 and 1930, Carson Slough, an 
ex tens i ve  marsh i n  the western p o r t i o n  o f  
Ash Meadows, was d ra i ned  f o r  m in i ng  o f  peat 
and c l a y .  I n  t h e  mid-1940s severa l  e x o t i c  
spec ies were i n t r oduced  t o  t h e  spr ings,  
r e s u l t i n g  i n  a  d e c l i n e  o f  t h e  n a t i v e  
popu la t ions  ( M i l l e r  1948). I n  t h e  1960s, 
ground-water pumping f o r  i r r i g a t i o n  reduced 
t h e  d ischarge  o f  severa l  sp r ings .  A1 though 
1 i t i g a t i o n  t o  e s t a b l i s h  minimal water 
l e v e l s  needed f o r  t h e  s u r v i v a l  o f  endemic 
f i shes  was success fu l ,  Ash Meadows faced 
t h e  t h r e a t  o f  ma jo r  r e s i d e n t i a l ,  indus-  
t r i a l ,  and min ing  development bo th  w i t h i n  
and ad jacen t  t o  t h e  s i t e  (W i l l i ams  1984). 
However, t h e  Ash Meadows W i l d l i f e  Refuge 
was es tab l i shed  i n  1984 by t h e  U.S. F ish  
and W i l d l i f e  Se rv i ce  w i t h  t h e  a c q u i s i t i o n  



of a 4,525 ha u n i t  (Anonymous 1984),  t h e  
f i r s t  of severa l  pa r ce l s  t h a t  even tua l l y  
w i l l  make up t h e  re fuge ' s  t o t a l  9,513 ha. 

3.3 GEOMORPHIC VALLEY-FORMS 

Processes  i n f l uenc ing  t h e  f l u x  of 
sediments along t h e  1 a t e r a l  and e l eva t i ona l  
g r a d i e n t s  of s t ream c o r r i d o r s  a r e  ev iden t  
i n  t h e  geomorphology of  r i v e r  va l l eys .  The 
r e l a t i o n s h i p s  between s tream and a l l u v i a l  
ground-water l e v e l s  o f t en  can be i n t e r -  
p re ted  a s  a func t ion  o f  val ley-form. These 
re1 a t i o n s h i p s  f u r t h e r  i n f l uence  t h e  
dynamics of  hydro1 ogi c parameters  and t h e  
qua1 i t i e s  o f  r i p a r i a n  communities. 
Hydrologic, s o i l ,  and physiognomic 
c h a r a c t e r i s t i c s  o f  r i p a r i a n  communities i n  
g l a c i a l ,  f l u v i a l ,  a l l u v i a l ,  and l a c u s t r i n e  
val ley-forms a r e  subsequent ly d i scussed .  

3 -3 .1  G l  a c i  a1 Val 1 ev-Forms 

A t  l e a s t  t h r e e  ep isodes  of  Pl e i  s tocene 
g l a c i a t i o n ,  many with i n t e r s t a d i a l  s ,  
scoured t h e  headwaters of most o f  t h e  major 
dra inages  i n  t h e  Great  Basin (Morrison 
1965) . Bl ackwel d e r  (1931) examined gl  a c i  a1 
t i l l  along t h e  e a s t e r n  d i v i d e  of t h e  S i e r r a  
Mountains, o r i g i n  of  t h e  Truckee, Carson, 
Walker, Owens, and Susan Rivers .  In t h i s  
a r ea ,  terminal  moraines a r e  d i s t r i b u t e d  
near  t h e  mouths of major dra inages ,  1,800 
t o  2,400 m below t h e  summit (Hunt 1967). 
S imi l a r l y ,  t r i b u t a r i e s  of major s t reams of 
t h e  Bonnevil le  bas in  (Bear,  Weber, Provo, 
and Sev i e r  Rivers )  o r i g i n a t e  i n  g l a c i a t e d  
po r t i ons  of t h e  Wasatch Front and Uinta 
Mountains (Atwood 1909). B l  ackwel d e r  
(1934) noted g l a c i a l  f e a t u r e s  in  17 of t h e  
i n t e r i o r  ranges of t h e  Great Basin. 

G lac i e r s  formed along t h e  Ruby Mountains 
and East Humboldt Range a t  an average 
a l t i t u d e  of about 3,050 m extended down t o  
an average a l t i t u d e  o f  about 2,225 m along 
t h e  west s i d e  o f  t h e  range (Humboldt River 
dra inage)  and down t o  about 2,195 m on t h e  
e a s t  s i d e  c o n t r i b u t i n g  t o  t h e  watershed of 
Ruby and Frankl in  Lakes (Sharp 1938). The 
most ex t ens ive  g l a c i e r  i n  t h e  c e n t r a l  
bas ins  was about 24 km long.  

Glac ia ted  1 ands g e n e r a l l y  co inc ide  with 
high e l e v a t i o n s .  Weathering i s  dominated 
by mechanical r a t h e r  than chemical 
mechanisms. High p r e c i p i t a t i o n  f a l l s  

mostly a s  snow, which may endure throughout 
summer months. Evaporation i s  gene ra l l y  
1 ow. The gradual me1 t i n g  of  snowpack and 
slow pe rco l a t i on  o f  meltwater  through 
s u r f a c e  s t r a t a  r e s u l t s  i n  sus ta ined  water  
y i e l d  throughout much of t h e  s h o r t  growing 
season. 

Erosion was preva len t  a t  t h e  headwaters 
of  g l a c i a t e d  dra inages .  Sediments were 
t r anspo r t ed  through 1 ower val  1 eys and 
depos i ted  a s  moraines a s  t h e  g l a c i e r s  
receded. Discussions of  g l ac i a t ed  
headwater bas ins  (zone of  e ro s ion )  and 
g l a c i a l  v a l l e y s  (zone o f  t r a n s p o r t  and 
depos i t i on )  a r e  subsequent ly presen ted .  

3.3.1.a Zone o f  q l a c i a l  e ro s ion .  Cirques, 
s c r e e  s l opes ,  s h a l l  ow bas in s ,  and ex tens ive  
exposures of scoured bedrock a r e  cha rac t e r -  
i s t i c  o f  g l a c i a t e d  headwaters.  The me1 t i n g  
of  snowfields  i s  g e n e r a l l y  t h e  primary 
source of  d ra inage .  In a l p i n e  environs,  
snowmel t may p e r c o l a t e  through s c r e e  s lopes  
and fo l low a course  over  bedrock t o  o l i go -  
t r o p h i c  g l a c i a l  l a k e s ;  r i p a r i a n  h a b i t a t  may 
be l i m i t e d  t o  i s o l a t e d  communities along 
t h e  t o e  of s c r e e  s l opes .  

In suba lp ine  envi rons ,  g l a c i a l  bas ins  may 
develop i n t o  f ens  and r i p a r i a n  h a b i t a t  may 
extend cons ide rab l e  d i s t a n c e s  up s i d e  
s lopes .  The d i s t r i b u t i o n  o f  r i p a r i a n  
h a b i t a t  thought t o  be t yp i ca l  o f  more mesic 
g l a c i a l  bas ins  i s  i l l u s t r a t e d  i n  Figure 13. 

The d ispersed  flow c h a r a c t e r i s t i c  o f  
g l a c i a l  bas ins  i s  conducive t o  t he  
p r o l i f e r a t i o n  of o rganic  ma t t e r .  Sa tura ted  
r i p a r i a n  h a b i t a t s  a r e  thought  t o  be 
p r eva l en t .  Prolonged s a t u r a t i o n  may 1 imit  
t h e  decomposition of o rgan i c  mat te r .  
Organic s o i l s  a r e  ex t ens ive  i n  g l ac i a t ed  
headwaters o f  s t reams i n  t h e  Bonneville 
bas ins  subregion (Jensen 1981). The 
morphologies of s o i l s  thought t o  be t yp i ca l  
of suba lp ine  g l a c i a l  bas ins  a r e  i l l u s t r a t e d  
i n  Figure 14. 

S o i l s  on s lop ing  pos i t i ons  o f  g l ac i a t ed  
headwaters (F igure  14a) may be s a tu r a t ed  
throughout most o f  the growing season. 
Sur face  horizons may be re1 a t i v e l y  unde- 
composed ( f i b r i c )  o rganic  ma t t e r  o r i g i n a -  
t i n g  a s  bryophytes and t h e  f i b r o u s  r o o t s  of 
herbaceous vege t a t i on .  Subtendi ng organic  
horizons may be i n  a moderately (hemic) t o  
completely ( s ap r i  c )  decomposed condi t ion .  
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Figure 13. Typical form of eutrophied glacial basins. 

h e m l c  organic 
mster la l  

q l e y e d  e c d l m e n t o  

Figure 14. Soil morphologies typical of riparian communities in eutrophied glacial basins. 

The th ickness  s f  organic  h o r ~ z o n s  on s lopes The sum th ickness  of organic ma te r i a l s  in 
i s  expected t o  vary a s  a complex funct ion fens  (Figure 14b) may range from as l i t t l e  
of f a c t o r s  a f f e c t i n g  b io logica l  production a s  a few cent imeters  t o  more than 2 m .  
and decompasi t i o n .  The mineral s u b s t r a t e  T h i n  l aye r s  of mineral sediments washed in 
may be a l l u v i a l  sediment, colluvium, o r  from contiguous uplands o f t en  a r e  s t r a t i -  
residuum undesl a i n  by weathered bedrock and f ied between organic 1 ayers .  Organic 
normally i s  g l  eyed. materi a1 s general 1 y a r e  subtended 
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by f i ne -g ra ined ,  gl eyed mineral sediment 
with slow t o  very slow permeabi l i ty .  

Although the  l eve l  o f  ground water  may be 
well below t h e  s u r f a c e  throughout much of 
t h e  growing season,  absorp t ion  of water  by 
organic  s o i l s  normally r e s u l t s  in  s a t u r a t e d  
su r f ace s  throughout  most o f  t h e  growing 
season.  The a c c r e t i o n  of o rgan i c  mat te r  
may extend t h e  v e r t i c a l  (and consequent ly 
t h e  ho r i zon t a l )  1 i m i t s  of c a p i l l a r y  r i s e .  
The acc re t i on  o f  o rgan i c  ma t t e r  may r e s u l t  
in  t h e  encroachment o f  f ens  toward l a t e r a l  
margins. The presence of c o n i f e r s  
surrounded by boggy communities i s  
i n d i c a t i v e  of o rgan i c  ma t t e r  a cc re t i on .  

The d i s t r i b u t i o n  of  r i p a r i a n  communities 
in  g l a c i a l  headwaters appears  t o  be a 
response t o  microtopographic pos i t i on  and 
hydrologic  regime (Tuhy and Jensen 1982). 
Herbaceous and shrub r i p a r i  an communities 
a r e  common i n  g l a c i a t e d  headwaters of t h e  
Uinta Mountains, Utah (Jensen and Tuhy 
1981). Ripar ian  h a b i t a t s  on s lopes  in  t h i s  
a r ea  a r e  dominated by sedges (E l eocha r i s  
p a u c i f l o r a  and Carex spp . )  and w e t - s i t e  
herbs complemented by low willows ( S a l i x  
w o l f i i  and Sal i x  p l an i fo l  i a ) .  Fens a r e  a 
mosaic of  s a t u r a t e d  shrub communities on 
1 ow hummocks, monotypi c herbaceous 
communities i n  swales  and more d i v e r s e  
herbaceous communities in  even l o c a t i o n s .  

The organic  s o i l s  thought t o  be t y p i c a l  
of r i p a r i a n  h a b i t a t s  i n  g l a c i a t e d  head- 
waters  a r e  expected t o  be e f f e c t i v e  i n  
r egu l a t i ng  t h e  f l u x  of  water  and sediments 
t o  lower dra inage  p o s i t i o n s .  The high 
degree of  b i o t i c  a c t i v i t y  and d i spe r sed  
flow a s soc i a t ed  with g l a c i a l  bas ins  a1 so  
may a f f e c t  t h e  chemical q u a l i t i e s  o f  
e f f l u e n t  water .  Organic d e t r i t u s  may s e r v e  
as  a n u t r i e n t  source t o  downstream aqua t i c  
h a b i t a t s  (Cummins 1974; Knight and 
Bo t to r f f  1984). 

3 . 3 . l . b  Zone o f  s l a c i a l  t r a n s u o r t  and 
deuosi  t i o n .  Broad g l  a c i  a1 v a l l e y s  o f t e n  
extend cons ide rab l e  d i s t a n c e s  be1 ow c i rque  
bas ins .  Along t h e  upper segments of 
gl  a c i  a1 v a l l e y s  (zone of  t r a n s p o r t  j , 
bottoms g e n e r a l l y  a r e  even t o  concave and 
bordered by r e s idua l  s l opes .  Along t h e  
lower v a l l  ey segments (zone o f  d e p o s i t i o n ) ,  
bottoms may be undula t ing  and bordered by 
l  a t e r a l  moraines. Seasonal f looding ,  
displacement  o f  s t ream channels  ac ros s  t h e  

f l oodp la in ,  and t h e  encroachment of 
a1 1 uvial  1 andforms a r i s i n g  from contiguous 
uplands lend an add i t i ona l  degree of 
geomorphic d i v e r s i t y  in  t h e  forms of stream 
ba r s ,  l evees ,  swales ,  and a l l u v i a l  f ans .  
The form thought t o  be t yp i ca l  of g l a c i a l  
v a l l e y s  i s  i l l u s t r a t e d  i n  Figure 15. 

Fragmental g l  a c i o f l  uvi a7 f i  1 1  normally 
under1 i e s  gl a c i  a1 v a l l e y s  a t  approximately 
t h e  l eve l  of normal streamflow. The high 
permeabil i t y  of t h i s  s u b s t r a t e  i s  
conducive t o  r a p i d  equ i l  i b r a t i on  of 
a1 1 uvial  ground water  and streamflow 
l e v e l s .  An i nc r ea se  in  s t ream s t a g e  may 
correspond with a r i s e  i n  a l l u v i a l  ground- 
water  l eve l  wi thout  bank overflow. In 
c o n t r a s t ,  a decrease  i n  water - leve l  
e l e v a t i o n  due t o  channel downcutting o r  
reduced s t reamfl  ow may r e s u l t  i n  d sa i  nage 
o f  a l l u v i a l  ground water  toward t h e  stream 
channel .  The re1 a t i o n s h i p  between a1 1 uvial  
ground water  and streamflow geometr ies  may 
be complicated by sp r ing  sources ,  obs t ruc-  
t i o n s  t o  flow, and/or l e n s e s  of f i n e -  
g ra ined  sediments.  Discussions of  r i p a r i a n  
h a b i t a t s  in  g l a c i a l  v a l l e y s  a r e  subse-  
quent ly  presented f o r  t he  s p e c i f i c  f e a t u r e s  
dep i c t ed  in  Figure 15. 

( 1 )  Stream bars .  Gravel b a r s  may be 
considered a s  both t h e  i n i t i a l  s t a t e  from 
which h a b i t a t s  develop and t h e  l i m i t  t o  
which they may r e g r e s s .  The process  
dominating t h e  morphology o f  s t ream ba r s  i s  
f l u v i a l  e ro s ion  and sedimentat ion.  The 
progress ive  development of  s o i l s  thought  t o  
be t y p i c a l  o f  s t ream bars  i s  i l l u s t r a t e d  in  
Figure 16. 

The "primal s t a t e "  of s t ream ba r s  (Figure 
16a)  i s  a s eve re ly  eroded condi t ion  sub- 
tended by fragmental g1 a c i o f l  uvial  f i l l  
(gravel  ba r s ) .  Whi 1 e t h e  a1 l u v i a l  ground- 
water  l eve l  i s  normally near  t h e  su r f ace ,  
vege ta t ion  may be dominated by mesic 
spec i e s  due t o  t h e  low water  s to rage  
capac i t y  and negl i g i b l e  capi 11 ary r i s e  
c h a r a c t e r i s t i c  of t h e  s u b s t r a t e .  A1 though 
vege ta t ion  g e n e r a l l y  covers  a negl i g i  b le  
propor t ion  of  g rave l  ba r s ,  t h e  spec ies  
d i v e r s i t y  o f t e n  i s  very high relat ive t o  
o t h e r  r i p a r i a n  h a b i t a t s  (Tuhy and Jensen 
1982). The f requent  d i s t u rbance  and coarse  
s u b s t r a t e  c h a r a c t e r s t i c  o f  gravel  bars  
appear t o  have an equal p o t e n t i a l  f o r  
i n i t i a l  es tab l i shment  of  both upland and 
r i p a r i a n  spec i e s ,  Deposition o f  somewhat 



Figure 15. Typical form of glacial valleys. 

f i n e r  g ra ined  sediments (gene ra l l y  sand) 
may lead t o  es tab l i shment  of  more vigorous 
vege ta t ion  (o f t en  Carex spp.)  t h a t  tends t o  
s t a b i  1 i z e  t he  bar .  Mineral ized organic  
mat te r  may accumulate i n  dark-colored 
su r f ace  horizons (Figure 16b) ,  and subse- 
quent depos i t i on  may r e s u l t  in sandwiching 
of dark su r f ace  horizons between l a y e r s  of 
f r e s h  sediments (F igure  16c). 

Assuming t h a t  t h e  f l u x  of sediments 
through g l a c i a l  va l l eys  approaches a s t a t e  
of  dynamic equi 1 i brium (sediment production 
approxfmatel y equal s sediment t r a n s p o r t ) ,  
t h e  a r ea  of stream bars  should remain 
r e l a t i v e l y  cons t an t .  An inc rea se  in t h e  
number o r  e x t e n t  af stream bars  could be 
i n t e r p r e t e d  a s  a response t o  degradat ion of 
streambanks o r  t o  decreased waterflow 
through e s t a b l  i shed channel s .  Accelerated 
r a t e s  of  streambank degradat ion have been 
caused by 1 Svestock g raz ing ,  mining, roads,  
cons t ruc t i on ,  and r e c r e a t i o n .  A decrease 
i n  stream d ischarge  r e s u l t i n g  from draught ,  

r e t e n t i o n ,  o r  d ive r s ion  a l s o  may br ing  
about a reduct ion i n  stream width and, 
consequently, more ex t ens ive  s t ream ba r s .  

(2)  Channel levees. These f e a t u r e s  
develop ad jacent  stream channels  o r  s t ream 
ba r s ,  but may occur throughout gl a c i  a1 
va l l eys  due t o  t h e  l a t e r a l  displacement  of 
channels.  The su r f ace s  of l evees  a r e  
convex and g e n e r a l l y  s l  i g h t l y  higher  than 
ad jacent  land.  The l a t e r a l  migrat ion of 
stream channels and c r ea t i on  of  new l evees  
may r e s u l t  i n  wide a r ea s  of undulat ing o r  
hummocky re1 i e f .  The morphology of s o i l  
thought t o  be t yp i ca l  of channel l evees  i s  
depicted in  Figure 17.  

Surface s o i l  horizons usua l ly  a r e  
darkened by mineral ized organic  ma t t e r .  
Subtending mater ia l  may inc lude  t h i n  1 ayers  
of con t r a s t i ng  t e x t u r e  and/or organic  
matter  conten t  i n d i c a t i v e  of severa l  
episodes of depos i t ion .  Soi l  t e x t u r e  i s  
usua l ly  c o a r s e r  with increas ing  depth .  
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Gl a c i o f t u v i a l  f i 11 under1 i e s  stream levees 
a t  approx imate ly  t he  l e v e l  o f  normal 
streamflow. The h i gh  pe rmeab i l i t y  o f  the  
g l a c i o f f u v i a l  f i l l  a l lows  r a p i d  e q u i l i b r a -  
t i o n  between stream stage and a l l u v i a l  
ground-water 1 eve1 s. 

Channel levees t y p i c a l l y  support  
t empo ra r i l y  f 1  ooded shrub communities. 
Wil lows ( u j x )  are a  comrrlon overs to ry ,  
w h i l e  t h e  herbaceous l a y e r  may be dominated 
by sedges ( a r ~ ) ,  grasses, and/or f o rbs .  
A reduc t  i on  i n  t h e  cover  o r  v i g o r  o f  
vege ta t i on  may promote streambank s loughing 
and degrada t ion  o f  levees. 

Channel levees Funct ion t o  r egu la te  t he  
r a t e  a t  which water Os d i s t r i b u t e d  across 
F loodp la ins  d u r i n g  a c t i v e  f l o o d  stages. 
As stream l e v e l s  r i s e ,  channels between 

hummocks d isperse water over  t h e  Floodpl a i  n  
i n  a  r egu la ted  manner. Shrubs cha rac te r -  
i s t i c  o f  channel levees a lso  f u n c t i o n  t o  
ma in ta i n  t h e  i n t e g r i t y  o f  stream channel s  
by reduc ing f l u v i a l  e ros i on  and c r e a t i n g  
cond i t i ons  f avo rab le  t o  depos i t i on  o f  
sediments. 

(3) Low-lying wet lands. Wet1 ands cam- 
monly are concave i n  Form and a re  a t  o r  
near t he  ground-water l e v e l  . These 
r i p a r i a n  c o m u n i  t i e s  may be a  response t o  
inunda t ion  r e s u l t i n g  from a  r i s e  i n  ground- 
water l e v e l  o r  a  response t o  sedimentat ion 
and eu t r oph i ca t i on  o f  permanent ly f l ooded  
pos i t i ons .  Beavers o f t e n  cause f l o o d i n g  o f  
l o w - l y i n g  areas. The morphology o f  s o i l s  
thought t o  be t y p i c a l  o f  l o w - l y i n g  wet lands 
i n  g l a c i a l  v a l l e y s  i s  dep i c t ed  i n  F igure  
18. 

Figure 18. Soil morphofogy typicill of law-lying positions. 



Areas inundated by ground water  (Figure 
18a) normally conta in  mineral s o i l ,  ~ i t h  
organic s t r a t a  gene ra l ly  confined t o  t h i n  
su r f ace  horizons.  The in f luence  of pe r -  
i o d i c  depos i t i on  and a & pedogenesis 
during e a r l i e r  hydrologic regimes may be 
apparent i n  subtending s t r a t a .  In eu t ro -  
phied so i  1 s (Figure 18b) ,  su r f ace  materi a1 s 
a r e  gene ra l ly  organic .  Subtending s t r a t a  
o f t en  show a1 t e r n a t i n g  l a y e r s  of  mineral 
and organic  m a t e r i a l s ,  i n d i c a t i v e  of 
repeated inundat ion by low-veloci t y  f lood-  
waters  and i n t e r v a l s  o f  r e l a t i v e  s t a b i l  i  t y .  
Glac iof luvia l  f i l l  under1 i e s  t h e s e  
pos i t i ons  a t  about t h e  l eve l  o f  normal 
s treamf 1 ow. 

Low-lying wetlands a r e  t y p i c a l l y  
permanently f looded,  semi permanently 
f looded,  and s a t u r a t e d  water  regimes of  
herbaceous and shrub communities. 
Herbaceous vegeta t ion  commonly inc ludes  
sedges (Carex) ,  g r a s s e s ,  and wet - s i  t e  
fo rbs .  Ha r r i s  e t  a1 . (1985) noted Juncus 
nevadensi s ,  Carex spp. ,  and He1 eni  um 
biqelovi  i on semi permanently flooded 
pos i t i ons  in t h e  high Sierra-Nevada. 
Willows ( S a l i x )  a r e  common in  t h e  over-  

s t o r y  although o t h e r  shrub spec i e s  may be 
dominant . 

These r i p a r i a n  communities may funct ion 
t o  r egu la t e  t h e  d ischarge  and sediment f l u x  
along t h e  l a t e r a l  g r ad i en t s  of va l l ey  
bottoms t o  s treams.  Low-lying wetlands may 
overflow d i r e c t l y  t o  s treams through 
r i v u l e t s ,  o r  may d ra in  through g l ac io -  
f l u v i a l  f i l l .  High l e v e l s  of  b i o t i c  
a c t i v i t y  a s soc i a t ed  with t hese  pos i t ions  
may a s s i m i l a t e  n u t r i e n t s  and reduce t h e i r  
d i scharge  t o  s treams.  

(4)  A l luv i a l  f e a t u r e s .  A1 luv i  a1 f e a t u r e s  
a r e  a response t o  depos i t i on  o f  sediments 
eroded from contiguous up1 ands. These 
f e a t u r e s  a r e  thought t o  have been formed 
by outwash of r e l a t i v e l y  f inegra ined  
sediments from contiguous l a t e r a l  moraines. 
Surfaces gene ra l ly  a r e  convex and inc l ined  
toward t h e  medial a x i s  of  t h e  va l l ey .  
While su r f ace  s t r a t a  may be wet throughout 
runoff  per iods ,  they  seldom a r e  flooded. 

S o i l s  t yp i ca l  of a l l u v i a l  pos i t i ons  ( see  
Figure 19) show a r e l a t i v e l y  high degree 
of  & situ pedogenesi s. Surface mineral 

dark mineral aedlrnents 

al tered alluvial sediments 

flurlal sedlrnsnta 

glaclofluviaI f l l l  

ground water level  

Figure 19. Soil morphology typical of alluvial positions in glacial vafleys. 



hor i zons  g e n e r a l l y  are darkened by 
m ine ra l i zed  o rgan ic  m a t t e r  and a r e  f l o c -  
c u l a t e d  i n t o  moderate t o  s t r ong  ped 
s t r u c t u r e ,  The subtending s t ra tum may be 
a1 t e r e d  by an accumulat ion o f  a l l u v i a l  c l a y  
( a r g i  11 i c  ho r i zon )  o r  aggregated i n t o  
s t r ong  ped s t r u c t u r e  (cambic hor i zon) .  
Wh i le  surface s o i l  ho r i zons  may be 
g r a v e l l y ,  coarse fragments seldom make up 
move than 35% o f  t h e  s o i l  volume. F l u v i a l  
sediments no rma l l y  occur  below t h e  l e v e l  o f  
t h e  f l o o d p l a i n .  Fragmental g l a c i o f l u v i a l  
f i l l  commonly occurs below t h e  l e v e l  o f  
normal s t r eamf l  ow. 

Mesic shrub and herbaceous r i p a r i a n  
communities a r e  common on a1 l u v i a l  
p o s i t i o n s .  These communities g e n e r a l l y  
i n c l u d e  up land p l a n t  spec ies i n  a d d i t i o n  t o  
f a c u l t a t i v e  and o b l i g a t e  hyd rophy t i c  p l a n t  
spec ies.  Youngblood e t  a1 . (1985a) 
descr ibed  Ar temi  s i a  cana/Poa p r a t e n s i  s 
communities, P o t e n t i l l a  f r u t i c o s a  w i t h  
Descham~sia c e s ~ i  t osa  and P. p r a t e n s i s  
unde rs to r i es ,  and herbaceous communities on 
these  p o s i t i o n s  . 

A? l u v i a l  f ea tu res  c o n s t i t u t e  t h e  f i n a l  
s tage i n  t he  geomorphic succession o f  
r i p a r i a n  h a b i t a t s  i n  g l a c i a l  v a l l e y s  and 
are t r a n s i t i o n s  t o  up1 and h a b i t a t .  E ros ion  
may r e s u l t  i n  r eg ress i on  t o  more 
fundamental s t a t es .  Where c u t  by streams, 
t he  h i gh  banks assoc ia ted  w i t h  a l l u v i a l  
features a re  ve r y  suscep t i b l e  t o  s loughing.  

Where t h e  r a t e  o f  f l u v i a l  e ros i on  and 
t r a n s p o r t  i s  l e s s  t han  o r  equal t o  t h a t  o f  
c o l  l u v i a l  and a1 1 u v i a l  depos i t i on ,  V-shaped 
canyons form. F l u v i a l  canyons norma l l y  
a re  assoc ia ted  w i t h  s teepgrad ien t ,  l ow-  
o r d e r  streams. Major  dra inages o r i g i n a t i n g  
i n  t h e  mountains t o  t h e  eas t  and west o f  
t h e  Great Bas in  phys iograph ic  s e c t i o n  f l o w  
through f l u v i a l  canyons a long  some p a r t  o f  
t h e i r  r o u t e  t o  b a s i n  s inks .  The vas t  
major-i t y  o f  m ino r  streams d r a i n i n g  i n t e r i o r  
ranges of t he  Great  Bas in  o r i g i n a t e  i n  
f l u v i a l  canyons and d i s s i p a t e  soon a f t e r  
l e a v i n g  t h e i r  con f i nes .  l hese  mrnor 
dra inages i n c l u d e  perenni  a1 streams ( o f t e n  
sp r ing - fed)  , i n t e r m i t t e n t  drainages, and 
ephemeral washes. The cons is tency  and 
i n t e n s i t y  o f  s t reamf l  aw may i n f l u e n c e  bo th  
t h e  shape o f  f l u v i a l  canyons and 
c h a r a c t e r i  s t i c s  of r i p a r i a n  h a b i t a t s .  

A1 ong upper segments o f  d r a i  nages , eras  i ve 
mechanisms may be predominant; f l  u v i  a1 and 
a1 1 u v i a l  d e p o s i t i o n  may be concomi tant  
a long  lower  segments o f  f l u v i a f  canyons. 

3.3.2.a Zone o f  e ros ion .  Along upper 
segments o f  canyons (see F i gu re  20a), 
e ros i on  may be a c t i v e l y  downcu t t i  ng through 
consol i d a t e d  bedrock and headcu t t  i ng 
toward d ra inage  d i v i d e s  ( o r  upstream 
g l  a c i  a1 va l  1 eys) . A1 1 u v i  a l / c o l l  u v i  a1 
s lopes commonly r i s e  a b r u p t l y  and c o n f i n e  
channels t o  narrow, r e l a t i v e l y  s t r a i g h t  
courses. R i p a r i a n  communities a r e  mos t l y  
t e m p o r a r i l y  f l ooded ,  i n t e r m i t t e n t l y  
f looded, and non- f looded  wate r  regimes. 
The l a t e r a l  e x t e n t  o f  a l l u v i a l  a q u i f e r s  may 
be 1 i m i t e d  by  r e s i d u a l  s lopes. Channel 
subs t r a t e  may be a jumbled assemblage o f  
rubble,  o f t e n  angular ,  and r ang ing  i n  s i z e  
f rom grave l  t o  boulders .  R i p a r i a n  hab i  - 
t a t s  are u s u a l l y  r e s t r i c t e d  t o  narrow bands 
a long  stream channels.  The fo rm thought  
t o  be t y p i c a l  o f  e ros i ve  segments o f  f l u -  
v i a l  canyons i s  i l l u s t r a t e d  i n  F i gu re  20a. 

Th in  su r f ace  hor i zons  o f  s o i l s  a re  
g e n e r a l l y  m ine ra l  sediments darkened by 
o rgan ic  ma t t e r .  Subtending s t r a t a  may 
i n c l  ude angul a r  r ock  fragments eroded f rom 
cont iguous s lopes.  Bur ied  su r f ace  hor i zons  
i n d i c a t i v e  o f  mass was t ing  a l s o  may be 
p resen t .  M o t t l e s  o f t e n  a r e  p r e v a l e n t  a t  
and below t h e  h i g h  water  l e v e l .  A l though 
norma l l y  cont iguous t o  stream channels,  
these s o i  l s may be excess i ve l y  d ra i ned  
throughout  most o f  t h e  growing season and 
t y p i c a l l y  have low wate r -s to rage  capac i t y .  

R i pa r i an  vege ta t i on  g e n e r a l l y  i s  
r e s t r i c t e d  t o  deep-rooted spec ies.  Needle- 
leaved everg reen- fo res ted  h a b i t a t s  extend 
t o  t h e  edge o f  stream channels a long  upper 
e l eva t i ons  throughout  much o f  t h e  nor thwes t  
bas ins subregion ( C l a i r e  and S to r ch  1977). 
Deciduous f o r e s t  r i p a r i a n  communities 
dominated by a l d e r  (A lnus)  o r  b i r c h  
(Be tu la )  commonly form a narrow band 
immediately con t iguous  t o  channels i n  t h e  
Bonnev i l l e  bas i ns  subregion (Youngblood e t  
a1 . 1985a). H a r r i s  e t  a l .  (1985) no ted  
Rhododendron occ i den ta l ,  F rax inus  
l a t i f o l i a ,  and Alnus occ i den ta l  on s teep 
g r a d i e n t  p o s i t i o n s  a long  t h e  western s lope  
o f  t he  Sierra-Nevada. W i l l ow  (Sal i x )  , 
b i r c h  (Be tu la ) ,  and aspen ( P o ~ u l u s )  were 
no ted  a long s teep g r a d i e n t  dra inages i n  t h e  
c e n t r a l  p o r t i o n  o f  t h e  r e g i o n  (Dobkin and 



a. Zone of erosion 

+ floodplain ------? 

6. Zone of deposition 

Figure 20. Form and distribution of riparian habitat in a structural mountain valley (modified from 
Jensen 1983). 



Wilcox 1985). In t he  southern Great Basin, 
"xeror ipar ian"  veye ta t  ion along t he  head- 
waters of arroyos i s  o r d i n a r i l y  dominated 
by upland spec ies  of pronounced v igor  and 
s t a t u r e  (Warren and Anderson 1985).  

Deciduous f o r e s t  comuni  t i e s  o f t en  dom- 
i n a t e  stream t e r r a c e s .  Shrub and herba- 
ceous camuni  t i e s  a r e  more typ ica l  within 
t h e  a c t i v e  f loodpla in  although channels 
charac te r ized  by frequent  c a t a s t roph i c  

The form of e ro s ive  segments of f l uv i a?  
canyons i s  conducive t o  t h e  high weloci t y  
stream d ischarge  capable of t ranspor t ing  a 
wide range of sediment s i z e s .  Thus, 
effectivrtrkess of  r i p a r i a n  h a b i t a t s  f o r  
flood and e ros ion  cont ro l  i s  low and t he  
inf  1 uence upon chemical water qua1 i t y  
ins9gni f ican t .  

3,3.2.b f -  Sediments 
eroded from headwater segments of f l u v i a l  
canyons gene ra l l y  a r e  sor ted  from coarse t o  
Fine along lower stream segments. A l l  uv ia l  
mechanirnts may t r anspo r t  addi t iona l  scdi - 
merrts toward t he  medial a x i s  of Pluvial 
hottoms (sce Eiyurc 20b) .  The depth of  
these  sediments, gcneral  l y  iricrtrdses in a 
downstream d i r e c t i o n .  A t  thc  rnatitkrs of 
f l u v i a l  csnytanz, sediments a r e  splayed in 
t he  fore1 of  broad a1 luviaJ fans .  

Sur F a ~ e  d i  scharge may be depleted by 
yercolatf  on through the  mixcd f i  1 1  
deposi ted along lower segments of f l u v i a l  
canyons. Minor strcamx O F  t he  i n t e r i o r  
rartgss may s u s t a i n  only intcrmi ttent. o r  
ephcmcral flow, l a r g e r  strczarns a r i s i n g  
from the  fliqh mourttains LO tire east  dnd 
wcst and from high ranges in t h e  cen t r a l  
basins  may sus t a in  mure continuous f low, 
though su r f ace  f l a w  i s  f roqucnt ly dim- 
inished by l n f i i  t r a t  ion Lhrvuyh underlying 
sediments. Seasonal ly f laadcd ,  i n t e r -  
rnitterrtly fI&rudad, temporarily Flooded, 
and s u b - i r r i g a t e d  r tpar iar t  co~aitlnitScs a r e  
conmun, A high degree s f  dispar'i t y  between 
maximum and mlnfmupn stream discharge of ten  
r e s u l t s  in  ex tens ive  scoured f loudplains  o r  
inc i sed  channels .  

Wiparian s o i l s  with in  t he  Floodplatn a r e  
cha rac t e r  f red by a mineral surfdce hor l ran 
darkened by organic  ma t t e r ,  subtextded by 
mixed f l u v i a l  sediments.  Surface horizons 
on stream t e r r a c e s  may be considerably 
t h i cke r  t h a n  those  wi th in  t he  floodpidin, 

f looding may be e s s e n t i a l l y  unvegetated. 
Coni ferous f o r e s t s ,  o f ten  compl emented by 
a mixed assemblage of broadleaf  shrubs,  a r e  
comon a1 ong 1 ower segments of  narrow 
bottoms in t h e  northern por t ion  of t he  
Great Basin hydrographic region (Cf a i r e  and 
Starch 1977). Aspen (Popu? us t remuloides)  , 
of t en  complemented by con4 f e r  spec ies ,  a?  so 
i s  comon in t he  northern pa r t  and, l e s s  
ex tens tve ly ,  i n  t he  cen t r a l  p a r t  of t he  
region (Dahlem 1979; P l a t t s  e t  a l .  1985; 
Youngblood e t  a ? .  1985a,bf .  Oakleaf e t  a l .  
(1977) observed r i p a r i a n  groves of aspen 
being rep1 aced by sagebrush communities 
throughout Nevada and a t t r i b u t e d  t he  
response t o  l i ve s tock  grazing.  Communities 
dominated by cottonwoods with mixed shrub 
and herbaceous unde r s t r a t a  have been 
described in  t h e  Bonneville basin 
( Youngblood e t  a1 . 1985a). Xn t h e  southern 
p a r t  of t he  region,  cottonwood-willow 
assoc ia t ions  may dominate stream t e r r a c e s  
sustained by subsurface a1 1 uvial flow (Pase 
and Layser 1977; Minckley and Brown 1982). 
Other commonly assoc ia ted  p l an t s  in t h i s  
region include a l d e r  ( n u s ,  b i rch  
, dogwood (Cornus) , and wi 1 low 
. Brady e t  a l .  (1985) desc r ibe  an 
order ly  succersional  sequence of r i pa r i an  
h a b i t a t s  t h a t  genera l ly  i s  co r r e l a t ed  with 
t he  degree of f l u v i a l  depas i t ion  and t he  
pe r iod i c i t y  of f looding.  

Sprjngs and seeps a re  common along the  
f lanks  of lower segments of f l u v i a l  
canyons in t he  Lahontan basins  subregion 
( P l  a l t s  and Jensen cu r r en t  i nves t i ga t i on )  . 
Wtlere discharge i s  cons i s t en t ,  s a tu r a t ed  
herbaceous communities dominated by sedges 
(mez) a r e  comnn; i n t e rmi t t en t  spr ings  
su s t a in  more mesic cormunit ies ,  o f t en  
donrinated by bluegrass  (& pra t ens i  s )  , 

During base Flow, a s i g n i f i c a n t  f r a c t i o n  
of streamflow may pe rco l a t e  through f l u v i a l  
subs t r a t e ,  resu l  Ling in reduced sur face  
f l o w  and depos i t ion  of suspended sediments.  
A t  f lood s t age ,  bedloss may be 
j n r ign i f i c an t  r e l a t i v e  t o  su r f ace  flow, and 
sediments may be resuspended and 
t ransported downstream. Along ephemeral 
drdfndger t h e  f loodpia in  nay be scoured 
seasonal 1 y of  Pine-grained sediments,  
leaving broad expanses of rubble  s u b s t r a t e .  
Entrenchment of stream channels may r e s u l t  
i n  draw-down o f  a l l u v i a l  aqu i f e r s  
responsible  f o r  sustenance o f  deep-rooted 
r i pa r i an  communities. While depos i t ion  



mechanisms are , apparent in the geo- 
morphol ogy of the lower portions of f7 uvi a1 
canyons, 1 and uses ( e  .g., grazing) may be 
increasing the effectiveness of erosive 
mechanisms. The high porosity and low 
biotic activity common to coarse- textured 
soi 1 s may 1 imi t the effectiveness of these 
riparian habitats in a1 tering the chemical 
qua1 i ties of streamflow. 

3.3 .3  Alluvial Valleys 

Where a1 1 uvi a1 transport and deposition 
a1 ong the 1 ateral gradients of watersheds 
outpace the rate of fluvial erosion and 
transport, alluvial valleys form. Alluvial 
mechanisms are evident in structural 
valleys in the high mountains on the 
eastern and western flanks of the Great 
Basin hydrographic region. All drainages 
of the hydrographic region flow toward 
broad structural basins that are filled to 
considerable depths with a1 1 uvial and 
1 acustrine sediments. The transitions from 

dep~si tional segments of fluvial canyons to 
alluvial valleys are often diffuse. 

The vast majority of minor interior 
streams of the Great Basin dissipate within 
or shortly after leaving the confines of 
fl uvi a1 canyons. Surface di scharge 
generally retreats as the summer pro- 
gresses, a1 though brief episodes of 
streamflow commonly follow storm events. 
The intermittent and ephemeral character of 
minor streams may be attributed to 
percolation through underlying substrate 
(bed1 oss) and to evapotranspiration. 

Within alluvial valleys, two types of 
floodplains may be distinguished: confined 
floodplains and unconfined floodplains. 

3.3.3.a Confined flood~lains. Where 
alluvial features arising from opposite 
sides of a valley meet, the juncture is 
often an entrenched fl oodpl ain, channel, 
or dry wash (see Figure 21a). Confined 

a. Confined floodplain 

C 

+ 
C t  

b. Unconfined floodplain 

Figure 21. Forms of typicai alluvial valleys. 



f l o o d p l a i n s  a re  most common a long t h e  upper 
segments o f  watersheds and near  t h e  i n l e t s  
and o u t l e t s  o f  s t r u c t u r a l  va l l e ys ,  where 
t h e  d i s t ance  between opposing mountain 
slopes i s  narrow. F l oodp la i ns  o f  r i v e r s  
emerging from f l u v i a l  canyons may be 
con f ined  by l a c u s t r i n e  landforms ( d e l t a s  
and t e r r aces )  remnant o f  P le is tocene  1 akes. 
Streamflow through narrow f l o o d p l a i n s  
con f ined  by a l l u v i a l  landforms may be 
depleted p r i m a r i l y  through bed1 oss . 

Forested, shrub, and herbaceous r i p a r i a n  
communities norma l l y  a re  r e s t r i c t e d  t o  t h e  
f l o o d p l a i n .  I n  t h e  nor thwest  bas ins 
subregion, communities dominated by w i l l ow ,  
cottonwood, hawthorn (Cratequs) , creek 
b i r c h  (&&u&), snowberry ( m h o r i c a r p ~ )  , 
chokecherry (Prttnus) , and a l de r  (A1 nus) 
occur  on narrow f l o o d p l a i n s  ( C l a i r e  and 
S to rch  1977). Unstabl  e streambanks 
dominated by sagebrush (Ar temi  s i a j  a1 so 
were descr ibed  i n  t h i s  subregion. H i s t o r -  
i c a l  l y ,  groves o f  cottonwoods w i t h  shrub 
unde rs to r i es  o f  b u f f a l o b e r r y  ( S h e ~ h e r d i  a  
xqcntfla) and w i l l o w  were common a long 
lower  segments o f  t he  Truckee R i ve r  
( K l  ebenow and Oak1 e a f  1984). Aspen 
( P , g j ~ L u  t r - c m d m s _ ) ,  bl ack c o t  tonwood (P. 
tr i c;h~s3?>-~), and wi 1 1  ows a r e  common a1 ong --" - 
lower seyments o f  streams i n  the  Mono Lake 
bas i n  ( S t i n e  e t  a l .  1984). S i m i l a r l y ,  
dense stands of cottonwood (Povulus 
i ,  t h i c k e t s  o f  mesqui te  
E B I - Q ~ ~ ~ ~ X ) ,  wi 1 low, and tamar isk  (Tamarix) 
a re  doillinant i n  r i p a r i a n  communities a long 
perenn ia l  segri~ents o f  t he  Amargosa R i ve r  
(Wil l  iarns e t  a1 . 1984). Non-vegetated 
streambdrs, r e f l e c t i n g  t he  h i gh  d i s p a r i t y  
between maxinlum and minimum stream 
d i  schargc, are o f t en  ex tens i ve  i n  con f ined  
f l o o d p l a i n s .  A l l u v i a l  p o s i t i o n s  a re  
g e n e r a l l y  up? and h a b i t a t  dominated by 
sagebrush (Ar ten t i s ia )  . 

3 - 3 . 3 . b  E]nca-nfined f l o o d p l a i n s .  Near 
t h e  cen te r  o f  a1 i u v i a l  v a l l e y s ,  f l oodp la i ns  
t y p i c a l l y  are f l a n k e d  by g e n t l e  t r a n s i  l i o n s  
t o  uplands (see  F i gu re  21bj.  Whi le 
a l l u v i a l  f e a t u r e s  (e,g., fans  and bajadas) 
may encroach, they  te rm ina te  be fo re  
reach ing  t he  media7 axes o f  v a l l e y  
bottoms. Streams commonly f1 ow over  
f i n e - g r a i n e d  sedin~ents  washed i n  f ram 
upstream watersheds and eroded from t he  
sur face  o f  a l l  uvia' i  f ea tu res .  Springs 
d i s cha rg i ng  th rough  upslope a l l u v i a l  
sediments may augment s t reamf lows (Bro thers  

1984; S t i n e  e t  a1 . 1984). Evaporat ion,  i n  
a d d i t i o n  t o  bedloss, may reduce s t reamf low 
through unconf ined f l  oodpl a ins  o f  a1 1 u v i  a1 
v a l l  eys. 

3.3.4 Lacus t r i ne  Basins 

Major streams o f  t h e  Great  Bas in  wander 
through broad landscapes o f  f i ne -g ra i ned ,  
1 a c u s t r i n e  sediments w i t h  re1  a t i v e l y  low 
p e r m e a b i l i t y  on t h e i r  course toward dese r t  
s inks .  T r a n s i t i o n s  between a1 1 u v i  a1 
v a l l e y s  w i t h  unconf ined f l o o d p l a i n s  and 
l a c u s t r i n e  bas ins may be d i f f u s e .  

Evapo t ransp i ra t ion  may be t he  most 
s i g n i f i c a n t  process reduc ing  s t r eamf l  ow 
through 1 a c u s t r i n e  bas ins .  Where 
hyd ro l og i c  i npu t s  a re  cons i s t en t ,  
permanent l a kes  o r  ex tens i ve  areas o f  
wet land r i p a r i a n  communities are p reva len t .  
Desert  p layas  and sa l  i n e  so i  1  s  a re  common 
i n  bas ins w i t h  l e s s  cons i s t en t  hyd ro l og i c  
i n p u t  . 

Streams a r i s i n g  i n  t h e  Rocky Mountains on 
t h e  eas te rn  f l a n k  o f  t h e  Great Bas in  
hydrographic  r eg i on  and those a r i s i n g  i n  
t h e  S i e r r a  Mountains on t he  west f l o w  
p e r e n n i a l l y  t o  t e rm ina l  l a kes  i n  t h e  
Bonnev i l l e  and Lahontan bas ins  subregions. 
The Bear R i ve r  i s  bordered by ex tens ive  
sloughs on i t s  course through Cache Va l l ey .  
Wetlands dominated by c a t t a i l  (Tvaha 
1 a t i  f o l  i-a) , bu l rush  (Sc i raus) ,  and sedges 
(Carex) a re  common. 

Streams o r i g i n a t i n g  i n  ranges i n t e r i o r  t o  
t h e  Great Bas in  are g e n e r a l l y  i n t e r m i t t e n t  
o r  ephemeral along lower  segments due t o  
bedloss and evapo t ransp i r a t i on .  Dry l a k e  
beds and p layas  occur  a t  t h e  terminus o f  
these streams. B ro the r s  (1984) noted 
Nevada s a l  t bush  ( A t r i a l  ex t a r r e v i ) ,  
greasewood (Sarcobatus ve rmicu la tus ) ,  
rubber  r a b b i t  brush (Chrvsothamnus 
nauseosus) , s a l t  g rass  ( D i s t i c h 1  i s  
s t r i c t a )  , and a1 k a l  i sacaton ( S ~ o r o b o l  us 
a ro ides) ,  a l l  s a l t  t o l e r a n t  species, a long 
lower  segments o f  t h e  Owens R iver .  

Cu r t o i s  j f  984) desc r i bed  t h e  succession 
and r e t r o g r e s s i o n  o f  s h o r t - 1  i v e d  r i p a r i a n  
h a b i t a t s  on d r y  l a k e  p layas  assoc ia ted  w i t h  
t h e  Mojave R iver .  Wi th  t h e  f l o o d i n g  of 
playas, p l ank ton i c  and a l g a l  communities 
developed w i t h i n  t h e  sha l low 1 i t t o r a l  zone. 
Estab? ishment o f  s a l t  cedar  (Tamarix),  



he1 i otrope (He1 i otropi um curassavi cum), and 
sea purslane (Sesuvium verrucosum) followed 
with the evaporation of surface water. 
Alkali shrub communities became reestab- 
lished upon further drying of the playa 
surface. High salinity associated with 
many lake playas severely limits establish- 
ment of vegetation. 

3.4 VALUES OF RIPARIAN HP BITAT 

From a physical perspective, the function 
of riparian and stream habitat is to 
regulate the transport of water and 
sediments from positions of high topo- 
graphic re1 ief to positions of lower 
re1 ief. The structure, composition, and 
dynamics of riparian habitats both affect 
and are affected by specific transport 
mechanisms. The values of riparian and 
stream habitats are based on interpre- 
tations of their structure, composition, 
and dynamics relative to a particular 
function or human use. Values commonly 
attributed to stream and riparian habitat 
include: 

1. flood storage and desynchronization, 
2. regulation of sediment transport, 
3. enhancement of water qual ity para- 

meters, 
4. fish and wildlife habitat, and 
5. soci oeconomic benefits. 

The value for flood storaqe and 
desynchronization is a measure -of the 
influence of riparian and stream habitats 
upon the temporal and spatial dynamics of 
water transport a1 ong the gradients of 
watersheds. Flood storage and desynchro- 
nization may be influenced by the geo- 
morphic form and distribution of riparian 
and stream habitats, the permeabil ity and 
water storage capacity of riparian soils 
and channel substrates, and the position of 
habitats re1 ative to hydro1 ogic sources. 
in the past, riparian vegetation has been 
destroyed through dredging, channel izati on, 
and levee construction in the name of flood 
control. The inadvi sabil i ty of these 
actions and the inherent value of riparian 
habitats in regulating stream discharge is 
being recognized (Griggs 1984). 

Fluvial mechanisms are primarily 
responsible for the transport of sediments 
along the gradient from headwaters to sink, 

occurring primarily during brief intervals 
of peak discharge. The competence of 
streamflow in transporting sediments 
increases exponentially as a function of 
velocity (Bloom 1978). The effectiveness 
of riparian habitat in regulating the flux 
of sediments is influenced by the rate that 
sediment is del i vered from up1 ands, the 
size of sediments, the distribution of 
sediments re1 ative to streamflow geometry 
and the erodibility of soil and substrate 
relative to the magnitude of fluvial 
forces. Vegetation pl ays an important role 
in stabilizing sediments within and con- 
tiguous to the floodplain (Chaimson 1984; 
Kondol f and Curry 1984). 

The value of riparian habitat for 
influencing the chemical qual i ties of water 
is thought to be a response to complex 
interactions between biotic and abiotic 
processes. Biotic processes include 
absorption and assimilation by plants and 
microfauna. Abiotic processes include 
sedimentation, precipitation, and 
adsorption. The effectiveness of biotic 
and abiotic processes are further 
influenced by the chemical qualities of 
the influent water and the hydrologic flux 
through the riparian system. Thorough 
discussions of the effects of wetlands upon 
water-qua1 ity parameters have been prepared 
by Burton (1981), Kadlec (1981), Adamus 
(1983), Sather and Smith (1984), Unsicker 
et al. (1984), and Herron (1986). 

The value of riparian habitats to 
wildlife may be influenced by the struc- 
ture and species diversity of vegetation, 
the spatial distribution of contrasting 
ri pari an communities composing the 
habitat, substrate and soil character- 
istics, and hydrologic regime and water 
qual i ties (Clark 1978). 

Dobkin and Wilcox (1985) studied the 
relative dependence of 65 bird species upon 
discrete riparian habitats in the Toiyabe 
Range in central Nevada. Differences i n  
the distribution of the birds were 
attributed to geomorphic c r i t e r i a  and 
floristic parameters. The diversity of 
butterfly species was found to be corre- 
lated with the distribution of plants in 
the same area (Murphy and Wilcox 1985). 
Oakleaf and Klebenow (1975) attributed a 
decline i n  avifauna species utilizing 



P i  parian habitat along the Truckee River 
M i  t h  habitat degradation resulting from 
river channelization and grazing pressure. 

The socioeconomic value of riparian 
habitat may be separated into consumptive 
and nonconsumpt i ve uses (Sather and Smith 
1984). Consumptive uses entail the harvest 
of resources associated with riparian and 
stream habitats, including timber, crops, 
f i s h ,  wild1 ife, energy, and water. Noncon- 

sumptive uses include scenic, recreational, 
educational, aesthetic, archeological, 
heritage, and historical values. 
Nonconsumpt ive uses are experienced by 
individuals while preserving the essenti a1 
attributes of the habitat (Sather and Srni t h  
1984). Discussions of socioeconomic values 
of riparian habitats appl icabl e to the 
Great Basin region have been prepared by 
Fox (1977), Niel sen et a1 . (1977), Niel sen 
and Godfrey (1977), and Swanson (1977). 



CHAPTER 4. AQUATIC HABITAT 

A1 though the  study of Great Basin aquatic 
environments dates  t o  before the  turn  of 
the century (Packard 1879), i t  i s  s t i l l  i n  
i t s  infancy. As will be evident from t h e  
present overview, the  ensuing research 
during t h i s  century i s  patchy in both a 
temporal and a spa t i a l  sense whether 
l e n t i c  o r  l o t i c  hab i ta t s  a re  considered. 
Even the most recent reviews of work in  
t h i s  area are  more than 20 years old 
(Edmondson 1963; Pennak 1963). A s c a t t e r -  
ing of s tudies  were conducted during the  
f i r s t  half  of the  1900's (Daniels 1917; 
Kemmerer e t  a1 . 1923; Clarke 1924; Needham 
and Chri stenson 1927; Hutchinson 1937), but 
most of the  aquatic research has occurred 
since the  mid-1950rs, especia l ly  t h a t  
re1 ated t o  stream environments. 

As might be expected, a considerable 
amount of research on l e n t i c  waters in t h e  
Great Basin has focused on the  Great S a l t  
Lake, the  l a r g e s t  remnant of ancient Lake 
Bonneville. Great S a l t  Lake has a t t r a c t e d  
a t tent ion especia l ly  as a hydrologic 
phenomenon and in terms of water chem- 
i s t r y .  The ea r ly  survey of Gilbert  (1890) 
remains the  c l a s s i c  description of the  
basin, the  lake, and i t s  shore fea tu res ,  
but more recent papers have discussed t h e  
hydrology (Eardley 1938; Eardley e t  a l .  
1957). The geology of the  Lake Bonnevi 11 e 
deposits  has been described by many; H u n t  
e t  a l .  (1953) gave many of the  per t inent  
references. Biological aspects of the  1 ake 
have been variously investigated,  but 
general 1y with on1 y sca t t e red  reference t o  
the organisms and l i t t l e  experimental study 
(e.g., Packard 1879; Daniels 1917; Nelson 
1955; Carozzi 1962). 

A major e a r l y  limnological work in t h e  
Great Basin was tha t  of Hutchinson (1937) 
on f i v e  lakes in  the  Lahontan Basin. More 
recently,  Galat e t  a l .  (1981) conducted a 

comprehensive study of t h e  limnology of 
Pyramid Lake. 

I n i t i a l  i n t e r e s t  in  flowing waters was 
stimulated by a concern f o r  t h e  development 
of a productive f ishery (e.g., Needham and 
Chri stenson 1927), and many re1 evant 
reports are  buried i n  t h e  archives o f  
government management agencies. Most of 
the  work on Great Basin streams dates  from 
Gaufin's (1959) study of macroinvertebrates 
in  the  Provo River, conducted during the  
l a t e  1940's, and McConnell and Sigler ' s  
(1959) study of primary productivity in the  
Logan River. Research on flowing waters in 
t h e  Great Basin has centered on a few 
locations c lose  t o  un ivers i t i e s  [e.g., Deep 
Creek, ID-UT (Idaho S ta te  Univ.); Logan 
River and Blacksmiths Fork, UT (Utah S ta te  
Univ); Provo River and Stewarts Creek, UT 
(Brigham Young Univ. ) ; and Truckee River, 
NV (Univ. Nevada, Reno)], but much of the 
work unfortunately s t i l l  res ides  in 
unpubl i shed theses and reports.  

4.1 WATER CHEMISTRY PARAMETERS 

Most of the  published in terpret ive  
analyses of water chemistry in the  Great 
Basin has involved 1 e n t i c  waters (Kemmerer 
e t  a l .  1923; Clarke 1924; Hutchinson 1937, 
1957; Whitehead and f e t h  1961; Galat e t  a l .  
1981; Lamarra e t  a l .  1986). Apart from 
analyses of a few t r i b u t a r i e s  flowing in to  
closed-basin lakes (Clarke 1924; McConnell 
e t  a l .  1957; Whitehead and Feth 1961), 
r e l a t i v e l y  l i t t l e  has been pub1 ished on the 
chemical composition of Great Basin 
streams, and no previous attempt has been 
made t o  character ize  conditions aver the  
whole area.  

The Truckee River drainage system, 
including Lake Tahoe and Pyramid Lake, 



probably has been examined more intensively 
than any other area of the Great Basin (and 
perhaps the entire United States), a1 though 
most of the information on the river itself 
has been relegated to limited-circulation 
reports. The sources and fates of poten- 
tial plant nutrients have received 
particular attention primarily because of 
economic and social concerns for the 
ecological integrity of the two lakes 
resulting from adverse anthropogenic 
influences within the drainage. Notable 
exceptions to the dearth of published 
findings in the open literature are the 
work of C.R. Goldman and his colleagues on 
Lake Tahoe and the study on Pyramid Lake by 
Gal at et a1 . (1981). 

4.1.l.a bakes* Principal factors 
affecting the composition of closed-basin 
lentic waters are interrelations of tem- 
perature, precipitation, and evaporation, 
including long- term effects of concentra- 
tion by evaporation in some lakes, such as 
the Great Salt Lake, and the amount and 
composition of influent waters from streams 
and springs, A1 so involved are the effects 
of the biota, the basin sediments, and the 
kinds of rock that compose the drainage 
basin (Whitehead and Feth 1961). 

Several papers on the chemical make-up of 
closed-basin 1 akes have been pub1 i shed. 
Clarke (1924, p, 156-180) included a 
chapter on them, Rankama and Sahama (1950) 
and Hutchinson (1957) a1 so considered the 
chemistry of these complex waters. 
Hutchinson (1937) studied several lakes in 
the western lahontan Basin and discussed 
lhcoretical aspects of the chemistry of the 
water. He also showed the effect of return 
flow from irrigation upon the chemical 
composition sf the lake waters. 

Whitehead and Feth (1961) gave the 
results of more recent chemical analyses of 
waters from several closed-basin lakes in 
the western United States and analyses of 
some tributary stream and spring waters. 
The waters were analyzed by methods current 
in the U . S .  Geological Survey, which 
incorporate many advances in analytical 
instrumentatian and reagents since the 
collection of Clarke's (1924) data, which 
were largely collected and analyzed in the 
late nineteenth century. 

(1) Great Salt Lake. The Great Salt 
Lake is a hypersaline system. Ion concen- 
trations are so high that salt precipitates 
from solution when water evaporates during 
dry periods. The precipitated salt at the 
north end of the lake consists of about 
99.9% sodium chloride except during the 
winter when a jelly-l i ke precipitate of 
hydrated sodi um sulfate (Na,SO;lOH,O) forms 
(Stube et al. 1976). 

The chemical composition of the Great 
Salt Lake (Table 7) fluctuates considerably 
from year to year and season to season. 
Great Salt Lake water contains primarily 
sodium chloride which apparently has 
reached a concentration that will not 
permit 1 arge concentrations of many other 
constituents in solution. 

Waters tributary to the Great Salt Lake 
also were examined by Whitehead and Feth 
(1961); most were rich i n  sodium and 
chloride. The Bear, Weber, and Jordan 
Rivers add a variety of mineral constit- 
uents. A typical brine sample collected on 
the Bonneville salt flats is more concen- 
trated than water from the lake but chem- 
ically similar. 

(2) Bear Lake. Kemmerer et a1 . (1923) 
were the first to determine the chemical 
composition of Bear Lake water (Table 8). 

Table 7. Principal chemical constituents of Great Salt 
Lake, Utah. 

Concentration 
(ms/L except pH) 

Whitehead and Stube et 
Constituent Feth 1961 al. 1976 

Sod i um 83,600 
Magnes i um 7,200 
Potassi um 4,070 
Calcium 241 
Boron 3 0 
Chloride 140,000 
Sulfate 16,400 
Bicarbonate (HCO,) 25 1 
Bromide 86 
Fluoride 4.2 
Silica 6.2 
pH 7.4 





The i r  sample was taken i n  1912 be fo re  
d i v e r s i o n  o f  Bear Lake water i n t o  t h e  l ake .  
Add i t i ona l  , more cursory  analyses were 
performed by Wazzard (1935) and Per ry  
(1943). I n  t h e  e a r l y  1950's a  f a i r l y  
complete assessment o f  Bear Lake water and 
i t s  t r i b u t a r i e s  was done by t h e  U.S. 
Department o f  A g r i c u l t u r e  S o i l s  Laboratory  
a t  Utah S t a l e  U n i v e r s i t y  as p a r t  o f  a  s tudy 
o f  t he  take and i t s  f i s h e r y  (McConnell e t  
a1 . 1957).  More r e c e n t l y  a  d e t a i l e d  hydro-  
l o g i c  budget and est imates o f  n i t r o g e n  and 
phosphorus l oad ing  o f  Dear Lake have been 
worked o u t  by Lamarra e t  a l .  (1986). The 
d i l u t i o n  o f  @ear  l a k e  water  by t he  Bear 
R i ve r  (beg inn ing  about 1918) can be t raced  
f rom t h e  changes i n  a l k a l i n i t y  (Table 8) .  
Methyl  orange a1 k a l  i n i  t i e s  o f  the i n f l o w i n g  
streams i n  m i l  l Sgrams per  I i t e r  are:  Bear 
R i ve r  192; Swan Creek 181, and S t .  Charles 
Creek 195 (McConrrell e t  a l  . 1957). 

( 3  1 UsrcsAre*4~%2ukL Ga u f i n and 
McOonald (1965) moni tored several  aspects 
o f  the  water chemist ry  o f  Deer Creek 
Reservo i r  on t h e  Provu R iver ,  i n  cenjunc- 
tZon w i t h  a s tudy  o f  a l g a l  p r o d u c t i v i t y .  
The r e s e r v o i r  i s  e s s e n t i a l l y  a  hard-water  
lake ,  t h e  t o t a l  a l k a l  f n i t y  o f  which va r i ed  
From 90 mg/L t a  aver  110 mg/l du r i ng  t he  
course o f  the  s tudy .  The h i gh  a l  ka l  i n i  t y  
was due l a r g e l y  t o  i n f l o w i n g  waters o f  the  
Provo River, wi~ose t o t a l  a l k a l i n i t y  gen 
e r a l l y  exceeds 120 mg/L except du r i ng  
per iods  o f  h i g h  r u n o f f  when water f rom 
m c l t i n g  snow may reduce I t  t o  l e s s  than 7'0 
mg/l. Carbonate concen t ra t ions  v a r i e d  from 
O mg/L t o  mare than 20 mg/L. B icarbonate 
ccrnccnkrations were o f t e n  h ighes t  (up t o  
166 mg/L) i n  deep water areas where an 
abundance of f r e e  carbon d i o x i d e  caused t he  
convers i o n  o f  carbonate i n t o  b icarbonate.  

The silica concen t ra t i on  o f  bo th  t he  
sur face and subsur face wdt@r  was markedly 
i n f l uenced  by d ia tom blooms. Increases i n  
diatoms, e s p e c i a l l y  a 

caused a subsequent r e d u c t i o n  i n  the con- 
c e n t r a t i o n .  W bloom d u r i n g  t h e  s u m e r  o f  
1359 caused t h e  s f 1  Sca concen t ra t ions  o f  
the  waters t o  drop f rom 5.3 mg/L on August 
6 t o  4 , 1  mg/L on august 21. Upon dec l i ne  
o f  t he  algae, t h e  s i l i c a  concen t ra t ion  
increased t o  6.1 q / t  by September 8. An 
Anabaena --aquae bloom i n  J u l y  1959 
caused no apprec iab le  change i n  t h e  ansoufit 
o f  s i l i c a  present .  

Orthophosphate was present  i n  smal l  
q u a n t i t i e s  (-0.02 mg/L) i n  su r face  samples 
from var ious  sec t ions  o f  t h e  r e s e r v o i r  and 
i n  somewhat l a r g e r  q u a n t i t i e s  (up t o  1.15 
mg/L) f rom t h e  deeper waters.  The o r t h o -  
phosphate con ten t  o f  su r face  waters  
remained r e l a t i v e l y  constant ,  b u t  was q u i t e  
v a r i a b l e  a t  t h e  30-m l e v e l .  There appeared 
t o  be an increase i n  these  deeper areas 
du r i ng  t he  summer s t r a t i f i c a t i o n  per iod ,  
probably  due t o  1  i b e r a t i o n  o f  phosphate 
from sediments on reduc t ion .  Phosphate 
concen t ra t ions  dec l i ned  i n  these areas 
f o l l o w i n g  t h e  autumnal ove r t u rn .  

Ammonia was found i n  smal l  q u a n t i t i e s  
throughout t h e  r e s e r v o i r ,  probably  as a 
r e s u l t  o f  metabol ism and decomposit ion o f  
aqua t i c  organi  sms. The concen t ra t i on  o f  
ammonia i n  t he  sur face waters  showed a 
gradual Sncrease f rom e a r l y  J u l y  1959 (0.01 
mg/L ammonium n i t r o g e n )  u n t i l  mid-September 
when t he  samples conta ined 0.14 mg/L 
ammonium n i t r ogen .  Wi th  t h e  advent o f  t he  
autumnal over turn,  t he  ammonia concentra-  
t i o n  increased r a p i d l y ,  reach ing  0 4 6 1  mg/L 
o f  ammonium n i t r o g e n  near  t he  su r face  on 
September 24,  1959. This  increase may have 
been due t o  d i s r u p t i o n  o f  t h e  bottom 
sediments and re lease  o f  gas formed by t he  
b a c t e r i a  i n  t h e  mud. Cont inued a g i t a t i o n  
o f  t he  waters by t h e  o v e r t u r n  apparen t l y  
was respons ib le  f o r  r a p i d  re lease  o f  t he  
gas i n t o  t he  atmosphere, as t he  concentra-  
t i o n  dropped t o  0.02 mg/L i n  su r face  
samples by October 15. Dur ing  t h e  f o l l o w -  
i n g  months t he  amount f l u c t ua ted ,  bu t  
showed a gradual increase u n t i l  i t  reached 
a concen t ra t ion  o f  0.23 mg/L i n  December, 
when sampl i n g  was d iscon t inued .  The 
amon ia  concen t ra t ion  i n  deeper water  was 
found t o  be gene ra l l y  h i ghe r  than  t h a t  i n  
surface water bu t  more va r i ab l e ,  showing 
1 i t t l e  c o r r e l  a t i a n  w i t h  seasonal changes o r  
p lank ton  blooms, Minute amounts o f  n i t r i t e  
n i t r o g e n  were found I n  t h e  m a j o r i t y  of 
samples, b u t  q u a n t i t i e s  were t o o  smal l  t o  
permi t  conc lus ions about t h e  r e l a t i o n s h i p  
between NOz and o t h e r  1 imno log ica l  f a c t o r s .  

(4) Pyramid Sake, Pyramid, Maiker,  and 
B i g  Soda Lakes 1 i e  i n  areas o f  vo l can i c  
rocks and weakly consol fda ted  o r  uncon- 
so l  i da ted  P le is tocene  sediments w i t h i n  t he  
area once covered by anc ien t  Lake Lahontan. 
Waters frem a l l  these l akes  a re  s i m i l a r  i n  
chemical composit ion, showing no tab l e  



v a r i a t i o n  on ly  among the  anions ( s u l f a t e  i n  
p a r t i c u l a r )  (Whitehead and Feth 1961). The 
s imi  1 a r i  t y  o f  chemical composition i s  
p a r t i c u l a r l y  s t r i k i n g  since a1 1 t h e  lakes 
rece ive  var ious amounts o f  r e t u r n  f l o w  from 
i r r i g a t i o n .  B ig  Soda Lake i s  fed e n t i r e l y  
by ground water, whereas Pyramid and Walker 
Lakes are fed  by major streams. The 
chemical composit ion o f  water from t h e  
Truckee River, f l ow ing  from Lake Tahoe i n t o  
Pyramid Lake, and t h a t  o f  t he  Walker River, 
which suppl i e s  Walker Lake, are discussed 
i n  t h e  fo l l ow ing  sect ion.  

A d e t a i l e d  account o f  the  chemical makeup 
o f  Pyramid Lake i s  g iven by Galat e t  a l .  
(1981). Sodium ch lo r ide  dominates the  
chemical composit ion o f  Pyramid Lake. The 
order o f  ca t i on  abundance i s  Na' > K'? Mg2' 
> ca2' and among the  anions, C1- > HCO,- > 
CO '- > SO,'- (Table 9). Walker Lake, p l u v i a l  
~ a i e  Lahontan's o ther  major remnant, 
e x h i b i t s  a s i m i l a r  pa t te rn ,  except SO, 
concentrat ion exceeds t h a t  o f  HCO, (Koch e t  
a l .  1977). Both lakes are i n  Hutchinson's 
(1957) c h l  orocarbonate category. Cole 
(1968) provides a d e t a i l e d  i o n i c  comparison 
o f  Lahontan basin lakes and the wor ld 's  

o ther  s a l i n e  systems. As w i t h  several 
o ther  Great Basin te rmina l  1 akes (notably 
Walker and Mono), 20th century water 
d ivers ions  are rapid1 y increasing Pyramid's 
t o t a l  d i s s o l v e d  s o l  i d s  (TDS) 
concentrat ions. Between 1933 and 1979, the 
lake's TDS rose 29% from about 3,750 mg/L 
t o  5,250 mg/L i n  October 1977. Small 
spr ing  and summer trophogenic decreases 
were observed, undoubtedly due t o  
phytoplankton uptake and storage. A t  no 
t ime were orthophosphate concentrat ions low 
enough t o  r e s t r i c t  a lga l  p r o d u c t i v i t y .  
Walker Lake (Koch e t  a l .  1977), B ig  Soda 
Lake (Ax ler  e t  a l .  1978), and Mono Lake 
(Mason 1967) a1 so e x h i b i t  h igh  phosphorus 
l eve ls .  Hutchinson (1937) concluded t h a t  
on l y  r a r e l y  i s  there  a phosphorus d e f i c i -  
ency i n  t h e  b i o l o g i c a l  economies o f  desert 
1 akes i n  general . 

Ammonia (NH -N) l e v e l s  ranged from less  
than 0.01 ~ C J ~ L  dur ing  holornixis t o  0.07 
mg/L (Galat e t  a l .  1981). Th is  maximum 
concentrat ion was recorded i n  t h e  deoxy- 
genated profundal zone dur ing  l a t e  f a l l  
s t r a t i f i c a t i o n .  Incomplete n i t r i f i c a t i o n  
o f  b a c t e r i a l l y  mineral  i z e d  trophogenic 

Table 9. Summary of 1976-77 Pyramid Lake water chemistry. Values in 
milligrams per liter unless othewise noted (from Galat et al. 1981). 

I tem Range Mean 

pH 
Speci f i c conductance 
(rS/cm a t  25 "C) 
Bicarbonate a1 k a l  i n i  t y  (HCO,) 
Bicarbonate (CaCO,) 
Carbonate (CO,) 
Chlor ide (C1 ) 
Sul f a t e  (SO,) 
Sodium (Na) 
Potassium (K) 
Magnes i urn (Mg) 
Calcium (Ca) 
Boron (B) 
Tota l  d isso lved sol  i d s  
(Evp. a t  180 "C) 
(summation) 



p a r t i c u l a t e  organic matter  may be respon- 
s i b l e  f o r  t h i s  cond i t ion .  

Mean e p i l  imnet ic  n i t r a t e  (NO -N) concen- 
t r a t i o n  was 0.03 mg/L (Gal a t  e l  a1 . 1981). 
Highest values (0.06 mg/L) were concurrent 
w i t h  w in te r  turnover and were succeeded by 
r a p i d  phytoplankton ass im i l a t i on  and deple- 
t i o n  t o  l e s s  than 0.01 mg/L as spr ing pro-  
gressed. N i t rogen compounds are a primary 
1 im i  t i n g  n u t r i e n t  f o r  Pyramid Lake's non- 
n i  t r o g e n - f i x i n g  algae (Hutchinson 1937; 
Galat e t  a1 1981). Low p r e c i p i t a t i o n  and 
scant t e r r e s t r i a l  vegetat ion, which char-  
ac te r i ze  the  Lahontan basin, reduce te r res -  
t r i a l  n i t rogenous i npu t .  I n  addi t ion,  t he  
lake 's deep bas in  and 6-month thermal 
s t r a t i f i c a t i o n  prevent summer-fall r e c i r c u -  
l a t i o n  o f  hypo1 imnet ic  ammonia and n i t r a t e .  
Recently, l abo ra to ry  a lga l  growth p o t e n t i a l  
evaluat ions f o r  several Pyramid Lake diatom 
and green a l g a l  taxa confirmed t h a t  n i t r o -  
gen was t h e i r  pr imary l i m i t i n g  n u t r i e n t  
(L ide r  e t  a l .  1980). A t  present, n i t r ogen  
inf luxes v i a  t h e  Truckee R iver  and by the  
lake 's n i t r ogen  f i x i n g  b l  ue-green algae 
exe r t  a s t rong in f luence on the  lake 's  
p roduc t i v i t y .  

Pyramid Lake's diatom populat ions and 
b l  ue-green alga1 p r o d u c t i v i t y  are 1 i m i  t ed  
by the seasonal and spacia l  d i s t r i b u t i o n  o f  
s i l i c a  i n  the  l ake  (Galat e t  a l .  1981) and 
soluble i r o n  concentrat ions. S i l  i c a  l e v e l s  
ranged from 0.1-2.5 mg/L w i t h  a mean o f  1.2 
mg/L, and i ron ,  genera l ly  l ess  than 0.03 
mg/L. Both l e v e l s  are q u i t e  low. 

(5) b k e  Tahoe. Holm-Hansen e t  a l .  
(1976) examined the v e r t i c a l  d i s t r i b u t i o n  
o f  oxygen, n u t r i e n t s ,  and temperature near 
t he  center  o f  Lake Tahoe t o  a depth o f  
400 m i n  spr ing,  middle and l a t e  summer 
1969, and w i n t e r  1970. Most o f  the  oxygen 
values were c lose t o  the  s o l u b i l i t y  o f  
oxygen, which i s  8.84 mg/L 0, a t  20 O C  and 
12,37 a t  5 'C w i t h  l i t t l e  o r  no s i g n i f i c a n t  
decrease o f  oxygen concentrat ions between 
100 and 400 m. I t  appears t h a t  phyto- 
plankton i n  Lake Tahoe are mast l i m i t e d  by 
nitrogen, b u t  may be a f fec ted  by 
deficiencfes o f  o ther  inorganic n u t r i e n t s  
(Goldman 1964, 1972; Paerl e t  a l .  1975). 
Nitrogen, iron, and phosphorus a t  times may 
a l l  be a t  o r  near 1 i m i t i n g  concentrat ions. 
I n  the upper 50 m o f  the  water column, 
where n i t r a t e  and phosphate are o f t e n  
undetectable, phytoplankton growth i s  most 

l i k e l y  n u t r i e n t  l i m i t e d ,  i n  a d d i t i o n  t o  
being i n h i b i t e d ,  by h igh  1 i g h t  i n t e n s i t i e s  
i n  t he  upper l aye r .  Even a t  105 m, i t  
appears t h a t  t h e  avai 1 able n i t r a t e  concen- 
t r a t i o n  (2.8-8.4 rg/L N) might  be l i m i t i n g  
f o r  many phytoplankton. Cu l tu res  conta in -  
i n g  5 rg/L of f e r r i c  c i t r a t e  produced a 20% 
s t imu la t i on  over normal growth dur ing  a 
5-day incubat ion  o f  Tahoe water (Goldman 
1964). 

The pr imary p r o d u c t i v i t y  and r e c y c l i n g  o f  
n u t r i e n t s  i n  Tahoe are dependent on the 
ex tent  t o  which t h e  water i n  t he  l ake  i s  
mixed each year (Goldman 1974). Paerl  e t  
a1 . (1975) have shown t h a t  n i t r ogen  exhaus- 
t i o n  occurs i n  the euphotic zone and t h a t  
Tahoe i s  ho lomic t ic ,  a t  l e a s t  dur ing  some 
years. There can be complete turnover 
dur ing  the  w in te r  w i t h  d isso lved and 
p a r t i c u l a t e  mater ia l  un i fo rmly  d i s t r i b u t e d  
throughout the  lake.  Data on d isso lved 
n u t r i e n t s  and t o t a l  p a r t i c u l a t e  ma te r i a l  do 
not  reveal  any such per iod  o f  homogeneity 
a t  any o f  the four  times the  water column 
was sampled, ra ther ,  marked gradients 
pe rs i s ted  throughout the year. 

I n  February the  water column was almost 
isothermal, 5.4 "C a t  t he  sur face and 
5.0 O C  a t  135 m. By l a t e  summer the re  was 
a we1 1 -developed mixed 1 ayer o f  surface 
water ( s l i g h t l y  over 20 OC) w i t h  a sharp 
thermocl ine between 20 and 30 m. The 
temperature a t  135 m on t h i s  date was 
6.2 OC,  as compared w i t h  4.8 "C i n  A p r i l  o f  
1969 (Holm-Hansen e t  a1 . 1976). 

N i t r a t e  was low (0-5 P ~ / L  NO, as N) i n  the 
upper 100 m o f  the water column throughout 
t he  year and increased w i t h  depth down t o  
400 m (15-25 &g/L NO as N). There was no 
evidence o f  a uni torm d i s t r i b u t i o n  o f  
d isso lved n u t r i e n t s  due t o  w in te r  turnover.  
Phosphate was below detectable 1 l m i t s  (t0.2 
rg/L PO, as P) from 0-100 m i n  February, 
increasing s lowly t o  0.7 pg/L P a t  400 m. 
Although data from the  o ther  two sampling 
dates were d i f f e r e n t ,  t he  concentrat ions 
found i n  Ju l y  and August were s t i l l  very 
low (2-3 rg/L P) i n  comparison w i t h  those 
i n  most bodies o f  freshwater. Dissolved 
organic carbon var ied  from 400-800 rg /L  C 
i n  the  euphotic zone and averaged about 400 
rg/L C i n  the  deep water. Dissolved 
organic n i t rogen var ied  more widely, from 
20-80 r g / t  N w i thout  any c l e a r  t rend  w i t h  
depth, The p r o f i f  es f o r  d isso lved organic 



phosphorus showed t h a t  a11 su r f ace  samples 
were h i g h  (about 6  ,,g/L P) w i t h  a  r a p i d  
decrease t o  about 1 rg /L  P a t  25-50 m 
depth, and then an inc rease  t o  about 2  
rg /L  P from 100-400 m. 

Reuter e t  a l .  (1986) measured r a t e s  o f  
N,NO,- and NH; uptake by t h e  s u b l i  t t o r a l  
e p i l  i t h i c  pe r i phy ton  i n  Lake Tahoe i n  o rde r  
t o  determine t h e  importance o f  N, f i x a t i o n  
t o  t h e  seasonal N budget o f  t h i s  community, 
t h e  k i n e t i c  parameters o f  ammonium and 
n i t r a t e  uptake, and t h e  p a t t e r n  o f  
d i s so l ved  i n o r g a n i c  n i t r o g e n  (DIN) uptake 
r e1  a t i v e  t o  i n o r g a n i c  carbon ass imi  1  a t i on .  
They a l s o  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  
l i g h t  and temperature on DIN uptake 
metabolism. 

Leve ls  of  i no rgan i c  n i t r o g e n  and phos- 
phorus were ext remely  low (c15 
rg /L [NH,'+NO -+NO,-] -N; (1 rg /L  ~ 0 , ~  as P) 
throughout  t h e  y e a r  w i t h  t h e  concen t ra t i ons  
o f  DIN h i ghes t  i n  t h e  s p r i n g  f o l l o w i n g  
snowmelt and ove r t u rn .  I npu t s  o f  
a1 lochthonous n u t r i e n t s  were minimal d u r i n g  
summer and f a l l  due t o  reduced p r e c i p i t a -  
t i o n .  Lake Tahoe i s  warm and monomict ic 
and t h e  summer thermocl  i n e  i s  g e n e r a l l y  a t  
-20 m. The c i r c u l a t i o n  o f  NO,-enriched 
apho t i c  zone water  i n t o  t he  eupho t i c  zone 
(-0-105 m) i s  an impor tan t  source o f  DIN 
f o r  t h e  s p r i n q  i nc rease  i n  ph.ytop1 ankton 
p roduc t ion ;  however, t h e  v e r t i c a l  e x t e n t  o f  
m i x i ng  i s  n o t  c o n s i s t e n t  f rom yea r  t o  yea r  
(Paer l  e t  a l .  1975). The 1 i t t o r a l  zone 
represen ts  19% o f  t h e  1 ake su r f ace  area and 
i t  has been es t imated  t h a t  more than  60% o f  
t he  p r ima ry  p roduc t i on  i n  t h i s  r e g i o n  may 
be c o n t r i b u t e d  t o  e p i l i t h i c  pe r i phy ton  
(Loeb e t  a l .  1983). 

4.1.l.b Streams. A l though t h e  U.S. 
Geolog ica l  Survey r o u t i n e l y  measures a 
broad a r r a y  o f  chemical  c o n s t i t u e n t s  f o r  a 
number o f  Great Bas in  streams, no i n t e r p r e -  
t i v e  a n a l y s i s  o r  summary o f  these  da ta  has 
been publ  i shed. Represen ta t i ve  va lues a r e  
g i ven  i n  Table 10 f o r  se l ec ted  streams 
throughout  t h e  Great  Basin. The dates f o r  
which da ta  are r e p o r t e d  were chosen t o  
approximate base- f low c o n d i t i o n s  and a r e  
t he  most r e c e n t l y  publ i shed  r e s u l t s  
a v a i l a b l e  a t  t h e  t ime o f  t h i s  w r i t i n g .  I t  
i s  l i k e l y  t h a t  v i r t u a l l y  a l l  o f  t h e  
l o c a t i o n s  r epo r t ed  a re  impacted by 
a g r i c u l t u r a l  a c t i v i t i e s  and some (e.g., 

Truckee R iver ,  Bear R i ve r )  r e c e i v e  t r e a t e d  
domest ic wastes as w e l l .  

Most o f  t h e  streams are i n t e rmed ia te  i n  
d i s s o l v e d  so l  i d s  (about 150-600 mg/L) , 
a l though  a couple o f  streams (East  Walker 
R ive r ,  Donner and 61 i t z e n  R i ve r s )  were as 
l ow  as 80  mg/L and t h e  Sev ie r  R i v e r  reached 
1,220 mg/L (Table 10).  Most o f  t h e  d i s -  
so lved  s o l  i d s  a r e  c a l  c i  um/magnesium c a r -  
bonate, a1 though i n  severa l  streams sodium 
s u l f a t e s  and c h l o r i d e s  c o n t r i b u t e  s i g n i  f i  - 
c a n t  f r a c t i o n s .  I n  t h e  Sev ie r  R ive r ,  b o t h  
s u l f a t e  and c h l o r i d e s  matched carbonates i n  
concen t ra t  i o n  and sod i urn markedly  exceeded 
ca lc ium and magnesium. Potassium was 
always l o w  (0.7-11 mg/L) and t h e  streams 
were a l l  near n e u t r a l  (pH 7.8-8.8). 

To ta l  phosphorus ranged f rom 0.01 t o  0.18 
mg/L and i n  about h a l f  t h e  cases exceeded 
n i t r i t e  p l u s  n i t r a t e  n i t r ogen .  Organic 
n i t r o g e n  (0.18-0.77 mg/L) commonly was 
equal t o  o r  g r e a t e r  than t h e  i no rgan i c  
forms. The r e 1  a t i v e l y  h i g h  n u t r i e n t  l e v e l s  
r epo r t ed  f o r  t h e  Great  Bas in  i n  genera l  
p robab ly  r e s u l t e d  f rom t h e  l o c a t i o n  o f  t h e  
mon i t o r i ng  s t a t i o n s  toward t h e  downstream 
reaches o f  h e a v i l y  used streams. The t r a c e  
meta ls  r e p o r t e d  i n  Table 10 showed s i m i l a r  
ranges (1-30 mg/L) except  f o r  t h e  h i g h  i r o n  
va l ue  i n  t h e  Sev ie r  R i ve r  and t h e  8 mg/L 
l i m i t  f o r  copper i n  t h e  Humboldt R ive r .  

(1) Deea Creek. The chemical  composi t ion 
o f  Deep Creek, Idaho-Utah was cha rac te r i zed  
by M insha l l  e t  a l .  (1973) based on monthly 
samples over  a  2-year  p e r i o d  (Table 11). 
Mean concen t ra t i ons  o f  t o t a l  - d i s so l ved  
s o l  i d s  were two t o  t h r e e  t imes  as g r e a t  a t  
t h e  two downstream s t a t i o n s .  Most o f  t h e  
d i f f e r e n c e  appeared t o  be due t o  increases 
i n  sodium c h l o r i d e  and sodium s u l f a t e  
l e v e l s .  Mean va lues a t  s t a t i o n s  1 and 2  
were s i m i l a r  t o  those  found i n  b e t t e r -  
watered reg ions  o f  t h e  area. The maximum 
s u l f a t e  va lues recorded a t  s t a t i o n  3 and 
e s p e c i a l l y  a t  s t a t i o n  4 ( bo th  i n  December 
1970) were suspect.  Otherwise t h e  
t a b u l a t e d  va lues (Table 11) were i n  good 
agreement w i t h  those ob ta ined  by t h e  U.S. 
Geolog ica l  Survey f o r  samples c o l l e c t e d  i n  
t h e  v i c i n i t y  o f  s t a t i o n  4 on June 17, 1949, 
and October 11, 1967 (Bolke and P r i c e  
1969). I n  a d d i t i o n ,  Bolke and P r i c e  
measured sodium ( 2 2 6  and 233 mg/L) and 
potassium (19 and 13 mg/L) f o r  t he  two 
dates, r e s p e c t i v e l y .  Mean concen t ra t ions  
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during t he  2 yea r s  of t h e  Minsha'll e t  a1 . 
study were s i m i l a r  f o r  most c o n s t i t u e n t s  
except calcium ( s t a t i o n s  1 and 4 ) ,  i r o n  
( s t a t i o n  l ) ,  orthophosphate ( s t a t i o n s  1 ,  2, 
and 4 ) ,  and ammonia ( s t a t i o n s  1 and 2 ) ,  
which showed s u b s t a n t i a l  i nc r ea se s ;  and 
bicarbonate  ( s t a t i o n  I ) ,  ch lo r ide  ( s t a t i o n s  
3 and 4 ) ,  i r on  ( s t a t i o n  3 ) ,  ammonia 
( s t a t i o n  3 ) ,  and n i t r a t e  ( a l l  4 s t a t i o n s ) ,  
which decreased from y e a r  I t o  year  11. 

Bicarbonate and calcium-plus-magnesium 
hardness values were re1  a t i v e l  y cons tan t  a t  
a l l  s t a t i o n s ,  bu t  e s p e c i a l l y  n o t i c e a b l e  
decreases  occurred a t  s t a t i o n s  3 and 4 
during t h e  1971 runoff  per iod and a t  
s t a t i o n  1 i n  Apri l  and June 1972. In a l l  
cases  except one ( S t a t i o n  2 ,  1972),  
hardness exceeded b icarbonate  concent ra -  
t i o n s ,  i nd i ca t i ng  t h a t  some of t he  calcium 
and magnesium was a s soc i a t ed  with o t h e r  
anions ( c h i e f l y  s u l f a t e  and c h l o r i d e ) .  
Although sodium was not  measured during t h e  
present  s tudy ,  i t  i s  bel ieved t o  account  
f o r  most of t h e  remaining c a t i o n s  ( s e e  
above) and ch lo r ide ,  and t h e  bulk of t h e  
remaining anions (Table 11) .  

An a n a l y s i s  of t o t a l  carbon, by component 
f r a c t i o n s ,  was conducted i n  August 1972; 
t h i s  a l s o  provided an independent check on 
the  a1 kal i n i t y  measurements (Table 12) .  I t  
was suspected t h a t  some of t h e  minor a c i d  
r a d i c a l s  ( e s p e c i a l l y  s i l i c a )  might b e  
adding s i g n i f i c a n t l y  t o  t h e  a l k a l i n i t y .  
However, t h i s  does no t  appear t o  be t h e  
case,  a s  t h e  e s t ima te s  of inorganic  carbon 
based on a1 kal i n i  t y  measurements a r e  lower- 
(by 5-11 mg/L) than those  determined 
d i r e c t l y  with a carbon ana lyzer .  The 
organic p a r t  of t h e  d i s so lved  f r a c t i o n  was 

s i m i l a r  a t  a l l  s t a t i o n s  (25-31 mg/L) and 
about  two t o  t h r e e  t imes t h e  p a r t i c u l a t e  
f r a c t i o n ,  except  a t  s t a t i o n  4 where t h e  
d i s s o l v e d  o rgan i c  carbon was more than 
e i g h t  times t h e  p a r t i c u l a t e .  

Mean ammonia l e v e l s  were no t iceably  high 
a t  a l l  s t a t i o n s ,  although values a t  s t a t i o n  
2 were l o w e r  than  a t  t h e  o the r s  (Table 1 1 ) .  
Hean n i t r a t e  va lues  were highest  a t  s t a t i o n  
I ,  b u t  c o n c e n t r a t i o n s  reached lows a t  a l l  
s t a t i o n s  d u r i n g  t h e  summer in  both yea r s .  
The l o w e s t  mean phosphate concent ra t ions  
occu r r ed  a t  s t a t i o n s  2 and 4 in  y e a r  I and 
s t a t i o n  4 i n  y e a r  11. Monthly measurements 
of phospha t e  were high throughout t h e  s tudy 
a t  s t a t i o n s  1 ,  3,  and 4, but showed a low 
a t  s t a t i o n  2 near  t h e  s t a r t  o f  t he  1971 
growth s ea son .  N i t r a t e  appeared t o  be a 
p o s s i b l e  l i m i t i n g  f a c t o r  during t h e  growing 
season ,  b u t  phosphorus d id  not .  However, 
n i t r a t e - n i t r o g e n  supp l i e s  seemed t o  be 
a d e q u a t e l y  supplemented by ammonia sources 
of n i t r o g e n .  There was no c l e a r  evidence 
t h a t  a f l o o d  i n  March 1971 had any major 
e f f e c t  on t h e  chemical parameters of t he  
wa te r  e x c e p t  phosphates (which increased)  
and i ron  (which decreased) .  

4.1.2 N u t r i e n t  Dynamics 

S t u d i e s  o f  t h e  sources,  t ransformat ions ,  
and F a t e s  of p a r t i c u l a r  chemical spec ies  
have been d e l i n e a t e d  f o r  only a few aqua t ic  
systems i n  t h e  world, and t he  Great  Basin 
i s  no e x c e p t i o n .  However, t h e  research 
conducted  by Goldman and h i s  a s s o c i a t e s  on 
Lake Tahoe,  Cal i  fornia-Nevada, and i t s  
su r round ing  watershed and by Herron on 
Dingle Marsh, Idaho, a r e  important .  Both 
c a s e s  p r o v i d e  va luable  i n s i g h t s  i n t o  t he  

Table 12. Carbon analyses in milligrams per liter of Deep Creek water collected August 21,1972, and comparison 
between the dissolved (filtered) inorganic fraction and that calculated from alkalinity measurements (from 
Minshall et at. 1973). 

___ __- ---_I___ . - 
f norqanic  

S t a t i on  
Total carbon ( C l  ca rbon  Total ca rbonate  

unfi 1 t e r e d  f i  1 t e r ed  p a r t i c u l a t e  f i 1 t e r e d  ( C )  (CaC03) (c) 



dynamics o f  nu t r i en ts  i n  Great Basin l e n t i c  
systems and serve as models f o r  add i t iona l  
f u tu re  work. Further, as both o f  these 
aquatic hab i ta t s  are r e l a t i v e l y  open l e n t i c  
systems having i n l e t  and o u t l e t ,  the  
approaches and f i nd ings  are a lso usefu l  t o  
l o t i c  eco log is ts .  

4.1.2.a The two major 
n i t rogen sources i n  the Lake Tahoe 
watershed aquat ic  system are bu l k  
p r e c i p i t a t i o n  and b i o l o g i c a l  n i t rogen 
f i x a t i o n .  Inorganic n i t rogen inputs i n  
p r e c i p i t a t i o n  are about 1 -2  kg/ha (Coats e t  
a l .  1976). Tota l  annual n i t rogen input  by 
symbiotic n i t r ogen  f i x a t i o n  i s  on the order 
o f  10-20 kg/ha. Much o f  t h i s  n i t rogen 
f i x a t i o n  i s  by species o f  hdno thus  an 
nonr ipar ian s i t e s .  Inorganic n i t rogen 
released t o  s o i l  water on non- r ipar ian  
s i t e s  probably i s  taken up e f f i c i e n t l y  by 
fo res t  vegetat ion before ent ry  i n t o  the 
stream system. However, s o i l  and stream 
water i n  and imfncdiately below alder  stands 
shows appreciabte NO,"N release Sn f d l l  and 
e a r l y  w in ter  (Coats e t  a l .  1976). 

( 1 1 m & ~ k % - ~ - ~ 9 - ~ % ~  2 .  Cuncen- 
t r a t i o n s  a f  n i t r a t e  i n  lahoe Basin streams 
arg mast r e a d i l y  in te rpre ted i n  r e l a t i o n  t o  
four  runof f  periods: sumtner low flow, 
w in ter  low f low, r a i n f a l l ,  and spr ing 
snowmelt (Leonard @t a l .  1979). Surnmer 
conct?ntratfons, i n  the  absence o f  s i g n i -  
f i c a n t  r a i n f a l l ,  were uni formly vcry low 
and constarit a t  a? l s i t e s  exantined on Ward 
and $1 ackwood Creeks f adjacent t r i b u t a r i e s  
t o  Lake fahoe), Ear ly  w in ter  concentra- 
t i ons  a lso were low but  tended t o  increase 
considerably as w in ter  progressed. Rela- 
t i v e l y  h igh  n i t r a t e  concentrat ions pre-  
v a i l e d  throughout the w in ter ,  w i th  the peak 
occurr ing ea r l y  i n  the snowmel t per iod we1 1 
before peak streamflow. 

Ward Creek i s  the most in tens iva ly  
~ t t l d i e d  and the fou r th  l a rges t  (2,510 ha; 
6% o f  t o t a l  annual r u n o f f )  o f  the 63 
watersheds o f  the  Tahae basin.  The Ward 
Greek watershed i s  d fv lded i n t o  two sub- 
drainages i n  i t s  upper p o r t  ton f 900 ha),  
The nor th  bowl i s  undergoing 1 i gh t  d c v e f z ~  
ment and the  south bowl i s  t o t a l l y  undevel - 
oped. Three stream gauging otdt fons are 
located near t he  mouths o f  the  south f o r k  
{ s t a t i o n  2 ) ,  n o r t h  Park ( s t a t i o n  141, and 
main stem [ s t a t i o n  8). Host s f  the  
r i p a r i a n  zones i n  the  south bowl o f  the  

Ward Creek drainage are dominated by 
mountain a lder ,  i n  cont ras t  t o  the no r th  
bowl. Large areas o f  the watershed con- 
t a i n i n g  n i  t rogen - f i x i ng  species (espec ia l l y  
r i p a r i a n  areas) charge the s o i l  and stream 
channels w i th  n i t r a t e  i n  f a l l  and e a r l y  
w in ter  (Coats e t  a l .  1976), usua l ly  
exceeding 100 rg/L i n  a lder  areas and 
reachlng the mg/L range between October and 
March (Coats e t  a t .  1976). Some n i t r a t e  i s  
cont r ibu ted d i r e c t l y  from the snowmel t i n  
winter, but average concentrat ions i n  the 
pack, added t o  the streamflow i n  r e l a t i v e l y  
low-melt volumes, could not  exp la in  the 
w in ter  1975 concentrat ions. However, base 
f low from the a lder  areas i n  the bowl can 
eas i l y  susta in the concentrat ions found i f  
appreciable f l ush ing  o f  the  s o i l  does not  
occur ea r l y  i n  the water year. I n  water 
years 1973 and 1974, such f l ush ing  d i d  
occur. As a  r e s u l t ,  the midwinter concen- 
t r a t i o n s  were lower than i n  1975 (Leonard 
e t  a l .  1979).  

I ns igh t  i n t o  the sources o f  stream 
n i t r a t e  i n  Ward Creek can be obtained from 
the discharge-concentrat ion r e l a t i o n s h i p  
there. S ta r t i ng  w i t h  a  c e r t a i n  l e v e l  o f  
n i t r a t e  i n  p rec ip i t a t i on ,  the  concentrat ion 
n i t r a t e  i n  water reaching a  stream channel 
a t  a  given t ime i s  p r i m a r i l y  a  f unc t i on  o f  
the course o f  water movement e i t h e r  over o r  
through the s o i l ,  and the nature o f  the 
s o i l  and vegetat ion on the s i t e  adjacent t o  
the channel (Leonard e t  a1 . 1979). During 
spr ing runo f f  periods w i t h  regu lar  d ie1 
discharge pat terns,  the  re1 a t ionsh ip  
between s a l t  concentrat ion and discharge 
changer i n  a regular  hys te re t i c  manner. A 
t yp i ca l  clockwise curve does not  invo lve  
b io log i ca l  fac tors  and has a  simple 
physical i n te rp re ta t i on :  i n  phase I, as 
discharge increases rapid1 y, the concentra- 
t i a n  of n i t r a t e  increases s l i g h t l y  o r  
remains constant due t o  f l ush ing  o f  s a l t s  
from the s o i l  and from "o ld "  water i n  the 
stream bed; i n  phase 11, concentrat ion 
drops i n  the per iod of peak discharge due 
t o  increasing d i l u t i o n  from d i r e c t  runo f f ;  
i n  phase 111 ,  concentrat ion begins t o  
increase again and discharge continues t o  
drop as the bas2 flow component again 
becomes dominant. 

Ward Creek showed a  counterclockwise 
curve representat ive o f  re1 a t ionsh i  ps 
between n i t r a t e  and discharge a t  a l l  three 
s ta t ions  dur ing each o f  the  th ree annual 



snowmelt per iods  s t ud i ed  (Leonard e t  a l .  
1979). Major f e a t u r e s  of t h e  Ward system 
t h a t  d i s t i n g u i s h  i t  from t h a t  descr ibed  
above a r e  t h e  presence of apprec iab le  
n i t r a t e  i n  snow and a s o i l  -vege ta t ion  
system t h a t  i s  capable of  s t r i p p i n g  n i t r a t e  
from melt water t h a t  passes  through t h e  
s o i l .  Daytime temperatures  g e n e r a l l y  a r e  
well above f r eez ing  throughout much of t h e  
snowmel t per iod .  Plant  growth and 
n u t r i e n t  uptake i n  most reg ions  of  t h e  
watershed a r e  a t  t h e i r  maximum i n  t h e  
sp r ing ,  and uptake of  inorganic  n i t rogen  
from snowmelt water  i s  apparen t ly  
e f f i c i e n t .  Leonard e t  a l .  (1979) provide 
an explana t  ion o f  t h e  pos s ib l e  mechanisms 
respons ib le  f o r  t he  a s soc i a t ed  n i t r a t e  
concent ra t ion  changes. 

( 2 )  N i t r a t e  f l u x .  The ne t  f l u x  p a t t e r n s  
were s i m i l a r  t o  those  f o r  concent ra t ion  
because n i t r a t e  concent ra t ions  i n  t h e  
streams were p o s i t i v e l y  c o r r e l a t e d  with 
streamflow (Leonard e t  a l .  1979). The 
predominance of r a i n f a l l  and sp r ing  runoff  
were t he  primary t r a n s p o r t  vec to r s  f o r  
t o t a l  n i t r a t e .  The annual t o t a l s  were 
uniform from yea r  t o  y e a r  d e s p i t e  d i f f e r e n t  
c l i m a t i c  and runoff  cond i t i ons .  Total  f l u x  
from Blackwood Canyon i n  1975 was 2.6 times 
t he  Ward f l u x ,  r e f l e c t i n g  both higher  
average s t reamfl  ow and cons iderab ly  higher  
n i t r a t e  concen t r a t i ons  i n  sp r ing .  

Major t r a n s p o r t  of inorganic  n i t rogen  i n  
t he  s t reams was l im i t ed  t o  per iods  of  
heavy runoff  (Leonard e t  a l .  1979). The 
very high concen t r a t i ons  of n i t r a t e  
a t t a i n e d  during r a i n f a l l  r e s u l t e d  i n  
impressively high t o t a l  t r a n s p o r t  in  a 
mat te r  of hours o r  days.  Such events  can 
dominate t h e  water  yea r .  For example, over  
30 percent  of t h e  t o t a l  n i t r a t e  f o r  t h e  
1974 water  yea r  a t  one Ward Creek s t a t i o n  
was t r anspo r t ed  in  a 10-day period i n  
mid-November. Movement of water through 
Ward Valley s o i l s  i s  r ap id  and water  e n t e r s  
t he  stream channels  qu ick ly  once t h e  
r e l a t i v e l y  low mois ture  s t o r a g e  capac i t y  o f  
t he  s o i l s  i s  exceeded. The lowest  2.5-km 
reach of t h e  s t ream probably r ece ives  much 
less d i r e c t  i npu t  of water t h a t  has  moved 
through t h e  ad jacent  a l l u v i a l  s o i l  than t h e  
upper reaches because of  predominantly 
downward migra t ion  of s o i l  water  i n t o  t h e  
deep g l a c i a l  t i  11  underlying t he  a1 l u v i a l  
a rea  near  t h e  lake.  Most of t h e  Ward Creek 
ground water  i s  i n  t h a t  alluvium and moves 

d i r e c t l y  t o  Lake Tahoe r a t h e r  than toward 
t h e  s t ream channel (Loeb and Goldman 1979). 
Thus t h e  y i e l d  of n i t r a t e  t o  t h e  lake  v i a  
t h e  s t ream i s  der ived  pr imar i ly  from t h e  
upper watershed. 

NO -N y i e l d s  i n  Ward Creek water  were low 
re1 a i i v e  t o  es t imated  i npu t s  (Leonard e t  
a l .  1979). In  t h e  mainstream t h e  y i e l d s  
ranged from 0.21 t o  0.27 kg/ha f o r  t h e  
t h r e e  water  yea r s  s t ud i ed .  Yields from the  
upper reaches o f  t he  watershed were higher: 
0.55 t o  0.74 i n  t he  south f o r k  and 0.30 t o  
0.33 i n  t h e  nor th  fo rk .  

The f a c t  t h a t  t o t a l  n i t r a t e  f l u x  f o r  each 
of  t he  t h r e e  water  yea r s  d i d  not  c o r r e l a t e  
wi th  volume o f  s t reamfl  ow i s  addi t iona l  
evidence t h a t  ne t  r e l e a s e  of n i t r a t e  i n t o  
t h e  s t ream system i s  c o n t r o l l e d  both by 
runoff  magnitude and by t h e  quan t i t y  of 
n i t r a t e  i n  t he  s o i l  a t  t imes of water  move- 
ment (Leonard e t  a l .  1979). Release of 
n i t r a t e  from s o i l  t o  s t ream water  i s  t he  
ne t  e f f e c t  of s eve ra l  processes  occurr ing 
s imultaneously i n  t h e  ecosystem. The major 
n i t r a t e  t r a n s f o r m a t i o n s  i n v o l v e  
N,-fixation, uptake,  and metabolism by 
vascu l a r  p l a n t s ,  m ine ra l i z a t i on ,  n i t r i f i c a -  
t i o n ,  and d e n i t r i f i c a t i o n .  Leonard e t  a l .  
(1979) concluded t h a t  n i t r a t e  immediately 
a v a i l a b l e  f o r  s t ream t r a n s p o r t  de r ive s  
d i r e c t l y  from p r e c i p i t a t i o n  and i n d i r e c t l y  
from n i t r i f i c a t i o n  o f  mineral ized organic 
n i t rogen .  

Alder in  t h e  r i p a r i a n  zones requi res  
spec i a l  cons ide ra t i on  because of  evidence 
f o r  q u a n t i t a t i v e l y  s i g n i f i c a n t  and 
s ea sona l ly  v a r i a b l e  n i t r a t e  re1 ease in  
su r f ace  waters  d r a in ing  a l d e r  s tands .  
Fleschner  (1975) descr ibed  t h e  a l d e r  i n  
Ward Valley a s  a s t e a d y - s t a t e  edaphic 
climax with r e spec t  t o  n i t rogen  output  and 
input .  His e s t ima te  of annual output  was 
18 kg/ha. Ext rapola t ing  t o  t he  
approximately 30 ha of r i p a r i a n  a lde r  i n  
t h e  watershed g ives  an es t imated  maximum 
annual NO,-N output  (assuming NO,-N a s  t he  
main product and ignoring gaseous l o s s e s )  
i n  s t ream water  from t h i s  source  i n  t h e  
range o f  500 kg (Leonard e t  a l .  1979). 
This  inorganic  n i t rogen  i s  mainly from 
decomposition of a l d e r  l i t t e r  f a l l  and 
n i t r i f i c a t i o n  during l a t e  autumn when s o i l  
temperatures  remain high enough t o  al low 
microbial  a c t i v i t y .  This rough e s t ima te  of 
t h e  annual con t r i bu t i on  of  a l d e r  t o  Ward 



Creek water nitrate flux reveals that a 
majority of the total flux in a given year 
is due to nitrogen fixation. The propor- 
tion undoubtedly varies widely from year to 
year depending on precipitation patterns 
and intensity. Years with above-normal 
precipitation in the form of rain would 
have a large component of stream water 
nitrate flux derived from atmospheric 
nitrogen sources. 

Other forms of nitroaen, Concentrations 
of ammonium nitrogen were usually below the 
level of detection (5 rg/L) (Leonard et al. 
1979). Elevated NH,-N levels did occur 
briefly during rainfall runoff, but total 
flux was insignificant. NO -N concentra- 
tions also were near the leve? of detection 
(2 rg/L) at all times, and total flux in 
comparison to NO,-N was insignificant. 
These results are consistent with low 
concentrat~ans found in Ward Creek soil 
water in all seasons (Coats et al. 1976). 
Apparently the NU,-N pool in the soil is 
almost enti rely adsorbed or rapidly 
incorporated in microbial and plant 
rhizosphere biomass. 

4.1.2,b Daily concentration 
patterns for dissolved phosphorus in Great 
Basin streams appear to be distinctly 
different from those for particulate 
phosphorus (Leonard et a1 . 1979). Differ- 
ent sources and modes of transport of the 
two principal fractions of phosphorus 
appear to be the factors responsible. The 
dissolved load passes through the soil and 
rhizosphere and thus i s  strongly influenced 
by the terrestrial ecosystem. The particu- 
late load, primarily mineral in orlgin, 
responds to the condition of the stream 
channel and water discharge 1 eve1 s. 

(I) Qi ssolved &s~horus concentration. 
Ouring water year 1975, the mouth of Ward 
Creek nearly always had a higher daily 
total sal uble phosphorus (TSP) concentra- 
tion ( ~ 5 1 6  r g / t )  and always exhibited a 
higher so1 uble reactive phosphorus (SUP) 
concentration ( x m 1 2  cg/L) than the north (7 
and 4 rg/L, respectively) and south forks 
(12 and 9 rg/h, respectively) (Leonard et 
al, 1979). Midwinter and early spring 
soluble phosphorus peaks were foll owed by 
a continuous concentration decl i ne 
throughout May as snowmel t progressed. 
However, a concentration increase did 

occur near peak discharge in the mainstream 
and south fork. The TSP and SRP annual 
concentration maxima occurred at different 
times, but each peak was approximately 
synchronous at these two stations. The 
annual TSP and SRP concentration minima 
followed similar patterns among stations. 
SRP ranged from 44%-100% of TSP in the main 
stem and from 25%-100% in the south fork. 

The soluble phosphorus regime of the 
north fork differed from the other two 
sites in several respects. Most striking 
were the consistently 1 ower concentration 
values at all times of the year. Other 
significant distinguishing features 
included oscillating concentrations in the 
spring compared to the continuous decl ine 
a1 ready mentioned, soluble phosphorus 
minima occurring in the winter and not the 
spring, coincident TSP and SRP annual 
concentration maxima, and coincident TSP 
and SRP concentration minima. SRP ranged 
from 40%-88% of TTS. 

The complex factors that infl uence the 
dissolved phosphorus levels in Ward Creek 
involve interactions between vhosohorus 
sources and water moving through the soil 
system to the stream (Leonard et a1 . 1979). 
Sources of dissolved phosphorus incl ude 
sparingly soluble mineral s, desorption of 
phosphorus from the surface of cationic 
soi 1 components, decay and mineral izat ion 
of soil organic matter, leaching of tree 
1 i tter, excretion, analysis of stream 
organisms, and precipitation (Keup 1968). 
Phosphorus removal from through-flow could 
occur primarily through the absorption of 
phosphorus in the soil and secondarily by 
slow microbial uptake in the cold but 
unfrozen soi 1 s. Removal of dissolved 
phosphorus from stream water mav be 
seasonally significant as a resuft of 
microbial uptake and chemical interaction 
with sediments. 

In Ward Creek, the dynamics of the peri- 
phyton community affected the forms and 
concentration of dissolved phosphorus 
during the active growing season (Perkins 
1876). During winter and early spring, 
Ward Greek 1 ies under ice and snow. Algal 
standing crop is low, and bacteria1 meta- 
bol ic rates involved in the decomposition 
and mineralization of organic matter 
probably decrease sharply in fall and 
remain low through spring. 



Fluctuations in the dissolved phosphorus 
concentrations appeared to be independent 
of discharge fluctuations. Linear regres- 
sions of TSP versus discharge yielded non- 
significant regression coefficients. While 
stream discharge and dissolved phosphorus 
showed poor correlation, the volume of 
water moving through the soil and reflected 
in discharge had an impact on the transport 
of dissolved phosphorus into Ward Creek. 

During May, in the mainstream and south 
fork of Ward Creek, snowmelt increased and 
dissolved phosphorus concentrations 
decl ined as discharge increased (Leonard et 
al. 1979). At least two factors operated 
during the May TSP decline. Rising 
temperatures increased biological activity, 
and as the soils approached saturation, 
more interstitial space was occupied by 
water, a1 1 owing more contact of dissolved 
phosphorus and adsorption sites. In 
contrast, phosphorus concentrations in 
discharge from the north fork remained 
re1 atively constant during the same period, 
consistent with the general conservation of 
phosphorus in the north bowl. These 
conditions prevailed prior to peak water 
discharge in early June. 

Samples from mid-June showed dramatic 
increases in di ssol ved phosphorus concen- 
trations at all stations. The volume of 
water entering the stream between late May 
and the discharge peak in early June 
relative to the May 28 flow, increased by 
92% in the mainstream, 114% in the south 
fork, and 68% in the north fork (Leonard et 
a1 . 1979). These values represent not only 
a substantial relative gain, but a large 
absolute increase in the volume of water 
moving through the soils. The higher 
volumes of melt water and increasing tem- 
peratures in May led to near saturation 
conditions with concomitant biological 
uptake and adsorption of dissolved phos- 
phorus. However, the peak snowmelt of June 
saturated the entire soil profile, leading 
to significant lateral flow in the upper 
soil and rapid discharge into surface 
channels and the main stream. The com- 
bination of saturated soi 1 s and biological 
activity could easily deplete oxygen in the 
interstices of the soil over large areas. 
Anaerobic conditions and a drop in redox 
potent i a1 would decrease adsorption of 
phosphorus in the soil water and could 
initiate desorption. In addition, biotic 

uptake of phosphorus would be diminished as 
the less efficient anaerobiosi s is replaced 
aerobic respiration. Thus the soil system 
that control 1 ed the 1 eve1 s of dissolved 
phosphorus flowing through it and entering 
Ward Creek in other periods temporarily 
lost its control 1 ing influence under the 
fully saturated conditions of snowmel t . 
Increases in dissolved phosphorus, 
particularly from the north bowl, the most 
phosphorus-conservat i ve area studied, 
underscored the impact of soi 1 saturation. 

(2) Particulate ~hos~horus concentra- 
tion. In contrast to the soluble 
phosphorus concentration regime, the 
particulate phosphorus (PP) concentrations 
in Ward Creek exhibited distinct seasonal 
trends: levels below 10 rg/L throughout 
most of the year, a rapid rise through May 
and early June, and a decline in late June 
(Leonard et a1 . 1979). During spring run- 
off, snowmel t- induced diel discharge 
variations caused diel patterns in PP 
concentration. 

Sources of particulate phosphorus in Ward 
Creek included blow-in of leaf 1 itter and 
other plant debris, sloughing off of peri- 
phyton and sediments from bank erosion, 
rill erosion, and movement across the 
forest floor (Leonard et a1 . 1979). Flu- 
vial sediments appeared to be the primary 
source of PP. Seasonal trends at a11 
stations corresponded to the general sea- 
sonal trend of the suspended sediment load. 
The total amount of phosphorus incorporated 
in the periphyton in any given season was 
minimal compared to the total PP discharge 
from Ward Creek (Perkins 1976). Estimates 
of allochthonous detrital inputs to the 
stream were not made, but PP concentrations 
in the late fall were low, indicating only 
minor a1 lochthonous sources. 

The mouth of Ward Creek had markedly 
higher PP concentrations than either up- 
stream fork (Leonard et a1 . 1979). PP con- 
centration differences among stations were 
related to the greater bank erosion in the 
lower reaches of the stream channel and the 
greater energy for transport avail able with 
increased discharge. Strong differences in 
average concentrations were found from day 
to day. There was poor 1 inear correlation 
(r = 0.61, P = 0.61) between particulate 
phosphorus and sediment load over the 
enti re snowmel t period. However, the 



c o r r e l a t i o n  improved ( r  = 0.88, P = 0.01) 
f o r  a g iven 24-hour per iod,  as d i d  t he  
s t rength  o f  c o r r e l a t i o n  o f  PP and discharge 
( r  = 0.87, P - 0.01). The degree o f  p r i o r  
f l ush ing  o f  t he  stream channel a f f ec ted  the  
r e l a t i o n s h i p  of PP load and suspended 
sediments throughout t h e  snowmelt per iod,  
A steady 4-day dec l i ne  i n  PP concentrat ion 
observed a f t e r  concentrat ion peaks i n  May 
and June was p a r t i c u l a r l y  s t r i k i n g .  The 
r a p i d  dec l i ne  i nd i ca ted  removal o f  r e a d i l y  
e rod ib le  ma te r i a l s  w i t h  new sources 
mobi l ized on ly  a f t e r  a major increase i n  
discharge a week l a t e r .  A concomitant 
decrease i n  suspended sediment concentra- 
t i o n  over the  same t ime per iod  was f u r t h e r  
evidence f o r  t he  r o l e  o f  channel scour. 

( 3 )  The spr ing snowmelt 
pe r i od  dominated the  f l u x  o f  phosphorus 
from the Ward Creek watershed (Leonard e t  
a l .  1979), reaching a t  l e a s t  97% o f  the  
annual t o t a l  dur ing  May, June, and Ju l y .  
O f  the t o t a l  phosphorus f l u x ,  the p a r t i c u -  
l a t e  f r a c t i o n  accounted f o r  84% i n  the  main 
stream, 70% i n  the south fo rk ,  and 68% i n  
the  no r th  fo rk ,  wh i l e  the  SRP f r a c t i o n  
represented 11%, 17% and 19% o f  t he  t o t a l ,  
respect ive ly ,  SRP as a percent o f  TSP was 
67%, 60% and 59%, respec t i ve l y  f o r  the  
th ree l aca t i ons .  

A l l  th ree  s ta t i ons  exh ib i t ed  s i m i l a r  f l u x  
pa t te rns  f o r  t he  year 1975, unusual f o r  t he  
l a c k  o f  ra ins .  P a r t i c u l a t e  phosphorus f l u x  
remained n e g l i g i b l e  throughout most o f  t h i s  
water year except f o r  the vernal snowmelt, 
wh i l e  a s i g n i f i c a n t  f a l l  PP f l u x  occurred 
i n  other  years. The p a r t i c u l a t e  f l u x  peaked 
before d isso lved phosphorus, and then f e l l  
abrupt ly  back t o  near zero a f t e r  e a r l y  
snowmel t d i  seharge removed phosphorus- 
bear ing sediments From the stream channel 
before the  peak water discharge. 

That the  m a j o r i t y  o f  t he  t e r r e s t r i a l  
ecosystem d i d  not s t rong ly  conserve 
phosphorus may be t y p i c a l  o f  h igh mountain 
watersheds charac ter ized by heavy spr ing  
snomel  t runof f  and pe r iod i c  in tense 
r a i n f a l l .  The apparent j ux tapos i t i on  o f  a 
phosphorus-leaky drainage basin and an 
o l i g o t r a p h i c  l a k e  f u r t h e r  argues f o r  an 
o v e r a l l  n i t r o g e n  l i m i t a t i o n  i n  Lake Tahoe 
(Leonard e t  a? . 1979). 

While i n  suspension, t h e  PP from Ward 
Creek represents a p o t e n t i a l  source o f  

b i o l o g i c a l l y  usable phosphorus. However, 
t he  considerable d e l t a  o f f  Ward Creek 
i nd i ca tes  the  f a t e  o f  most o f  t h e  p a r t i c u -  
1 a te  inputs,  probably r e s u l t i n g  i n  perma- 
nent l o s s  from the water column. Only the 
SRP f l u x ,  11% o f  t he  TP output  from Ward 
Val ley, remains b i o l o g i c a l l y  ava i lab le ,  
most o f  i t  reaching the  l ake  dur ing  the 
spr ing a lga l  bloom. 

Herron (1985) described the  dynamics o f  
phosphorus i n  Dingle Marsh, Idaho, 1 ocated 
a t  the nor thern  edge o f  Bear Lake. Dingle 
Marsh was a net  annual s ink  f o r  t o t a l  
suspended sol  i d s  (TSS) , t o t a l  phosphorus 
(TP), and phosphate phosphorus (PO -P) i n  
t he  years studied, but  was l ess  e f t i c i e n t  
a t  r e t a i n i n g  TSS and TP i n  a drought year 
than i n  wet years. The d e t r i t u s  i n  Dingle 
Marsh was a d a i l y  ne t  s i nk  f o r  PO, i n  a l l  
study months (May - Sept.), except May, and 
a d a i l y  net  s ink  f o r  d isso lved organic 
phosphorus (DOP) i n  a l l  study months except 
September. The maximum net  uptake and 
re lease o f  PO, by the d e t r i t u s  i n  the 
Dingle Marsh study corresponded t o  maximum 
net  uptake and re lease by the per iphyton 
community. Periphyton was observed u t i l i z -  
i n g  the  d e t r i t u s  as a substrate and pro-  
bably con t ro l  l e d  PO, DOP dynamics. D e t r i  - 
tus, on a dry  weight basis, contained h a l f  
as much pe r iphy t i c  ch lo rophy l l  a as d i d  
per iphyton alone; i .e., 2 g o f  wet d e t r i t u s  
contained as much ch lo rophy l l  a as d i d  1 g 
of p e r i  phyton scraped from wooden dowel s. 
De t r i t us ,  therefore,  was heav i l y  colonized 
w i t h  per iphyton and was a major s ink  f o r  
PO, and, t o  a l esse r  extent ,  DOP, a t  l e a s t  
dur ing  most months o f  the  growing season. 

Periphyton communities grown on wooden 
dowels i n  Dingle Marsh occas iona l ly  removed 
some DOP from the  water dur ing  summer, 
suggesting t h a t  attached algae o r  bac te r i a  
used a t  l e a s t  a small p o r t i o n  o f  t h e  DOP 
(Herron 1985). The per iphyton communi t y  
removed l a r g e r  amounts o f  PO, from the 
water column, w i t h  maximum estimated d a i l y  
uptake occur r ing  i n  June and August and 
minimum i n  Ju ly .  Since Herron was unable 
t o  quant i fy  the amount o f  per iphyton 
growing n a t u r a l l y  w i t h i n  the marsh, the 
t o t a l  impact o f  per iphyton on water q u a l i t y  
was unknown, bu t  thought t o  be s i g n i f i c a n t .  

Phytoplankton appeared t o  remove PO, from 
the  water a t  a h igher  r a t e  than per iphyton 
because o f  t h e  d ispers ion  o f  phytoplankton 



throughout the water column. Plankton were 
a net sink for PO, in Dingle Marsh, Idaho, 
night and day except for a net release at 
night in September (Herron 1985), which may 
have been due to death and autalysis of 
ce'i 1 s brought on by freezing water condi - 
Lions, or the temperature drop may have 
slowed algal uptake to the point where zoo- 
plankton excretion exceeded algal uptake. 
DOP was probably released into the water 
column by invertebrate excretion and bac- 
terial activity and may not have been very 
avail able to phytoplankton. Concentrations 
of DOP further increased because the plank- 
ton removed a small portion during the day 
and released a large portion at night. 

Herron (1985) reported that TP entering 
Dingle Marsh via the Rainbow Canal con- 
si sted primarily of particulate phosphorus 
(PP) and was highly correlated with TSS 
(r = 0.94). Herron believed that TSS, TP, 
and PP dynamics were controlled primarily 
by the hydrology of the system, with sedi- 
mentation accounting for most TSS, TP, and 
PP removal from the water. Herron (1985) 
observed a net flux of PO, into the sedi- 
ments during daylight in all study months 
and a net release at night in all study 
months except August, when a net uptake was 
noted in Dingle Marsh. Maximum nighttime 
PO, release rates from the sediments were 
observed in May and July corresponding to 
maximum daytime PO flux into the sedi- 
ments. Daily PO, flux into the sediments 
occurred in May, July, and August, and 
daily net releases were observed in June 
and September. Sediments had a major 
impact on DOP concentrations by usually 
releasing DOP into the water column night 
and day. DOP release from the sediments 
may have been due to invertebrate activity. 
The net flux of PP was into the sediments 
due to sedimentation of PP bearing TSS, 
except when ambient concentrations were low 
and organisms bound in a sediment matrix 
were released from the bottom sediments. 

When Bear Lake water, low in nutrients 
and TSS, was flushed through the marsh, it 
tended to export TSS, TP, and PP. Dingle 
Harsh retained about 10%-62% o f  the TSS and 
as much as 54% of the influent PP. Herron 
(1985) described two other mechanisms by 
which TSS and PP may have been exported 
from Dingle Marsh, Plankton production 
increased in open areas of the marsh in 
summer, and some apparently was carried 

from the marsh with effluent water. The 
marsh became a strong net source for 
chlorophyll g in May and continued to 
export chl orophyl l g unt i 1 September when 
the study ended. Herron also described the 
formation and release of mats of algae in 
a sediment matrix from the sediments during 
summer; these were observed to float out of 
the marsh with effluent waters. The 
release of algal mats from the sediments 
probably took place because oxygen produced 
by algal cells became trapped in the 
sediment matrix and floated the entire 
community. It is also possible that micro- 
organi sms other than algae (e .g . , bacteria) 
were responsible for flotation of the mats, 
with filamentous algae acting only to bind 
the sediment particles together. 

4.2 BIOLOGICAL PARAMETERS 

The sparsity of descriptive (systematic) 
and ecological studies on the aquatic biota 
of the Great Basin is almost unbel ievable, 
particularly in view of the size and 
diversity of the area involved. Fewer than 
a ha1 f dozen studies have been publ ished on 
either the algal , the vascul ar hydrophyte, 
or the aquatic invertebrate communities of 
aquatic environments in the Great Basin. 
Even though the taxonomy and distribution 
of fishes in the area are we17 known, very 
1 ittle quantitative work related to their 
ecology has been publ i shed. 

Characteristically the aquatic plant 
component of the Great Basin consists of an 
admixture of periphyton and macrophytes. 
Diatoms are common microalgae in the peri - 
phyton and phytoplankton whereas both 
macroalgae and vascular plants compose the 
macrophytes. Visually, macrophytes are a 
predominant feature of Great Basin marshes 
and low gradient streams and contribute 
significantly to their trophic base as 
we1 1. 

Several authors in more extensive studies 
have noted the presence of the comon algae 
in specific streams in the Great Basin. 
Gaufin (1959) recorded ghaetoahorg, 
Cladoahora, Hvdrurus foetidus, Oedoaonium, 
Oscillatoria, Prasiola, Spiroavra, Svnedra, 
Tabellaria, Ulothrix, Vaucheria, fvsnema, 
and diatoms for various locations in the 



Provo River. During t h e i r  study, McConnell 
and Sigl e r  (1959) found Cl ado~hora ,  
Hvdrurus, Nostoc, Phormidium, Prasiol a ,  
Shizothrix, Vaucheria, and diatoms attached 
t o  rocks in the Logan River. 

An intensive ecological investigation of 
sestonic algae in the Logan River by Clark 
(1958) indicated tha t  diatoms were dominant 
in both density and d ivers i ty  in the water 
column, and tha t  they originated from the 
benthos. There was 1 i t t l e  evidence of 
diurnal f luctuat ions  i n  density. Behmer 
and Hawkins (1986) noted t ha t  Hvdrurus 
foetidus was abundant during t he i r  studies 
in the  adjacent Blacksmith Fork River. 
Cl adoohora and Osci 11 a to r i  a were abundant 
in the Truckee River during the study 
conducted by Thomas and 0' Connel 1 (1966) . 

One of the most detailed studies of the 
attached algae (periphyton) in streams in 
the Great Basin was conducted by Lawson and 
Rushforth (1975). They examined the diatom 
f lo ra  of the  Provo River a t  monthly in te r -  
vals over a fu l l  year. Thirty-eight genera 
containing 156 species,  45 var ie t i es ,  and 
4 forms were ident i f ied,  described, and 
i l lus t ra ted .  The most common diatoms 
occurring in the Provo River during t h i s  
study were Achnanthes, 8.  l i n ea r i s ,  A .  
minuti ssima, Cocconei s pl acentul a var. 
1 ineata, Cvlotellg meneqhiniana, Cymbella 
sinuata, C. turs ida ,  C. ventricosa, Diatoma 
vulsare, F ras i l l a r ia  l e ~ t o s t a u r a n ,  F. 
vaucheriae, Gom~honema ansustatum, G .  
01 ivaceum, Melosira varians, ~ a v i c u i a  
crvetocephalq var. veneta, 4. t r i ~ u n c t a t a ,  
Nitzschia palea, Sur i re l l a  ansustata,  5.  
ovata, and S~nedra  m. 

These diatoms were dis t r ibuted In the 
r ive r  in two broad zones with a t ransi t ion 
zone between. The f i r s t  f l o r i s t i c  zone 
extended from the  headwaters to  near the 
vi l lage of Woodland on the Upper Provo 
River. This section of the r ive r  i s  cold 
and fas t  flowing with a low nutr ient  con- 
centration.  The average number of species 
collected a t  each s i t e  in t h i s  f i r s t  zone 
was 90. The second f l o r i s t i c  zone was on 
the Sower Provo River from the ou t le t  of 
Deer Creek Reservoir t o  Utah Lake. This 
section of the r i ve r  has undergone exten- 
sive a l t e ra t ion  (diking, channelization, 
i r r igat ion diversion) and receives runoff 
and eff luents  from farm, ranch, and urban 
sources. Fourteen species and three 

var ie t ies  of diatoms were confined t o  t h i s  
zone. On the average, 62 species were 
collected per s i t e  in t h i s  f l o r i s t i c  zone. 

A t ransi t ion zone between the f i r s t  and 
second zones extended from Woodland t o  Deer 
Creek Reservoir. This t ransi t ional  region 
i s  equivalent t o  the lower half of the 
upper Provo River and i s  about 40 km long. 
Species common t o  the upper zone, but not 
confined t o  i t ,  usually diminished in 
frequency through t h i s  zone. On the  other 
hand, species common in  the lower zone, but 
not confined t o  i t ,  also occurred infre-  
quently in the t ransi t ional  zone. Eleven 
species and two var ie t i es  were confined t o  
the t ransi t ion zone, and there was an 
average of 76 species per s i t e .  

Forty-seven species and 10 var ie t i es  
occurred essenti a1 ly throughout the en t i re  
r iver  system. There were 44 species and 13 
var ie t ies  identified e i t he r  from one 
specimen or  very few specimens. 

Squires e t  a1 . (1973) and Benson and 
Rushforth (1975) studied the algal f lo ra  of 
Huntington Creek, Emery County, Utah. 
A1 though Huntington Creek i s  a t r ibutary of 
the Colorado River via the San Rafael and 
Green Rivers, the findings are d i rec t ly  
applicable to  the Great Basin. Huntington 
Creek i s  a cold, c lear ,  fast-flowing, 
calcareous stream tha t  supports a diverse 
algal f lo ra  adapted t o  these conditions. 
Diatoms are the most abundant algae pre- 
sent,  occurring throughout the year on the 
substrate and in the plankton. The 
dominant genera are Navicul a ,  Cvmbell a ,  
Gom~honema, Ni tzschia,  Svnedra, Achnanthes, 
and Diatoma. Diatoms show maximum 
production on the substrate in l a t e  spring 
and early summer and in l a t e  f a l l  and ear ly  
winter. 

Benthic diatoms are the main contributors 
t o  the nannoplankton, and the  composition 
and seasonal f luctuations of the nanno- 
plankton are 1 argely determined by simil ar  
f luctuations of the substrate.  Water level 
and water temperature changes, and mechan- 
ical  disturbances also appear to  be factors  
influencing nannopl ankton 1 eve1 s .  Nanno- 
plankton increase as the water moves down- 
stream, but the increase i s  not en t i re ly  
cumulative since destruction o f  ce l l s  
occurs i n  the turbulent water. Periphyton 
colonization was found t o  be higher in the 



r i g h t  f o r k  of  Huntington Creek than lower 
i n  t h e  canyon. 

True p lanktonic  a lgae ,  inc lud ing  Aster io-  
n e l l a  formosa, Fraq i l  i a r a  c ro tonens i s ,  
Dinobrvon cvl  indricum, Pandorina morum, and 
Ceratium hi rundinel  l a ,  occur  i n  t h e  plank- 
ton o f  Huntington Creek. These a lgae  a r e  
thought t o  o r i g i n a t e  in  r e s e r v o i r s  on t h e  
upper d r a inage  of t h e  l e f t  f o r k  of Hunting- 
ton Creek, and t h e i r  occurrence i n  t h e  
creek b a s i c a l l y  c o r r e l a t e s  with a lga l  
cyc l e s  i n  t h e s e  r e s e r v o i r s  (Squi res  e t  a1 . 
1973). 

Upper Huntington Creek flows through a 
s t eep ,  narrow, rocky canyon. The s t ream 
here suppor t s  a f l o r a  p r e f e r r i n g  montane, 
co lde r ,  f a s t - f l owing ,  l ow-nu t r i en t  waters .  
The diatom community reached maximum 
development dur ing  t h e  l a t e  sp r ing -ea r ly  
summer season. I t  was dominated by s p e c i e s  
of As te r ione l  1 a ,  Am~hora, Cvmbell a ,  Navi - 
cul a ,  Neidium, S t au rone i s ,  and Tabel l  a r i a .  - 
The diatom f l o r a  became p reva l en t  again 
during f a l l  and w in t e r  months, with predom- 
inant  spec i e s  being Diatoma, F r a s i l  a r i a ,  
and Gom~honema. Filamentous a l g a e  i n  t h i s  
s ec t i on  of t h e  c reek  were dominated by 
Osc i l l  a t o r i  aceae dur ing  t h e  sp r ing  and 
summer, and by Ulo thr icaceae  and Hvdrurus 
f o e t i d u s  through win t e r  and e a r l y  sp r ing  
(Benson and Rushforth 1975). Hvdrurus 
f o e t i d u s  grows p ro fuse ly  from l a t e  w in t e r  
t o  e a r l y  summer, e s p e c i a l l y  i n  t h e  upper 
reaches of t h e  canyon, forming t h i c k  
mucilaginous growths on t h e  rocky s tream- 
bed. Blue-green a lgae  a r e  p r e sen t  on t h e  
creek s u b s t r a t e  throughout  t h e  y e a r ,  but 
show h ighes t  product ion dur ing  summer and 
fa1 1 when encrus ted  communities form on t h e  
stony s u b s t r a t e .  Other f i l amentous  a lgae  
presen t  i n  t h e  canyon inc lude  Ulo thr ix  
tenuiss ima,  U. zonata ,  and Stiqeoclonium 
s t a s n a t i l e ,  which occur  mostly i n  t h e  
sp r ing ,  and Mouseotia spp. ,  S ~ i r o q v r a  spp. ,  
Zvcinema spp.,  and Vaucheria germinata ,  
which grow i n  backwaters,  pools ,  and ponds 
along t h e  c reek  through t h e  summer and 
f a l l  (Squi res  e t  a l .  1973). 

Fragments from these  f i lamentous a lgae  
a r e  an important  source  of  s e s ton .  
Hvdrurus f o e t  idus fragments a r e  preva len t  
i n  t h e  s e s ton  i n  sp r ing ,  and f i l amen t s  o f  
bl ue-green a lgae  occur  i n  1 a rge  q u a n t i t i e s  
during October and November. Most 
f i lamentous green a lgae  occur  dur ing  t h e  

summer months, and they  a r e  most p r eva l en t  
in  t h e  r i g h t  f o r k  where p ro t ec t ed  a r ea s  
along t h e  s t ream channel a l low f o r  t h e i r  
development. Most o f  t h e s e  f i l  amentous 
a lgae  a r e  qu ick ly  des t royed  as  they  a r e  
c a r r i e d  downstream by t h e  c u r r e n t .  

C l a d o ~ h o r a  ulornerata and Oedoqonium sp .  
a l s o  appear i n  s i g n i f i c a n t  numbers i n  
Huntington Creek. C. glomerata  i s  most 
abundant i n  t he  lower reaches of  t h e  r i g h t  
f o r k  dur ing  t h e  f a l l ,  and Oedoqonium sp . ,  
abundant i n  t h e  upper r i g h t  f o r k  dur ing  t h e  
same period.  These genera a r e  a l s o  
preva len t  i n  t h e  lower Huntington Creek a s  
i t  f lows through C a s t l e  Val ley,  where they  
form long s t reamers  from t h e  s t ones  during 
l a t e  sp r ing  and e a r l y  summer. 

Lower Huntington Creek, from t h e  mouth o f  
t he  canyon t o  t h e  junc t ion  of  t h e  r i g h t  and 
l e f t  f o r k s ,  provided a r a t h e r  d i f f e r e n t  
environment. Campgrounds, p i c n i c  a r ea s ,  
and coal -mining e f f l u e n t s  in f luenced  t he se  
gene ra l l y  sl ower-fl owi ng v a l l  ey waters  and 
provided unique co lon i za t i on  poss i  b i  1 i t i e s .  
Diatoms dominated t h e  a lga l  f l o r a .  Species  
of Achnanthes, Cv lo t e l l  a ,  Cvmbell a ,  Fraqi - 
l a r i a ,  Hannaea, and Navicula were common 
dur ing  t h e  s p r i  ng-summer seasons.  Species  
of Diatoma, F r a q i l a r i a ,  Gom~honema, Nitz-  
s c h i a ,  and Svnedra were o f t e n  found during 
f a l l  and win te r .  This  s e c t i o n  of Hunting- 
ton Creek supported a f i  1 amentous community 
dominated i n  t h e  sp r ing  and summer months 
by C l  a d o ~ h o r a  sl omerata,  Mouqeot i a spp.,  
Osci l  l a t o r i a c e a e ,  S ~ i r o q v r a  spp. ,  Ulo thr i  - 
caceae,  and Zvanema spp.  Spec ies  of  Oedo- 
goni urn, Ce ra t i  urn, Dinobrvon, Pandori na, and 
S t iqeoc l  oni urn were common from e a r l y  summer 
through f a1  1 (Benson and Rushforth 1975). 

Lower Huntington Creek exh ib i t ed  
increased  a1 kal i n i  t y ,  d i s so lved  s a l t s ,  
hardness ,  s u l f a t e s ,  t u r b i d i t y ,  and organic  
enrichment due t o  a g r i c u l t u r a l  and 
municipal uses. The sp r ing  and summer 
diatom populat ion here contained spec i e s  of 
Achnanthes, Amphora, Cocconei s, Cvmato- 
p l e u r a ,  Q m b e l l a ,  D i ~ I o n e i s ,  Eoi themia, 
Eunotia,  F r a s i l a r i a ,  Gvrssiqma, Pleuro- 
sigma, and Navicula. Spec ies  of Diatoma, 
Gom~honema, Navicula, Ni tzsch ia ,  Sur- 
i re1 1 a ,  and Svnedra became p reva l en t  during 
t he  f a l l  season. Cladophora cllomerata, 
Desmidaceaea, Hvdrurus f o e t i d u s ,  Osc i l l  a -  
t o r i  aceae, and Zygnemataceae domi nated t h e  
f i lamentous a l g a l  f l o r a  dur ing  t h e  



spring-summer season. Chara v u l q a r i s  
occurred i n  lower Huntington Creek from 
Ju ly  t o  December, forming l a r g e  mats and 
sometimes f i l l i n g  1 a rge  s e c t i o n s  of t h e  
stream channel.  

The permanent ponds of  t h e  Huntington 
Canyon d ra inage  provided d i s t i n c t l y  
d i f f e r e n t  h a b i t a t s  f o r  a lga l  f l o r a s .  The 
seasonal popula t ions  were s i m i l a r  t o  those  
of t h e  c reek  i n  Cas t l e  Val ley,  although 
g r e a t e r  s p e c i e s  r i chnes s  was noted. 
Species  of  Achnanthes, Cocconei s ,  Cvmbell a ,  
Epi themia, Gom~honema, Navicul a ,  Ni t z s c h i a ,  
and Svnedra t o g e t h e r  with spec i e s  of  
A~hanochae te ,  C a r t e r i  a ,  Chl amvdomonas, 
Characium, Coleochaete ,  Euglenophyta, 
Scenedesmaceae, Ulo thr icaceae ,  and Zygne- 
mataceae were abundant during sp r ing  and 
summer months. With t h e i r  d e c l i n e  and t h e  
subsequent enrichment of  t h e  waters ,  l a t e  
summer and f a l l  popula t ions  were dominated 
by spec i e s  of Amphialeura, Diatoma, 
themia, F r a q i l a r i a ,  N i t z sch i a ,  O s c i l l a t o r i -  
aceae, Mouqeotia, and S D ~  roqvra (Benson and 
Rushforth 1975). 

The most common a lgae  throughout t h e  
Huntington Creek dra inage  were Achnanthes 
l anceo l a t a ,  A, minuti ssima, Cocconeis 
pl acentul  a va r  . euql vp ta ,  C, parva,  
Cvmbell a v e n t r i  cosa,  Di atomp anceas var .  
l i n e a r i s ,  D.  hiemale, D.  vulgare,  
Gom~honema s z i  vaceum, ~ v n q b E  aeruqi  neo- 
cae ru l ea ,  It major, Navicula c rvpto-  
ceaha t l a ,  N. e l s i n e n s i s ,  fLL l anceo l a t a ,  N, 
t r i o u n c t a t a  var .  schizonemoides, Ni tzsch ia  
anphibia ,  N, d i s s i o a t a ,  N, l i n e a r i s ,  N, 
pa l ea ,  O s c i l l a t o r i a  1 imosa, 0- t e n u i s ,  
Svnedra rumpens, & ulna, Staurone is  
srni t h i  i , and Ulo thr ix  zona ta .  Diatoms a1 so  
were t h e  most abundant t axa  i n  t h e  
periphyton of  Convict Creek, Cal i f o r n i a  
(Leland e t  a1 1986), except  i n  l a t e  spr ing  
and summer when severa l  seasonal  bl ue-green 
a lgae  (Chamaesi ahon i ncrus tans ,  Lvnqbva 
spp.,  and Osci l  l a t o r i a  spp . )  reach maximum 
d e n s i t i e s .  

The most abundant phytoplankton genera i n  
t h e  Bear Lake s tudy  of  McConnell e t  a l .  
f 1957) were Ankistrodesmus, Oocvs t i s ,  
L~nqbva ,  Laqerheimia, Dinobrvon, and 
Dic tvos~haer ium,  Diatoms never exceeded 5% 
by number of t h e  t o t a l  c e l l s .  All of t h e  
c e l l s  were small (from 2 t o  about 50 am i n  
t h e i r  l a r g e s t  dimension);  only an 
occasional  diatom was l a r g e r  than 50 pm. 

Evidence ind ica ted  some changes in  t h e  
spec i e s  composition of t h e  l a r g e r  forms 
dur ing  t h e  development of  t h e  l a k e  a s  a 
r e s e r v o i r  with t h e  subsequent changes i n  
chemical composition of t h e  water .  
However, s i nce  e a r l  i e r  i n v e s t i g a t o r s  d i d  
no t  sample t h e  nannoplankton forms, no 
comparisons can be made. 

The co ld  water diatoms C ~ c l o t e l l a  sp .  
(probably kutzinqi  ana) and Steahanodi scus  
spp. dominated t h e  phytopl ankton community 
of Pyramid Lake during w in t e r  (Gal a t  e t  a1 . 
1981). (Species  of t h e s e  two genera have 
been reported from o t h e r  s a l  i ne 1 akes . ) 
Spring condi t ions  of c l e a r ,  co ld  water  and 
high n i t r a t e  concent ra t ion  o f t en  r e s u l t e d  
i n  a pulse of Chrococcus. Pyramid Lake's 
most abundant p lanktonic  ch lorophyte ,  
Cruciqeni a ,  a t t a i n e d  maximum c e l l  numbers 
i n  May (1977), when i t  made up 20% of t o t a l  
phytoplankton abundance. By J u l y ,  summer 
s t r a t i f i c a t i o n  i n  t h e  l a k e  i s  well 
developed. Epi 1 imnet ic  water  temperatures  
remain over  20 O C ,  whi le  n i t r a t e  and s i l i c a  
concent ra t ions  may become 1 imi t i n g  t o  green 
a lgae  and diatoms. Such cond i t i ons  f avo r  
t h e  annual bloom of Nodul a r i a  s ~ u m i q e n a ,  
t h e  l ake ' s  most abundant a lga l  spec i e s ,  
beginning as  e a r l y  a s  J u l y  and p e r s i s t i n g  
i n t o  October, although y e a r l y  du ra t i on  and 
i n t e n s i t y  v a r i e s  cons iderab ly .  During 
August 1977, a. s~umiqena  c e l l  concent ra -  
t i  ons peaked a t  over 3,200 c e l l  s/mL. 

Diatoms dominated t h e  p e r i p h y t i c  corn- 
muni t y  growing on introduced g l a s s  s l  i de s  
i n  Pyramid Lake, and accounted f o r  99.5% of 
t h e  t o t a l  number of a lgae  c o l l e c t e d  and 28 
of  33 genera i d e n t i f i e d  (Gala t  e t  a l .  
1981).  Their  numbers exh ib i t ed  a bimodal 
annual pa t t e rn ,  peaking i n  sp r ing  and again 
i n  f a l l .  Cvclo te l la  spp. ,  Ni tzsch ia  spp. ,  
and Diatsma sp .  ( c f .  e l  onqatum) were t h e  
p r inc ipa l  March diatoms co lon i z ing  g l a s s  
s l  i de s .  A1 though Cvclo te l l  a spp. decreased 
cons iderab ly  by May, Ni tzsch ia  spp. and 
Diatoma sp .  numbers remained high u n t i l  
June. The e a r l y  f a l l  p e r i p h y t i c  diatom 
growth cons is ted  mainly of  Diatoma s p . ,  
Amohora coffeaaormis, F r a q i l a r i a  spp. ,  and 
N i  t z ch i a  spp. In September l uxu r i an t  
growths of  Enteromor~ha a l s o  were observed. 

In Pyramid Lake, t u f a  and rock supported 
a t h i c k  C lado~hora  qlomerata  community i n  
e a r l y  Apr i l ,  and dur ing  May and June i t  
outcompeted o t h e r  forms. By mid-June 1977, 



growths a t ta ined lengths up t o  1 m and 
maximum g r o s s  p h o t o s y n t h e s i s  
(7.94 g 0,/m2/d) was measured. As summer 
progressed, water temperatures increased, 
l i g h t  penetrat ion decreased due t o  t h e  N. 
soumiaena bloom, and C. alomerata growth 
subsequently decl i ned. Epil i thiphyton 
productivity correspondingly decreased. 

More than 120 species were found i n  the 
phytoplankton of Lake Tahoe, 108 of which 
were diatoms, 99 pennate (Holm-Hansen e t  
a l .  1976). Although many of those species 
were present a t  each sampling time, three  
dominant species,  Fraai 1 a r i a  crotonensi s ,  
Melosira crenul a t a ,  and Cvclotel la 
bodanica, represented between 79% of  the  
biomass in the  e n t i r e  water column in 
February and 90% in July .  Fraqi lar ia  
crotonensi s was cons i s t en t ly  dominant both 
in number of c e l l s  and t o t a l  biomass: in 
the upper 100 m ,  i t  accounted f o r  a minimum 
of 33% in August t o  a maximum of 67% of the 
biomass in April ,  and f o r  the e n t i r e  column 
from 38% in February t o  66% in April.  The 
only other  species t o  make a s ign i f i can t  
contribution t o  t h e  t o t a l  biomass was the  
chrysophycean, Dinobrvon soci a l e ,  which 
accounted f o r  16% of the  t o t a l  biomass in  
the upper 100 m in  July and 6% in April.  
Total biomass i s  g r e a t e s t  in April ,  due 
almost e n t i r e l y  t o  E. crotonensis,  and in 
August due t o  several species,  mainly M. 
crenul a t a ,  C. bodanica, and Cvcl o te l  1 a 
oce l l a t a ,  as  well a s  E. crotonensis.  

Only about 30% of the  phytoplankton in 
Tahoe e x i s t  within the  euphotic zone 
(Holm-Hansen e t  a1 . 1976). Whereas the 
phytoplankton biomass i s  maximum between 
50 and 100 m, the productivity maxima a re  
between 10 and 40 m.  The shape of the  pro- 
ductivi  t y  p r o f i l e s  may r e f l e c t  the  combined 
e f f e c t s  on photosynthesis of 1 ight  inten- 
s i t y  (which i s  sa tu ra t ing  from the surface 
t o  about 30-40 m and ra te - l imi t ing  from 
there  t o  the  compensation depth below 100 
m), temperature, and nu t r i en t  a v a i l a b i l i t y .  
Algal c e l l s  from a l l  depths appear a l i v e  
and healthy under the  microscope, and t h i s  
conclusion i s  supported by ATP data.  

Deer Creek Reservoir on the  Provo River 
exhibited a c l e a r l y  defined cycle of 
plankton succession which was bas ica l ly  
s imi lar  from year t o  year (Gaufin and 
McDonald 1965). This cycle was re la ted  

primarily t o  t h e  e f f e c t s  of seasonal 
changes and other  f a c t o r s ,  such as the  
addition of nu t r i en t s  by overturns and high 
runoff, va r i a t ions  in  water temperatures, 
and e f f e c t s  of stagnation and i ce  cover. 

During spring months the re  was an 
increase in  both numbers and kinds of 
Chl o r o ~ h v t a .  In a1 1 ~ r o b a b i  1 i t v  these 
blooms' o f  green a lgae '  were c a k e d  by 
increases in avai 1 able  nitrogen and 
phosphorus due t o  the  spring overturns and 
increased runoff from incoming streams. 
Runoff t o  the  Provo River during periods of 
high water often c a r r i e s  large  amounts of 
manure and other  organic matter  in to  the  
reservoir .  The primary f a c t o r  corre la ted  
with diatom populations during the  summer 
months is  high water temperatures. 
Asterionel 1 a formosa, Steohanodi scus,  and 
other  diatoms declined rapidly a s  water 
temperatures approached 21 O C ,  f i r s t  
appearing in surface  waters and l a t e r  in 
deeper areas  as the temperatures of these 
waters a l s o  increased. With advent of the  
autumnal overturn and decreasing water 
temperatures, t h e  diatom population again 
increased. A decrease in pl ankton concen- 
t r a t i o n  i n  the upper 3 m of water in Deer 
Creek Reservoir of ten  was observed t o  
accompany extended periods of c l e a r  sk ies  
and br ight  sunlight  during summer. This 
was especia l ly  evident f o r  Da~hnia  and 
other  zoopl ankters.  

Many temperate lakes  tend t o  show a 
bimodal curve of  plankton production with 
maxima in  the spring and f a l l ,  coinciding 
with periods of overturn.  However, t h i s  
condition was not evident in the  phyto- 
plankton of Deer Creek Reservoir. A s l i g h t  
increase i n  t o t a l  plankton i n  the  spring,  
followed by a decrease during most of the  
summer, was observed during 1959, but a 
f a l l  maximum was absent. 

During January and February 1959, 
Fraqi 1 a r i a  caoucina was the  dominant 
plankter i n  the rese rvo i r ,  reaching concen- 
t r a t i o n s  of over 3,080 organisms per 
m i l l i l i t e r .  High plankton counts in the  
spring of 1959 were produced ch ie f ly  by the  
diatom Cvclotel l a ,  which was espec ia l ly  
abundant i n  deeper waters. Possibly t h i s  
mul t ip l ica t ion was re la ted  in  p a r t  t o  the  
re lease  of nu t r i en t s  caused by the  spring 
overturn, a1 though i t  was f i r s t  observed 
in high concentrations from surface 



samples. Th i s  f o rm  d isappeared r a p i d l y  
f o l l o w i n g  t h e  March and A p r i l  peaks o f  
30,000 organisms p e r  mi 11 i 1 i t e r .  
F r a s i  1 a r i a  c a ~ u c i n a  was a1 so abundant i n  
su r face  waters  d u r i n g  t h i s  pe r i od .  I n  t h e  
s p r i n g  r u n o f f ,  t h e  Provo R i v e r  in t roduced  
many diatoms i n t o  t h e  r e s e r v o i r  t h a t  were 
normal i n h a b i t a n t s  o f  t h e  r i v e r ,  a long  w i t h  
p l a n t  ma t t e r  and o t h e r  p o l l u t i n g  ma te r i a l s .  
These a d d i t i o n a l  n u t r i e n t s  may have c o n t r i  - 
buted t o  t h e  growth o f  a number o f  green 
a lgae such as Pandor inq morum, Ank i s t r o -  
desmus f a l ca tus ,  and Suhaerocvst i  s, which 
appeared i n  t h e  r e s e r v o i r  a long  w i t h  blooms 
o f  F r a s i l  a r i a  s a ~ u c i n a  and A s t e r i o n e l l a  
formosa, 

As summer s t r a t i f i c a t i o n  progressed and 
su r f ace  temperatures r ose  t o  21 OC, p lank -  
t o n  counts  o f  A s t e r i o n e l l a  formosa and 
o t h e r  diatoms decreased, a1 though a d i v e r s e  
assemblage o f  green a lgae appeared i n  su r -  
face waters.  Anabaena f los -aquae  appeared 
i n  t h e  r e s e r v o i r  d u r i n g  m id - Ju l y  b u t  t h e  
bloom was n o t  a l lowed t o  develop because 
t h e  r e s e r v o i r  was t r e a t e d  w i t h  copper 
su lpha te  t o  reduce t h e  a lgae  p resen t .  
N e ~ h r o c v t i u m  and Coel ast rum were among t he  
f i r s t  a lgae t o  inc rease  i n  numbers i n  t h e  
t r e a t e d  areas, f o l l owed  by  F r a q i l  a r i  a 
caoucina and Tabel 1 a r i  3. With  t he  advent 
o f  t h e  autumnal ove r t u rn ,  S t e ~ h a n o d i  x u & ,  
which had p r e v i o u s l y  been con f i ned  t o  
bot tom samples, was common throughout  su r -  
face waters  o f  t h e  r e s e r v o i r .  Th i s  form 
l i v e s  a l l  yea r  i n  t he  bot tom muds and was 
brought  t o  t h e  su r f ace  by t h e  v e r t i c a l  
c u r r e n t s  o f  t h e  o v e r t u r n  where i t  was 
capable o f  l i v i n g  and reproduc ing  i n  t h e  
c o o l e r  wa te rs .  The o v e r t u r n  a1 so produced 
c o n d i t i o n s  f a v o r a b l e  f o r  growth o f  A s t e r i o -  
n e f l a  formosa, which reappeared i n  su r face  
waters .  I t  p e r s i s t e d  t o  t h e  c l ose  o f  t h e  
study, b u t  d i d  n o t  reach  t h e  maximum a t -  
t a i n e d  i n  t h e  sp r i ng .  F r a q i l a r i a  ~ u l c h e l l a  
counts  increased gradual  l y  d u r i n g  f a 1  1 and 
remained r e l a t i v e l y  h i g h  throughout  sp r i ng .  

S tud ies  conducted i n  1958 showed a 
s im i  1 a r  p a t t e r n  o f  seasonal succession. 
F raa i  1 a r i a  c a ~ u c i  na was t h e  dominant 
pl ank te r ,  r each ing  i t s  g r e a t e s t  concentra-  
t i o n s  o f  o v e r  10,000 organisms per  m i l  1 i - 
l i t e r  i n  J u l y  and September. Var ious 
spec ies of green a lgae occur red  throughout  
t h e  r e s e r v o i r ,  r each ing  maxima i n  l a t e  June 
when T e t r a s ~ o r a  and Pal me1 l a were predomi - 

nant.  Another maximum occur red  i n  August 
when a more d i v e r s e  f l o r a ,  i n c l u d i n g  
S ~ h a e r o c v s t i s ,  Tet rasnora,  Chlamvdomonas, 
Pediastrum d u ~ l  ex, and S~haerozosma 
f i l i f o r m e  were abundant. A h i g h  concen- 
t r a t i  on of carbonates p resen t  d u r i n g  August 
and e a r l y  September may have been due i n  
p a r t  t o  t h i s  bloom. Severa l  spec ies o f  
diatoms appeared t o  be adverse ly  a f f e c t e d  
by t h e  h i g h  summer water  temperatures. 
A s t e r i o n e l l a  formosa began t o  d e c l i n e  i n  
J u l y  and d i d  n o t  reappear u n t i l  November. 
Th i  s dec l  i n e  apparen t l y  was i n f l  uenced by  
f a c t o r s  o t h e r  than  temperature, as i t  
disappeared n o t  o n l y  f rom su r f ace  waters  
bu t  a l s o  f rom deeper areas w i t h  app rec i ab l y  
lower  temperatures. The autumnal o v e r t u r n  
r e s u l t e d  i n  t h e  appearance o f  Steuhano- 
d iscus,  which p e r s i s t e d  i n  t h e  su r face  
waters  throughout  t h e  w i n t e r .  

4.2.2 M a c r o ~ h v t e s  (A l  gae and Vascul a r  
Hvdrophv tes l  

Stud ies o f  aqua t i c  macrophytes commonly 
i n c l ude  macroscopic growths o f  a lgae 
( p a r t i c u l  a r l y  Chara, C l  adoohora, and 
Soi roqyra)  , as w e l l  as vascu la r  p l a n t s .  I n  
lowland streams and marshes o f  t h e  Great 
Bas in  t h e  macrophyte assembl age commonly 
c o n s t i t u t e s  t h e  major  s tand ing  c rop  o f  
pr imary producers. 

The most d e t a i l e d  e c o l o g i c a l  s tudy of 
macrophytes i n  t h e  r e g i o n  was conducted on 
Deep Creek, Idaho-Utah (M insha l l  e t  a l .  
1973). The dominant species, which c o n t r i  - 
buted most o f  t h e  t o t a l  macrophyte biomass 
inc luded  Chara v u l s a r i  s, E leochar i  s macro- 
stachya, and Potamoqeton p e c t i n a t u s .  Occa- 
s i ona l  1 y C l  adouhora, watercress (Ror i  u ~ a  
nastur t ium-aauat  icum) , and Potamoaeton 
f i l i f o r m i s  c o n t r i b u t e d  s i g n i f i c a n t  amounts 
a t  one o r  more o f  t h e  f o u r  l o c a t i o n s  
examined i n t e n s i v e l y .  Chara v u l q a r i s  was 
by f a r  t h e  dominant fo rm o f  vege ta t i on  i n  
t h e  stream. Dur ing  t h e  autumn o f  1970, i t s  
biomass exceeded 200 g ash- f ree  d r y  weight  
( A F D W ) / ~ ~ ,  b u t  p roduc t i on  was reduced 
s i g n i f i c a n t l y  d u r i n g  t h e  summer o f  1971, 
probably  due t o  t h e  excess ive scour ing  
a c t i o n  t o  which i t  was exposed d u r i n g  h i g h  
runof f  i n  t h e  sp r i ng  of 1971. Dur ing  t h e  
growing season o f  1972, t h i s  taxon  was a 
s i g n i f i c a n t  c o n t r i b u t o r  t o  t o t a l  macrophyte 
biomass o n l y  a t  t h e  sampl ing s i t e  ( s t a t i o n  
3) below Curlew Reservo i r .  



E leocha r i s  macrostachva was r e s t r i c t e d  
almost e n t i r e l y  t o  t h e  stream margins a t  
t h e  most upstream 1 o c a t i o n  where biomass o f  
t h i s  species exceeded 75 g  A F O W / ~ ~  d u r i n g  
t h e  e a r l y  f a l l  o f  1970, and t h e  p l a n t  
showed impress ive growth d u r i n g  t h e  p e r i o d  
June t o  J u l y  1971. However, a t  t h e  nex t  
sampl ing (August), t h e  biomass had dec l i ned  
from more than  170 t o  l e s s  than 25 g  
AFDW/mZ, a t t r i b u t e d  t o  g raz i ng  by c a t t l e .  
E leochar i s  macrostachva was a l s o  an 
impor tan t  c o n t r i b u t o r  t o  t h e  t o t a l  biomass 
i n  the  stream marg in  p o r t i o n s  a t  t h e  two 
i n t e rmed ia te  l o c a t i o n s  ( s t a t i o n s  2  and 3), 
wi t h  l e v e l s  exceeding 50 g AFDW/~ '  measured 
a t  bo th  o f  these l o c a t i o n s  and reach ing  a  
maximum o f  144 g  AFDW/~ '  a t  s t a t i o n  3  on 
September 1, 1972. E l  eochar i  s macrostachva 
was n o t  common a t  t h e  lower  most l o c a t i o n  
( s t a t i o n  4 )  because o f  channel dredging.  
The r e s u l t i n g  n e a r - v e r t i c a l  bank o f  t h e  
stream i s  n o t  t y p i c a l  o f  t h e  h a b i t a t  i n  
which t h i s  spec ies occurs. However, the  
more g r a d u a l l y  s l o p i n g  banks a t  a l l  o t he r  
sampl ing s t a t i o n s  c a r r i e d  s u b s t a n t i a l  
popu la t ions  o f  t h i s  p l a n t .  When ava i l ab l e ,  
i t  appears t o  be a  f a v o r i t e  o f  c a t t l e .  

Potamoqeton ~ e c t i n a t u s  l e d  a1 1 macrophyte 
species i n  abundance a t  any o f  t h e  sampl ing 
s t a t i o n s .  T y p i f i e d  by s t a t i o n s  3 and 4 
downstream f rom Curlew Reservo i r ,  l a r g e  
amounts o f  t h i s  spec ies were found. To ta l  
biomass i n  t h e  combined samples r e g u l a r l y  
exceeded 100 g  A F D W / ~ '  and approached 230 g  
AFDW/m2 a t  s t a t i o n  3 by June 1972. Th is  
species was n o t  found i n  any o f  t h e  samples 
a t  s t a t i o n  1 and was p resen t  o n l y  
i n f r e q u e n t l y  a t  s t a t i o n  2. Potamoqeton 
~ e c t i n a t u s  i s  common i n  a l k a l i n e ,  
moderate ly  f a s t  streams throughout  t he  
In te rmounta in  West and i s  regarded as a  
pes t  i n  i r r i g a t i o n  channels.  

R o r i ~ ~ a  nas tu r t ium-aaua t i cum was o f  
consequence o n l y  a t  s t a t i o n  2. To ta l  
biomass o f  t h i s  spec ies never exceeded 50 
g  AFDW/~ ' ,  a l though  a  1970 gross examina- 
t i o n  sometimes r evea led  ex tens i ve  beds 
growing a long  t h e  stream margin.  A t  
s t a t i o n s  1  and 2, Ror iooa almost t o t a l l y  
disappeared from t h e  samples c o l  l e c t e d  
a f t e r  t h e  heavy r u n o f f  o f  1971, and d i d  no t  
reappear i n  any o f  t h e  samples c o l l e c t e d  a t  
these two s t a t i o n s .  However, v i s u a l  
observa t ion  o f  t h e  reaches o f  t h e  stream i n  
which these s t a t i o n s  were l o c a t e d  d i d  
revea l  an occas iona l  regrowth.  

Potamoaeton f i  1 i fo rm i  s  was found o n l y  a t  
s t a t i o n  2, Th i s  spec ies was r e g u l a r l y  
c o l l e c t e d  b u t  never  exceeded 25 g  A F D W / ~ ~ .  
In f luenced by bo th  c u r r e n t  and s t a b l e  water  
temperatures, i t s  presence was r e s t r i c t e d  
t o  r i f f l e  areas a t  s t a t i o n  2. 

Dur ing  1970, macrophytes a t t a i n e d  t h e  
h i ghes t  l e v e l  a t  s t a t i o n  1, exceeding 300 
g  A F D W / ~ ~  l a t e  i n  t h e  growing season. Only 
i n  June 1972 d i d  combined macrophyte 
biomass aga in  approach 300 g  AFDW/m and 
then o n l y  a t  s t a t i o n  3 .  The h i g h  va lues 
dec l i ned  w i t h  t h e  onset  o f  c o o l e r  weather 
and s h o r t e r  photoper iod.  A t  s t a t i o n  1  
d u r i n g  t h e  w i n t e r  and s p r i n g  o f  1971, 
extreme i c i n g  o r  ve ry  h i g h  f l o w  prevented 
some sampling, b u t  i n  t h e  sampl i n g  t h a t  was 
done, macrophytes were almost complete ly  
absent. Macrophyte growth was f i n a l l y  
i n i t i a t e d  i n  1971 by May 1, and i n  t h e  
f i r s t  sample i n t e r v a l  d i d  n o t  inc rease  
s i g n i f i c a n t l y  ( t o t a l  macrophyte biomass a t  
s t a t i o n  1  a long t h e  stream edge was l e s s  
than 10 g  A F D W / ~ ~ ) .  I n  August, c a t t l e  were 
observed i n  t he  area, i n  a s s o c i a t i o n  w i t h  
a  d ramat i c  r e d u c t i o n  o f  macrophyte biomass 
a long t h e  stream margin.  T o t a l  biomass i n  
t he  combined samples a t  t h i  r t ime  dec l  i ned  
t o  l e s s  than  35 g  AFDW/m2. A  s i m i l a r  
s i t u a t i o n  occur red  i n  August 1972. I n  
c o n t r a s t  t o  da ta  c o l l e c t e d  i n  1971, macro- 
phy te  p roduc t i on  a t  s t a t i o n  1  i n  1972 was 
i n s i g n i f i c a n t  u n t i l  J u l y  i n  b o t h  t h e  
channel and stream margins. A t  t h a t  t ime, 
macrophyte s tand ing  c r o p  approached 100 g  
A F D W / ~ ~  a long  t h e  stream marg in  and 5 
g  A F Q W / ~ ~  i n  t h e  stream channel.  

I n  year  I (September 1970-August 1971), 
an apprec iab le  d i f f e r e n c e  between t o t a l  
macrophyte biomass i n  t h e  stream channel 
and a long t h e  stream marg in  a t  s t a t i o n  2 
was ev i den t .  The o v e r r i d i n g  i n f l u e n c e  of 
s t a b l e  water  temperatures was r e f l e c t e d  by 
the  1970-71 w i n t e r  s tand ing  c rop  values a t  
s t a t i o n  2. Wi th  t h e  onset o f  t h e  1972 
growing season, macrophyte p roduc t i on  d i d  
no t  markedly increase.  On May 31, 1972, 
t o t a l  macrophyte p roduc t  i o n  i n  t h e  combined 
samples a t  t h i s  s t a t i o n  was l e s s  than  
30 g AFDW/mZ. On J u l y  26, t h e r e  was a  
d e c l i n e  i n  macrophytes due t o  severe 
r educ t i on  o f  stream f l o w  f o r  i r r i g a t i o n ,  
bu t  by September 1, 1972, normal water  
l e v e l s  were r e e s t a b l i s h e d  w i t h  t h e  
t e r m i n a t i o n  o f  i r r i g a t i o n ,  and r a p i d  
recovery was noted. 



Tota l  macrophyte biomass was s i m i l a r  a t  
s ta t i ons  3 and 4 dur ing  year I. No samples 
were c o l l e c t e d  a t  these s t a t i o n s  from 
November 1970 through May 1971, because o f  
p l a n t  senescence i n  autumn, fo l lowed by i c e  
cover dur ing  w i n t e r  months and exceedingly 
h igh water, which pe rs i s ted  through May 
1971. Macrophyte standing crop a t  both 
s ta t i ons  r a r e l y  exceeded 100 g AFDW/~ '  
e i t h e r  along t h e  stream margin o r  i n  t he  
channel. A1 though l e s s  complete than the  
1971 observations, measurements o f  macro- 
phyte standing crops i n  1972 a t  s t a t i o n  3 
come c loses t  t o  p red ic ted  measurements 
g iven the  c l i m a t i c  regime i n  which the  
s t a t i o n  i s located.  Macrophyte growth 
showed pronounced seasonal v a r i a t i o n  and 
was we l l  i n i t i a t e d  by March. On May 31, 
the h ighest  l e v e l  (300 g AFDW/~'  i n  t he  
combined samples) o f  t o t a l  macrophyte b i o -  
mass was noted. Only a s l i g h t  dec l ine  i n  
macrophyte biomass was noted on J u l y  26, 
when the t o t a l  approached 250 q/m and 
remained re1  a t  i v e l  y ' unchanged on September 
1, 1972. 

Bradley (1972) described the desert  
shrub, phreatophyte, and s a l t  marsh 
vegetat ion types border ing Saratoga 
Springs, C a l i f o r n i a .  The s a l t  marsh vege- 

t a t i o n  showed some over lap o f  species w i t h  
t he  other  two more x e r i c  communities, bu t  
showed an increase i n  d i v e r s i t y  w i t h  f i v e  
t o  seven species having 5% o r  h igher  
frequency, and average t o t a l  cover 
increasing t o  60% o r  80%. Wi th in  t h e  
hyd r i c  area o f  t he  spr ing,  Cera to~hv lum 
demersum and R U D D ~ ~  mari t ima were present. 

An analys is  o f  t he  s a l t  grass complex and 
bulrush cammunities i n  Saratoga Springs i s  
g iven i n  Table 13. Twelve species were 
sampled on the t ransects  w i t h i n  t h e  marsh, 
and s i x  o f  these were present  i n  adjacent  
phreatophyte communities. Although the re  
i s  considerable over1 ap o f  the  dominant 
species w i t h i n  these two communities, they 
are e a s i l y  d e l i m i t e d  as d i s t i n c t  com- 
munit ies. 

The s a l t  grass complex, represented by 
several important species occurs around the  
per iphery o f  the  marsh, occupying a1 1 s i t e s  
w i t h  the exception o f  a few stands o f  reed 
grass. It occurs on d ry  s o i l s  a t  t he  edge 
and extends a t  t he  nor thern  end i n t o  areas 
o f  submersed s o i l s  which are covered a t  
t imes by water up t o  30 cm deep. S a l t  
grass i s  not on ly  widespread, bu t  a l so  
makes up approximately 60% o f  t h e  p l a n t  

Table 13. The percent frequency of occurrence and percent cover of perennial species occurring 
in the salt grass complex and bulrush communities (Bradley 1972). 

Species 

S a l t  grass complex Bulrush 
325-m2  lots 250-m2 p l o t s  

Frequency Avg . Cover Frequency Avg . Cover 
(%I (%I (%I (%) 

D i s t i c h 1  i s  s ~ i c a t a  
Juncus c o o ~ e r i  
N i t roph i1  a occidental  i s  
Scirpers o l n e v i  
Phraqmites communis 
Cressa t r u x i l l e n s i s  
Anemo~sis caJ i fo rn i ca  
S ~ o r o b o l  us a i ro ides  
S c i r ~ u s  robustus 
Suaeda f r u t i c o s a  
T r i q l o c h i n  concinna 
A l l  en ro l  f e a  occidental  i s  

Total cover 



cover. Two other widespread and important 
species are rush (Juncus cooaeri)  and 
Nitrophila occidental i s ,  which make up an 
additional 30% of t h e  plant cover. 

Bulrushes are  found along the  channels 
tha t  extend from t h e  main spring t o  the  
southern t h i r d  of the  marsh, and a lso  
adjacent t o  some areas  of open water in the  
northern half  of t h e  marsh. One widespread 
species, Sciraus 01 nevi, occupies areas  of 
deeper water along the  channels and much of 
the area adjacent t o  open water, making up 
85% of the t o t a l  plant  cover. Other 
important species incl ude s a l t  grass 
(Dis t i ch l i s  so ica ta ) ,  which i s  widely 
dis t r ibuted,  especia l ly  around the  edges of 
bulrush stands,  and Scirous robustus which 
occurs as small stands i n  shallower water. 
Most of these stands a r e  found a t  the  
northern end of the  marsh. 

Sizeable areas of reed grass (Phraamites 
communis) a r e  scat tered around the  outer 
edge of the  marsh. Most of these stands 
grow on dry t o  damp s o i l s ,  but some Phraq- 
mites may grow in several centimeters of 
water. These stands have an estimated 
canopy cover of about 70%, except a t  the  
edges of the  stand. There i s  1 i t t l e  under- 
story development, a1 though a sparse growth 
of s a l t  grass ,  rush and Anemopsis c a l i -  
fornica i s  present around the  outer  edges. 

The standing crop 'or each community was 
estimated by multiplb.ing the  average height 
of each species in  the  community by i t s  
average percent cover. The products fo r  
a l l  species in t h e  community were then 
to ta led and presented as  an index of 
standing crop. The standing crop of the  
more mesic phreatophytes, especia l ly  the  
marsh communities, was f a r  g rea te r  than the  
croDs occurrina on the  surroundinq dese r t  
or  s a l t  f l a t .  ?he lowest indices ('b.88 and 
0.89) are f o r  t h e  s a l t  f l a t  and are  in  
close agreement with each other ,  as are  
t h e i r  average cover values. By contras t ,  
the indices fo r  t h e  s a l t  grass  complex and 
bulrush communities a r e  29.75 and 95.20, 
respectively,  indicat ing t h a t  the  highest 
standing crop i s  more than 100 times l a rger  
than the  lowest. 

A few other  scat tered references t o  
aquatic macrophytes in the Great Basin were 
found. Zannichell i a  oa lus t r i  s and Ruaoia 
maritima were the  aquatic macrophytes most 

frequently observed in Pyramid Lake (Gal a t  
e t  a1 . 1981). Both species are  a1 so suc- 
cessful  in  the  lower Truckee River between 
Nixon, Nevada (15 km upstream), and the  
r i v e r ' s  terminus. Gaufin (1959) reported 
Ceratoohvll um, Lemna, Mvrio~hvll  um, Nastur- 
tium (Rorrioa?) o f f i c i n a l e ,  Ranunculus, and 
Potamo~eton f i l  iformis from one or  two 
locations on the Provo River. McConnell e t  
a1 . (1957) recorded C e r a t o ~ h v l l  um demersum, 
Potamoqeton, Ranuncul us, Sci rous, and Tvoha 
i n  Bear Lake plus Mvrioahvllum, Pol vqonium, 
and Utr icular ia  i n  adjacent Mud Lake. 

4.2.3 Invertebrates 

The aquatic inver tebrates  of the  Great 
Basin a r e  conveniently subdivided in to  
those found suspended in t h e  water ( i . e . ,  
z o o ~ l  ankton) and those associated with some 
form of substratum, commonly rocks o r  
vascular plants (benthic inver tebrates) .  
Zooplankton are primarily microscopic in 
s i z e  and, in t h e  Great Basin, have been 
described only from lakes and ponds. 
Benthic inver tebrates  may be e i t h e r  micro- 
scopic o r  macroscopic in s i z e .  Work on 
Great Basin habi ta ts  has d e a l t  mainly with 
macroscopic forms from streams. 

a. Zoovlankton. Kemmerer e t  a l .  (1923) 
reported two copepods, Eoischura and Can- 
thocamatus, and the  r o t i f e r ,  Polvarthra, in 
Bear Lake. Hazzard (1935) found EDis- 
chura, t h e  f ive  r o t i f e r  species Conochil us, 
( the  most abundant) ; Pol varthra,  (second) ; 
Anurae, Tr ia thra ,  and Nothalaca, (occa- 
sional)  ; and one c l  adoceran, Da~hni a. 
Conochi 1 us a1 so was an important pl ankter 
in practical  1y every other  col lect ion 
reported from Bear Lake (Hazzard 1935; 
Perry 1943; McConnell e t  a1 . 1957). 

The production of plankton in Bear Lake 
i s  low when compared t o  Henry's Lake and 
Island Park Reservoir in  Idaho, and 
Strawberry Reservoir, Fish Lake, and 
Panguitch Lake in Utah (McConnell e t  a1. 
1957). Production of phytoplankton i n  
these waters i s  often of s u f f i c i e n t  vof ume 
t o  color the water green. Where the  
zooplankton volume from a 15-m haul i n  Bear 
lake would be measured in tenths  o f  a cubic 
centimeter, an equivalent haul i n  one of 
these other  waters might y ie ld  I0 t o  200 
times t h i s  volume. 



The zooplankton community i n  Pyramid Lake 
i s  composed o f  f i v e  c ladocerans (Alona 
c o s t a t a ,  C e r i ~ d a o h n i g  ouadranqu l  a, 
O i  aohanosoma leuch ten  berqianum, Daphnia 
schod le r i ,  and Moina hu tch inson i ) ,  one 
cyc l opo id  copepod (Cyclops verna l  i $1, one 
ca7 anoid copepod ( D i a ~ t o m u s  s i c i l  i $) , one 
h a r p a c t a c o i d  copepod (C le tocamptus  
a1 buauerauensi s) , and f o u r  r o t  i f e r s  
(Wexarthra . ienkinae, Brachionus ~l i c a t i l  i s ,  
B. auadr identatus,  and 8, caudatus) (Galat  - 
e t  a1 . 1981). 

Seasonal abundance o f  zooplankton appears 
r e l a t e d  t o  t h e  l ake ' s  hea t  budget.  Q i a ~ t o -  
mus s i c i l i s  was a pe renn ia l  species, 
dominat ing t h e  zooplankton (66 percent  o f  
ne t  zooplankton)  throughout  most o f  t he  
study. Maximum reproduc t  i o n  occur red  when 
sur face  water  temperatures approached 
6-7 O C  (February and March), and a d u l t  
numbers peaked i n  A p r i l  and May. 

E a r l y  summer c o n d i t i o n s  o f  r i s i n g  water 
temperatures and a s l i g h t  dec l  i n e  i n  
phy top lank ton  p roduc t i on  a re  concurrent  
w i t h  d e c l i n i n g  numbers o f  D. s i c i l i s  and 
i nc reas i ng  popu la t i ons  o f  t h e  r a p t o r i a l  
copepod Cvc1 oas verna l  i s and t h e  c l  adoceran 
Cer l ad- d r n u l a .  The 1 a t t e r  two 
species appear t o  be l i m i t e d  i n  t h e i r  
sa l  i n i  t y  to le rance ,  b u t  i n  Pyramid Lake 
they constituted 5% and 21% o f  t h e  ne t  
zooplankton, r e s p e c t i v e l y .  

Dur ing  t h e  summer months (Ju ly -Augus t ) ,  
a sharp dec? i ne  o f  a l l  zooplankton species 
was assoc ia ted  w i t h  maximum water  tem- 
peratures,  Nodul a r ia ,  gumiqena  product ion,  
presence o f  l a r g e  numbers o f  l a r v a l  f i s h ,  
and increased a c t i v i t y  o f  t u i  chubs. To ta l  
ztrapl anktan numbers increased d u r i n g  1 a te  
August and September, due p r i m a r i l y  t o  two 
po ly therma l  spec ies,  DlaDhanasoma leuch ten-  
b e r q i  anum and Maina hu t ch i nson i  (Gal a t  e t  
a7, 1982). The c ladoceran 0. leuch ten-  
berqianum i s  w i d e l y  d i s t r i b u t e d  i n  s a l i n e  
Saskatchewan 1 akes (Rawson and Moore 1944). 
Moina i s  a l s o  common i n  s a l i n e  l a k e  
systems. M. hu t ch i nson i  has been recorded 
i n  ~ e v a d a n  B i g  Soda Lake { c o n d u c t i v i t y  
42,000 ps/ern), Walker Lake (TDS, 10,300 
mg/L), and d u r i n g  t h e  d e s i c c a t i o n  o f  
M i  nnemucca Lake (TDS , 30,000 mg/L f (Gal a t  
e t  a l .  1981). I n  Mono Lake, C a l i f o r n i a  
(TDS 90,000 mg/L), t h e  b r i n e  shr imp Artemia 
i s  t h e  major  zoopl  ank te r ,  a1 though severa l  

protozoans and occas ional  l y  two r o t i  f e r s  
a l s o  occur  t h e r e  (Mason 1967, Melack 1983). 

Copepods were t h e  ma jo r  zooplankton i n  
Off Spr ing  o f  t h e  Locomotive Spr ings 
complex, Utah (Holman 1972). They were 
abundant i n  t he  summer o f  1970, w i t h  a peak 
i n  August; d u r i n g  1971 numbers were ve ry  
low, w i t h  a smal l  peak i n  September. The 
same h e l d  t r u e  f o r  r o t i f e r s .  Cladocera 
seemed t o  repea t  t h e i r  p a t t e r n  bo th  years  
w i t h  peaks d u r i n g  t h e  f a l l .  I n  t h e  
channel, a1 1 t h r e e  o rgan i  sms d i sp l ayed  
peaks i n  1971 i n  September and October. 

b. Benthos. The d i s t r i b u t i o n  o f  leeches 
and mol lusks ove r  a s u b s t a n t i a l  p o r t i o n  
(Utah, Nevada) o f  t h e  Great  Bas in  was 
r e c e n t l y  descr ibed  by Hovingh (1986). 
E i gh t  species o f  leeches were r e p o r t e d  f rom 
Utah and f i v e  f rom Nevada. E r ~ o b d e l l a  
punctata, He lobde l la  s tasna l  i s ,  and Neohe- 
l o o s i s  obscura appear t o  be t h e  most com- 
mon. Approx imate ly  100 spec ies o f  mo l lusks  
occur  i n  t h e  Great Basin, b u t  aqua t i c  mol-  
l u s k  species have d im in i shed  g r e a t l y  i n  
bo th  p r e h i s t o r i c  and h i s t o r i c  t imes 
(Hovingh 1986). Th is  d e c l i n e  i s  demon- 
s t r a t e d  a t  Utah Lake where 30 spec ies once 
l i v e d ,  8 genera su rv ived  i n t o  h i s t o r i c  
t imes, and p o s s i b l y  o n l y  one remains a t  
present .  Johnson (1986) has compi led a 
p r e l i m i n a r y  i nven to r y  o f  t h e  c r a y f i s h  i n  
the  Bonnev i l l e  s u b d i v i s i o n  o f  t h e  Great 
Basin. The n a t i v e  Paci fas tacus  aambell i i s  
widespread. Pac i fas tacus  l e n i u s c u l  us, o f  
unknown o r i g i n ,  was r e s t r i c t e d  t o  two ponds 
near Utah Lake. Orconectes v i r i l i s ,  an 
in t roduced  species, was found i n  Deer Creek 
Reservo i r  i n  t h e  Provo R i ve r  dra inage and 
W i l l a r e d  Reservo i r  i n  t h e  Weber R i ve r  
bas in .  

I n  chemica l l y  extreme Great Bas in  lakes,  
such as Great S a l t  Lake, Utah, and Mono 
Lake, C a l i f o r n i a ,  t h e  b r i n e  f l y  Ephvdra i s  
t he  so le  macro inver tebra te  i n h a b i t a n t  o f  
t he  benthos (Me1 ack 1983). Gal a t  e t  a1 . 
(1981) c o l l e c t e d  35 genera o f  macro- 
i n ve r t eb ra tes  f rom Pyramid Lake. I nsec t s  
predominated, making up 28 o f  t h e  35 
genera. Chironomids were t h e  l ake ' s  most 
abundant macro inver tebrates,  compr is ing 5 
genera and 63% o f  t h e  t o t a l  organisms 
c o l l e c t e d  us ing  a Petersen dredge. Ch i ro -  
namus spp. were t h e  p r i n c i p a l  taxa, aver-  
ag ing 582/m2. Maximum l a r v a l  and pupal 
numbers occurred above t h e  25-m depth 



dur ing  March and A p r i l  j u s t  before emer- 
gence, and a second smal le r  peak appeared 
i n  t he  f a l l .  This bimodal annual d i s t r i -  
bu t i on  o f  Chironomus may i n d i c a t e  e i t h e r  a 
b i v o l t i n e  l i f e  h i s t o r y  o r  the presence o f  
two separate species. Species o f  Pseudo- 
c h i  ronomus were found most o f t e n  from A p r i l  
through September and represented 20 
percent  o f  the  t o t a l  Petersen dredge 
inver tebra tes ,  averaging 303/m2. L i k e  
Chironomus, t h i s  midge e x h i b i t e d  a bimodal 
annual d i s t r i b u t i o n  although peak l a r v a l  
and pupal numbers were reached i n  May and 
August. C r v ~ t o c h i  ronomus spp., Procladius 
spp., and P e l o ~ i a  spp. were o f  minor 
importance i n  Pyramid Lake. 

Ol igochaetes were the  second most pre- 
va len t  macroinvertebrate group i n  Pyramid 
Lake, c o n s t i t ~ t i ~ n g  33% o f  t o t a l  numbers and 
averaging 48O/m . I n  t h e  profundal  zone 
(260 m) t h e i r  numbers increased t o  88% o f  
bottom fauna. Highest numbers i n  Pyramid 
Lake were counted i n  January and February, 
dropping o f f  sharply f o r  t he  remainder o f  
the  year. I n  Pyramid Lake t h e  two 
euryhal i n e  amphi pods Gammarus 1 a c u s t r i  s  and 
H v a l l e l a  azteca were always associated w i t h  
t u f a  and rocks; H. azteca f a r  outnumbered 
G. l a c u s t r i s .  Tufa, rocks, and aquat ic  - 
macrophytes a1 so supported t h e  1 argest  
numbers o f  mi tes  and the  f o l l o w i n g  insec ts :  
Ars i  a emma, Enal l  asma c l  ausum, and Macromi a 
masni f ica (Odonata) ; C a l l  i b a e t i s  spp. 
(Euhemero~tera) ; Ambrvsus mormon (Hem- 
i p t e r a ) ;  Hvdrousvche spp. (Tr ichoptera) ;  
and t h e  lepidopteran,  Paraqvract i  s  con- 

fusa l  i s .  Extensive windrows o f  exposed 
s n a i l  she1 1 s (Physa humerosa, Gvraul us sp., 
Hel i soma sp., and Parawhol vx e f fusa)  bear 
witness t o  t h e i r  once enormous populat ions 
i n  Pyramid Lake. Phvsa and Parauholvx, 
p rev ious l y  be1 ieved e x t i n c t  i n  t h e  lake, 
were c o l l e c t e d  a t  depths g rea te r  than 1 m 
by Galat e t  a l .  (1981). 

The c l a s s i c  work on l o t i c  benth ic 
i nve r teb ra tes  i n  the  Great Basin was con- 
ducted by Gauf in (1959) on t h e  Provo River  
dur ing  1946-49. Nine major sampling 
s ta t i ons  were se lec ted from a p o i n t  1.6 km 
below the  p r i n c i p a l  source o f  the  r i v e r  a t  
T r i a l  Lake t o  a p o i n t  8 km above i t s  o u t l e t  
i n t o  Utah Lake (Table 14). The s ta t i ons  
selected were most t y p i c a l  o f  t h e  d i f f e r e n t  
a l t i t u d i n a l  zones along the  r i v e r  and were 
expected t o  g i v e  the  bes t  poss ib le  p i c t u r e  
o f  t h e  stream as a whole. D isso lved oxygen 
concent ra t ion  a t  a l l  o f  t he  s t a t i o n s  was 
always e s s e n t i a l l y  100%, and l i t t l e  o r  no 
f r e e  carbon d iox ide  was found i n  t h e  stream 
a t  any t ime.  However, subs tan t i a l  d i f f e r -  
ences i n  a1 kal  i n i  t y  were found, increas ing  
from a mean o f  8 mg/L near t h e  headwaters 
t o  164 mg/L near the  mouth (Table 14). 

The g r e a t  m a j o r i t y  (95.2%) o f  t h e  bottom 
fauna i n  t h e  Provo R ive r  belonged t o  f i v e  
i nsec t  orders: Tr ichoptera,  Ephemeroptera, 
Diptera,  Plecoptera, and Coleoptera (Gauf i n  
1959). The same f i v e  orders a l so  made up 
94.2% o f  the  t o t a l  volume. The most 
abundant and w ide l y  d i s t r i b u t e d  organism 
was caddi s f l y ,  Brachvcentrus occidental  i s .  

Table 14. Physical-chemical characteristics of the Provo River, Utah (from Gaufin 1959). 

Mean 
Mean Mean Mean Veloc i  t v  D i  scharse Mean a1 ka l  i n i  t y  

E l e v a t i o n  s lope  w i d t h  depth min. max. min. max. temperature as CaC03 
S t a t i o n  (m) (m/km) (m) (m) (m/s) (m3/s) ("C) (mg/L J 

Upper B r idge  2,898 25 
Soapstone RS 2,364 21 
S tewar t ' s  Ranch 2,166 18 
Lemon's Grove 1,952 15 
Jordanei  l e  i ,800 G 
Heber-Midway 1,678 6 
Deer Cr. Park 1,617 12 
V i v i a n  Park 1,586 8 
Highway 89 1,369 12 



Th i s  species c o n s t i t u t e d  12.3% of a l l  t h e  
organisms c o l l e c t e d .  A s t o n e f l y ,  P te ro -  
narcys fa1 i fo rn i ca ,  composed 22.4% o f  t h e  
t o t a l  volume; t h e  most abundant spec ies 
o t h e r  than  these  two were t h r e e  may f l i e s ,  
Bae t i s  t r i cauda tus ,  Eohemerella inermis ,  
and h. s rand i  s; a s t o n e f l y ,  P t e r o n a r c e l l  a 
badia; and a bee t l e ,  H e t e r l  imnius aua rd i  - 
macul a tus.  

The standards o f  Hazzard (1935) were used 
i n  g rad ing  t h e  p r o d u c t i v i t y  o f  t h e  Provo 
R i ve r .  Accord ing t o  these standards a 
grade 1 ( e x c e p t i o n a l l y  r i c h )  stream has i n  
excess o f  540 bot tom organisms/m2, w i t h  a 
volume o f  more than 22 cm3; a grade 2 
(average) stream has i n  excess o f  540 b o t -  
tom organisms/m2 b u t  these have a volume 
o f  o n l y  10-22 cmi; a grade 3 (poor)  stream 
has l e s s  than  540 ofganisms/m2, w i t h  a 
volume l e s s  than  10 cm . By these c r i t e r i a  
t h e  Provo R i v e r  qua1 i f i e d  as an excep t ion -  
a l l y  r i c h  stream bo th  from t h e  s t andpo in t  
of  numbers and volume (Table 15) ; however, 
t h e r e  was cons iderab le  v a r i a t i o n  b o t h  w i t h  
season and a t  d i f f e r e n t  a1 t i  tudes. 

Of t he  119 samples taken from t h e  upper 
main f o r k  o f  t h e  stream, on l y  3 r a t e d  
e x c e p t i o n a l l y  r i c h ,  17 samples c o u l d  be 
c lassed as average, and t h e  r e s t ,  poor i n  
bottom fauna. By con t r as t ,  o f  100 samples 

taken from t h e  lower  r i v e r  below Deer Creek 
Reservo i r ,  73 r a t e d  as e x c e p t i o n a l l y  r i c h ,  
12 as average, and o n l y  14 as poor .  Th is  
remarkable i nc rease  i n  p r o d u c t i v i t y  was 
c o r r e l a t e d  w i t h  an inc rease  i n  s i ze ,  
volume, and carbonate con ten t  o f  t h e  r i v e r ,  
and a decrease i n  wa te r  v e l o c i t y .  Associ  - 
a t ed  w i t h  t h e  inc rease  i n  p r o d u c t i v i t y ,  
t h e r e  was a l s o  a d e f i n i t e  change i n  t h e  
species o f  organisms. E i g h t y  percen t  o f  
t h e  specimens c o l l e c t e d  a t  Upper Br idge  
were Ephemeroptera, P l  ecoptera, and D i  p t e r a  
(Table 16). The most common species 
represented were t h e  may f l y  B a e t i s  
bicaudatus; s t o n e f l  i e s  A1 l o v e r 1  a spp. and 
Acroneur ia  u a c i f i c a ;  D ip te ra ,  Chironomus 
spp. ; c a d d i s f l y  A r c t o ~ s v c h e  q rand is ;  and 
b e e t l e  O ~ t i o s e r v u s  auadrimacul a tus.  

The average number o f  i n v e r t e b r a t e s  taken 
a t  Upper Br idge  was onlyJ 775/m2, w i t h  an 
average volume o f  9.5 cm . The r i v e r  i n  
t h i s  area and i n  t h e  f o l l o w i n g  26 km was 
markedly l e s s  p roduc t i ve  than  t h e  r e s t  o f  
t h e  stream. A t  Soapstone, t h e  p r o d u c t i v i t y  
a l s o  was poor, w i t h  t h e  average number o f  
organisms taken pe r  square meter  o n l y  733. 
S tone f l  i e s  were l e s s  common and caddi  s f 1  i e s  
were s l i g h t l y  more common. Of t h e  1,976 
s p e c i m e n s  c o l l  e c t e d ,  68% w e r e  
Ephemeroptera, T r i chop te ra ,  and D ip te ra .  
The p r i n c i p a l  spec ies were a mayf ly ,  B a e t i s  

Tablo 15. Bottom fauna per squaro meter sample at various stations on the Provo River, Utah, 1946-49 
(modified from Gaufin 1959). 

No. o f  Average 
c o l  l e e -  oraani  sms/m2 + 

N o . o f  t i o n  ~ o ' l  Rat i nu Avg . 
S t a t  i o n  samples da tes  No. (cm ) R i ch  - Avg. - Poor r a t i n g  

Upper Br idge  
Saapstane 
S tewar t ' s  Ranch 

Main  Fork  
Lemon' r Grove 
Jordanel 1 e 
Waber -Ridway 

be fo re  d redg ing  
a f t e r  d redg ing  

Deer Creek Park 
V i v i a n  Park 
Highway 89 

10 Poor 
11 Poor 

19 Poor 
7 Rich 
9 Avg. 

5 Rich  
4 Poor 
1 R ich  
4 Rich 
8 Rich 



Table 16. Major taxonomic composition of bottom fauna by stations, Provo River, Utah, 1946-49 (modified from 
Gaufin 1959). 

S t a t i o n s  

T o t a l  
no. o f  

o rgan i  srns 

Percentaqe o f  each o r d e r  
Ephem- P lecop -  T r i c h o p -  Coleop- Hydra-  
e r o p t e r a  t e r a  O i p t e r a  t e r a  t e r a  c a r i n a  Others  

Upper B r i d g e  
Soapstone 
S t e w a r t ' s  Main  Fork  
Lemon's Grove 
Jo rdane l  l e  
Heber-Midway B r i d g e  
Deer Creek Pa rk  
V i v i a n  Park  
ti ighway 89 

bicaudatus ; caddisfl ies ,  Arctovsvche 
grandi s ,  and Brachvcentrus spp. ; midges, 
Chi ronomus spp. ; stonefl i e s ,  A1 1 ooerl a 
spp., and a beetle, Zaitzevia oarvula. 

The main fork of the Provo River a t  
Stewart's Ranch was similar in fauna and 
productivity t o  the two upper s ta t ions.  
However, the entrance of the South Fork 
produced a not i ceabl e physical , chemical , 
and biological effect  by the time the 
stream reached Lemon's Grove. The l a t t e r  
section of stream could be rated as 
exceptional 1 y productive; the average 
number of organisms being around 4,50O/m , 
with one spec ies ,  Brachvcentrus 
occidentalis, accounting for  42% of the 
to t a l .  In addition t o  t h i s  species, 
diptera (Chironomus spp., and Atherix sp. ) ; 
stonefl i e s  (Pteronarcell a badi a and 
A1 1 ooerl a spp. ) ; mayfl i es (Evhemerel 1 a 
grandi s and inermi s ,  Baetls bicaudatus) ; 
and a r i f f l e  beetle (Ovtioservus 
auadrimacul atus) were the most common 
forms. 

The r iver  a t  Jordanelle undergoes great 
fluctuation i n  volume every year due to the 
diversion of part  of i t s  flow for the Heber 
Power Plant. The sampling s tat ion was 
located immediately below the diversion 
dam. This section displayed a decided drop 
in productivity i n  comparison t o  Lemon's 
Grove (Table 16). Tri choptera, Pl ecoptera, 

and Diptera constituted 76% of the fauna 
collected. The most common species repre- 
sented were Brachvcentrus occidentalis, 
Hvdrovsvche sp. ,  Pteronarcel l a  badia, Brac- 
hvvtera oacif ica,  Chironomus sp., Baetis 
bicaudatus, and O~tioservus auadrimacu- 
la tus .  The large increase in numbers of 
Plecoptera consisted of one species, 
Brachv~tera ~ a c i f i c a .  

Of the 6,294 organisms taken a t  Heber- 
Midway Bridge during the 16 months before 
the stream bottom was disturbed, 28.7% were 
Pl ecoptera, 26.7% Trichoptera, and 23.5% 
Diptera (Table 16). The most common 
species collected were Pteronarcell a badia, 
Brachvvtera ~ a c i  f i  ca, Hvdroosvche spp., 
Baeti s spp., Eohemerell a grandi s ,  Chi ro- 
nomus spp., and Ovtioservus auadrimacul a- 
tus.  After dredging, no species was very - 
common and the standing crop was reduced to 
1 93/m2. 

Deer Creek Park i s  typical of the condi - 
t ions produced in the r iver  as a resul t  of 
impoundment i n  Deer Creek Reservoir. The 
sampling s ta t ion  was located 0.8 km below 
the reservoir spillway artd outlet  pipes, 
The stream bed here was the most stable of 
any of the s tat ions and exceptionally 
productive a t  a l l  times. Of the total  
number of 10,945 organi sms col 1 ected, 
Ephemeroptera constituted 39.1% Tricho- 
ptera 24.4%, Diptera 22.63, and Plecoptera 



on ly  2.2%. The p r i n c i p a l  species both here 
and a t  V iv ian  Park were Eohemerella 
inermis, Ephemerella arandis, Brachvcentruq 
occidental  i s ,  G1ossosomg spp., Chironomus 
SPP. ! Simul i um spp., Arcvnootervx 
americana, Tubi fex spp., and G l o s s i ~ h o n i  a 
sp. Despite wide f l u c t u a t i o n s  i n  water 
l e v e l  due t o  i r r i g a t i o n  d ivers ion ,  t h i s  
s t a t i o n  was except iona l ly  product ive of 
benth ic inver tebra tes  (Table 15). The most 
common species were a lso  common a t  Deer 
Creek Park and V iv ian  Park, but midge and 
b l a c k f l y  l a r vae  and pupae were f a r  more 
abundant here than a t  any other  s ta t i on .  

Of a l l  o f  t he  fac to rs  considered by 
Gaufin (1959), g reater  un i f o rm i t y  i n  flow, 
h igher and more uni form temperatures, lower 
pH (27.7), and a h igher carbonate content 
were bel ieved t o  be most responsible f o r  
the  increase i n  p r o d u c t i v i t y  i n  the  lower 
sect ions o f  t he  Provo River. 

Over the  years, more than 275 species and 
165 genera o f  inver tebrates,  most o f  them 
insects,  have been reported from the  Provo 
R iver  (Winger e t  a1 . 1972). The most abun- 
dant orders inc lude Coleoptera (67 sp.), 
Tr ichoptera (54 sp.), Plecoptera (46 sp. ) ,  
and Ephemeroptera (37 sp.). However, t he  
B ip te ra  a t  37 species probably i s  under- 
est imated due t o  d i f f i c u l t i e s  w i t h  t h e i r  
t axonomy . 

Winget (1981) studied the aquatic 
macroinvertebrates a t  f i v e  s i t e s  i n  Ophir 
Creek i n  May, August, and October, 1981. 
QphCr Creek i s  a small stream (0.2 m3/s 
discharge i n  May 1981) heav i l y  impacted by 
d i ve rs ion  prac t ices ,  which f lows o f f  the  
west s ide o f  t he  Q q u i r r h  Mountains, Tooele 
County, Utah. The in fo rmat ion  presented 
here w i l l  focus on the  th ree loca t ions  
sampled by Winget t h a t  were not subject  t o  
dewatering by a r t i f i c i a l  d ivers ions:  Upper 
Right  Fork (UPRF), Upper L e f t  Fork (UPLF), 
and Ophir Creek 0.2 km below the confluence 
o f  the  two fo rks  (OC-0.2). Analyses o f  
water chemistry f o r  June, August, and 
October, 1981, revealed moderately h igh  
t o t a l  dissolved s o l i d s  (184-224 mg/Lj o f  a 
calcium (50 mg/L) - magnesium (15 mg/L) 
carbonate type (hardness 186-214, 
a1 k a l  i n i  t y  166-194; both as mg/L CaCO,) . 
Su l fa te  ranged from 9 t o  13, N i t r a t e  
n i t rogen (0.77 t o  1.07 mg/L as N) and t o t a l  
phosphates (0.004 t o  0,007 mg/l as P) were 

cons i s ten t l y  h igh enough t o  support a good 
per iphyton growth. N i t r a t e s  showed 1 i t t l e  
seasonal change, whi 1 e phosphate concentra- 
t i o n  dropped throughout the  5-month 
sampl i n g  season. UPRF, UPLF, and OC-1.8 i n  
May 1981 ,3 showed discharges o f  0.08, 0.2, 
and 0.3 m /s; mean widths o f  2.4, 2.1, and 
2.4 m; mean depths o f  0.15, 0.15, and 0.18; 
and stream gradients o f  7%, V6%, and 4%, 
respect ive ly  (OC-0.2 was n o t  evaluated a t  
t h i s  time, bu t  probably was comparable t o  
OC-1.8). Substrates were predominantly 
grave1 (30%-60%), rubble (25%), and sand 
(5%-15%). Ripar ian vegetat ion was 
predominantly t rees  (70% cover) a t  UPRF and 
t rees,  grass, and brush a t  UPLF and OC-1.8. 

Macroinvertebrate species r ichness was 
r e l a t i v e l y  h igh  a t  a l l  f i v e  s i t e s  (Table 
17). Dens i t ies  were much h igher  a t  UPRF 
than a t  any o ther  s ta t ion ;  however, biomass 
a t  UPRF was on ly  s l i g h t l y  h igher  than a t  
OC-0.2 and OC-1.8, i n d i c a t i n g  a h igher 
p ropor t ion  o f  smaller i n d i v i d u a l s  (e.g., 
Baetis, mayf1 ies, Hydracarina, and 
Chironomidae) . Community composition a t  
OC-0.2 d i f f e r e d  from t h a t  a t  UPRF o r  UPLF 
i n  c e r t a i n  species, espec ia l l y  Plecoptera 
and Tr ichoptera (Table 18). 

Winget (1982) a lso  examined t h e  benthic 
inver tebra te  community a t  th ree 1 ocat ions 
i n  Pine Grove Creek dur ing  summer and 
autumn o f  1980 and 1981. Pine Grove Creek 
i s  a small stream (2 0.03 m3/s a t  base 
f l ow)  o r i g i n a t i n g  as a ser ies  o f  springs 
sur fac ing  i n  the  bottom o f  an o l d  volcanic 
c r a t e r  i n  the Wah Wah Mountains, Beaver 
County, Utah. The predominant t e r r e s t r i a l  
p lan ts  i n  the watershed are pinyon pine, 
jun iper ,  r a b b i t  brush, and sagebrush. 
Water-qua1 i t y  measurements made i n  January 
1980 i nd i ca te  moderately h igh  t o t a l  
d issolved sol  i ds  (290 mg/L) cons i s t i ng  
p r i m a r i l y  of calcium bicarbonate (hardness 
224, bicarbonate a1 ka l  i n i  t y  239; both as 
mg/L CaC03). Su l fa te  a1 so was r e l a t i v e l y  
h igh  (55 mg/L as SO,). The wetted channel 
i s  less  than 1 m wide a t  base f low. 
Channel gradient  ranges from 5% t o  9%. 
Shale accounts f o r  22% t o  35% o f  the t o t a l  
substrate and has formed a c l a y l i k e  ma t r i x  
surrounding sand (about 40% o f  the 
substrates) and small gravel  (between 10% 
and 15%). This ma t r i x  prevents water 
c i r c u l a t i o n  i n  the  i n t e r s t i t i a l  spaces 
between under ly ing rubb le  and l a r g e  gravel  



Table 17. Mean and range of  aquatic macroinver&ebra'le community descriptors for June, 
August, and October, 1981, from Ophir Creek, Tooele County, Utah (Winget 1 981). UPRF = 
Upper right fork; UPLF = Upper left fork; OC = Ophir Creek and the distance downstream from 
the joining of two forks. 

Dry w j .  Number Djl v e r s i  t y  
~umber/m' (gm/m s f  taxa (H' ) Stat ion 

UPRF Mean 
Range 

UPLF Mean 
Range 

OC-0.2 Mean 
Range 

OC-1.8 Mean 
Range 

OC-5.7 Mean 
Range 

Table 18. Macroinvertebrate community composition for Ophir Creek. 
Mean of samples collected May 27, August 13, and October8,1981 (from 
Winget 1981). 

Taxa 
Mean number/m2 

UPRF UPLF OC-0.2 

Nematoda 43 
P l  anorbidae - - 
Pel ecypoda 2 2 
01 igochaeta 373 
Turbel 1 a r i a  1,220 
Hydracari na 5,186 
Copepoda 660 
Ostracoda 5,570 
E ~ h e m e r o ~ t e r a  
' ~ a e t  i s t  
Ci nvsmul a 
E ~ e o r u s  
Tri corvthodes minutus 
Ephemerel 1 idae 
E~hemerell a 
E~hemeref l a  col oradens i s 
E~hemerel l a i nermi s 

PI e c o ~ t e r a  
~emouridae - - 3 6 - - 
Zaoada 3,982 574 416 

(Continued) 
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Table 18. (Concluded). 

Taxa 
Mean number/m2 

UPRF UPLF OC-0.2 

Zapada c i n c t i ~ e s  
Capni idae 
Leuctr idae 
Meqarcvs s i qna t a  
Isoqenoides z ionens is  
I soper la  
Chl o r o ~ e r l  idae 
H e s p e r b ~ e r l  a ~ a c i  f i  ca 

Tr ichoptera  
Rhvaco~hi  1 a 
Rhvaco~hi  1 a acropedes 
Rhvacophi 1 g 

hval i n a t a  vocal a 
Rhyacoohi 1 a 

tucul  a ki ncaide 
H v d r o ~ s ~ c h e  
Paraosvche 
Hesperonhvl ax 
01 iqonhlebodes 
Neothremma 
&-idostoma 

01 isoo1ectrt.g 
Col eoptera  

Dyti sc idae  
Elmidae 

D i  p t e r a  
Antocha monlicola 
Oicranota 
Wol orus i  a qrandi s 
Eri o c e j a  
Ormosi a -- 
Peri coma -- 
Di xa - 
Simul i idae  
Chi ronomide 
Ceratopogoidae 
S t ra t iomyiae  
Eu~aryohus  
Hemerodromi2 
Syrphidae 

s u b s t r a t e s ,  Streambanks range from f l  a t  
marsh t o  s t e e p  rocky h i l l s i d e s .  Sampling 
s t a t i o n  1 was j u s t  Ocfow the headwater 
sp r ings  i n  a s t eep - s ided  c l ay  channel 
showing ex t ens ive  e ro s ion .  The r i p a r i a n  
zone was 0.06 t o  1.6 m wide with 60% cover 
by brush and g r a s s .  S t a t i o n  2 was in  a 
meadow a rea  160 m wide) dominated by g r a s s  
with some wild r o s e  and willow, Watercress 

was common i n  t he  stream a t  t h i s  s i t e .  
S t a t i on  3 was in  a broad (60-183 rn wide) 
va l l ey  adjoined by s lop ing  h i l l s  (38% 
g r a d i e n t ) .  The r i p a r i a n  zone was 2 t o  9 m 
wide with 50% cover by g r a s s  and brush. 

Pine Grove Creek supported a l im i t ed  
number of i nve r t eb ra t e  t axa  (Table 19). 
The "b ig  t h r ee"  aqua t i c  o rde r s  i n  t h e  



Table 19. Macroinvertebrate community composition as number per square 
meter at three stations on Pine Grove Creek, Beaver County, Utah. Mean of 
samples taken May 20 and September 17,1980, and May 1 and October 10, 
1981 (modified from Winget 1982). 

Taxa 
S ta t i on  

PGC- 1 PGC-2  P G C - 3  

Nematoda (round worms) 
Gastropoda (snai 1 s) 
Pel ecypoda (clams) 
Hirudinea (leeches) 
01 igochaeta (worms) 
Turbe l l  a r i  a ( f l  a t  worms) 
Hydracari  na (mi tes)  
Amphipoda (scuds) 
Copepoda 
Ostracoda 
Ephemeroptera (mayf l ies)  

Baeti  s 

C a l l  i b a e t i  s 
Cinvamula 
Eahemerel 1 a inermi s 
Pseudocloeon 

Zygoptera (damsel f l  i e s )  
Aroi  a 

Plecoptera ( s tone f l  i e s )  
Pros to ia  besametsa 
Zaoada c i n c t i o e s  
I s o ~ e r l  a au inaue~uncta ta  

Tr ichoptera  ( cadd is f l  i e s )  
Hvdropsvche 
H v d r o ~ t  i 1 a 
L i m n e ~ h i l  idae 
Hesperoohvl ax consimi l  us 
L e ~ i d o s t o n a  
01 i a o ~ h l  ebodes 

Col eoptera (beet1 es) 
Elmidae 

Di p te ra  ( t r u e  f1 ies )  
Antocha mont icol  a 
Dicranota 
Per i  coma 
Simul ium 
Chi ronomidae 
Ceratopogon i dae 
Hemerodromi a 
Tabanus 
Strat iomyidae 



Western Uni ted States--mayfl  ies,  stone- 
f l  ies ,  and caddi sf1 ies--were represented by 
on ly  seven species. The Ephemeroptera 
genus Bae t i s  was common wh i l e  Eahemerella 
and Cinvqmula were rare .  Both Plecoptera 
species, Zaoada c m  and ~~4 
auinaueounctatq, were f a i r l y  common; these 
hardy species are widely d i s t r i b u t e d  
throughout t h e  intermountain West. The 
Tr ichoptera Hesoeroghvlax and Hvdro~svche 
a lso  are hardy species w i t h  wide 
d i s t r i b u t i o n s  (Winget 1982). The dragonf ly  
Cordul asaster i n  Pine Grove Creek 
represents a southern faunal element t h a t  
has extended a t  l e a s t  t h i s  f a r  nor th.  
However, most o f  the insects present belong 
t o  a b a s i c a l l y  nor thern montane faunal 
element. Winget (1982) concluded t h a t  i n  
the  past Pine Grove Creek probably had a 
somewhat r i c h e r  inver tebra te  fauna, but  
because o f  changing cond i t ions  from 
domestic 1 i v e s t o c k  graz ing ,  road 
construct ion,  and mining, t he  community has 
been reduced t o  the  few e x i s t i n g  hardy 
species. The past community, though more 
diverse, probably was s t i  11 simple 
compared t o  o ther  streams due t o  the  
pecu l i a r  clay-sand mat r ix  and h igh  s u l f u r  
content o f  t he  sediments associated w i t h  
the  ancient  volcano o r i g i n  o f  t he  environ- 
ment. I n  Ptne Grove Creek there  were fewer 
inver tebra te  taxa, which were considerably 
l ess  product ive  (Table 20) than i n  Ophir 
Creek o r  the Provo River .  

One hundred and twenty taxa o f  i nve r te -  
brates have been recorded from Convict 
Creek, C a l i f o r n i a ,  i nc lud ing  26 kinds o f  
Chironomidae (Leland e t  a1 . 1986). Many o f  
these taxa appear t o  be widespread i n  the 
Great Basin. Mean populat ion dens i t i es  o f  
28 common benth ic  insec ts  ranged from 0,002 

t o  0.150 g d r y  weight (DW) /~ ' .  Common taxa 
most abundant i n  l a t e  spr ing  (May-June) 
inc luded the  Ephemeroptera Eoeorus l o n q i -  
manus, Drune l l  a f l  av i  1 iveq, and Caudate1 1 a 
heterocaudata and t h e  Plecoptera Cal ineura 
c a l  i fornicg,  Doroneuria baumanni , and 
Pteronarcvs orinceos. Those abundant i n  
t h e  summer inc luded t h e  p l  ecopteran 
Malenkq, the  t r i c h o p t e r a  Arctoosvche sran- 
&, Hvdroosvche o s l  a r i  , and Rhvacoohi 1 a 
acrooedes, a t  l e a s t  two species o f  the 
ephemeropteran genus Baet i  s, and the  d i p -  
terans Simul ium and Chironomidae. Peak 
dens i t i es  o f  many common taxa i n  Convict 
Creek occurred i n  autumn i n c l u d i n g  Ephemer- 
optera (Eoeorus d u l c i  ana, Eohemerell a 
infreouens, Ironodes leoidus,  Paradeoto- 
phe leb ia    all ioes) , Tr ichootera  (Brachv- 
centrus americanus, Glossosoma c a l  i f i c q ,  
Hvdroosvche o s l  a r i  , Leoidostoma, Micrasema, 
Neoahvlax, Rhvacophil a vaccua), and D ip tera  
(Antocha monticol a, Chironomidae, and Per- 
icoma). Taxa abundant throughout t he  year 
inc luded the mayfly Baet i  s ( p r i n c i p a l  Iy B .  
devinctus and B. t r i cauda tus )  and the e lmid 
beet1 e QpJtioseruvus diveraenus. 

Behmer and Hawkins (1986) compared 
macroinvertebrate abundance and product ion 
between an open and shaded s i t e  on 
Blacksmith Fork R iver  i n  t h e  Wasatch 
Mountains, Utah. Average dens i ty ,  average 
biomass, and e p i l i t h i c  product ion o f  
important taxa were est imated f o r  t he  t ime 
per iod  when s u f f i c i e n t  numbers o f  these 
organisms were present i n  samples (Table 
21). Mean biomass was s i g n i f i c a n t l y  h igher 
a t  the  open s i t e  f o r  midges (Chironomidae); 
Baet i  s bicaudatus; Baet i  s t r i caudatus ;  
Drune l la  coloradensis; and Ginvqmula sp. 
than a t  the  shaded s i t e .  Abundance o f  most 
other  macroinvertebrates a1 so was greater  

Table 20. Mean and range of aquatic macroinvertebrate community descriptors at three stations on Pine Grove 
Creek, Beaver County, Utah, during 1980 and 1981 (from Winget 1982). 

Number Avg . d ry  w t  . 
o f  Number o f  taxa Avq. no./m2 qm/m 

sampf es Hean Range Mean Range Mean Range 

PGC-01 4 15.0 10-17 5 -3 1.7- 7.7 3.8 0.4- 8.1 
PGC-02 4 20,5 12-26 12.8 5.8-18.1 8.1 5.2-11.2 
PGC-03 4 18.3 11-23 9.7 6.1-13.6 4.2 1.6- 6.1 



at the open site, but differences were not 
statistically significant. Black fly 
biomass at the shaded site was about 1.5 
times that at the open site. 

It was not possible to estimate growth 
rates of all taxa, but when estimated, 
growth rates (mm/day) did not differ 
significantly between sites and generally 
did not contribute greatly to differences 
in production estimates between canopy 
types (Table 21). However, all growth 
rates were calculated from only three 
estimates of mean length. Confidence 
limits for these estimates are too wide to 
be useful with only one degree of freedom, 
but standard errors of the estimates are 
included in Table 21. 

Seasonal production, estimated by the 
size-frequency and instantaneous growth 
rate methods, was greater at the open site 
than the shaded site for most taxa (except 
black flies) and reflected differences in 
standing crops between the sites rather 
than differences in rate of growth. 
Excluding black flies, production at the 
open site was twice as high as at the 
shaded site. The greater abundance and 
production of most invertebrate taxa at the 
open site probably is associated with 
either higher quality food (algae and algal 
detritus), or a phototactic attraction to 
sun1 it areas. 

Taxa 1 isted in Table 21 accounted for 
over 95% of the estimated epilithic 
standing crop of all invertebrates at the 
study sites. The remaining biomass was 
made up of taxa that were rare or in an 
early stage of development and contributed 
little to the total biomass because of 
their low density or small size. 

The mean epilithic biomass of the taxa 
listed in Table 21 for the study period was 
approximately 3.4 g Dw/m2 planar rock area 
at the open site and 2.6 g Dw/m2 at the 
shaded site. Corresponding estimates for 
the entire stream bottom are 2.8 gDW mZ at 
the open site and 2.0 g DW/~' at the shaded 
site. Minimum estimates of epil ithic 
production for these taxa are 14.6 g Dw/m2 
planar rock area at the open site and 13.2 
gI3bl/rn2 at the shaded site. These 
estimates are very close but black flies 
accounted for more than 50 percent of the 
epilithic production at the shaded site. 

Epil i thic production of taxa excluding 
black fl ies was 10.1 g Dw/m2 at the open 
site and 5.3 g Dw/m2 at the shaded site. 

The taxa were grouped into four feeding 
guilds for more specific comparisons of 
production between sites. Glossosoma sp. 
was considered an obl igate scraper/grazer. 
All black fly production and half the 
production of 4. grandis was assigned to 
the filter-feeding guild. Predator pro- 
duct i on included Rhyacophi 1 idaz, a1 1 
stonefl ies except Nemouridae, ha1 f the 
production of D. coloradensis, and half 
that of A. arandis. All other taxa were 
1 umped into the col1 ector-gatherer/ 
facultative grazer guild. Production of 
these quilds for the open site was 
(g DW/m ) : obl igate scrapers/grazers, 0.7; 
fil ter-feeders, 5.4; predators, 1.6; and 
col lector-gatherers/facul tative grazers, 
7.0. The ratio of production at the open 
site to that at the shaded site for these 
feeding guilds was 1.7, 0.6, 1.1, and 2.8, 
respectively. Predators accounted for 
28.8% and 26.5% of the total epilithic 
biomass and 10.9% and 11.1% of the total 
epilithic production at the open and shaded 
sites respectively. 

Total annual production (dry weight) of 
herbivorous and detri tivorous benthic 
insects from a riffle in fonvict Creek was 
estimated to be 3.9 g/m (Leland et al. 
1986), not including 01 igochaetes and 
mollusks, which constituted 10%-20% of the 
mean annual standing stock. Total annual 
production of benthic insect predators was 
approximately 1.7 g/m2. 

Hyalella azteca was by far the major 
benthic invertebrate in Off Spring of the 
Locomotive Springs Complex, Utah (Holman 
1972). During July 1970, numbers in the 
pool were high (180/1), with a drop to 14/h 
occurring during the winter months. How- 
ever, there was no recovery during 1971 
when numbers remained very low f<3/L) with 
a small peak (15/L) in August. During 
1971, the numbers were higher in the 
channel than in the pool, peaking at 533/L 
in August. Other common invertebrates in 
both the pool and the2 channel were tubifex 
worms (21000-80,000/m ) , Chironomidae (8q0- 
39,00O/m ) ; Ischnura (11,000-139,000 /m ) ; 
Call ibaetis (2,000-106,000/m2), Nematoda, 
and Phvsa. 



Tabfe 21, Mean density iff), biomass (El), and annuaf prodjwm af principal macroinvertebrate taxa for opon and shaded study sites on Blacksmith 
Fork River, Utah. Production estimates fw abundant taxa are by size-frqwney and inaitanzanmus growth rate (IGR) methods; those for less 
abundant (cornman) tam are from darty Pi@ ratlos times 94-day B vafues. Eaimates of daily growth rates In kngth are given with -c2 standard errors. 
Confidence limits (95%) for mean densities and bimass  are base6 on tmnsformed data, but means are ot originai data (based on Behrner and 
Hawkins 29%). 

Annual Produp. i on 
Dens i ty Biomass Growth r a te  tna DW/m 

Time period Canopy E( B (m/day) or Size- 
Taxon (days) cover (no, /m2) (W w/m2) CPI freq. I G R  

Abundant t axa 

Epeorus 
1 ongimanus 

Glossosoma 
SP. 

Arctopsyche 
grandi s 

Baet i s 
b i  caudatus 

Baeti s 
tr icaudatus 

Chi ronomi dae 

Sirnul i idae 

Open 
Shade 

Open 
Shade 

Open 
Shade 

Open 
Shade 

Open 
Shade 

Open 
Shade 

Open 
Shade 

Open 
Shade 

Open 
Shade 

0.0434k0.0161 
0.03602 0.0284 

0.0454k0.0360 
0.0646i0.0342 

0.0610i0.0136 
0.0635k0.0064 

0.0227&0.0037 
0.0196i0.00045 

0.126 k0.0745 
0.0132k0.0620 

CPI  = 80 days 
CPI = 80 days 

C P I  = 80 days 
CPI = 80 days 

C P I  = 40 days 
CPI = 40 days 

C P I  = 40 days 
CPI = 40 days 

(Continued) 
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The Great  Bas in  p resen ts  a  s tudy i n  
extremes. I t s  mountainous peaks exceed 
4,000 m i n  e l e v a t i o n ,  and i t s  lowes t  
v a l l e y s  extend t o  below sea l e v e l  . The 
Great Bas in  i s  a  v a s t  arena where t he re  has 
l o n g  been an a c t i v e  i n t e r p l a y  between p ro -  
cesses o f  fauna l  es tab l i shment  and e x t i n c -  
t i o n ,  h a b i t a t  d i s r u p t i o n ,  and t h e  i s o l a t i o n  
and d i f f e r e n t i a t i o n  o f  t h e  remnant f i s h  
popu la t i ons  (e.g., M inck ley  e t  a1 . 1985). 
Lakes B a n n e v i l l e  and Lahontan once covered 
most o f  t h i s  bas in .  As t h e  c l i m a t e  became 
more a r i d ,  t h e  streams t h a t  remained i n  
t h e i r  des icca ted  bas ins  increased i n  
leng th .  Most o f  these  bas ins and t h e  beds 
o f  t h e i r  con ta ined  l a k e s  a re  bounded on one 
o r  bo th  s ides  by g r e a t  fau? t scarps, along 
which t y p i c a l l y  i s sue  v a l  l e y -bo t t om  o r  
va l l e y -edge  sp r i ngs  i n  which a  remnant o f  
t h e  f i s h  l i f e  o f  t h e  b a s i n  has somehow 
pe rs i s t ed .  I n  con t r as t ,  t h e  canyon and 
mounta ins ide sp r i ngs  o f  t h e  bas ins,  though 
seemingly permanent and hosp i t ab l e ,  seldom 
con ta i n  n a t i v e  f i s h ,  presumably because 
f l a s h  f l o o d s  r e s u l t i n g  from r a r e  t o r r e n t i a l  
r a i n s  sweep e v e r y t h i n g  be fo re  them. 

Great Bas in  f i s h e s  a re  o f t e n  unique 
because they developed i n  what, f o r  many 

cen tu r i es ,  was an i n l a n d  d ra inage  w i t h  no 
access t o  t h e  sea- - the  l a r g e s t  area o f  
c l osed  bas ins i n  No r t h  America. I n  r ecen t  
geo log i c  t ime, lakes  i n  t h e  b a s i n  rose  and 
f e l l ,  some d r y i n g  up; thus, s a l i n i t y  
f l u c t u a t i o n s  are 1  arge. Several  species 
and subspecies t h a t  p e r s i s t e d  over the  
m i l l e n n i a  s ince  t h e  l a t e  P le is tocene  
disappeared du r i ng  r ecen t  t imes  through 
d e t e r i o r a t i o n  o f  t h e i r  environment;  s t i l l  
o t he r s  a re  on t h e  verge o f  e x t i n c t i o n .  

The f o l l o w i n g  p r e s e n t a t i o n  covers the  
Bonnev i l l e  bas ins,  t h e  Lahontan bas ins,  the  
c e n t r a l  basins, and t h e  southern bas i ns  
subregions (F igure  7 ) .  Much o f  t he  i n f o r -  
mat ion presented here was taken from S i g l e r  
and S i g l e r  (19871, which i s  one o f  t he  more 
comprehensive sources a v a i l a b l e  on Great 
Basin f i shes .  Add i t i ona l  i n f o rma t i on  i s  
a v a i l a b l e  i n  t h e  rev iew chap te r  prepared by 
Minck ley  e t  a l .  (1985). Th i s  sec t i on  
covers the  pas t  h i s t o r i c a l  e v o l u t i o n  o f  the  
Great Basin f i shes  and f i s h e r i e s ,  t .he i r  
p resen t  cond i t i on ,  and t h e i r  f u t u r e .  
S c i e n t i f i c  names o f  f i s h e s  are l i s t e d  i n  
Table 22. 

a. k f i s t o r i c a l  overview. Members o f  the  
genus a l h g ,  both  anadromous and res i den t ,  
were i n  the  Great Bas in  by t he  P l iocene  ( 5  

Table 22. Fishes presently established in the Great Basin (frorn Sigler and Sigler 2987). Symbols are as follows 
* E native, c = endangered, t = thrcatencd, and sc = special concern. 

Common name S c i e n t i f i c  name 

Trau ts  

Sockeye salmon f Kokanee) 
Bear Lake w h i t e f i s h  
Bonnevi 1 1  e c i  sca 
Bonnevi l 1 e  whi t e f i  sh 
Mountain w h i t e f i s h  
Golden t r o u t  
Cu t t h roa t  t r o u t  

iahon tan  c u t t h r o a t  t r a u t  
P a i u t e  c u t t h r o a t  t r a u t  
Bunnevi1 1 e c u t t h r o a t  t r a u t  

Rainbow t r o u t  
Brown t r o u t  

Order Salmoni formes 

Oncorbnchus nerka (Wa'i baum) - --- 
P r o s ~ & ~  *sfic_gja (Snyder) -- 
P .  gemmi ferum (Snyder) - 
P. a i l o n o t u i  (Snyder) - ."- 
P. w i l l  iamsonj (G i r a rd )  - 
Salmo aauabonita Jordan -- 
5. el a r k i  Richardson -... - 
5 .  c r a r k i  hcnshawi G i  11 and Jordan - -- ---- 
S .  c i a r k i  p e l e n i r i s  Snyder - --- --- 
S. c l a r k i  Utah Suckley - - -7 

S ,  q a i r d n e r i  R~ehardson - 
S. t r u t t a  Linnaeus -- 

(Continued) 



Table 22. (Continued). 

Common name S c i e n t i f i c  name 

Brook t r o u t  
Lake t r o u t  
Arc t i c  g r a y l i n g  

Pikes 

Northern Pike 

Salve l inus  f o n t i n a l i s  ( M i t c h i l l )  
S. namavcush (Wal baum) - 
Thvmall us a r c t i c u s  (Pal 1 as) 

Esocidae 

J&g l u c i u s  Linnaeus 

Order Cypriniformes 

Carps and Minnows 

Chiselmouth 
Goldfish 
Grass c a r p  
Common c a r p  
Desert dace  
Alvord chub 
Utah chub 
Tui chub 
Borax Lake chub 
Lea thers ide  chub 
Arroyo chub 
Pahranagat r ound ta i l  chub 
Cal i f o rn i  a roach 
Least chub 
White River  s p i  nedace 
Big Spring s p i  nedace 
Golden s h i n e r  
S p o t t a i l  s h i n e r  
Sacramento bl ackf  i sh 
Fathead minnow 
Northern squawfi sh 
Re1 i c t  dace  
Longnose dace  
Speck1 ed dace  
Redside s h i n e r  
Lahontan r e d s i d e  

Suckers  

Utah sucke r  
Desert sucke r  
Bridge1 i p  sucke r  
B l  uehead sucke r  
Owens sucke r  
Largescale  sucker  
Mountain sucke r  
Tahoe sucke r  
Warner sucke r  
Cui - u i  
June sucker  

Cyprinidae 

Acrocheilus a l u t a c e u ~  Agassiz and Pickering 
Carassi  us au ra tu s  (Linnaeus) 
Cteno~harvnqodon i d e l l  a (Valenciennes) 
Cvorinus ca ro io  Linnaeus 
Eremichthvs acros Hubbs and Mi l l e r  
Gila  a lvordens is  Hubbs and Mi l l e r  - 
G .  a t r a r i a  (Girard)  - 
G .  bi col o r  (Gi r a r d )  - 
G .  boraxobi us W i 1 I i ams and Bond - 
G .  copei (Jordan and G i l b e r t )  - 
G .  o r c u t t i  (Eigenmann and Eigenmann) - 
G .  robus ta  jordani  Tanner - 
H e s ~ e r o l  eucus svmmetri cus  (Bai rd  and Girard)  
Io t i ch thvs  ~ h l e q e t h o n t i  s (Cope) 
Leoidomeda a1 b iva l l  i s  M i l l e r  and Hubbs 
L .  m o l l i s o i n i s  p r a t e n s i s  Mi l l e r  & Hubbs - 
Notemisonus crvsol  eucas (Mi t c h i l l  ) 
N o t r o ~ i s  hudsonius (Cl in ton)  
Orthodon mi c ro l  e ~ i d o t u s  (Ayres) 
Pimeohal e s  ~ r o m e l  a s  Raf inesque 
Ptvchocheil us oreqonensis  (Richardson) 
Re1 i c t u s  sol  i t a r i u s  Hubbs and Mi l l e r  
Rhinichthvs c a t a r a c t a e  (Valenciennes) 
R .  osculus (Gi ra rd)  - 
Richardsonius ba1 t e a t u s  (Richardson) 
R .  eqreq ius  (Girard)  - 

Catostomidae 

C.  ardens Jordan and G i lbe r t  -- 
C .  c l  a rk i  Baird and Girard -- 
6.  col umbi anus (Eigenmann & Eigenmann) - 
C .  discobol us Cope - 
C. fumeivent r i s  Mi l l e r  - 
C .  macrochei 1 us G i  r a rd  - 
C .  pl atvrhvnchus (Cope) - 
C.  t ahoens is  Gill and Jordan - 
6. warnerensi s Snyder - 
Chasmistes cujus Cope 
C.  l i o ~ u s  Jordan -- 

(Continued) 



Table 22. (Continued). 

Common name S c i e n t i f i c  name 

B u l l  head c a t f i s h e s  

White c a t f i s h  
bl  ack b u l l  head 
Yel low b u l l  head 
Brown b u l l  head 
Channel c a t f i s h  

K i l l  i f i s h e s  

White R i v e r  s p r i n g f i s h  
Ra i l r oad  V a l l e y  s p r i n g f i s h  
D e v i l s  Ho le  pup f i sh  
Amargosa p u p f i  sh 
Owens pup f i sh 
S a l t  Creek pupf  i sh 
Pahrump k i l l i f i s h  
P l a i n s  k i l l i f i s h  
Rainwater k i l l  i f i s h  

L i vebeare rs  

Mosqu i t o f i sh  
S a i l  f i n  m o l l y  
S h o r t f i n  m o l l y  
GUPPY 
Green s w o r d t a i l  

S t i c k l ebacks  

Threespine s t i c k 1  eback 

Temperate basses 

White bass 

Sunf ishes 

Sacramento perch  
Green sun f i sh  
Pumpkinseed 
B l u e g i l l  
Smallmouth bass 
Spot ted bass 
Largemouth bass 
White c r a p p i e  
51 ack c r a p p i e  

Order S i l u r i f o r m e s  

I c t a l  u r i dae  

I c t a l u r u s  ca tus  (Linnaeus) 
I. me1 as (Raf inesque) - 
I, n a t a l  i p  (Lesueur) 

n e b u l o s u ~  (Lesueur) 
1_L p u n c t a t ~  (Rafinesque) 

Order A ther in i fo rmes  

Cypr inodont  idae  
-& ,e R e n i c h t h y ~  b a i l e ~ i  ( G i l b e r t )  
* R. nevadae Hubbs - 
* ,e Cvprinodon d iabof  i s  Wales * C.  n e v a d e n s i ~  Eigenmann and Eigenmann - * ,e L rad iosus M i l l e r  
* C. sa l i nus  M i l l e r  - * ,e m e t r i c h t h y s  l a t o s  M i l l e r  

F u n d u l u ~  ~ b r i n u s  Jordan and G i  1 b e r t  
kucan i2  ~ a r v a  (Bai r d )  

Poeci 1 i idae  

Gambusia a f f i n i s  ( B a i r d  and G i r a rd )  
P o e c i l i a  l a t i ~ i n n a  (Lesueur) 
P, m e x i ~ a n g  Steindachner - 
P. r e t i c u l a t g  Pe te rs  + 

X i  aho~ho rus  he1 1 e r i  Heckel 

Order Gasteroste i farmes 

Gasteroste idae 

S;asterosteus aculeatus Linnaeus 

Order Perc i  formes 

Perc ich thy idae  

Morone c h r v s o ~  (Raf inesque) 

Centrarch idae 

A r c h o ~ l i t e s  i n t e r r u ~ t u s  (G i r a rd )  
Leaomi s u a n e l l  us Raf i nesque 
4;L ~ i b b o s u s  (Linnaeus) 
1. macrochi rus Raf inesque - 
M i _ c _ r o _ 6 ? ~ ~ ~ ~  dd-~-mLea i ace p ed e 
M. gunctul a tus  (Raf ineque) - 
M. salmoides (Lacepede) - 
Pomoxis annul a r i  s Rafinesque 
P. n isramaculatus ( lesueur )  - 

(Canti nued) 



Table 22. (Concluded). 
- 

Common name S c i e n t i f i c  name 
- 

Perches Perc idae 

Ye1 low perch  
Wal l  eye 

Chic1 i d s  

Convic t  c i c h l  i d  
Redbel ly  t i l a p i a  

Perca f lavescens ( M i t c h i l l )  
S t i z o s t e d i o n  v i t r eum v i t r eum ( M i t c h i l l )  

Ch ich l  i dae  

Cichlasoma n i q ro fasc i a t um  (Gunther) 
T i 1  a ~ i a  z i l l i  (Gerva is)  

Scul p i  ns Co t t i dae  

M o t t l e d  s c u l p i n  * C ~ t t u s  b a i r d i  G i r a r d  
Pa iu te  s c u l p i n  * - C. b e l d i n a i  Eigenmann and Eigenmann 
Bear Lake s c u l p i n  t extensus B a i l e y  and Bond 

-. - 

t o  1.8 m i l l i o n  years ago), and by  then had 
probably  covered t h e  c u r r e n t l y  occupied 
area ( S i g l e r  and S i g l e r  1987). By P l e i s t o -  
cene t imes, most f i shes  had taken on t h e i r  
present  forms. The upper Bear R i ve r ,  which 
a t  one t ime  f lowed i n t o  Lake Bonnev i l l e ,  
supp l ied  f i v e  species o f  f i s h  (mountain 
wh i t e  f i s h ,  c u t t h r o a t  t r o u t ,  Utah sucker, 
longnose dace, and m o t t l e d  s c u l p i n )  t o  t h e  
Great Basin. The f i s h  fauna i n  Bear Lake 
a re  unusual w i t h  severa l  r e l i c t  spec ies 
f rom anc i en t  Lake Bonnev i l l e ;  f o u r  spec ies 
o f  w h i t e f i s h e s  o f  t h e  genus Prosopiurn and 
a scu lp in ,  Co t tus  extensus, a re  endemic. 
Re la t i onsh ips  among c e r t a i n  species o f  f i s h  
occupying bo th  t he  Lahontan and Bonnevi 1 l e  
Basins i n d i c a t e  t h a t  these two l a r g e  
anc ien t  1 akes p robab ly  were connected d u r -  
i n g  t he  P l iocene  o r  e a r l y  P le is tocene .  I n  
severa l  separate bas ins  o f  t he  Great Bas in  
i n  Oregon, n o r t h  o f  t h e  Lahontan bas i n  and 
west o f  t h e  A l vo rd  bas in ,  redband t r o u t  
e v i d e n t l y  comp le te ly  rep laced  t h e  c u t t h r o a t  
t r o u t .  The e v o l u t i o n a r y  s p e c i a l i z a t i o n  
i n t o  1  arge, l a c u s t r i n e  p reda to r s  made t h e  
Lahontan c u t t h r o a t  t r o u t ,  t he  Bonnevi 1 l e  
c u t t h r o a t  t r o u t ,  and two y e t  undescr ibed 
subspecies n a t i v e  t o  t h e  A l vo rd  bas i n  ill - 
adapted t o  l i f e  i n  smal l  streams and made 
non-na t i ve  t r o u t  i n t r o d u c t i o n s  q u i t e  easy 
(Behnke 1976). 

The ea r?  i e s t  f ishermen t o  use Great Bas i n  
f i s h e r i e s  were wandering bands o f  Asians 
who crossed t h e  Ber ing  S t r a i t .  These 
people were p resen t  on t h e  shores of 
anc ien t  Lakes Bonnevi 1  l e  and Lahontan, 
8,000 t o  10,000 years  ago. When European 
s e t t l e r s  a r r i v e d  a cen tu r y  ago, Lahontan 

c u t t h r o a t  t r o u t  cou ld  s t i l l  be found 
throughout  t h e  Truckee, Carson, Walker, and 
Humboldt R i ve r  dra inages where t h e r e  was an 
es t imated  5,632 km o f  s u i t a b l e  stream hab i -  
t a t .  The t r o u t  a l s o  l i v e d  i n  Lakes Tahoe, 
Cascade, Fa1 l e n  Leaf,  Donner, Independence, 
and Twin i n  C a l i f o r n i a  and Pyramid, 
Winnemucca, Walker, and Summit i n  Nevada. 
A l t oge the r  these f i s h  occupied about 
125,575 ha o f  l a k e  h a b i t a t  and t h e  t o t a l  
t r o u t  popu la t i on  p robab ly  numbered i n  t h e  
m i l l  i ons .  Europeans f i r s t  u t i l i z e d  t h e  
f i s h e r i e s  i n  t he  l a t e  17001s, bu t  i t  was 
n o t  u n t i l  t h e  C a l i f o r n i a  Cold Rush t h a t  
they  began t o  e x p l o i t  them. By 1868, a  
r a i l r o a d  had been completed c l o s e  t o  
Pyramid Lake and t h e  c u t t h r o a t  t r o u t -  
spawning r u n  up t h e  Truckee R i v e r  a l lowed 
f i s h  t o  be cap tu red  i n  l a r g e  numbers and 
shipped w i t h  minimal spo i l age  t o  western 
Nevada and surrounding s t a t es .  Dur ing  t h e  
l a t e  18001s, t he  t r o u t  became a f a m i l i a r  
d e l i c a c y  f rom Ogden, Utah, t o  $an 
Francisco, C a l i f o r n i a ,  and as f a r  eas t  as 
Chicago. Dur ing  t h i s  p e r i o d  about 518,000 
kg o f  t r o u t  f rom Pyramid Lake and t h e  
Truckee R i ve r  were so l d  commercial l y .  

1. Bonnev i l l e  bas ins.  Humans f i r s t  
occupied t h e  shores o f  Lake Bonnev i l l e  as 
i t  was receding, some 10,000 t o  11,000 
years ago. L i t t l e  evidence i s  a v a i l a b l e  t o  
determine i f  they  were us i ng  f i s h  f rom t h e  
l a k e  a t  t h i s  t ime,  A t  some p o i n t  i n  h i s -  
t o r y  f a r  preceding t h e  coming o f  Europeans, 
t h e  Great S a l t  Lake had become too  s a l i n e  
t o  sus ta i n  a f i s h e r y .  Utah Lake, however, 
was a l a r g e  s u p p l i e r  o f  f i s h  t o  t he  Ind ians  
and l a t e r  t o  t he  e a r l y  s e t t l e r s .  I n  1847, 



the  f i r s t  Mormon pioneers reached the  
Bonnevi l le  basin, and w i t h i n  10 years they 
had s e t t l e d  161 km from Sa l t  Lake C i t y  and 
had begun t o  u t i l i z e  the f i she ry .  
Commercial f i s h i n g  on Utah Lake and 
t r i b u t a r i e s  s ta r ted  immediately a f t e r  these 
f i r s t  s e t t l e r s  ar r ived.  Three species o f  
f i s h  were harvested commerci a1 1 y: t h e  Utah 
cu t th roat ,  the Utah sucker, and t h e  Utah 
chub. A s ing le  ne t  haul could y i e l d  
1,591 kg o f  t r o u t  from Utah Lake i n  1864, 
but  no more than 227 kg by 1872, and on l y  
45 kg by 1889. The l a s t  na t i ve  c u t t h r o a t  
t r o u t  was taken from Utah Lake i n  1933. 

An expanding human populat ion created a 
growing market f o r  Utah Lake f i sh ,  and by 
1872, decreases i n  catch were obvious. 
From 1876 t o  1896, t he  t r o u t  populat ion i n  
Utah Lake r a p i d l y  dec l ined because o f  t oo  
e f f e c t i v e  f i she ry  methods, l a c k  o f  regu la-  
t i o n  and enforcement, i r r i g a t i o n  e f fec t s ,  
l o s s  o f  water q u a l i t y ,  and i n t roduc t i on  o f  
exo t i c  species (Carter  1969). 

As l ake  l e v e l s  receded and s a l i n i t y  
dramatical 1 y increased fo1 lowi  ng the  
Plefstocene, many f i shes  were d r i ven  t o  
incoming streams, where they were i s o l a t e d  
from contact  w i t h  each o ther  f o r  about 
8,000 years. The ancient  Pleistocene Lake 
Bonnev i l le  i n  the Great Basin once 
supported l a rge  numbers o f  a ra re  cu t th roa t  
t r o u t ,  t h e  on ly  n a t i v e  t r o u t  species i n  the  
Bonnevi l le  basin, which abounded i n  
surrounding streams upon the lake 's decl i ne 
(Hickman and Du f f  1978). Sizeable migra- 
t i o n s  o f  t r o u t  entered the t r i b u t a r i e s  o f  
Utah Lake and a1 so t h e  Bear, Sevier, and 
Duchesne Rivers (Cope 1955). Th is  c u t -  
th roat ,  o f t en  c a l l e d  the Utah c u t t h r o a t  (w c l a r k i  m)) i s  s t i l l  present i n  
t he  pure s ta te  i n  such streams as Pine, 
Goshute, Hampton, and Henry's Creeks i n  
Nevada and i n  Trout  Creek i n  Utah. 
Hybr id ized populat ions are found i n  Muncy 
and M i l l  Greeks i n  Nevada, and B i r c h  and 
Johnson Greeks i n  Utah (Behnke 1976). 

Cut throat  populat ions from some h igh  
gradient  streams i n  the  basin were 
e l  i m i  nated because na tu ra l  reco lon i za t i on  
could no t  be e f f e c t i v e  a f t e r  des icca t ion  of 
p l u v i a l  1 akes. Fa?lowing droughts and 
v i o l e n t  thunderstortns, a 1 arge number of 
barren streams were found i n  t h e  Great 
Basin before rainbow t r o u t  were int roduced* 

In t roduc t i on  o f  exo t i c  f i s h  i n t o  
Bonnev i l le  basin waters began i n  t he  l a t e  
1880's. By 1890, carp were appearing i n  
t h e  seine hauls o f  commercial fishermen. 
Largemouth bass were int roduced i n  1890 and 
by 1894 were being taken i n  the Utah Lake 
f i she ry .  Around the t u r n  o f  the  century, 
brook t r o u t  were p lan ted throughout the  
Bonnev i l le  basin i n  s u i t a b l e  waters ( S i g l e r  
and S i g l e r  1987). E f f o r t s  t o  f o r e s t a l l  the 
l a rge  decrease i n  f i s h e r i e s  resu l ted  i n  
hatchery rea r i ng  o f  n a t i v e  species and 
massive stocking o f  e x o t i c  species. White 
bass, Introduced i n  t h e  19501s, a re  now the 
dominant f i s h  i n  Utah Lake. Carp are 
present a t  lower e levat ions  i n  a l l  the 
major drainages i n  the  Bonnev i l le  basin 
( S i g l e r  and M i l l e r  1963). 

Other f i s h  species stocked dur ing  t h i s  
per iod inc luded Sacramento perch, McCl oud 
River  chinook salmon, Schuyl k i l l  River  
c a t f i s h ,  Lake Michigan wh i te f ish ,  American 
shad, chinook salmon, sebago salmon, 
rainbow t r o u t ,  brown t r o u t ,  Montana 
gray1 i ng  , American eel ,  channel c a t f i s h ,  
b l  ack b u l l  head, ye1 1 ow perch, 1 argemouth 
bass, rock bass, b lack crappie, green 
sunfish, and b l u e g i l l .  

The Bear R iver  flowed no r th  i n t o  the 
Portneuf River  i n  Idaho and then i n t o  the 
Snake River  34,000 years ago and now i s  
p resen t l y  connected t o  Bear Lake by an 
a r t i f i c i a l  canal. The f i s h  o f  Bear Lake 
belong t o  the  Bonnevi l le  fauna and show 
cons iderab le  l o c a l  d i f f e r e n t i a t i o n ,  
p a r t i c u l  a r l y  among several species o f  the 
farnil y  Corrcgonidae i nc lud ing  the 
Bonnevil l e  c isco,  the Bonnevi l le  
wh i te f i sh ,  and the Bear Lake wh i te f i sh .  

McConnell e t  a l .  (1957) reported tha t  
dur ing  the  f i r s t  quar te r  o f  the century, a 
commerci a1 f i she ry  operat ing on Bear Lake 
harvested l a rge  numbers o f  cu t th raa t  t r o u t  
and suckers. Since the  e a r l y  1920ts, sport  
f i s h i n g  has been the only harvest  allowed, 
bu t  l ake  t r o u t ,  in t roduced i n  1911, and the 
w in te r  f i she ry  f o r  c isco,  have a lso 
provided valuable f i s h e r i e s .  Presently, no 
known populat ions o f  the Bonnevi l l e  c i  sco 
e x i s t  ou ts ide  o f  Bear Lake, but some lakes, 
such as Lake Tahoe (Nevada), have been 
stocked. Despite annual i n t roduc t i ons  o f  
rainbow t r o u t  i n  Bear Lake, t h i s  species 
has never become establ ished,  and a rainbow 
t r o u t  f i shery  i n  Bear Lake i s  maintained 



only by s tocking ca t chab l e  f i s h .  The 
c u t t h r o a t  t r o u t  of Bear Lake r ep re sen t ,  
with only a  minute hyb r id i za t i on ,  a  
genotype of t h e  o r i g i n a l  l a c u s t r i n e  s tock  
of  the  Bonnevi l l e  c u t t h r o a t  from anc ien t  
Lake Bonnevi 11 e .  

2 .  Lahontan b u  The marked 
is01 a t i o n  of Nevada's major drainage 
systems from each o t h e r  and from t h e  1 a rge r  
numbers of small sp r ing - f ed  pools and 
streams tha t  do no t  flow beyond the  
conf ines  of t h e j r  own sepa ra t e  va l l eys  
e s t ab l i shed  a  s i t u a t i o n  in  which small ,  
disconnected populat ions o f  f i s h e s  evolved 
away from t h e i r  pa r en t  s t ock  t o  t he  po in t  
where t h e  d i f f e r ences  between t he  i so l a t ed  
s tock  and t he  ances t r a l  s tock  grew t o  
gene t i c  importance. 

The Lahontan c u t t h r o a t  t r o u t  a t  one time 
l i ved  i n  abundance throughout t he  Lahontan 
basin of Cal i fo rn i a  and Nevada, having 
en te red  during t he  P l e i s t ocene  epoch when 
t h e  l ake  may have been connected t o  t he  
Kiamath, Sacramento, o r  Snake Rivers .  
Major l a c u s t r i n e  popula t ions  inhabited 
Pyramld l ake ,  Wal kcr  Lake, Independence 
Lake, Lake Tahoe, and S u m i t  Lake, but t he  
Lahontan c u t t h r o a t  t r o u t  was forced t o  
adapt t o  s t ream environments through 
des i cca t i on  OF Lake lattontan. Fluvial  
populat ions occttrred in  t h e  Carson, Walker, 
and fruckee River systems of Ca l i fo rn i a  and 
Nevada, and i n  t h e  Wurslboldt d ra inage  of 
Nevada (Behnke and Zarn 1976).  Current ly 
t he  only lakes t h a t  harbor  pure s tocks  of  
Lahontan c u t t h r o a t  t r o u t  a r e  Summit l.ake 
and Independence t a k e ,  Cat  i forn i a .  

Pyramid Lake, t h e  1 a rgcs t  remaining 
a r t i f a c t  of anc ien t  Lake lahantan ,  in the  
deepes t ,  most voluminous s a l  ine l ake  in  the  
Western Wumi sphere. A favorable  water 
chemistry (h igh ly  i o n i c )  and an abundant 
supply of forage f i s h  ( t u i  chub) produced 
a  c u t t h r o a t  t r o u t  f i s h e r y  with some 27.2 kg 
f i s h .  I t  es t imated  t h a t  t h e  annual 
product ion of  c u t t h r o a t  t r o u t  was 0 . 5  
mi l l  ion kg/y, but in j u s t  70 years  the  f i s h  
was e x t i n c t  in t h i s  l ake .  

Pyramid l ake  h i s t o r i c a l l y  supported t he  
prime f i s h e r y  i n  t h e  Lahontan Basin. 
Indians survived on t h e  Pyramid Lake 
c u i - u i ,  t he  Tahoe sucker ,  and t he  Pyramid 
i ake  c u t t h r o a t  many c e n t u r i e s  before the  
coming of t he  white man. The spawning of 

t he  cu i -u i  was of  g r e a t  importance t o  the  
loca l  Indians as  well a s  t r i b e s  t o  t he  
south who t r ave l ed  many mi les  t o  f i s h  f o r  
t h i s  abundant food source. When the  "Fre- 
mont Party" a r r i ved  in  2844, large harves t s  
o f  Pyramid c u t t h r o a t  were comjng from the  
f ruckee  River where i t  en t e r ed  t he  l ake .  

Between 1860 and 1900, From 27,000 t o  
91,000 kg ( S i g l e r  and S i g l e r  1987) of  t r ou t  
were harvested and shipped annual ly from 
the  Pyramid Lake Basin (Townley j980). 
Behnke (1974) est imated t h a t  about 0 .5  
m i  11 ion kilograms of c u t t h r o a t  t r o u t  could 
have been harvested annual l y  between 1860 
and 1920, by s p o r t ,  Indian,  and commercial 
FSshers and t h a t  t h e  c u i - u i  populat ion was 
probably as  l a rge  o r  l a r g e r  than the  t r ou t  
populat ion,  

As e a r l y  a s  the  1860's,  logging a c t i v i -  
t i e s ,  roads,  and d ive r s ion  dams For 
sawmi 11 s  prevented access  of Pyramid Lake 
f i s h  t o  t h e i r  h i s t o r i c  spawning grounds on 
t he  Truckee River system as f a r  a s  take 
Tahoe and i t s  t r i b u t a r i e s .  By 1884, I 1  
ddms blocked the  Truckee River and only 2 
of them had Functioning f i s h  ladders .  
During t h i s  per iad ,  the  F i r s t  s i g n i f i c a n t  
po l l u t i on  en te red  t h e  l ruckee  from sawrnflls 
and paper p l a n t s .  For tuna te ly ,  by 1900, 
cleanup e f f o r t s  a'trrtost e l  iminated t h i s  type 
s f  p o l l u t i o n ,  However, i ndus t r i a l  
po l l u t i on ,  h a b i t a t  modi f ica t ion  and 
degradat ion,  and over f i sh ing  promoted the 
dec l i ne  of t he  Lahontan c u t t h r o a t  t r o u t  
a f t e r  1890, and by 1900, the  t r o u t  and some 
o the r  na t ive  f i s h  had been extirpated from 
80% of the  Truckee Basin (Townley €980).  

Heavy spo r t  f i sh ing  d i d  nut s t a r t  u n t i l  
the  l a t e  1880's (Sigier and S i g l e r  1987). 
Sport fishermen soon s t a r t e d  t o  'look f o r  
ways Lo rees tah l  i sh  the Pyramid lake basin 
f i s h e r y ,  but pu l l u t l on  from t h e  c i t i e s  of 
Sparks and Reno i n t o  the Truckee River  and 
Pyramid L a k ~ ,  along with water  d ivers ions  
and uncontrol led harves t  had s i g n i f i c a n t l y  
damaged the  f i she ry  . 

Water d ive r s ions  caused t he  l a k e  l eve l  t o  
f a l l  23 a between 1485 an4 1999. Dams f u r  
i r r i g a t i o n  and jndus t r ia f  water  blocked 
f i s h  parsage t o  Truckee River spawning 
grounds, The cons t ruc t ion  oh Derby Oam in 
15405 eFfected a t ransbas in  d ive r s ion  o f  
much o f  the lower Iruckee River,  and 
d r a s t i c h l  l y  reduced f l ows  i n t o  Pyramid 



Lake, causing a vast d e l t a  t o  b u i l d  a t  i t s  
mouth, Derby Dam, 64 km above Pyramid 
Lake, d iver ted most o f  the Truckee f l ow  
i n t o  the Carson River basin except dur ing 
f loods. The l e v e l  o f  Pyramid Lake dropped 
113 m between 1906 and 1968, exposing a 
la rge mud f l a t  a t  the mouth o f  the r i v e r  
t h a t  obstructed t r o u t  migrat ing from the  
lake. The f i s h  ladder over Derby Dam 
seldom worked, and stream f lows below the 
dam were inadequate f o r  t r o u t  reproduction. 
Shallower Winnemucca Lake, which shared the 
natural  f low o f  the Truckee River w i t h  
Pyramid Lake, d r ied  up i n  1938. The 
Pyramid Lake f i she ry  began i t s  dec l ine  i n  
1906 slowly a t  f i r s t  and rap id l y  dur ing the 
1920's (Sumner 1939). The l a s t  good spawn- 
ing  took place i n  1928, and no spawning 
runs occurred a f t e r  1930. By 1934, angl ing 
on the lake  was poor; only la rge f i s h  were 
being caught. A ser ies o f  drought years i n  
the ea r l y  1930fs, together w i th  a l l  the 
water diversions, spel led the f i n a l  demise 
of the Pyramid Lake f ishery ,  and a f t e r  1938 
cut throat  t r o u t  was ex t i rpated from Pyramid 
Lake, P o l l u t i o n  from the c i t i e s  o f  Sparks 
and Reno, which contaminated the Truckee 
River f o r  over 80 years beginning around 
the tu rn  o f  the century, a lso cont r ibu ted 
t o  the decl fne o f  the f ishery .  Some 
p o l l u t i o n  i s  s t i l l  en ter ing the r i v e r .  

Juday (1907) reported catches o f  the 
Lahontan cu t th roa t  t r o u t  i n  Lake Tahoe. A t  
the t u r n  o f  the century, a commercial 
f ishery shipped thousands o f  kilograms o f  
t h i s  t r o u t  each year, but present ly t h i s  
nat ive  t r o u t  i s  e x t i n c t  because o f  over- 
f i sh ing,  dest ruc t ion o f  i t s  hab i ta t ,  i n t r o -  
ductions o f  exo t i c  species, and 1 im i ta t i ons  
o f  access t o  i t s  t r i b u t a r y  spawning areas. 
The other subspecies o f  Great Basin c u t -  
th roat  t r o u t  included the Paiute t r o u t ,  
nat ive  t o  only one t r i b u t a r y  o f  the East 
Fork o f  the Carson River o f  the Lahontan 
basin (Behnke 1976). (The b u l l  t r o u t  and 
the Columbia River squawfish d i d  not  become 
establ ished i n  the Great Basin.) Lake, 
rainbow, and brown t r o u t  introduced before 
1900 were wel l  establ ished i n  Lake Tahoe by 
the 1930's and probably helped seal the 
f a t e  o f  the cu t th roa t  population. I n  an 
unsuccessful e f f o r t  t e  restore the f ishery ,  
the C a l i f o r n i a  Department o f  F I  sh and Game 
planted near1 y one m i l l  ion  f i n g e r l i n g  and 
year l i ng  cu t th roa t  t r o u t  i n  Lake Tahoe 
between 1956 and 1962. The f a i l u r e  o f  t h i s  
e f f o r t  suggests t h a t  the niche formerly 

f i l l e d  by cu t th roa t  t r o u t  was a1 ready 
occupied by non-native t r o u t .  

Wal ker Lake a1 so contained g ian t  Lahontan 
cut throat  t r o u t  and supported a commercial 
f ishery. Each spring, great  schools o f  
t r o u t  moved up r i ve r  t o  spawn i n  Bridgeport 
and Antelope Valleys. This f i she ry  began 
t o  dec l ine  i n  1911 and the l a s t  good runs 
occurred i n  the 1920's and 1930's. 
Bridgeport Dam, Topaz Diversion, and Weber 
Dam blocked spawning migrations and 
introduced rainbow, brown, and brook t r o u t  
displaced the resident  cu t th roa t  i n  most 
t r i b u t a r i e s  o f  the Walker River. 

Stream populations o f  Lahontan cut throat  
t r o u t  were not  able t o  coexist  w i t h  other 
species o f  t rou t .  I n  the Carson River 
system, non-native t r o u t  introduced i n  the 
1880's displaced the nat ive  cut throat  t r o u t  
w i t h i n  a few decades. 

Subjective evaluat ion by Co f f i n  (1982) 
estimates tha t  o f  the 3,975 km o f  the 
Humboldt River basin, 90% were once 
occupied by Lahontan cu t th roa t  t r o u t .  
Today, Lahontan cut throat  t r o u t  s t i l l  l i v e  
i n  headwater t r i b u t a r i e s  o f  the Humboldt 
River, but i n  only 12% o f  i t s  h i s t o r i c  
range (Co f f i n  1982). The Walker River 
system contains one t i n y  t r i b u t a r y  w i t h  a 
nat ive  cu t th roa t  populat ion. With in the 
Carson River drainage, Lahontan cut throat  
t r o u t  populations, r e s u l t i n g  from ear l y  
day t r o u t  stocking, l i v e  i n  several t r i b u -  
t a r i e s  above impassable f a l l s .  I n  the 
Truckee system, only 1 ndependence Lake 
supports a small na t ive  cut throat  t r o u t  
populat ion. As a r e s u l t  o f  human a c t i v i t y ,  
Lahontan cut throat  t r o u t  have been e l  i m i  - 
nated from 95% o f  t h e i r  nat ive  hab i ta t  
(Cof f in  1982). The t r o u t  was l i s t e d  as an 
endangered species i n  1970 under the 
Endangered Species Act, bu t  was r e c l  assi - 
f i e d  as a threatened species i n  1975 so 
tha t  i t  could be taken i n  the popular 
sports f i she ry  a t  Pyramid Lake. 

b. Present condit ions. Numerous species 
o f  f i s h  now 1 i v e  i n  the Great Basin (Table 
22)  because of continuous i n d i s c r i ~ i n a n t  
f i s h  stocking. Some, such as rainbow and 
lake t rou t ,  were probably benef ic ia l  f o r  
the recreat iona l  f i shery ,  but many other 
species, such as carp, were detr imental .  
Present day f i s h e r i e s  have l i t t l e  resem- 
blance t o  those o f  the past, nor do the 



f i s h  used by t h e  Indians f o r  food resemble Northern Rocky Mountains t o  t he  nor th  and 
those which ex i s ted  dur ing  t h e  P le is tocene.  t he  S ie r ra  Mountains t o  t h e  west. 

Some species, such as t h e  Lahontan 
c u t t h r o a t  t r o u t ,  have evolved t o  meet t h e  
Great Basin cond i t ions  and have surv ived i n  
s p i t e  o f  na tura l  and a r t i f i c i a l  con -  
s t r a i n t s .  Many species of f i shes  are ende- 
mic t o  t h e  Great Basin, t he  Bonnev i l le  ba- 
s i n  has 67% endemics and the  Lahontan, 78%. 

Ear l y  changes i n  t h e  ichthyofauna of t he  
Great Basin by Europeans were s t r i c t l y  f o r  
food purposes (i e . ,  carp), bu t  t hese  
changes do not  f i t  we l l  w i t h  today's 
emphasis on rec rea t i ona l  qua1 i t y  f i s h ,  
Table 23 l i s t s  f i s h  species t h a t  were 
stocked i n  the  Great Basin b u t  d i d  n o t  
survive. The Lahontan c u t t h r o a t  t r o u t  o f  
na tu ra l  Walker Lake he ld  on u n t i l  1948 when 
i r r i g a t i o n  d i v i s i o n s  no l onge r  prov ided 
f lows s u f f i c i e n t  f o r  reproduct ion.  Today 
a s i g n i f i c a n t  p a r t  o f  Great Basin f i s h  
popu la t ion  i s  supplemented by  hatcher ies ,  
because o f  degraded hab i ta t s .  For examp] e,  
the  present day Pyramid Lake c u t t h r o a t  
f i she ry  i s  maintained almost e n t i r e l y  
through hatchery stocking.  The popu la t i on  
o f  Walker Lake i s  a lso  maintained by  
hatchery propagation. 

Great Basin streams have f e r t i l e  waters  
capable o f  support ing h igh  f i s h  numbers 
pe run i t  area. These waters have much mare 
p o t e n t i a l  than stream waters i n  surrounding 
areas, such as the bath01 i t h  p a r t s  of t h e  

Table 23. A list of fishes by common name introduced 
into the Great Basin but no longer surviving (from 
Sigler and Sigier 1987). 

American eel  
American shad 
Lake w h i t e f i s h  
Chum salmon 
Coho salmon 
Chinook salmon 
De l ta  smelt 
Sebago salmon 
Steel  head t r o u t  
Hornyhead chub 
Golden sh iner  
Emerald shiner  

Common sh ine r  
Sand sh ine r  
B l  untnose minnow 
B u l l  head minnow 
B l  acknose dace 
Creek chub 
Tench 
White sucker 
Logperch 
Brook s t i ck leback  
Rock bass 
Trout -perch 

The n a t i v e  Lahontan c u t t h r o a t  t r o u t  o f  
t h e  Humboldt R iver  drainage fared b e t t e r  
than t r o u t  i n  t he  Truckee-Wal ker  River 
drainages because i t  was more speci a1 ized 
fo r  stream 1 i f e  and adapted t o  the harsh 
flood/drought cyc le  o f  t he  a r i d  region 
(Behnke and Zarn 1976). P l a t t s  and Nelson 
(1983) found dramatic f l uc tua t i ons  i n  
weights, lengths,  numbers, and condi t ions 
o f  a na t i ve  populat ion o f  Lahontan cu t -  
t h roa t  t r o u t  i n  Gance Creek w i t h i n  the  Hum- 
bo ld t  River  Drainage. They s t a t e  t h a t  such 
f l uc tua t i ons  and the  a b i l i t y  t o  surv ive 
under a h i g h l y  changeable environment 
present eco log ica l  evidence t h a t  the 
Lahontan Basin na t i ve  cu t th roa t  t r o u t  
should be d i v ided  i n t o  two subspeci f ic  
taxa: the Lahontan and the  Humboldt cu t -  
t h roa t  t r o u t .  Pure populat ions o f  the 
Lahontan cu t th roa t  t r o u t  e x i s t  i n  about 20 
streams i n  t he  Humboldt River  Drainage. 
The wide ranges o f  f i s h  dens i t y  and biomass 
demonstrate the  h i g h l y  va r i ab le  condi t ions 
i n  t h i s  drainage (Table 24). The Salmon 
F a l l s  Creek drainage a l so  shows the same 
pat te rn .  

1. Bonnev i l le  basin. Great Sa l t  take, 
as mentioned before, i s  a remnant o f  h i s -  
t o r i c  Lake Bonnev i l le  and has become too 
sa l i ne  t o  sus ta in  f i s h  l i f e .  Other rem- 
nants o f  Lake Bonnevi l le, inc lud ing  Utah 
and Bear Lakes as we l l  as streams dra in ing  
the  basin, do conta in f i s h  populat ions. 
Many species o f  f i s h  from Lake Bonnevi l le 
s t i l l  l i v e  i n  the  basin and i n  t he  Lahontan 
basin, i n d i c a t i n g  a poss ib le  connection 
between the two ancient 1 akes. Richardson- 
jus (a  minnow) and Chasmistes ( a  sucker) 
are present i n  both basins, as are high- 
e levat ion  f i s h e s  the  mountain whi tef ish,  
cu t th roa t  t r o u t ,  speckled dace, and Paiute 
sculp in.  The t u i  chub i n  t h e  Lahontan 
basin and t h e  Utah chub i n  t he  Bonnevi l le 
basin are o f  the  same genus (m}. The 
presence of simi 1 a r  genera and species 
suggests t h a t  same species were comon a t  
the formation o f  t he  Great Basin. Table 25 
l i s t s  the salmonid f i s h  dens i t y  and biomass 
from selected streams i n  the Bonnevi l le 
Basin. 

2. Lahontan basin. Pyramid Lake i s  
p resent ly  mesol i go t roph i c  but  s t i l l  
supports a h i g h l y  product ive f ishery.  The 
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two most impor tan t  nmnagement problems a t  
Pyramid Lake a re  prevent  i o n  o f  d e s i c c a t i o n  
o f  t h e  l a k e  and p r o v i s i o n  o f  a  cons tan t  
source o f  t r o u t  f o r  s t o c k i n g  (La R i ve r s  
1962). O r i g i n a l l y ,  n a t i v e  Lahontan 
c u t t h r o a t  t r o u t ,  c u i  - u i ,  and t u i  chub were 
t h e  o n l y  food f i shes  found i n  t h e  lake,  bu t  
w i t h  t h e  e x t i n c t i o n  o f  t h e  n a t i v e  t r o u t  i n  
t h e  193Qrs, ra inbow and c u t t h r o a t  t r o u t  
were in t roduced .  Lack o f  s u f f i c i e n t  
i n f l o w i n g  water  i n  Walker Lake v i r t u a l l y  
e l i m i n a t e s  n a t u r a l  spawning t r o u t  (La 
R i ve r s  1962), produc ing h i g h  a1 ka1 i n i  t y  
and/or s a l i n i t y  so t h a t  o n l y  a  c u t t h r o a t  
t r o u t  f i s h e r y  can be mainta ined.  Lahontan 
Reservo i r  has a w e l l  - es tab l  i s h e d  popu la t i on  
o f  warm-water f i sh .  

The Lahontan c u t t h r o a t  t r o u t  f s the  most 
va lued  n a t i v e  f i s h  i n  t h e  bas i n .  I t  
achieved i t s  g r e a t  d i f f e r e n t i a t i o n  from a l l  
o t h e r  subspecies o f  Salmo c l a r k i  du r i ng  i t s  
l o n g  phys i ca l  i s o l a t i o n  i n  t h e  Lahontan 
Basin, w i t h  t h e  r e s u l t i n g  e v o l u t i o n a r y  
s e l e c t i o n  f o r  l a c u s t r i n e  s p e c i a l  i z a t i o n  i n  
p l u v i a l  Lake Lahontan (Behnke and Zarn 
1976). The o r i g i n a l  p o p u l a t i o n  o f  Lahontan 
c u t t h r o a t  t r o u t  i s  now e x t i n c t  i n  Pyramid 
Lake, which produced t h e  l a r g e s t  specimens 
on record ,  I t has been g r e a t l y  decreased 

i n  Lake Tahoe and may no l onge r  e x i s t  i n  
Walker Lake. The l a s t  ho l dou t  i s  Summit 
Lake, Nevada, where i t  i s  t h e  o n l y  salmonid 
p resen t  and p e r s i s t s  i n  l a r g e  numbers 
because o f  t h e  d i f f i c u l t  access. 

The redband t r o u t ,  a l s o  an endemic Salmo 
species, i s  found i n  many p laces w i t h i n  t h e  
bas in .  Table 26 l i s t s  t h e  salmonid f i s h  
d e n s i t y  and biomass t h e  se l ec ted  streams i n  
t h e  Lahontan Basin.  

S i x t y  percent  o f  t h e  endangered f i s h e s  i n  
t h e  Un i t ed  S ta tes  a re  endemic t o  t h e  a r i d  
s t a t es  o f  Nevada, Utah, Ar izona, and New 
Mexico. The endangered c u i - u i  a l so  i s  o f  
g r e a t  s o c i a l  importance t o  t h e  Pa iu te  
Ind ians  l i v i n g  around Pyramid Lake who 
con t i nue  t o  f o s t e r  i t s  comeback. I s01  ated 
and endangered species o f  p u p f i s h  
( W r i n c a d o ~ )  represen t  remnants o f  1 arge 
Lahontan Lake popul a t i ons .  Lesser known 
v a r i e t i e s  o f  n a t i v e  suckers and minnows are 
a l s o  threatened and endangered by water 
d i ve r s i ons ,  h a b i t a t  des t r uc t i on ,  and 
i n t r o d u c t i o n  o f  e x o t i c  species. 

3. Hurnbaldt. R i v e r  d r a i n q ~  Approxi  - 
mate ly  327 streams i n  t h e  Humboldt R i ve r  

Table 26. Salmonid fish species, density, and biomass for selected streams in 
the Lahontan Basin (from U.S. Forest Service Intermountain Station Research 
files and from Nevada Department of Natural Resources files). 

Stream 
Dens i t y  Biomass 

Species ( f ish/rn ) (g/m29 

N. Fork Humboldt R i v e r  
P r a t t  Creek, NV 
N.Fork P r a t t  Creek, NV 
Deep Creek, NV 
Boyd Creek, NV 
Jack Creek, NV 
Murphy Creek, NV 
Cave Creek, NV 
Waterpi pe Canyon, NV 
K e l l e y  Creek, NV 
Toe Jam Creek, NV 
Thomas Creek, NV 
Rat t lesnake  Creek, NV 
Brown Creek, NV 
M i t c h e l l  Creek, NV 

-- - - 



drainage, having 3,975 km o f  stream chan- 
ne l ,  have been i d e n t i f i e d .  A  t o t a l  o f  176 
o f  these streams, encompassing 1,604 stream 
ki lometers,  have been i d e n t i f i e d  as con- 
t a i n i n g  f ishable res ident  salmonid popula- 
t i ons .  S i x t y  Lahontan cu t th roa t  streams, 
w i t h  365 km o f  occupied h a b i t a t  i n  e igh t  o f  
t he  subbasins o f  the  Humboldt River  and 
some i n t e r i o r  basins, have been i d e n t i f i e d .  

The west face o f  the  Ruby Mountains and 
East Humboldt Range i n  Elko County show t h e  
most s i g n i f i c a n t  impact o f  past  t r o u t  
s tock ing  prac t ices .  D isp l  acement o f  na t i ve  
c u t t h r o a t  t r o u t  by o ther  salmonids, p r i n c i -  
p a l l y  the  eastern brook t r o u t ,  i s  a  major 
concern i n  t h i s  area. Of  48 f i shab le  
streams along the  west face o f  t he  Ruby 
Mountain range, 22 are 100% brookt rou t  
waters; 15 have mostly brook and a  few 
cu t th roa t ;  and 6 have a  mix ture  o f  brook, 
brown, rainbow, and cu t th roa t .  Wi th in the  
Rock Creek, Maggie Creek, Marys River, and 
North Fork Humboldt River  subbasins, most 
o f  t h e  streams have we l l -es tab l ished popu- 
l a t i o n s  o f  cu t th roa t  t r o u t  w i t h  on ly  minor 
evidence o f  h y b r i d i z a t i o n  o r  displacement. 
(Most o f  the d iscussion an the Humboldt 
R i ve r  Drainage i s  taken from C o f f i n  
119823). 

4. Death Val ley and 
the  surrounding area are known f o r  the 
evo lu t i on  o f  uniquely specia l  ized species 
o f  f i sh .  The Owens pupf ish,  t he  Dev i ls  
Hele pupfish, and the  Amargosa pupf ish 
d i f f e r e n t i a t e d  a t  c e r t a i n  r e s t r i c t e d  
l oca t i ons .  Saraloga Springs and Dev i ls  
Hole i n  Ash Meadows canta in  i so la ted  
populat ions o f  the  Dev i l s  Hole pupfish, an 
endangered species. The h igh l y  sal ine, 
o f t e n  warm, and a l k a l i n e  waters o f  Death 
Va l l ey  are p a r t i c u l a r l y  su i t ed  t o  t he  
k i l l i f i s h  fami ly ,  t o  which these unique 
f i s h  belong. I n  t he  w a t e r - f i l l e d  Dev i ls  
Hole f i ssu re ,  which has l e s s  than 10 m2 o f  
water surface area, they number about 800 
i n  t h e  summer and 200 i n  t h e  winter .  

as we l l  as t h e  impact o f  these species on 
o ther  members o f  t h e  community. I n  addi-  
t i o n ,  such in fo rmat ion  i s  o f  c r i t i c a l  
importance f o r  proper eva lua t ion  o f  the 
f l ow  o f  energy i n  a  g iven ecosystem. I n  
many aquat ic  hab i ta t s ,  t he  bottom-dwell i ng  
inver tebra tes  p lay  an important r o l e  i n  the 
food conversion processes r e s u l t i n g  i n  p ro-  
ducts o f  i n t e r e s t  t o  humans, o r  which are 
necessary f o r  the func t ion ing  o f  the eco- 
system. This i s  espec ia l l y  t r u e  i n  streams 
where t h e  opera t ion  o f  such ecosystems i s  
dependent on benth ic  inver tebra tes  . 

Koslucher and Minshal l  (1973) determined 
t h e  food re1 a t  ionships o f  several 
numer i ca l l y  impor tan t  i nve r teb ra tes  
i n h a b i t i n g  Deep Creek, Idaho-Utah, a  
nor thern  Great Basin (Bonnevi 11 e  hydro- 
graphic basin)  deser t  stream. An 
assortment o f  diatoms ( B a c i l l  ariophyceae) 
and t h e  f i  1  amentous a lga C l  ado~hora  
qlomerata (Chlorophyta) were the only 
important l i v i n g  cons t i t uen ts  i n  the d i e t s  
o f  the herbivores. No aquat ic  vascular 
p lan t  ma te r i a l  was found i n  the  d i e t ,  even 
when i t  was abundant i n  t he  stream. Plant  
d e t r i t u s  was the  o the r  important  food f o r  
t he  herbivores.  Of e i g h t  inver tebra te  
species studied i n  d e t a i l ,  f i v e  were 
herbivores: Hval e l  1 a azteca (Amphi poda) , 
Baet i  s  t r i caudatus  and T r i  corvthodes 
minutus (Eohemerogtera), Hvdro~svche 
occidental  i s  (Tr ichoptera)  , and Simul ium 
arsus (Diptera)  . Three others, Ars ia 
v iv ida ,  Enallasma m, and Oohiosom~hus 
severus (Odonata) cons i s ten t l y  were car -  
nivorous. Other groups studied less  exten- 
s i v e l y  inc luded t h e  herbivores Gammarus 
l a c u s t r i s  (Amphipodaj, Siqara sp, (Hemi- 
ptera) ,  b t i o s e r v u s  diversens (Coleoptera), 
Limnephilus f r i j o l e  {Tr ichoptera)  , Chirono- 
midae (Diptera) ,  and the omnivore Paci fas-  
tacus gambell i (Decapoda) . There were no 
evident d i f fe rences between s i ze  o f  the 
animals and the  k inds  o f  foods eaten nor 
between t ime o f  t h e  year and d i e t .  In 
general, t he  i nve r teb ra te  animals i n  Deep 
Creek were oppor tun i s t i c  and fed i n  pro-  
po r t i on  t o  t h e  foods present. 

The d i e t s  o f  aquatic animals provide A l l  o f  the Hvdroosvche ~ccidentalis 
valuable c lues t o  an important set o f  larvae examined from Deep Creek contained 
i n t e r a c t i o n s  occur r ing  w i t h i n  aquatic eco- on ly  p l a n t  ma te r i a l .  However, specimens 
systems. Assessment of bo th  the kinds and from Deep Creek he ld  i n  c a p t i v i t y  are known 
amounts o f  foods eaten i s  necessary f o r  an t o  be c a n n i b a l i s t i c ,  and several other  
adequate understanding o f  the r o l e s  o f  i nves t i ga to rs  have observed considerable 
i n d i v i d u a l  species i n  the  b i o t i c  c o m u n i t y  amounts of animal mat te r  i n  o ther  species 



o f  Hvdroosvche. Therefore, i t i s  l i k e l y  
t h a t  H. o c c i d e n t a l i s  takes  animal p r e y  
under c e r t a i n  circumstances, bu t  t h a t  t h i s  
gene ra l l y  i s  n o t  t h e  case under t h e  
cond i t i ons  o f  abundant p l a n t  ma t t e r  f ound  
i n  Deep Creek. I n  genera l ,  H. o c c i d e n t a l  i s  
was found t o  i n g e s t  more diatoms t h a n  
d e t r i t u s ;  o n l y  once was a g r e a t e r  amount of  
d e t r i t u s  found. 

Bae t i s  t r i c a u d a t u s  f r equen t l y  a t e  abou t  
as much d e t r i t u s  as i t d i d  diatoms, b u t  on 
severa l  occasions t h e  amount of d e t r i t u s  
inges ted  g r e a t l y  exceeded t h a t  o f  t h e  
diatoms. T r i co rv thodes  minutus, ano ther  
may f l y  f rom Deep Creek, c o n s i s t e n t l y  a t e  
more d e t r i t u s  than any th i ng  e lse .  Simul ium 
arqus l a r v a e  i n  Deep Creek a t e  b o t h  
d e t r i t u s  and diatoms more o r  l e s s  i n d i s -  
c r i m i n a t e l y ;  o n l y  i n  about h a l f  t h e  samples 
was more d e t r i t u s  found than  diatoms. 

H v a l e l l a  azteca i n  l e n t i c  waters feeds  on 
t h e  e p i p h y t i c  g rowth  on r oo ted  a q u a t i c  
p l an t s ,  on dead animal and p l a n t  ma t t e r ,  
and o f t e n  on l i v e  p l a n t  m a t e r i a l  such as 
f i 1 amentous green a1 gae (Cooper 1965). I n  
Deep Creek, fi. gz teca  norma l l y  was a 
d e t r i t i v o r e ,  b u t  i t  a l s o  consumed 
s u b s t a n t i a l  amounts o f  diatoms. On t h r e e  
occasions ( t w i c e  i n  t h e  autumn and once i n  
t h e  summer) b i t s  o f  f i l amentous  a lgae were 
found. 

Animal remains were always p resen t  i n  
Arcl ia v i v i d a ,  Enallaqma , and 
Oohioaomohus severus ; some d e t r i t u s  and 
diatoms were always p resen t  a lso,  b u t  these  
cou ld  have been inges ted  d u r i n g  feeding o r  
cou ld  have been i n  t h e  p rey .  H v a l e l l a  
azteca, Hvd ro~svche  occ i den ta l  i s ,  and 
Simul ium arsus were t h e  predominant p rey ,  
b u t  t he  remains o f  seve ra l  o t h e r  t axa  were 
found i n  t h e  t h r e e  Odonate ca rn i vo res .  
Somewhat s u r p r i s i n g l y ,  no Chi ronomidae were 
found i n  t h e  g u t  samples of t he  ca rn i vo res .  
It i s  a l s o  notewor thy t h a t  o n l y  Enal lasma 

was found t o  e a t  B a e t i ~ .  Both !%G&i 
v i v i d a  and Oohiosomohus severus consumed k. 
anna. 

Diatoms and detr i tus were found t o  p r o -  
v i d e  t h e  main food base a t  t h e  p r ima ry  
producer 1  eve1 . I n  Deep Creek, un1 i ke many 
o t h e r  streams t h a t  have been s t u d i e d  
(M insha l l  1367), d e t r i t u s  appears t o  be 
de r i ved  1 arge l  y from autochthonous 
sources. The c o n t r i b u t i o n  from t he  

sur round ing  watershed ( o t h e r  than  from 
1 i v e s t o c k  manure) i s  r e l a t i v e l y  i n s i g n i -  
f i c a n t .  An impor tan t  t e r m i n a l  r o l e  i s  
i n d i c a t e d  f o r  t h e  t h r e e  Odonata (Arq ia  
v i v i d a ,  E n a l l  asma m, and Owh ia~om~hus  
severus) ,  t h e  c r a y f i s h  (Pac i fas tacus  
qambe l l  i), and t h e  dace (Rh in ich thvs  
i s c u l u s ) .  The absence o f  a  t e r t i a r y  
consumer l e v e l  i s  notewor thy and may be 
common t o  smal l  streams (M insha l l  1967). 
Appa ren t l y  no p rev ious  s t u d i e s  o f  streams 
have been done i n  whch Odonata were among 
t h e  p r i n c i p a l  p reda to rs .  

Gray and Ward (1979) conducted a compar- 
a b l e  s tudy of t h e  food h a b i t s  o f  17 
spec i es  o f  macro inver tebra tes  i n  Piceance 
Creek, nor thwes te rn  Colorado. A1 though 
Piceance Creek i s  i n  t h e  Colorado R i ve r  
Bas in ,  t h e  f i n d i n g s  are d i r e c t l y  app l i cab l e  
t o  t h e  Great Bas in  because o f  a  s i m i l a r i t y  
i n  watershed type  (sagebrush/pinyon-juniper 
steppe)  and i n v e r t e b r a t e  fauna. The 
macro inver tebra tes  found i n  Piceance Creek 
a r e  common t o  many Rocky Mountain streams 
t h a t  f l o w  i n t o  t h e  Great Basin. 

B a e t i s  t r i cauda tu$ ,  E ~ h e m e r e l l  a  inerrnip, 
Cawnia, Glossosoma ven t r a l e ,  bimnaohora, 
a l l  t a x a  o f  ch i ronomids examined, and 
t u b i f i c i d  worms were found t o  be 
s m a l l - p a r t i c l e  h e r b i v o r e - d e t r i t i v o r e s .  The 
m a j o r i t y  o f  p a r t i c l e s  i nges ted  were l e s s  
t han  250 r m  ( u s u a l l y  l e s s  than  100 ~ m )  i n  
1 ongest  dimension and were composed ma in ly  
o f  d e t r i t u s  and diatoms. Occas ional ly ,  
f i l amentous  a lgae were a s i g n i f i c a n t  
component o f  t h e  g u t  con ten ts  o f  t h e  
c h i  ronomid Pseudodi amesa and o f  m. 
Food inges ted  by h e r b i v o r e - d e t r i t i v o r e s  
averaged 75% d e t r i t u s ,  22% diatoms, and 5% 
f i l amentous  algae. T i o u l  i& commisc ib i l  is. 
and Hesoe ro~hv l  ax consimi 1  i s  ingested 
p r i m a r i l y  d e t r i t a l  p a r t i c l e s  g r e a t e r  than 
1 mm i n  longes t  dimension and thus were 
cons idered  "shredders" o r  l a r g e - p a r t i c l e  
feeders. A 1  though bo th  spec ies r e g u l a r l y  
consumed f i lamentous algae, t h i s  food i tem 
made up l e s s  than 20% o f  t h e  t o t a l  d i e t .  
J s o o e r l a  ~ a t r i c i a  was t h e  most common 
i n v e r t e b r a t e  p reda to r .  Hyd ro~svche  os1ar.f 
was casmopol i t a n  i n  food hab i t s ,  bu t  i t  was 
p r i m a r i l y  a  large-particle herb ivo re -  
d e t r i t i v o r e  w i t h  c a r n i v o r y  e x h i b i t e d  o n l y  
i n  l a t e  i n s t a r s .  

On ly  I s o ~ e r l  a  and Hvdroosvche showed 
s i g n i f i c a n t  s i r e  c l a s s  d i f f e r e n c e s  i n  t h e  



composition of food ingested. No aquat ic  
vascular p lan t  ma te r i a l s  were found i n  t he  
species examined . Filamentous algae, 
although abundant a t  one l oca t i on ,  were 
ex tens ive ly  u t i l i z e d  o n l y  as new growths o r  
as decomposing fragments. However, ep i  - 
phy t i c  diatoms, which ex tens ive ly  colonized 
a lga l  f i 1  aments and vascular  p l a n t  
surfaces, were an important food item. 

The food hab i t s  o f  t h e  mayf ly  c a l l  i b a e t i s  
i n  Rattlesnake Springs, Washington, were 
analyzed by Cushing and Rader (1982). The 
number o f  organic d e t r i t u s  p a r t i c l e s  per  
nymph ranged from 3,270 t o  17,600 and 
var ied  i n  s ize  from 111 r m  t o  230 r m .  The 
p a r t i c l e s  composed 95% t o  100% of the  
mater ia l  present by number. Diatoms made 
up 1% t o  5%, and i nsec t  pa r t s  probably 
ingested by chance made up less  than 1%. 
The ca lcu la ted  volume of3 the  p a r t i c l e s  
ranged from 7.6 t o  22.3 mm . 

As reported by Minshal l  e t  a l .  (19731, R. 
Dunn analyzed the  g u t  contents o f  the  
speckled dace (Rhinichthvs osculus) from 
Deep Creek s t a t i o n  2 i n  October 1972. 
&a1e11p a t c  made up the  greatest  
percentage o f  t he  d i e t  o f  R. osculus by 
weight and numbers i n  both s i ze  classes. 
By weight, H v a l e l l a  azteca made up 70% o f  
the  d i e t  o f  t he  0- t o  40-mm s i ze  c lass  ( ~ 0 -  
t o  2 -y r  age c lass )  and 33% i n  the  41- t o  
60-mm s i ze  c lass  ( = 2  t o  3 - y r  age c lass) .  
Numerically, chironomids were next  i n  both 
s i ze  classes b u t  formed a low percentage o f  
t he  d i e t  by weight. By weight, Simulium 
was second i n  bo th  groups, forming 11% o f  
the d i e t  i n  t he  0- t o  4 0 - m  s i ze  c lass and 
15% i n  the  41- t o  60-mm group. Hva le l l a  
azteca, Simul i um arsus, and Chi ronomidae 
made up near ly  91% o f  the  d i e t  (by weight) 
o f  the 0- t o  40-mm s i ze  c lass  wh i le  
composing on ly  34% o f  the bottom fauna. I n  
the  41- t o  60-mm s i z e  c lass ,  Hva le l l a  
azteca, Simut ium arqus, Tricorvthodes 
minutus, and Bae t i s  t r i cauda tus  made up 75% 
o f  t he  d i e t .  Al together,  13 aquat ic  and 
one t e r r e s t r i a l  taxa were u t i l i z e d .  S ix  
common aquat ic  taxa were no t  u t i l i z e d .  

Fleener (1951) examined t h e  foods eaten 
by cu t th roa t  t r o u t  i n  t h e  Logan River, 
Utah, over a 2-year pe r i od  t h a t  covered 11 

d i f f e r e n t  months. Logan River  cu t th roa t  
t r o u t  a te  almost e n t i r e l y  insec ts ,  the  bu l k  
o f  which were Ephemeroptera and Tr icho- 
ptera.  F ish  were the  on ly  ver tebra te  
species taken, and the  two occurrences 
noted were c u t t h r o a t  t r o u t .  The amount o f  
p l a n t  ma te r i a l  was n e g l i g i b l e .  Almost no 
f f  sh eggs entered t h e  d i e t .  

Zarbock (1951) studied t h e  food hab i t s  o f  
t h e  Utah scu lp in  from the  same r i v e r  i n  
e i g h t  d i f f e r e n t  months. The d i e t  consisted 
p r i m a r i l y  o f  insects,  w i t h  p l a n t  mater ia l ,  
f i s h ,  stones, and occas iona l ly  wood. Most 
o f  the aquat ic  insec ts  were Diptera.  A l l  
o f  the f i s h  eaten were young sculp ins.  A 
t o t a l  o f  th ree t r o u t  eggs and two scu lp in  
eggs was found but cons t i t u ted  on ly  a very 
small percentage o f  t h e  t o t a l  food 
consumed. Species o f  D ip tera  occurred more 
o f t e n  i n  January-March than i n  June-August 
o r  September-October. The lower percentage 
o f  volume compared t o  numbers i s  due i n  
p a r t  t o  the small s ize  o f  Chironomus and 
Simulium. Many o f  the stomachs analyzed 
dur ing  t h i s  per iod  contained Chironomus 
larvae only, w i t h  t o t a l  i n d i v i d u a l  counts 
sometimes as h igh  as 40. Tanvtarsuq was 
taken occasional ly ,  w i t h  the  percentage 
being h ighest  dur ing  September and October. 
Simuliuq were eaten by few f i s h  but 
numbered up t o  50 o r  more when present i n  
t h e  stomach contents. 

Moyle and Vondracek (1985) conducted a 
cursory examination o f  the  feeding hab i t s  
o f  res ident  f i shes  i n  Mar t i s  Creek (Placer 
and Nevada Counties, CA) a t r i b u t a r y  o f  the 
Truckee River. They found l i t t l e  feeding 
dur ing  w in ter  (December 1982); 70% o f  the 
56 f i s h  examined had empty stomachs and the 
remainder had on ly  small q u a n t i t i e s  o f  
algae and i nsec t  larvae.  I n  summer (August 
1982, 1983) a l l  species except the Tahoe 
sucker fed exc lus i ve l y  o r  main ly on aquatic 
insects.  Tahoe sucker adu l t s  ate 
p r i n c i p a l l y  algae and d e t r i t u s  (83%) and 
the  juven i les  a te  C l  adocera (64%). Paiute 
scu lp in  showed a preference f o r  
Ephemeroptera (57%) and Lahontan redside 
Favored Diptera.  Speck1 ed dace, rainbow 
t r o u t ,  and brown t r o u t  a l l  tended t o  eat 
t h e  f u l l  range o f  insec ts  present. 



CHAPTER 5. PRODUCTION AND CARBON FLUX IN GREAT BASIN AQUATIC ECOSYSTEMS 

5.1 LITTER INPUT AND PROCESSING 

Values o f  t e r r e s t r i a l  1 i t t e r f a l  l i n t o  
aquatic hab i ta t s  f o r  the e n t i r e  western 
United States, exclus ive of t h e  west 
P a c i f i c  Northwest, are lack ing .  Only one 
publ ished est imate o f  l i t t e r f a l l  o f  the  
Great Basin was found (Minshal l  1978). 
Deep Creek, a small stream i n  the n o r t h e r n  
cool desert  of the Great Basin, rece i ves  
a1 lochthonous inputs o f  2-60 kca1,fm2/yr 
mainly from sagebrush and grass. S ~ i v e l y  
Creek, another cool -desert  stream, but  
located outs ide the Great Basin 
hydrographic region i n  south-cen ral 5 Washington, receives 206-231 g DW/m / y r  
(925-1040 k c a ~ / m ' / ~ r )  'l i t te r fa17  i n  the 
perennial sect ions of the stream, which has 
a dense r i p a r i a n  community o f  w i l l o w  
( S a l i x )  and w i l d  rose (w) (Cushing 
1387). I n  i n t e r m i t t e n t  sect ions o f  the 
stream, where the r i p a r i a n  community was 
sparse and consisted mainly o f  grasSes, 
normal l i t t e r f a l l  was 27-72 g OW/m'/yr 
(121-324 kcal/m2/yr). An add i t i ona l  50% t o  
70% a1 lochthonous organic matter  i npu t  t o  
Snively Creek, i n  the perenn ia l  and 
i n t e r m i t t e n t  sect ions respect ive1 y, was 
der ived from wind-blown mater ia ls .  

The decomposition o f  a ?  1 och t  honous 
d e t r i t u s  i n  stream ecosystems has been 
shown t o  be a func t i on  of both physical  
ef fects (i .e., temperature and c u r r e n t  j and 
b i o l o g i c a l  e f f e c t s  (i e .  , m i c r o b i a l  and 
macroinvertebrate feeding) (Anderson and 
Sedell 1979). Macroinvertebrate shredders 
tha t  feed d i r e c t l y  on l e a f  l i t t e r  i n  
streams have been estimated t o  account f o r  
20% o f  t o t a l  l e a f  decompos~tlon ( c u m i n s  
and Klug 1973). I n  t he  process o f  
shredding leaves, they not  on ly  p rov ide  
themselves w i t h  nu t r i en ts ,  but  conver t  
coarse p a r t i c u l a t e  organic matter  (CPOflf  t o  
f i ne  p a r t i c u l a t e  organic mat te r  ( F P O H )  and 

t h u s  provide an energy source f o r  f i n e  
p a r t i c u l a t e  d e t r i  t i v o r e s  o r  co l l ec to rs  
( C u m i n s  and Klug 1979). On the other  
hand, they may have an e f f e c t  on species 
which use l e a f  packs as h a b i t a t  o r  which 
graze periphyton from l e a f  surfaces. 
Barnes e t  a l .  (1986) documented the 
importance o f  l a rge  shredders i n  the 
decomposit ion o f  leaves i n  a Great Basin 
mounta in  stream i n  Utah (Stewart 's  Creek) 
and a c a l d  desert  (sagebrush-steppe) stream 
i n  Washington (Ratt lesnake Springs). Sig- 
n i f i c a n t l y  h igher processing ra tes  were 
found  i n  the l e a f  packs exposed t o  shredder 
p rocess ing  than I n  those from which 
shredders were excluded by a 1-mm mesh 
screen. Furthermore, the processCng ra tes  
% n  b o t h  con t ro l  and exc lus ion  packs i n  the 
c o l d  desert  stream were h igher  than t h e f r  
caun te rpa r t s  i n  the  mountain stream. This 
was a t t r i b u t e d  p a r t l y  t o  t he  type o f  
shredders present i n  the desert  stream 
( vs. 7aaada ~ i n c t i a e s )  , but mainly 
t o  t h e  h igher mean water temperature (20-22 
0 C versus 6-9 'C) dur ing  the experimental 
p e r i o d  which probably increased microbia l  
p rocess ing .  

Oberndorfer e t  a l .  (1984) studied the 
e f f e c t  of t he  predators Meqarcvs s iqnata 
( P I  ecoptera: Periodidae) and Rhvacophi l a  
sp . (Tr ichoptera:  Rhyacophil idae) on the 
abundance of macroinvertebrates and the 
r a t e s  of l e a f  processing i n  l e a f  packs, 
u s i n g  manipulat ive f i e l d  experiments. 
Predators  were confined w i t h i n  a r t i f i c i a l l y  
cons t ruc ted  l e a f  packs i n  Stewart 's Creek, 
Utah,  an a lp ine  t h i r d - o r d e r  t r i b u t a r y  t o  
the  North Fork o f  t he  Provo R iver '  Both 
p r e d a t o r s  sign! f icdrtt'ly )tred~iceit the  r a t e  of 
breakdown of leaves i n  the  F a l l ,  but had no 
e f f e c t  i n  l a t e  w i n t e r  when the most 
impar tan t  shredder, a d  ~ i n c t  ioes 
( P I  ecoptera :  Kemouridae) , emerges. 
P reda t i on  on shredders caused a reduct ion 



in breakdown rates and an increase in the 
residence time of the leaf litter in the 
stream. In experimental treatments where 
predators significantly reduced the numbers 
of shredders and decreased the rate of leaf 
processing, 1 eaf pack ha1 f-1 i fe increased 
an average of 10.3 days. These experiments 
demonstrate that invertebrate shredders can 
contribute substantially to the rate of 
leaf processing in streams. 

5.2 PRIMARY PRODUCTIVITY 

The rate of production of organic matter 
by aquatic plants has been measured in a 
variety of habitats in the Great Basin, 
ranging from mountain streams to large 
1 akes. However, measurements for a 
particular type of habitat, especially in 
numbers permitting re1 iable estimates for 
an entire year, are quite sparse. 

McConnell and Sigler (1959) estimated 
primary productivity in the canyon section 
of the Logan River, Utah, by correlating 
the chlorophyll content of periphyton 
standing crops during the year with oxygen 
changes measured in closed glass con- 
tainers. Because of a lack of current and 
water rep1 acement, the measured oxygen 
values (x = 0.95; range 0.07-2.7 mg 02/ 
h/mg chlorophyll a) were suspect; therefore 
a value of 1.5 mg 0 /h/mg chlorophyll 3 was 
arbitrarily appl iei to derive a value of 
406,125 kg 0, for the 31.7-ha canton 
section of river bottom or 1.3 kg O,/m Iyr 
(3.6 g/m/d). This converts to 356 g C at 
a photosynthetic quotient (PQ) of 1.25 or 
3,560 kcal/m2/d and 9.8 kcal/m2/d. Thomas 
and O'Connel1 obtained gross primary 
productivity values ranging from 4.7 to 
16.5 g 0,/m2/d (12.9-45 kcal/m2/d) at 
various locations over an 8-km stretch of 
the Truckee River near Reno, Nevada, during 
August 1963. The mean for the 8-km stretch 
was 9,5. Mean community respiration for 
the errtire study reach was 11.4, with a 
range of 4.8 to 17.7 g 0,/m2/d for the 
individual sites. Mean community respi- 
ration corrected for waste effluent 
oxidation yielded a P/R ratio of 1.3 with 
values for areas of least and peak activity 
amounting to 1.2 and 2.1 respectively. In 
Deep Creek, Idaho, mean annual gross 
primary productivity values ranged from 8.6 
to 33 kcal/m2/d over stations 1 through 3 

(Minshall 1978). Community respiration and 
P/R ratio at station 3 was 33 kcal/m2/d and 
1.18, respectively (Cummins et a1 . 1983). 
Cushing and Wolf (1984) measured primary 

productivity and respiration in Rattlesnake 
Springs, Washington. Rattlesnake Springs 
is a small spring-fed stream on the U.S. 
Department of Energy's Hanford Reservation 
in the northerly extension of the cold-- 
desert ph~siographic province. Base flow 
is 0.01 m /s and the stream gradient is 2%. 
Mean annual precipitation in this shrub- 
steppe desert region is about 14 cm. Mean 
annual total a1 kal ini ty of CaCO,, NO3-N, and 
PO,-P is 127, 0.3, and 0.18 mg/L, respec- 
tively. Peach 1 eaf wi 11 ow (Sal ix 
amvqdaloides) dominates the riparian 
vegetation. Autotrophic constituents are 
primarily periphyton, (mostly diatoms of 
which Achnanthes 1 anceol ata, Gom~honema 
intricatum, and Melosira varians are the 
most abundant) and watercress (Roriooa 
nasturtium-aauatica). Isolated patches of 
Scir~us sp., Eleocharis sp., and Tvoha 
latifolia occupied less than 5% of the 
stream area. 

Net periphyton primary productivity (P ) 
in Rattlesnake Springs averaged 68 
kcal/m2/d during the study period and was 
highest in spring (range = 2-24 kcal/m2/d) 
(original values converted to kilocalories 
using conversion of 10.9 kcal/g C). Daily 
periphyton gross productivity (P,) aver- 
aged about 95 kcal/m2/d. Net watercress 
primary productivity was estimated for the 
area covered by watercress and the total 
stream area. For the growing season, net 
primary productivity rates averaged 
3 kcal/m2/d for both the watercress-covered 
area and total stream area. Using the very 
rough estimate that 50% of gross production 
is expended as respiration, the gross pro- 
duction of the watercress would be essen- 
tially double the net production. Gross 
productivity averaged 7 kcal/m2/d for both 
the watercress-covered area and total 
stream area. Periphyton net photosynthetic 
efficiency averaged about 0.22% for the 
study period and was highest in early 
spring, before extensive watercress growth 
and in fall. Watercress net photosynthetic 
efficiency averaged about 0.07% expressed 
either as watercress-covered area or as 
total stream area. High spring, early sum- 
mers, and fall efficiencies were found, 
with a marked midsummer depression. 



A peak i n  community g ross  p r o d u c t i v i t y  
occurred i n  s p r i n g  and corresponded t o  t h e  
maximum pe r i phy ton  s tand ing  crop.  The 
h i ghes t  l e v e l  o f  a c t i v i t y ,  174.4 kcal/m2/d, 
was measured i n  l a t e  summer, which c o r -  
responded t o  t h e  exponen t ia l  i n c rease  i n  
t h e  s tand ing  c rop  o f  watercress.  Annual 
t o t a l  gross p r imary  p r o d u c t i v i t y  amounted 
t o  29,000 k ~ a l / m ~ / ~ r  o f  which about 94% was 
a t t r i b u t e d  t o  pe r i phy ton  and 6% t o  wa te r -  
cress.  D a i l y  community g ross  p r o d u c t i v i t y  
averaged about 101 kcal/m2/d. Community 
r e s p i r a t i o n  r a t e s  (R) c l o s e l y  para1 1 e l e d  
t h e  gross p r ima ry  p r o d u c t i v i t y  r a t e s .  The 
l a t e  summer inc rease  i n  r e s p i r a t i o n  r a t e s  
co i nc i ded  w i t h  bo th  t h e  inc rease  i n  wa te r -  
c ress  s t and ing  c rop  and an inc rease  i n  
i n v e r t e b r a t e  biomass. Average d a i  1  y  
r e s p i r a t i o n  r a t e s  ranged f rom 63% of g ross  
p r imary  p r o d u c t i v i t y  i n  November t o  100% o f  
gross p r imary  p r o d u c t i v i t y  i n  September. 
The average was about 86% f o r  t h e  s tudy  
pe r i od .  Lowest percentages occur red  d u r i n g  
months when p e r i p h y t i c  a c t i v i t y  was 
h ighes t ,  and watercress and i n v e r t e b r a t e  
biomass were low. Annual commy n i t y  
r e s p i r a t i o n  amounted t o  24,600 kcal/m / y r ,  
of which about 96% was a t t r i b u t a b l e  t o  
pe r i phy ton  and 4% t o  watercress.  

Net p r imary  p r o d u c t i v i t y  was p o s i t i v e  a t  
a l l  t imes  o f  t he  year ,  except  d u r i n g  
September when i t  was e s s e n t i a l l y  zero, 
which i n d i c a t e s  t h a t  Ra t t lesnake  Spr ings  i s  
an a u t o t r o p h i c  system produc ing  more 
o rgan ic  ma t t e r  than i t  consumes, a t  l e a s t  
i n  t h i s  s tudy f o r  t h i s  t ime  pe r i od .  The 
P:R r a t i o  (P,: 24-h R) f o r  t h e  system on an 
annual bas i s  was 1.20 ( o r i g i n a l l y  pub1 i shed  
as 1.38 i n  Cushing and Wol f  1982). Net 
p r o d u c t i v i t y  r a t e s  peaked i n  s p r i n g  and 
f a1  1 . Annual ne t  p r imary  p r o d u c t i v i t y  
amounted t o  about 4,800 kcal/m / y r  o f  which 
20% was f rom water c ress  and 80% from 
per iphy ton .  Annual d a i l y  P, averaged about 
13 kcal/m2/d. 

Waiman (1976) determined t h e  p r o d u c t i v i t y  
of  Tecopa Bore i n  Deat,h Val l e y ,  Cal i f o r n i a ,  
a  smal l  (2.3 t o  6.7 m /min) thermal  s p r i n g  
ad jacen t  t o  t h e  Great Basin. May was t h e  
most p r o d u c t i v e  month, averaging 45 
kca1/m2/d, and December t h e  l e a s t  p r o -  
d u c t i v e  w i t h  11 ( o r i g i n a l  va lues conver ted  
t o  kca l  us i ng  convers ion  of 9.33 k c a l  9  C f  - 
Data f rom a l l  o t he r  months formed a t i g h t  
clump midway between these two extremes. 
I n  p roduc t i ve  months, s t a t i o n - t o - s t a t i o n  

p r o d u c t i v i t y  v a r i e d  cons iderab ly .  Mean 
annual p r o d u c t i v i t y  was s im i  l a r  f rom 
s t a t i o n  t o  s t a t i o n  (about  33 kcal/mz/d) 
except t h a t  t h e  45 OC water  and constant  
supply  of e s s e n t i a l  n u t r i e n t s  near t he  
source and c o o l e r  (23 t o  35 O C )  water and 
shading by s a l t g r a s s  near  t h e  terminus 
r e s u l t e d  i n  t h e  h i ghes t  ( x  = 41  kcal/mZ/d) 
and lowest  ( x  = 19 kcal/m /d) values 
r e s p e c t i v e l y  . 

A lga l  mats a t  Tecopa2 Bore f i x e d  an 
average o f  11,065 kcal/m / y r .  The stream 
rece i ves  1,629,000 k ~ a l / m ~ / ~ r  o f  s o l a r  
energy w i t h  a  gross pho tosyn the t i c  
e f f i c i e n c y  o f  0.68%. When t o t a l  annual 
s o l a r  r a d i a t i o n  i s  co r rec ted  f o r  photosyn- 
t h e t i c 2  spectrum and r e f l e c t i o n  (757,488 
kcal/m / y r  i n p u t ) ,  t h e  pho tosyn the t i c  
e f f i c i e n c y  becomes 1.46%. The h i g h  pr imary 
p r o d u c t i v i t y  o f  Tecopa Bore was comparable 
t o  t h a t  o f  o t h e r  thermal systems. Most 
r epo r t ed  r a t e s  f e l l  between 3.7  and 27.4 
kcal/m2/d. The s l i g h t l y  h i ghe r  r a t e s  a t  
Tecopa Bore p robab ly  r e s u l t e d  f rom t h e  
absence o f  shading a long t h e  stream, a h igh  
percentage o f  c l e a r  sunny days, and an 
amp1 e supply  o f  i no rgan i c  n u t r i e n t s  (Naiman 
1976). 

Resu l ts  f rom t h e  above s t u d i e s  g i v e  added 
credence t o  M insha l l  ' s  (1978) con ten t ion  
t h a t  western streams, i n c l u d i n g  deser t  
streams, have a h i ghe r  p ropens i t y  f o r  auto- 
t r o p h i c  p roduc t i on  and depend l e s s  on 
a l lochthonous carbon sources than eas te rn  
woodland streams. The genera l  l a c k  o f  a  
canopy and l owe r  i n p u t  o f  a l lochthonous 
o rgan ic  ma t t e r  i n  dese r t  streams may r e s u l t  
i n  p o s i t i v e  n e t  d a i l y  metabol ism (P,: 24-h 
R; see B o t t  e t  a l .  1978 f o r  a  f u l l e r  
d e f i n i t i o n )  measurements ( o r  P:R r a t i o s  
exceeding u n i t y )  i n  f i r s t  - t o  f ou r t h -o rde r  
reaches r a t h e r  t han  f a r t h e r  downstream, as 
p r e d i c t e d  by t h e  R i ve r  Continuum Concept 
(Vannote e t  a l .  1980). 

Pyramid Lake's mean annual e p i l  i th fphy ton  
gross pho tosyn thes is  was 3.0 g Oz/rn/d and 
nonp lank ton ic  community r e s p i r a t l o n  w i t h i n  
P l e x i g l a s  chambers averaged 23% o f  gross 
photosynthes is  (Galat  e t  a ? .  1981 j ,  
Sub t rac t i ng  r e s p i r a t l o n  and conve r t i ng  t o  
carbon gave 721 mg/m /d as t h e  es t imate  o f  
mean 1977 epi 1 i t h i p h y t o n  apparent ne t  
photosynthes is .  Phytop lankton p r o d u c t i v i t y  
i n  l a t e  w i n t e r  and e a r l y  s p r i n g  i n  1977, as 



measured month ly  a t  e i g h t  l i m n e t i c  s i t e s  by  
oxygen changes i n  l i g h t  and dark  b o t t l e s ,  
was minimal:  0.73-2.10 g 0,/m2/d as gross 
pho tosyn thes is  and 1.4-3.9 kcal/m2/d as 
apparent n e t  pho tosyn thes is  (PQ = 1.2; 10.9 
kca l /g  C ) .  T h i s  p e r i o d  o f  low p r ima ry  
p r o d u c t i v i t y  corresponds t o  annual lows i n  
sur face-water  temperatures ( - 7  O C )  , 
ambient 1 i g h t  (200-300 kcal/m /d) , and 
o v e r a l l  phy top lank ton  abundance (ti00 
c e l l  s/ml) . 

Pyramid Lake's mean 1977 gross photo-  
syn thes is  was 2.42 g 0,/m2/d + 7.8% (99% 
conf idence i n t e r v a l  ) . Annual mean 
l i g h t - d a r k  b o t t l e  community r e s p i r a t i o n  
accounted f o r  33% o f  g ross  photosynthes is ,  
which, when sub t r ac ted  f rom gross photo-  
syn thes is  and t h e  r e s u l t  conver ted t o  
carbon, equaled 5.5 kcal/mz/d mean apparent 
n e t  photosynthes is .  Pyramid Lake phy to -  
p lank ton  a l s o  e x h i b i t e d  low, mean annual , 
apparent n e t  pho tosyn thes is  p e r  u n i t  
v o l  ume : 0.5 kca l  /m2/d. 

Holm-Wansen e t  al. (1976) meap red  phy to -  
p lank ton  p r o d u c t i v i t y  (mg C/m /d) i n  Lake 
Tahoe i n  A p r i l  (2401, J u l y  (186), and 
August 1969 (95), and February 1970 (134) .  
P r o d u c t i v i t y  was low i n  su r face  waters  
(dl. 1 fig C/L/h) a t  a1 1 f o u r  sampl ing t imes 
and max"lma1 a t  depths rang ing  from 15-40 m. 
Pr imary p r o d u c t i v i t y  expressed p e r  u n i t  
c h l o r o p h y l l  pe r  day ranged from 0 .3 -  17.5 i n  
t h e  upper 100 m. Surface va lues were low 
a t  a l l  f o u r  t imes;  maximal va lues were 
around 15-25 m. There was cons iderab le  
pho tosyn the t i c  r e d u c t i o n  o f  CO, a t  depths 
below t h e  eupho t i c  zone, convent ional  1y  
de f i ned  as t h a t  depth t o  which 1% o f  t h e  
surface 1 i g h t  energy pene t ra tes  f 72-86 m) . 
I n  A p r i l ,  f o r  i ns tance ,  t he  r a t e  o f  
pho tosyn thes is  between 0 and 6 m v a r i e d  
f rom 0.01 t o  0.05 fig C/L/h, w h i l e  a t  105 m, 
where t h e  measured i n c i d e n t  l i g h t  was o n l y  
0.2% t h a t  o f  su r f ace  i l l u m i n a t i o n ,  t h e  r a t e  
was 0.07 fig C/L/h. 

c a l c u l a t e d  t o  be 317 rng C/m2/d (3 .5  k c a l ) .  
S i m i l a r  c a l c u l a t i o n s  f o r  the2 aerob ic  zone 
y i e l d e d  a va lue  o f  717 mg C/m f d  (7.8 k c a l )  
(phytop lankton pho tosyn thes i  s) . At  a1 1 
depths, i no rgan i c  carbon uptake i n  dark  
b o t t l e s  represented a l a r g e  percentage o f  
t h a t  i n  l i g h t  b o t t l e s ,  i n d i c a t i n g  s i g n i -  
f i c a n t  chemosynthet ic a c t i v i t y .  I n  t h e  
mixo l imnion,  t h i s  i s  p robab ly  due t o  bo th  
n i t r i f y i n g  b a c t e r i a  and s u l f u r  o x i d i z i n g  
b a c t e r i a .  

5.3 TRANSPORTED ORGANIC MATTER (SESTON) 

Suspended 1 i v i n g  o r  dead o rgan ic  ma t t e r  
(seston)  i n  streams may account f o r  a 
s i g n i f i c a n t  f r a c t i o n  o f  t h e  energy e n t e r i n g  
o r  l e a v i n g  a stream segment. A l a r g e  p a r t  
o f  consumer p roduc t i on  i n  streams may be 
based on t he  presence o f  o rgan ic  p a r t i c l e s  
c a r r i e d  i n  suspension, which i s  e s p e c i a l l y  
ev i den t  i n  t h e  r e 1  a t i v e  abundance o f  
fJ 1 t e r - f eede rs  t h a t  are un i que l y  adapted 
f o r  feed ing  upon seston p a r t i c l e s  (Maciolek 
and Tunzi 1968; McCullough e t  a1 . 1979b). 
Seston c o n t r i b u t e s  seconda r i l y  t o  stream 
t r o p h i c  economy when i t  s e t t l e s  o r  adheres 
t o  the  subs t r a t e  and i s  u t i l i z e d  t he re  by 
g raz i ng  fauna. 

Brock (1980) d e t a i l e d  t h e  annual t r a n s -  
p o r t  o f  p a r t i c u l a t e  and d i s s o l v e d  organic  
mat te r  i n  Rock Creek, t h e  main headwaters 
(40 L/s a t  base f l ow )  o f  Deep Creek, Idaho- 
Utah. Annual t r a n s p o r t  was dominated by 
70% f i n e  p a r t i c u l a t e  o rgan i c  ma t t e r  (FPOM; 
0.45-263 mm) w h i l e  coarse p a r t i c u l a t e  
o rgan ic  ma t t e r  (CPOM; >263 mm) was respon- 
s i b l e  f o r  o n l y  1%. The predominance o f  
FPOM t r a n s p o r t  i n  Rock Creek can be a t t r i -  
buted t o  t he  poor r e t e n t i o n  o f  t h i s  s i z e  
p a r t i c l e  i n  t h e  channel.  I n  a d d i t i o n ,  
t he re  was a l a r g e  supply  o f  f i n e  p a r t i c l e s  
a v a i l a b l e  on t h e  f l o o d  p l a i n ,  as w e l l  as i n  
r u n o f f  f rom t h e  sparse ly  vegetated wate r -  
shed. 

P a r t i c u l a t e  o rgan ic  t r a n s p o r t  para1 l e l e d  
A x l e r  e t  a l .  (1978) measured t h e  p r o -  t h e  s p r i n g  r u n o f f  f l o w  pa t t e rn .  Maximum 

d u c t i v i t y  o f  B i g  Soda Lake on a day i n  observed FPOM concen t ra t i on  (59.4  mg/L) 
A p r i l  1977. The lake was s t r a t i f i e d  wj th  co inc i ded  w i t h  t h e  May d ischarge  peak. 
a the rmoc l ine  a t  5 m and a chemocl i n e  a t  FPOM g r a d u a l l y  decreased d u r i n g  l a t e  sp r i ng  
37.5 m. The zone below 17.5 m was oxygen and summer and reached a minimum i n  August 
d e f i c i e n t  (cl mg 8,/t) and, presumably, (0.5 mg/L) . C o r r e l a t i o n  between d ischarge 
cou ld  suppor t  p k ~ t o s y n t h e t i c  growth o n l y  by and FPOM t r a n s p o r t  was h i g h l y  s i g n i f i c a n t .  
anaerobic b a c t e r i a  o r  O s c i l l a t o r i a .  The When t h e  year  was p o r t i o n e d  i n t o  ascending 
a rea l  p r o d u c t i v i t y  f o r  t h l  s zone was hydrograph and descending 1 imb per iods  
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described the annual pattern of microseston 
(particles < 0.4 mm) at a single station in 
Convict Creek (Owens River Drainage), 
California, 4 km below Convict Lake. 
Organic detritus was almost always 
dominant, averaging 60% for the year. Two 
other groups averaged about 20% each: 
mi scell aneous micro-organi sms, which were 
rather constant, and dominant 1 ake diatoms, 
which fluctuated from 0% to 50% of the 
total. It was estimated that only 20% of 
the microseston was produced directly 
within the stream. Thirty to forty percent 
of the allochthonous portion (80%) 
originated in the lake, and 40%-50% was 
derived from streamside or more distant 
terrestrial sources. Detritus was suppl ied 
continuously. Without lacustrine contri- 
butions, microseston was more than three 
fourths detritus. Nearer the lake or 
farther from it, one would expect to 
encounter a greater or lesser proportion of 
cellular material respectively. Micro- 
seston averaged 0.67 mg/L dry weight (3.24 
gcal/L) for the year. Minima on the order 
of 0.3 mg/L (1.5 gcal/L) occurred in autumn 
at low water. A maximum of 2.1 mg/L (10.1 
gcal/L) was measured in late spring just 
prior to the runoff peak. Generally, 
quantitative fluctuations reflected the 
annual flow pattern, the microseston 
increasing with initial increases in flow 
volume. This direct relationship resulted 
in a large seasonal difference in micro- 
seston discharge or the amount passing the 
sampling site per unit time. Between low 
flow in November and high runoff in June, 
microseston concentrat ions increased 1 ess 
than fivefold, but discharges increased 
thirtyfold. Fi 1 ter-feeding invertebrates 
of Convict Creek have a continuous supply 
sf microseston. The total population of 
there consumers may be limited by minimum 
seasonal concentrations of about 0.5 mg/L. 
High levels exceeding about 1 mg/L, may not 
be exploited because of the difficulty the 
organisms encounter maintaining position 
and feeding in the high-velocity water, 

Maciolek and Tunzi (1968) examined the 
longitudinal distribution and dynamics of 
microseston during July, August, and 
October in Laurel Creek (Owens River 
Val ley), Ca1 i fornf a ,  Headwater and seepage 
sources in the 6.5-km system contained 
minimal quantities (c 2 cal/L or 0.5 mg/L 
dry wt) as detritus. Maximum concentration 
(> 12 cal/L or nearly 3 mg/L dry wt) 

appeared in the stream as effluent 
phytoplankton from the single 1 ake located 
near the headwaters. A progressive 
decrease in cell ular microseston be1 ow the 
lake was accompanied by an increase in 
detritus. The cell loss was due mostly to 
trophic uptake by filter-feeding simul iid 
larvae, which were capable of removing 60% 
of the suspended algae within a 0.4-km 
section of stream. Downstream gain of 
organic detritus resulted from external 
contributions (e.g., streamside vege- 
tation), abetted by decomposi tional 
processes within the stream, including 
digestion by aquatic invertebrates. 
Autochthonous material was considerably 
less important quantitatively as seston 
than a1 lochthonous matter (1 acustrine and 
terrestrial) . Sedimentation and physio- 
chemical loss were secondary to trophic 
uptake in seston removal. Destruction of 
cell ul ar material by turbulent flow was 
directly proportional to stream gradient 
and was clearly evident only where there 
was a prolonged gradient in excess of 5%. 

Algal export from Tecopa Bore, CA (Q = 
2.3 to 6.7 m3/min), showed a single 
prolonged peak from late spring through 
summer, dropped off sharply in autumn, and 
remained at a low level until the following 
spring (Naiman 1976). Algal export varied 
from 4.2 g AFDW/d on September 30, 1972 to 
123.0 on May 30, 1973. The estimated total 
exported each year from the study area was 
14,400 g AFDW. Drift loss, approximated 
from a caloric equivalent of 4.4 kcal/g 
AFDW, ranged from 18.3-542.0 kcal/d with a 
total of 633,600 kcal lost annually. 
Hence, only 4.8% of the energy fixed within 
the system was removed in the form of 
particulate drift. This drift was produced 
by an area of about 1,400 m2 and 
corresponds to an output of 453 k~al/m'/~r 
or 4.1% of the average annual net 
production of that area. 

Dissolved organic carbon (DOC) had two 
peak periods of export at Tecopa Bore, the 
summer peak from May to August and an 
autumn and winter peak from September to 
April (Naiman 1976). The summer peak (3 
months) was shorter but of greater magni- 
tude than the winter (7 months). Summer 
values approached 2,000 g DOC/day, whereas 
winter rates were nearer 1,000. An 
estimated total of 279,000 g DOC was 
exported from the system each year. The 



DOC concen t ra t i on  was u s u a l l y  below 3 - 4  
mg/L, b u t  because o f  t h e  CO!siderable 
water  d ischarge  (about 1.87 x 10 L /y r )  i t  
became a s i zeab le  energy expo r t .  A conver-  
s i o n  va lue  o f  5 kca l / g  DOC gave 1,395,000 
kca l / y r  l o s t  f rom t he  system i n  t h i s  form, 
which corresponded t o  10.6% of t h e  t o t a l  
annual n e t  p roduc t i on  and i s  2.2 t imes  t h e  
l o s s  by p a r t i c u l a t e  d r i f t .  Th is  DOC was 
produced by an area about 1,400 m2, r e -  
su l  t i n g  i n  a n e t  expo r t  of  996 k ~ a l / m ' / ~ r ,  
o r  9.0% o f  t h e  annual average n e t  p r o -  
duc t ion .  

Because t h e  Truckee R i ve r  i s  t h e  p r i n -  
c i p a l  wa te r  source t o  Pyramid Lake, i t s  
a1 1 ochthonous c o n t r i b u t i o n  o f  o rgan i c  
ma t t e r  i s  o f  cons iderab le  i n t e r e s t .  
Truckee R i ve r  t o t a l  o rgan i c  carbon (TOC) 
and n u t r i e n t  concen t ra t ions  respond o n l y  t o  
very  d i s t i n c t  d i scharge  f l u c t u a t i o n s  (Gal a t  
e t  a l .  1981). Dur ing  yea rs  o f  normal 
snowpack, A p r i l  through June i s  t h e  season 
o f  snawmelt i n  t h e  S i e r r a  Nevada watershed 
and, t h e r e f o r e ,  maximum p e r i o d  o f  Truckee 
R i ve r  d ischarge.  As expected, o rgan i c  
ma t t e r  and n u t r i e n t  l oad ings  t o  Pyramid 
Lake a l s o  peak d u r i n g  t h i s  season. Pulses 
o f  TOC and n u t r i e n t s  were recorded severa l  
t imes d u r i n g  t h e  summer and f a l l  o f  1976, 
i n  response t o  p r e c i p i t a t i o n  f rom s t r o n g  
t r o p i c a l  storm systems. 

To ta l  o rgan i c  carbon impor ted t o  Pyramid 
Lake f rom t he  Truckee R i ve r  f o r  t h e  p e r i o d  
March-December 1976, t o t a l e d  2,551 mg C. 
Mean 1976 r i v e r  water  TOC conc;ntration a t  
Nixon, Nevada, was 10.93g C/m and ranged 
f rom a l o w  o f  2.7 g C/m i n  November t o  a 
h i g h  o f  19.2 g c/m3 d u r i n g  A p r i l .  Truckee 
R i ve r  watershed snow depths f o r  1977 were 
70% below normal and r e s u l t e d  i n  o n l y  167 
mg C impor ted t o  Pyramid Lake f o r  t h e  
e n t i r e  12 months. Mean 1977 r i v e r - w a t e r  
TOC dec l  i ned  t o  4 . 5  g c/m3 and f l u c t u a t i o n s  
narrowed t o  befueen 2.7 g c/m3 i n  September 
and 8.0 g C/m i n  October (Galat  e t  a ] .  
1981). 

Ana l ys i s  o f  t h e  va r i ous  TOC f r a c t i o n s  
demonstrated t h a t  coarse p a r t i c u l a t e  
o rgan ic  carbon (CPOC, > 1 mm) always 
c o n s t i t u t e d  l e s s  than  1% of t h e  whole. 
Th i s  obse rva t i on  i s  t y p i c a l  of a l a rge ,  
h i gh -o rde r  stream as conceptual i z e d  by 
Vannote e t  a l .  (1980). However, l ow  f lows  
d e f i n i t e l y  accentuated t h e  c o n d i t i o n  i n  
Pyramid Lake. The f i n e  p a r t i c u l a t e  o rgan i c  

carbon (FPOC) f r a c t i o n  (< 1 mm; r e t a i n e d  on 
Whatman GFF f i l t e r )  v a r i e d  g r e a t l y  w i t h  
d ischarge.  Only 10%-15% o f  TOC a t  
d ischarges  o f  l e s s  than 2 m3/s was FPOC, 
b u t  FPOC increased t o  32% o f  TOC a t  a 
d ischarge  o f  36 mJ/s. Th is  maximum concen- 
t r a t i o n  was c o l l e c t e d  fronl  t he  f a l l i n g  l i m b  
o f  sp r i ng  d ischarge  and evidence i n d i c a t e d  
t h a t  r i s i n g  1 imb FPOC concen t ra t ions  were 
h i ghe r .  D isso lved  o rgan ic  carbon i n v a r i  - 
a b l y  c o n t r i b u t e d  o v e r  65% o f  TOC loadings 
t o  Pyramid Lake. 

Anemotrophy i s  t h e  wind- t r anspo r t ed  
i n f l u x  o f  o rgan ic  ma t t e r  and n u t r i e n t s  t o  
d e s e r t i c  lakes  (Hutch inson 1937). The r o l e  
anemotrophy may p l a y  i n  Pyramid Lake's 
ene rge t i c s  persuaded Ga la t  e t  a l .  (1981) t o  
i n v e s t i g a t e  t h e  p o t e n t j a l  carbon i n p u t  v i a  
wind-blown dus t  and vege ta t ion .  Severe 
w ind  storms a re  common i n  t h e  Great Basin 
d e s e r t  and t r a n s p o r t  tremendous q u a n t i t i e s  
o f  dus t .  The amount o f  carbon en te r i ng  
Pyramid Lake f rom t h i s  source was est imated 
b iweek ly  a t  f o u r  l a k e  l o c a t i o n s  between 
January and A p r i l  1977. The year ' s  most 
f requen t  and severe dus t  storms common1 y 
occur red  d u r i n g  t h i  s season. However, 
p r o j e c t i n g  an annual c o n t r i b u t i o n  of 
a i r b o r n e  carbon t o  Pyramid Lake from t h i s  
p e r i o d  o n l y  may have b iased  t h e  r e s u l t s .  
A l though l a r g e  q u a n t i t i e s  o f  dus t  were 
c o l l e c t e d ,  o n l y  0.3% by weight  were carbon. 
The mean d a i l y  i n f l u x  f o r  t h e  e n t i r e  l a ke  
su r f ace  was ve r y  sma l l ,  36 mg C, prompting 
t h e  conc lus ion  t h a t  t he  c o n t r i b u t i o n  o f  
wind-blown dus t  t o  Pyramid Lake's t o t a l  
carbon budget was neg l  i g i  b l e .  

Tumbleweeds (Russian t h i s t l e ,  Sa lso la  u) are  t h e  most numerous Great Basin 
t e r r e s t r i a l  p l a n t s  t r anspo r t ed  by wind 
ac t i on .  Mature S .  p l a n t s  a r e  detached 
f rom t h e i r  r o o t s  a t  ground l e v e l  by s t r ong  
winds and tumble across l a r g e  d is tances.  
Sa l so l a  i s  Pyramid Lake's most s a l t -  
t o l e r a n t  t e r r e s t r i a l  p l a n t  and, t he re fo re ,  
occupies recen t1  y exposed 1 ake bed. 
Lakeward from t h e  Sa l so l a  community, the  
t e r r a i n  grades d i r e c t l y  i n t o  t he  open 
beach. 

The l a r g e s t  expanse o f  r e c e n t l y  
des icca ted  Pyramid Lake bed i s  a remote 
area (Fox Va l l ey )  l o ca ted  n o r t h  and 
nor thwest  o f  t h e  1 ake. A tumbleweed ground 
survey conducted over  a l a r g e  p o r t i o n  o f  
Fox Va l l ey  i n  f a l l  1976 detemnined t h a t  t he  



Sal sol  a community covered approximately 
3,100 ha. A f t e r  counting a l l  p lan ts  on s i x  
0.01-ha p lo ts ,  t he  mean dens i ty  o f  p lan ts  
was est imated t o  be about 17,000 plants/ha, 
which produced a standing crop o f  4,270 mg 
C. I n  l i e u  o f  a quan t i t a t i ve  measure o f  
Fox Val l e y  tumbleweed t ranspor t  t o  Pyramid 
lake, Galat e t  a l .  (1981) conservat ively 
estimated t h a t  51% (2,135 mg C/yr) o f  Fox 
Val 1 ey's tumbleweed standing crop would 
eventual ly  enter  t he  lake. 

5.4 ORGANIC MAITER BUDGETS 

An ecosystem's gross organic matter 
budget i s  an accounting o f  a l l  inputs  and 

losses o f  organic energy over a s p e c i f i c  
period, usua l l y  one year. 

5.4.1 Streams 

Brock (1980) determined the  annual 
organi c-matter budget f o r  Rock Creek, 
Idaho-Utah, dur ing  a l ow- runo f f  year. 
Since a l l  substant ive t rans fe rs  o f  organic 
mater ia ls  t o  and from Rock Creek wet;e 
quant i f ied ,  a gross budget f o r  the  750 m , 
540-m long segment ecosystem was formulated 
(Table 27). 

a. P rec io i t a t i on .  Since Rock Creek 
lacks  a t r e e  canopy, organic matter  inputs 
from p r e c i p i t a t i o n  t o  the  stream ecosystem 

Table 27. Annual gross organic matter (as ash-free dry weight) budget for 
Rock Creek, Idaho, from June 1974 to May 1975 (from Brock 1980). Values 
were converted to kilocalories uslng the conversion 1 g AFDW = 5 kcal. 

Input/Output 
Mechani sm kg/m2/yr kcal /m2/yr  X 

F a l l i n g  
Total  0.0064 32 0.02 
P r e c i p i t a t i o n  0.0035 17.5 0.01 
L i t t e r  0.0029 14.5 0.01 

Transport 
Tota l  
DOM 
f POM 
C POM 

Bio log i c  
Total  0.111 555 0.13 
cNEP 0.003 15 0.01 
Macrophytes 0.108 540 0.30 

Transport 
Tota l  
DOM 
F POM 
C POM 

B io log i c  
-NEP 

Tota l  35.35 176.8 x lo3 

Tota l  - 35.47 -177.4 x lo3 



a r e  equ iva l en t  t o  bulk p r e c i p i t a t i o n  
received a t  t h e  s i t e .  A formal sampling 
program f o r  bulk p r e c i p i t a t i o n  was no t  
conducted, but t h e  o rgan i c  conten t  o f  
p r e c i p i t a t i o n  samples, determined on t h r e e  
occasions,  provided an approximation of  
annual p r e c i p i t a t i o n  c o n c e n t r a t i o n .  
Samples of  accumulated water  i n  a p r e c i p i -  
t a t i o n  gauge in  March 1974 and May 1975 had 
a t o t a l  o rganic  ma t t e r  (OM) conten t  of 6.66 
and 9.28 mg/L, r e spec t i ve ly .  Rainwater 
c o l l e c t e d  dur ing  a thunderstorm on J u l y  10, 
1974, contained 16.88 mg/L DOM. I f  t h e  
mean of  t h e  measured va lues  f o r  Rock Creek 
(10.9 mg/L) was considered r e p r e s e n t a t i v e  
of bulk p r e c i p i t a t i o n  i npu t s ,  then annual 
input  from t h e  30.7 cm of p r e c i p i t a t i o n  
which f e l l  dur ing  t h e  yea r  y i e lded  3.35 g 
 OM/^'. 

b. L i t t e r .  The annual t o t a l  mean 
l i t t e r f a l l  was 2.93 g  OM/^' o r  2.21 kg 
OM/system. This  e s t ima te  i s  conserva t ive ,  
s i n c e  i t  does no t  inc lude  s o i l  t h a t  dropped 
o f f  t h e  degrad,i ng banks dur ing  sp r ing  
runoff  o r  i npu t s  from r i p a r i a n  vege ta t ion  
t h a t  blew i n t o  t h e  channel below t h e  
1-meter-high l i t t e r  baske ts .  Inc lus ion  of  
t h i s  add i t i ona l  o rganic  mater ia l  probably 
would only double o r  t r i p l e  t h e  es t imated  
i npu t ,  which i s  s t i l l  two o rde r s  of  magni- 
tude below t h e  c h a r a c t e r i s t i c  range of  
fo r e s t ed  s t reams (500-1825 g/m2/d; Petersen 
and Cummins 1974). 

Since d i s so lved  and p a r t i c u l a t e  forms of 
t h e  organic  load may be i n t e r conve r t i  b l e  by 
such processes  a s  leaching  and p a r t i c l e  
formation,  i t  i s  necessary t o  cons ider  t h e  
t o t a l  o rganic  load  (d i sso lved  p lus  
p a r t i c u l a t e )  when applying mass balance 
approaches t o  s t ream segments. Net f l u x ,  
t h e  d i  f f e r ence  between upstream and 
downstream t r a n s p o r t  f o r  each f r a c t i o n ,  
showed a d i s t i n c t  l o s s  of  t o t a l  o rganic  
mat te r  from t h e  Rock Creek s tream segment 
during sp r ing  runoff  (April  - June) .  Import 
exceeded expor t  dur ing  a l l  months except  
J u l y  and October,  when n e t  change approxi- 
mated zero .  Losses from t h e  segment during 
runoff  were predominantly p a r t i c u l  a t e ,  
whereas d i sso lved  organics  were respons ib le  
f o r  midsummer system ga in s .  Fine p a r t i c l e  
i npu t s  c o n s i s t e n t l y  exceeded ou tpu t s  during 
w in t e r  (November-March) . The Rock Creek 
stream segment had a t o t a l  ne t  l o s s  of 110 
kg OM/yr, which i s  0.4% of t h e  t o t a l  
o rganic  throughput.  

d. Ecosystem metabol ism. Benthic r e sp i  - 
r a t i o n ,  measured on 12 occas ions ,  y ie lded  
an oxygen uptake range f o r  Rock Creek of 
0.56-1.70 g 0,/m2/d and a mean of 0.94 g 
0dmZ/d (SE = 0.12) (Brock 1980). A s i g -  
n i f i c a n t  r e l a t i o n s h i p  exister) between 
r e s p i r a t i o n  and temperature ( r  = 0.72) .  
Net ecosystem p roduc t iv i t y  was negat ive 
during a l l  months except  June, implying 
t h a t  t h e  s t ream segment r e l i e d  on imported 
oruanic  mater ia l  dur inq  o t h e r  per iods .  The 
peak i n  June correspoided t o  maximum i n c i -  

c. Transported o roan i c  mat te r .  As noted den t  s o l a r  r a d i a t i o n .  
e a r l  i e r .  Rock Creek   articulate orqanic  
t r a n s p o r t  concen t r a t i ons  gene ra l l y  foliowed 
t h e  runoff-domi nated d i scharge  p a t t e r n .  
Both coarse  and f i n e  p a r t i c u l a t e  concen- 
t r a t i o n s  were h igh ly  c o r r e l a t e d  with 
ins tan taneous  d i s cha rge  f o r  each s i t e ,  but  
t h e  DOM versus  d i  scharge re1 a t  ionsh ips  were 
not  s i g n i f i c a n t .  FPOM was t he  dominant 
f r a c t i o n  o f  t o t a l  o rqanic  t r a n s ~ o r t  i n  t h i s  
semiarid dra inage .  " CPOM concent ra t ions  
were 20-100 t imes  lower than  FPOM. DOM 
concent ra t ion  var iance  was apprec iab ly  
lower than p a r t i c u l a t e  var iance  over t h e  
year .  From an annual minimum of 1 .3  mg/L 
i n  December, DOH increased  cons i s t en t7y  
each month u n t i l  August, when minimum 
summer f lows occur red .  Dissolved,  f i n e ,  
and coarse  p a r t i c u l a t e  mater ia l  respec-  
t i v e l y  accounted f o r  28%, 27%, and 1% of 
t o t a l  o rganic  outf low from t h e  stream 
segment. 

e. Macro~hv te  product ion.  An est imated 
108 g 0~ /m/ /y r  was con t r i bu t ed  annual ly by 
macrophytes (Brock 1980), which amounted t o  
l e s s  than  1% of t o t a l  i npu t s  t o  t he  
segment. However, macrophytes cont r ibu ted  
17 t imes as  much mater ia l  a s  t h e  combined 
i npu t s  of 1 i t t e r  and p r e c i p i t a t i o n .  

f .  Annual o r s a n i c  ma t t e r  budsets.  
Transport  f l u x e s  dominated t h e  g r o s s  budget 
i n  Rock Creek, con t r i bu t i ng  more than 99% 
t o  both input  and output  po r t i ons  (Brock 
1980f, The usefu lness  o f  a stream seg- 
ment's g ross  budget i s  l i m i t e d  by t h i s  
t r anspo r t ed  organic  component because 
hydrologic  f ?  uxes (kg/ha) must be expressed 
on an a r ea l  ba s i s  i f  they  a r e  t o  be 
compared with o t h e r  budget components 
(Cummins e t  a1 . 1983). The magnitude o f  



the transported organic f lux var ies  
d i r e c t l y  w i t h  t he  segment length chosen. 
Longer segments with a f ixed mass of 
organic materi a1 apportioned over a 1 arger 
area wi 11 have proportionately smal l e r  
hydrologic inputs. This dilemma was 
circumvented in the  Rock Creek study by the  
use of a net budget t h a t  evaluated the  
difference between inputs and outputs of 
organic energy i n  an ecosystem. For the  
year, the Rock Creek segment ecosystem 
experienced a net  l o s s  of 127 g/mZ, 
primarily by pa r t i cu la te  t ranspor t ,  s ince 
biologic losses  and gains were nearly 
balanced, and the  aer i  a1 contributions by 
l i t t e r  and precipi ta t ion were minute (6 g/ 
m2/y r 

Brock found t h a t  spring runoff was 
important t o  the  annual organic-matter 
cycle of Rock Creek. The segment l o s t  
organic material during spring runoff 
period as  indicated by a negative r& 
ecas~s tem eff ic iency (NEF). Accumulation 
of organic material took place during each 
nonrunoff month. In winter, when endoge- 
nous photosynthesis was cur ta i led  by snow 
cover, the  segment stored pa r t i cu la te  
organic materi a1 imported from upstream. 
The presence throughout the year of lush 
aquatic p lant  beds in the  v ic in i ty  of Rock 
Creek's source springs suggested t h e  prob- 
able or ig in  of the  material accumulated in  
the segment during the  base flow period. 
The s i m i l a r i t i e s  in shape of the  net 
transport  and net  ecosystem flux curves 
indicated the  re1 a t  ive importance of t rans-  
ported material t o  the  organic energy 
dynamics of the creek. 

organic materi aJ . The calcula ted  annual 
l o s s  of 127 g/m was 2.4% of the estimated 
standing crop and was equivalent t o  about 
th ree  day's l o s s  v i a  t ranspor t  during 
summer low discharge and l e s s  than one-ha1 f 
day a t  peak runoff flow. These observa- 
t ions  suggest t h a t  the  Rock Creek ecosystem 
was f a i r l y  well balanced during t h e  study 
period with regard t o  organic material .  
Quantification of organic matter f luxes  
during years representing t h e  f u l l  range of 
runoff flows i s  necessary before one can 
generalize with confidence about the  
organic matter dynamics of a small deser t  
stream (Cummins e t  a1 . 1983). The segment 
ecosystem of Rock Creek analyzed by Brock 
appeared t o  r e l y  largely  on upstream sour- 
ces of energy f o r  i t s  sustenance. Thus, 
b i o t i c  in t h e  segment a r e  driven 
by exogenous organic material .  The speci-  
f i c  or ig in  of t h i s  imported organic energy 
was not determined f o r  Rock Creek, but the  
low l i t t e r  inputs t o  upstream reaches 
suggested tha t  t h i s  materi a1 i s  autochtho- 
nously derived. Therefore, the segment 
appeared t o  depend on excess production 
brought from upstream via t ranspor t .  

Minshall (1978) pub1 ished the  annual 
energy budget f o r  Deep Creek, Idaho, a t  a 
s i t e  ( s t a t ion  3) about 30 km downstream 
from the one examined by Brock (Table 28). 
Total energy input a t  s t a t i o n  3 was almost 
130 x lo3 k ~ a l / m ' / ~ r  higher than i t s  Rock 
Creek headwaters in the years studied 
(1970-72 versus 1974-75). Most of thg 
di f ference  was due t o  the  higher ( t 9 8 . 3 ~ 1 0  
kcal) DOM and s l i g h t l y  higher POM 
(+17.3x103 kcal) loads a t  Deep Creek 
s t a t ion  3. Such di f ferences  a1 so occurred 
with respect  t o  export. However, both 

'0 fu r the r  c l a r i f ~  the  pattern of '0s' systems were net exporters of energ3 and gain  of organic matter Over the year, ( - 2 4 . 1 ~ 1 0 ~  kcal a t  Deep Creek and - 0 . 6 ~ 1 0  Brack examined cumulative NEF, assuming a kcal at Rock Creek). zero base level a t  the f i r s t  of the  year. 
Organic material accumulated from ~ a n u a r y -  
March and the  cumulative NEF f e l l  below the  Cushing and Wolf (1982) conducted a 
zero base level  during the  April-June s imi lar  study in Rattlesnake Springs, 
degradation period due t o  pa r t i a l  respi -  Washington (Table 28) and compared t h e i r  
ra t ion of the pool of stored organic r e s u l t s  with those f o r  Deep Creek. Energy 
matter. After  runoff ,  the segment again flow in Rattlesnake Springs i s  about an 
accumulated organic matter un t i l  t h e  f o l -  order of magnitude less than e i t h e r  the  
lowing April. In a s teadysta te  ecosystem, Deep Creek or  Rock Creek s i t e s .  Also in 
the cumulative NEF would be expected t o  contras t ,  Rattlesnake Springs was a net  
return t o  zero a t  the  conclusion s f  the  importer of organic matter. Since storage 
annual cycle. Since Rack Creek experienced was essent i  a1 l y  zero, the system consumed 
a net  l o s s  during the  study year ,  i t  more organic matter than was produced. In 
appeared t o  have been degrading stored terms of the de f in i t ions  of Fisher and 
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Table 28. Annual energy budgets for Deep Creek, Idaho, and Rattlesnake Springs, Washington (modified from 
Cushing and Wolf 1982). 

D e e ~  Creek Rattlesnake S~rinqs 
Origin ~ c a l  /m2/yr percent ~ c a l  /m2/~r percent 

Im~ort 

POM 
A1 1 ochthonous POM 12.2 (tr) 1 . 2  x lo3 3.8 
Transport POM 130.5 x lo3 46 .6  1 . 5  x lo3 4 . 8  

DOM 149.1 x lo3 48 .7  3 . 7  x lo3 11.6 
GPP 14.3 x lo3 4 . 7  25 .4  x lo3 79.8 

Total 

POM 
Watercress t Benthos 
Transport POM 

DOM 
Respiration 

Total 

Storase 

Total 
Balance ( In-Out) 

Likens (1973),  Rattlesnake Springs was an k~al/m'/~r (1.46% of the incoming 1 ight) 
accretive (net importer) system: and allochthonous detritus was negligible. 

Thus primary production was the only biotic 
import (I) t gross photosynthesis (GPP) 

> ecosystem respiration (R) 
t export ( E ) ,  

and Deep Creek would be a remissive (net 
exporter) system (Cushing and Wol f 1982) : 

contri butof of energy to the system. The 
re1 atively small mean annual stfnding crop 
of organic matter (720 kcallm /yr), com- 
posed of the autotrophic and heterotrophic 
communities plus detritus, received the 
newly transformed energy. It was replaced 
about 15.4  times a year with a mean turn- 

I t GPP < R t E. over time of 23 days. 

Thus a situation exists in which Rattle- 
snake Springs was a net importing system 
and Deep Creek a net exporting system, and 
both have P/R ratios exceeding one. 

Naiman (1976) compiled an annual energy 
budget for Tecopa Bore, Cal i forni a. $01 ar 
radiation amounted to 757,500 kcal/m/yr. 
Of the total light energy spectrum, only 
46.5 percent was available for photo- 
synthesis. Primary producers fixed 11,000 

The largest proportion (80.5%) of the 
annual primary production in Tecop Bore 
(obtained by summing a1 1 other categories 
and subtracting from 100%) was metabolized 
by the autotrophic an$ heterotrophic 
communities (8,900 kcal/m /yr). This was 
the major energy pathway out of the system. 
Dissolved organic carbon represented a 
significant percentage of the annual energy 
output; drift of particulate organic matter 
accounted for much less. Output of energy 



a s  DOC was 2.2 t imes t h e  l o s s e s  through ove ra l l  s u r f a c e  a rea .  This  d i spropor-  
p a r t i c u l a t e  d r i f t .  A t o t a l  of 13.1% t i o n a t e  shal low zone, combined with t h e  
(1,450 k ~ a l / m * / ~ r )  of t h e  primary produc- l ake ' s  s a l t  con t en t ,  t u r b u l e n t  sub su r f ace  
t i o n  was t r anspo r t ed  downstream and ou t  o f  environment, and small a r e a  of  s t a b l e  
t he  study a r ea  by stream flow (DOC plus  s u b s t r a t e ,  severe ly  r e s t r i c t e d  growth of 
POM) . a t tached  p l an t s .  

Pupfish inges ted  an est imated 17.0% 
(1,880 kcal /m/yr)  of t h e  annual primary 
product ion,  but on ly  6.3% of i t  was used i n  
growth (gross  growth e f f i c i e n c y ) .  Naiman 
(1976) f igured  t h a t  i f  pupfish i n  t he se  
warm waters  r e s p i r e  about f i v e  t imes t h e  
amount used f o r  growth (595 kcal/m2/yr), 
then an es t imated  10.5% would be l o s t  i n  
t he  feces  and eventua l ly  degraded by decom- 
posers .  The mean annual s tanding c rop  of 
pupf i  sh (23.6 kcal/mz) produced 119 kcal/m 
each year .  Therefore,  t h e  pupfi sh popul a -  
t i o n  had an annual turnover  of  about f i v e  
times with a mean generat ion time of 72 
days o r  about 2.4 months. This pupfish 
populat ion appeared t o  be i n  a s teady 
s t a t e ,  according t o  annual t r ends  i n  popu- 
l a t i o n  numbers and weight. Thus mortal i t y  
( I .  1%) was assumed t o  equal production. 

Phytoplankton p roduc t iv i t y  was, by f a r ,  
t he  lead ing  source of  Pyramid Lake's 
o rganic  carbon (Table 29) (Galat e t  a l .  
1981). Periphyton and macrophyte pro- 
d u c t i v i t y  were viewed a s  i n s i g n i f i c a n t  t o  
Pyramid's o rganic  budget because t h e  1 ake's 
s i z e  and form r e s u l t  i n  a l im i t ed  a r ea  of  
near-shore shal low water  r e l a t i v e  t o  t he  

Although e p i l i t h i p h y t o n  product ion was 
negl i g i b l e  compared wi th  1 imnet ic  produc- 
t i o n ,  i t  was a h igh ly  concent ra ted  energy 
source.  On a u n i t - a r e a  b a s i s ,  mean annual 
e p i l  i  thiphyton g ros s  photosynthes i s  was 
s l i g h t l y  g r e a t e r  than 1 imnet ic  phytopl ank- 
ton g ros s  photosynthes i s ,  but  t he  depth of 
l imne t i c  water necessary t o  achieve t h e  
phytoplankton product ion averaged 11 m 
compared with 5-10 cm f o r  e p i l i t h i p h y t o n .  
Because benth ic  a lgae  product ion i s  a 
concent ra ted ,  e a s i l y  ava i l  a b l e  food source 
f o r  i nve r t eb ra t e s  and forage  f i s h e s ,  i t s  
importance t o  t h e  l a k e ' s  t r o p h i c  dynamics 
can not be dismissed,  even though i t s  con- 
t r i b u t i o n  t o  t h e  t o t a l  food base i s  small .  

A 50% input  f i g u r e  from Fox Valley f o r  
Pyramid Lake tumbleweeds ( s e e  Sec t ion  5.3)  
would amount t o  2.5% of t h e  l a k e ' s  annual 
organic budget. However, t h e  f i g u r e  may 
not represen t  t h e  importance of t h i s  unique 
energy source t o  Pyramid Lake because o t h e r  
r ecen t ly  exposed s i t e s  with ex t ens ive  && 
sola communities a1 s o  a r e  p r e sen t  around 
t h e  lake.  

Organic mat te r  imported t o  Pyramid Lake 
from the  Truckee River was on ly  0.2% of t h e  
l ake ' s  1977 t o t a l  budget. However, f o r  t h e  

Table 29. Annual contribution to Pyramid Lake's 1977 organic matter budget by various sources 
(Galat et a!. 1981). Carbon equivalent equals 0.31 2 02. 

Source 
Mean d a i l y  

(mg c/m21 
Annual t o t a l  Percent  

(mg C )  of t o t a l  

Autochthonous apparent  n e t  photosynthesis  
Limnetic phytoplankton 506 
L i t t o r a l  e p i l  i thiphyton 721 

A1 lochthonous import 
T e r r e s t r i  a1 vegeta t iona  - - - - .. 
Wind-blown dus t  84 
Truckee R i  ver  1 

Total  

'Assumes 50% of  t e r r e s t r i a l  biomass e n t e r s  Pyramid Lake. 



l a s t  10 months o f  1976, Truckee R iver  TOC 
import amounted t o  18.9 mg c/mZ o f  lake  
surface per day, o r  3.5% o f  est imated l i m -  
n e t i c  apparent ne t  photosynthesis. 

The seasonal t im ing  o f  Truckee River  TOC 
import might be more c r u c i a l  t o  the  lake 's 
dynamics than the  t o t a l  annual loading. 
For example, March 1976 TOC input  equaled 
26% of t h a t  month's phytoplankton apparent 
net photosynthesis. Though t h e  FPOC f r a c -  
t i o n  was no t  s p e c i f i c a l l y  measured dur ing  
March 1976, a l a r g e  p a r t  probably was i n  
t h i s  form due t o  moderately h igh  discharge 

and r e s u l t a n t  scouring. The Truckee 
River 's  FPOC C:N r a t i o  a t  Nixon dur ing  1978 
and 1979 spr ing  discharge averaged about 
6: 1 wh i l e  Pyramid Lake's nonzoopl ankton 
euphotic zone seston C:N r a t i o  f o r  May 1978 
equaled 9.4:1, i l l u s t r a t i n g  t h a t  high-qua- 
l i t y  food i s  cont r ibu ted t o  Pyramid Lake 
from the Truckee River ,  Given the  condi - 
t i o n s  observed dur ing  a low-water cycle,  
Galat e t  a l .  (1981) are convinced tha t  dur- 
i n g  years o f  normal discharge the  Truckee 
R iver 's  spr ing  d e t r i t a l  and n u t r i e n t  inputs 
have a pronounced impact on the  lake 's 
t roph i c  ecology. 



CHAPTER 6. STREAM AND RIPARIAN INTERACTIONS 

Stream and riparian habitats are 
integrated by a myriad of interactive 
processes. Indeed, the apparent re1 at ion- 
ships have caused some to suggest that 
riparian ecosystems should include both 
stream and riparian habitats. The close 
affinities may have influenced Cowardin et 
al. (1979) to define riverine and palus- 
trine wetlands as inclusive of lands 2 m 
below the low-water level; under this 
definition, the vast majority of western 
rivers are technically wetlands. 

The fundamental mediums common to both 
stream and riparian habitats are water and 
sediments. A simplified discussion of the 
major processes influencing the flux of 
water and sediments along the gradients of 
stream corridors was presented in Section 
3.1 (Hierarchical Classification of 
Riparian Habitat). The availability of 
water, the principal component of stream- 
flow, in excess of that suppl led by direct 
precipitation has been used to differ- 
entiate riparian from upland habitats 
(Johnson et a1 . 1984). Riparian habitats 
are both a source of sediments to streams 
and a temporary sink for sediments 
transported by streamflow. A history of 
the flux of water and sediments often is 
apparent in the morphology of riparian 
soils. While a function of streams is the 
transport of sediments from positions of 
high topographic relief to positions of 
lower re1 ief, riparian habitat regulates 
the flux of sediments along the gradients 
of watersheds, It is through the flux of 
water and sediments that the dynamics of a 
watershed are comuni cated a1 ong the 
el evational and 9 ateral gradients of stream 
corridors. Thus it i s  reasonable that 
riparian and stream habitats are identified 
according to hydrographic units at the most 
fundamental level of hierarchy (see 
Sections 3 . 2  and 3 . 3 ) .  

Re1 ationshi ps between streamfl ow and 
a1 luvial ground water are of fundamental 
importance to both stream and riparian 
habitats. The re1 at ionships between 
streamflow and alluvia1 ground water are 
influenced by the geomorphic form of river 
vall eys; discrete geomorphic features 
impart additional diversity within a given 
valley-form (see Section 3 . 3  - Geomorphic 
Val 1 ey-Forms) . A1 ong upper segments of 
watersheds where streams are commonly 
gaining (discharge increases in a down 
stream direction), alluvial aquifers 
associated with riparian habitat may 
augment streamfl ow. A1 ternately, a1 ong 
lower segments of watersheds where streams 
are generally 1 osing water (di scharge 
decreases in a downstream direction), 
alluvial ground water may be augmented at 
the expense of streamflow. Bank storage 
during periods of high streamflow also may 
contribute to the dynamics of hydrologic 
interactions between stream and riparian 
habitats. The influence of geomorphic 
valley-form on the relationships between 
streamflow and alluvial ground water was 
the grounds for identification of g1 aci a1 , 
fluvial, alluvial and lacustrine valley- 
forms at the second level of hierarchy (see 
Section 3.1-Hierarchical Classification of 
Riparian Habitat). 

The flux of water and sediments along the 
gradients of watersheds is principally 
responsible for the distribution of con- 
trasting riparian communi ties and the 
stream habitat. Fundamentally, both stream 
and riparian habitats may be perceived as 
responses to the flux of water and sedi- 
ments along the gradients o f  watersheds. 
While streamflow is the most apparent dyna- 
mic force, riparian habitats influence the 
degree to which streamflow is effective in 
accomplishing its ordained functions. The 
perfection to which riparian habitats are 



e f f e c t i v e  i n  r e g u l a t i n g  the f l u x  o f  water 
and sediments along the  gradients o f  water- 
sheds would be improbable, i f  the e f f e c t i v e  
parameters were not  viewed as responses t o  
the same processes t h a t  they regu la te .  
Indeed, many of the values o f  r i p a r i a n  
h a b i t a t  (see Section 3.5) are measures o f  
the degree t o  which r i p a r i a n  hab i ta t s  are 
e f f e c t i v e  i n  r e g u l a t i n g  the  forces o f  
streamflow. 

The in f luence of vegetat ion i n  r i p a r i a n  
and stream hab i ta t s  has several facets.  
While p lan ts  in f luence water budgets 
d i r e c t l y  through t ransp i ra t i on ,  shading o f  
the s o i l  and stream surfaces may i n d i r e c t l y  
a f f e c t  water budgets by reducing evapora- 
t i on .  Water "weeds," espec ia l l y  Potamoqe- 
ton and C l  adophora, reduce streamflow 
ve loc i t y .  I n  some instances, aquat ic  
vegetat ion i s  so product ive t h a t  herb ic ides  
have been app l ied  t o  res to re  streamflow. 
Ripar ian vegetat ion i s  a major n u t r i e n t  
source t o  stream h a b i t a t  (see Chapter 5 - 
PRODUCTION AND CARBON FLUX IN GREAT BASIN 
AQUAT I C  ECOSYSTEMS). 

Ripar ian and stream hab i ta t s  g r e a t l y  
in f luence the  ecological  s t ruc tu re  o f  
animal l i f e ,  i nc lud ing  the food chain and 
the mechani sm f o r  d i  sease transmi ss i  on. 
Bi rds,  such as k ing f i she rs  and swallows, 
consume s i g n i f i c a n t  amounts o f  aquat ic  
inver tebrates;  ducks consume la rge amounts 
o f  vegetat ion and inver tebra tes  from both 
r i p a r i a n  and aquat ic  hab i ta ts .  Many 
amphibians and insec ts  develop i n  water bu t  
invade the  land as adu l ts .  Aquatic la rvae 
o f  several d ipterans develop i n t o  a e r i a l  
adu l t  forms t h a t  i r r i t a t e  and t ransmi t  
disease t o  a v a r i e t y  o f  t e r r e s t r i a l  
animals. B l a c k f l i e s  (Simulium) and 
mosqui tos  (Cul i c i dae )  transmi t encephal i - 
t i s ;  the Tabanidae (e,g. dee r f l i es ,  horse- 
f l i e s ,  e tc . )  have been imp l ica ted i n  t h e  
transmi ss ion of tu laremia and anthrax. 
T e r r e s t r i a l  animals in f luence the aquatic 
h a b i t a t  through a complex web o f  b i o t i c  
processes o f  which predat ion and input  o f  
organic mat te r  a re  on l y  the most apparent. 

The severest impacts o f  the land oa 
aquat ic  systems have resu l ted  from human 
a c t i v i t i e s .  I n  the Great Basin, these 
inc lude f l ash  f lood ing  and erosion due t o  
overgrazing and farming ; removal a f  water 
through dra in ing ,  pumping, and i r r i g a t i o n  
d i ve rs ion  ; removal of phreatophytes and t h e  

a p p l i c a t i o n  o f  herb ic ides  For "weed" 
c o n t r o l  ; r e t u r n s  o f  f r r i g a t  i on  waters w i t h  
h i g h  n u t r i e n t ,  s a l t ,  pes t ic ide ,  and sedi-  
ment loads; and d isturbance by c a t t l e  and 
sheep. Over raz ing,  p o l l u t i o n ,  r i v e r  
impoundment, dredging, d i tch ing ,  pumping o f  
ground water, and the  i n t roduc t i on  o f  
e x o t i c  species have been extremely 
important  f ac to rs  i n  aquatic hab i ta t  
mod i f i ca t i on  i n  the Great Basin and i n  the 
r e s u l t a n t  a1 t e r a t i o n  of faunas. More 
recen t l y ,  o i l  shale, coal,  and mineral 
e x t r a c t i o n  have f u r t h e r  impacted Great 
Basin streams. V i r t u a l l y  noth ing i s  known 
o f  the c o n d i t i o n  o f  these ecosystems p r i o r  
t o  t h e i r  a l t e r a t i o n  o r  des t ruc t ion .  

Human impacts on Great Basin streams are 
l a r g e l y  a r e s u l t  o f  in tens ive  use f o r  
i r r i g a t e d  farming and l i v e s t o c k  ra i s i ng ,  
a1 though i n  some areas, hydroe lec t r i c  
generat ion, munic ipal  water supply, and 
waste d isposa l  a lso  are important.  The 
problems associated w i th  these primary 
impacts inc lude:  (1) thermal add i t i on  due 
t o  impoundment, removal o f  streamside 
vegeta t ive  cover, i r r i g a t i o n  r e t u r n  water, 
and power generat ion; ( 2 )  streamflow and 
wa te r - l eve l  f l u c t u a t i o n s  induced as a 
r e s u l t  o f  power peaking, i r r i g a t i o n  
d ivers ion ,  and pumping o f  aqui fers;  (3 )  
n u t r i e n t  enrichment by r u n o f f  from f i e l d s ,  
i r r i g a t i o n  r e t u r n  f lows, l i v e s t o c k  wastes, 
and sewage treatment p lants;  (4 )  sediment 
i n p u t  from erosion; (5)  con t ro l  o f  aquatic 
and r i p a r i a n  vegetat ion, i nc lud ing  the use 
o f  herbic ides,  and (6) a1 t e r a t i o n  o f  
channels by sedimentation, channeling, and 
dredging. These fac to rs  have severely 
reduced the  populat ions o f  many o f  the 
f i shes  i n  the  Great Basin. Add i t iona l ly ,  
dams have blocked spawning runs and 
e l  iminated upstream rea r ing  areas, and the 
i nd i sc r im inan t  s tocking o f  exo t i c  f i shes  
has replaced many na t i ve  species through 
compet i t ion  and introduced disease. 

6.1 LIVESTOCK GRAZING 

Range animals tend t o  congregate i n  o r  
near the l i m i t e d  water ing s i t es .  They eat, 
trample, and ~ L h ~ r w i s e  destroy the 
p r o t e c t i v e  r i p a r i a n  vegetat ion and c o n t r i -  
bu te  t o  streambank erosion, They eat 
aquat ic  p l a n t s  and reduce primary produe- 
t i  v i t y  by s t i r r i n g  up sedjments, These 
sediments a?  so reduce the numbers o f  i nve r -  
tebra tes  and f i s h .  L ivestock a lso  may add 



substantial  amounts of nutrients t o  the 
water. For example, along a 20-km s t re tch  
of Deep Creek (Idaho-Utah), more than 3,800 
domestic animals overwinter. I t  i s  
estimated t h a t  the  c a t t l e  alone produced 
284 g/m2 (dry weight) of feces during the 
$-month period. Much of t h i s  material 
reaches the stream during periods of runoff 
and provides nutr ients  fo r  aquatic plants 
and food for  the bacteria and 
invertebrates.  

Where ranges a re  heavily stocked with 
l ivestock and confined within a r t i f i c i a l  
barr iers ,  changes in vegetation occur 
(P l a t t s  and Nelson 1985). Livestock 
trample and compact the  s o i l ,  and the 
high-quality, f ib r i l l a r - roo ted  plants 
gradually give way t o  shallow-rooted annual 
species o r  tap rooted forbs or shrubs that  
can ex i s t  on areas with lowered water 
tables .  Generally, these invader species 
are l ess  palatable than plants with 
f i b r i l l a r  roots and provide l e s s  nutr i t ion 
and often only seasonal benefits  for  
l ivestock. As so i l  compacts, i n f i l t r a t i on  
of water in to  deep so i l s  lessens, and 
surface runoff increases. The accelerated 
ra te  of erosion has major e f fec t s  on 
t e r r e s t r i a l  and aquatic productivity. Rich 
topsoil i s  l o s t  by the erosive action of 
wind and water, and the qual i ty  of streams 
receiving the  eroded materi a1 i s  reduced. 
In addition, f i ne  sediments smother 
spawning and rearing areas, a l t e r ing  the 
habi ta t  of f i sh .  

Livestock grazing can a f fec t  a l l  four 
components of the  aquatic system: 
riparian vegetation, stream-channel morpho- 
logy, shape and qual i ty  of the water 
column, and the s t ructure  of the soil  
portion of the  streambank (P l a t t s  1979). 
I t  can a f fec t  the streamside environment by 
changing, reducing, or e l  iminating vegeta- 
t ion bordering the stream, and by the 
actual elimination of r iparian areas by 
channel widening, channel aggradation, or 
lowering of the water table .  Streamside 
vegetation i s  d i rec t ly  affected by grazing 
because r ipar ian zones usually are grazed 
more heavily than a re  upland zones 
(Holscher and Woolfold 1953; Armour 1977). 
Duff (1977) found that  the riparian vege- 
t a t ion  declined 35% in 6 weeks when c a t t l e  
were introduced in to  an area tha t  had not 
been grazed fo r  4 years. The most apparent 
e f fec t s  on f i sh  habi ta t  are the reduction 

of shade and cover and resul tant  increases 
i n  stream temperature, changes in stream 
morphology, and the addition of sediment 
t5rough bank degradation and of f s i  t e  soi 1 
erosion. Lorz (1974) found no difference 
in f i s h  populations in ungrazed and grazed 
sections of the Deschutes River, Oregon, 
when dense willow cover was on one o r  both 
banks. Claire and Storch (1977) found the 
willow canopy in an exclosure provided 75% 
more shade on the stream than areas outside 
the exclosure receiving year-round grazing. 

Detri tus formed from t e r r e s t r i a l  plants 
i s  a principal source of food fo r  aquatic 
invertebrates and eventually f o r  f i sh  
(Minshall 1967). A change in the quantity 
and qual i ty  of the  de t r i t u s  reaching the 
stream can severely in te r fe re  with natural 
conditions, result ing i n  a decline in the 
organisms f i sh  e a t  and disruption of the 
stream's a b i l i t y  t o  process organic matter 
(Cummins 1974). 

The sloughing and col 1 apse of streambanks 
caused by improper l ivestock grazing 
adversely a f fec t s  f i sh  populations (P l a t t s  
1979). Streambanks erode because 1 ivestock 
congregate along streams for  shade, more 
succulent vegetation, and drinking water. 
Livestock grazing off the  vegetative cover 
and caving in overhanging streambanks are 
principal factors  contributing t o  the 
decline of native t rou t  in the West (Behnke 
and Zarn 1976). Winget and Reichert (1976) 
found that  l ivestock grazing on selected 
Utah streams reduced bank s tabi  1 i t y  59%. 
In other Utah studies where l ivestock 
exclosures were used, streambank s t ab i l  i t y  
increased 100%-740% (Berry and Goebel 1978; 
Duff 1977). Duff (1977) found tha t  in t ro-  
duction of l ivestock in to  an area ungrazed 
for  four years resulted in a 14% decline in 
streambank s t a b i l i t y  within 6 weeks. 

Livestock grazing can change channel 
morphology by sediment accrual, a1 tered 
channel substra te  composition, disrupted 
pool - r i f f l e  r e l a t i o n s h i p s ,  channel 
widening, and increased runoff. Duff 
(1977) found stream-channel widths were 
173% greater in grazed stream reaches of 
Big Creek, Utah, than i n  ungrazed. 

Livestock grazing can a1 t e r  conditions in 
the water column by increasing water 
temperature, nutr ients ,  suspended sediment, 



and bacter ia l  counts and by a l t e r ing  the 
timing and volume of water flow. Stream 
temperatures increase in small headwater 
streams when r ipa r ian  vegetation i s  removed 
and changes occur in the  composition of 
f i s h  communities in  downstream receiving 
streams. Cla i r  and Storch (1977) noted 
t h a t  the  average stream temperature dropped 
12 O C  alongside an exclosure on the 
Deschutes River, Oregon, t h a t  was ungrazed 
f o r  10 years. Busby and Gifford (1978) 
a l so  found t h a t  grazing may damage water 
qua1 i t y  by affect ing the hydrologic 
conditions within a given watershed. High 
coliform bacteria counts in streams were 
a t t r ibu ted  t o  1 ivestock grazing (Kunkle 
1970; Darling and Coltharp 1973; Skinner e t  
a1 . 1974). Photosynthesis i s  decreased by 
stream tu rb id i ty ,  and primary productivity 
i s  reduced, thus decreasing the 
productivity of the  e n t i r e  ecosystem. 
Increased runoff r esu l t ing  from 1 ivestock 
grazing not only scours t h e  bottom 
materials  and widens the  stream bed, 
destroying pools and cover, but i t  a lso  
provides the  mechanism by which rich 
organic materials  essent ia l  fo r  an abundant 
bottom fauna are swept away (Tarzwell 
1938). 

Between 1978 and 1984, broad areas of the 
Great Basin experienced some of the lowest 
and highest streamflows on record. Pl a t t s  
e t  a l .  (1985) found t h a t  in three  widely 
separated streams, floods resulted in 
marginal t o  dramatic changes in  r iparian 
stream habi ta t .  They a1 so found, however, 
tha t  when the  r ipar ian ecosystems were in 
good condition, the e f f e c t s  of floods were 
minimal . Dramatic changes were evident in 
heavily grazed areas.  In these reaches, 
floods caused changes in  stream width, 
depth, meander pat tern ,  and longitudinal 
p rof i l e  t h a t  caused riparian-stream 
habi ta ts  t o  suffer .  Streams, from which 
large  aspen stands had been removed by 
1 ivestock grazing and beaver ac t iv i ty ,  
suffered severe streambank and channel 
erosion ( P l a t t s  e t  a1 . 1985). The aspen 
limbs and logs t h a t  held the  valley 
a1 1 uvi a1 materi a1 s in pl ace decreased 
d ras t i ca l ly  over time. As they decreased 
in  s i z e  and abundance, they no longer had 
the  capacity t o  hold the acquired alluvium 
in place. Consequently, large floods were 
capable of scouring val 1 ey a1 1 uvi a1 
materi a1 s and accelerating erosion of 
streambanks and channels. 

In Big Creek, Utah, a rehabi l i ta ted 
riparian-stream section within an ungrazed 
exclosure experienced 1 arge storm events 
tha t  exceeded a l l  streamflows on record. 
This rehabi l i ta ted reach sustained 1 i t t l e  
damage, and be t t e r  stream-riparian condi - 
t ions  probably resul ted from the high 
discharge. The adjacent grazed sections of 
Big Creek were heavily scoured. Based on 
t h i s  experience, i t  may be concluded tha t  
i f  Great Basin streams had been in good 
habi ta t  condition, many of them could have 
e a s i l y  withstood the  large  floods tha t  
occurred over the  area in 1983 and 1984. 
In degraded condition, these streams had 
l i t t l e  chance t o  hold themselves together, 
and many years wi l l  be required fo r  t h e i r  
recovery. 

Livestock grazing can cause annual micro- 
changes in the  environment t h a t  accumulate 
over many decades ( P l a t t s  1979). These 
subt le  changes a re  d i f f i c u l t  t o  detect  and 
document, because nature causes s imilar  
a1 t e ra t ions  and e f fec t s .  Aquatic 
ecologists  and f ishery biologis ts  are  
confronted with the  problem of determining 
how d i f fe ren t  types of grazing systems 
a f fec t  the various aquatic components and 
how changes in these components a f fec t  f i sh  
health and survival .  Whether a stream has 
suffered a catastrophic degrading event, 
such as  flooding o r  a long period of annual 
small events, the  end point f o r  f i sh  can be 
the same: the  stream and i t s  f i she r ies  are  
damaged and, once s t r e s s  i s  rel ieved,  
recovery may take years.  

The eastern half  of the Great Basin 
(Bonnevi 1 l e  Basin) was t h e  f i r s t  t o  develop 
a l ivestock industry. The period of 
expansion of l ivestock production on the 
open sagebrush-grass ranges provides a 
chronicle of degradation f o r  Great Basin 
ecosystems. 

The horse was the  f i r s t  domestic herbi- 
vore introduced in to  the  Great Basin (West 
1983), brought in by Indians mainly from 
the Great Plains in the 1500's. Cat t le  and 
sheep were not introduced in to  the Great 
Basin  i n  s ign i f i can t  numbers unt i l  the  l a t e  
1700's (Young 1978). By the  1 8 0 0 ' ~ ~  the  
a b i l i t y  of Great Basin ranges t o  support 
1 arge numbers of 1 ivestock became evident, 
and the  immense "seas of grasses" were soon 
being grazed. With the advent of domestic 
1 ivestock, a valuable new industry became 



part  of the  Great Basin's economy. In the 
beginning, the re  was 1 i t t l e  doubt t h a t  the  
Basin could continue forever t o  support a l l  
the 1 ivestock t h a t  could be brought in ,  but 
as time would soon show, even the  immense 
Great Basin had i t s  l i m i t s .  

6.1.1 Earlv Historv of the  Livestock 
Industry (1840-19201 

The Civil War t r iggered the  development 
of the  l ives tock industry i n  the west. 
Jus t  before the  war, the Great Basin 
received a preview of what was t o  come when 
Mormon s e t t l e r s  colonized the  Bonnevil l e  
Basin in 1847. The Mormons used a type of 
grazing used in northern Europe, where 
herds grazed surrounding ranges in the 
daytime, but returned t o  set t lements each 
night. Therefore, the  f i r s t  range and 
stream/riparian deter iora t ion occurred 
close t o  set t lements.  

Growth of the  l ives tock industry in  Utah 
began with c a t t l e  which numbered about a 
quarter-mi 11 ion head by 1885 (Peterson 
1985); by 1895, the  number was approaching 
360,000. From t h i s  period on, because of 
increasing sheep numbers, hard winters,  and 
unfavorable market condit ions,  c a t t l e  
numbers barely held t h e i r  own unt i l  1905 
(Peterson 1985). Between 1865 and 1900, 
the sheep industry expanded rapidly,  and by 
1900, l ives tock numbers had peaked and 
exploi ta t ion of upland and r ipar ian  range- 
lands was reaching a maximum. During t h i s  
era  the  Lahontan Basin was being s e t t l e d  by 
1 ivestock ranchers, who used the Spani sh 
system of allowing c a t t l e  t o  range f ree ly  
without fences. Broad expanses of range 
were quickly invaded by l ivestock.  This 
sudden introduction i n t o  ranges t h a t  had 
not been heavily grazed f o r  thousands of 
years (close of Pleistocene) had spectacu- 
1 a r  r e s u l t s  on environmental conditions 
(Young e t  a l .  1976). The introduction of 
l ivestock in to  the  Bonneville and the 
Lahontan Basins had a g rea te r  dele ter ious  
e f f e c t  on the  environment than any other 
event in the  previous 1,000 years  (Davis e t  
a t .  1577). Between 1888 and 1910 in the 
Great Basin, the re  was a g rea t  reduction in  
rangeland resources due t o  overgrazing and 
conversion of rangel and t o  farm1 and. 
L i t t l e  thought was given t o  t h e  deter iora-  
t ion  of range resources; r a the r  the  guiding 
pr inciple  was who could use the grass f i r s t  

and es tab l i sh  r i g h t s  t o  i t  by the constant 
presence of stock. 

Sheep appeared about 1860, and t h e i r  
numbers grew rapidly.  By 1870, l a rge  herds 
of sheep in Oregon and Cal i fornia  were 
being driven eastward through the  Great 
Basin t o  midwestern r a i l  heads. Sheep herds 
expanded great ly  a f t e r  t h e  devastat ing 
winter of 1889-90, which weakened the  
c a t t l e  industry. By 1900, the  c a t t l e  
industry was in  major r e t r e a t ,  and sheep 
outnumbered c a t t l e  in most western s t a t e s .  
Many cattlemen, who once abhorred t h e  sheep 
industry, turned t o  sheep t o  make a 1 iving. 
By 1885, the s t a t e  of Utah supported 1 
million sheep, and by 1890 about 1.5 
mill ion;  but by the  turn of the century, 
numbers had skyrocketed t o  about 4 mill ion 
(Young and Evans 1985). Herds of f r ee -  
roaming horses added t o  the associated and 
growing devastat ion of western ranges. 

The increase in  sagebrush and the decl ine 
in the more favorable grasses  began with 
the settlement of the Mormon colonis ts  and 
continued as ranges were more and more 
heavily used (Stewart 1941). In Cache 
Valley (Utah and Idaho), explorers and 
ea r ly  s e t t l e r s  found abundant grass  and 
1 i t t l e  sagebrush, but excessive 1 ivestock 
grazing d r a s t i c a l l y  reduced the abundance 
of grasses and led t o  increases i n  sage- 
brush. Although sagebrush now dominates 
the heavily grazed areas ,  some t r a c t s  t h a t  
have not been grazed, plowed, i r r iga ted ,  o r  
frequently burned continue t o  support much 
the same vegetation described by ea r ly  
t r ave le r s  (Ferguson and Ferguson 1983). 

Within a br ief  span of about 25 years 
(1875- 1900), the  g rea t  empty range1 ands of 
the Great Basin, once thought t o  be inex- 
haustible,  were overstocked with domestic 
l ivestock.  The productivity of the  range 
f o r  supporting 1 ivestock was great ly  
diminished. Up1 and ranges were changed 
from grassland t o  shrubland while, con- 
versely,  riparian-wet1 ands had been changed 
from a brushy-tree type t o  mainly grasses 
and forbs. In both cases,  with continual 
gra t ing pressure,  the s tage  was now s e t  f o r  
the invasion of the  noxious weeds the  1 ive- 
stock operators brought with them in to  the  
Basin (Young 1978). 

Because the pr ice  of c a t t l e  was high 
during World War I ,  a period of severe 



overgrazing took place between 1915 and and were strong supporters of the  l ives tock 
1920. National Forest ranges began t o  industry. Even the  Forest Service admitted 
improve again a f t e r  World War I because t h a t  one decade a f t e r  the  Forest Reserves 
controlled grazing was implemented; how- were formed, l ivestock numbers had 
ever, other rangelands in the  west con- increased by 50% (Rowley 1985). 
tinued t o  de te r io ra te .  Ca t t l e  numbers 
would not make great  gains again unt i l  the 
1940's. During the  1916 grazing season, 
stockmen suffered in the  west because of a 
small hay crop and a cold, extended winter. 
To meet the war emergency, every acre of 
grazing lands was opened t o  the  g rea tes t  
possible use. With most ranges already 
overstocked, the  addit ion of extra  stock 
under "temporary permit" came as  a stagger- 
ing blow t o  conservation e f f o r t s  on the 
ranges. In years t o  follow, federal graz- 
ing o f f i c i a l s  often pointed t o  the wartime 
measures as a s ign i f i can t  setback in range 
resource protection (Rowley 1985). Others, 
however, f e l t  i t  was only an acceleration 
of a process a1 ready underway. 

6.1.2 Government Intervention 

In 1897, President McKinley i n i t i a t e d  the 
Forest Reserves in an attempt t o  regulate 
detrimental impacts on publ i c  lands. 
Grazing on the  Forest Reserves was a l lo t t ed  
mainly t o  c a t t l e .  In 1901, sheep were 
allowed t o  graze on Forest Reserves i f  i t  
could be shown t h a t  they would cause no 
injury t o  the  land. When the  Federal 
Government created the  Forest Reserves from 
portions of the  public domain, adminis- 
t r a t o r s  found themselves in the  midst of 
the  ongoing controversies over fo res t  range 
use. The young science of fo res t ry  was 
general l y  concerned with timber production 
and watershed protection,  not range use. 
By 1900, i ssues  of grazing had joined the 
1 i s t  of urgent problems (Rowl ey 1985). 

Forest Reserve designation did not help 
the Great Basin very much, because the 
Basin was designated t o  be mainly public- 
domain lands t o  be managed by the  Grazing 
Service and eventually t h e  Bureau of Land 
Management. The Forest Reserves immedi- 
a te ly  i n i t i a t e d  control 1 ed management, but 
it was t o  be many years before those lands, 
managed by the Grazing Service and Bureau 
of Land Management, would come under any 
kind of control because these agencies were 
influenced primarily by Western senators 
who had 1 i t t l  e understanding of the problem 

Government intervent ion in the Great 
Basin r e a l l y  began in the  1890's with the  
c lass i f i ca t ion  of ce r ta in  1 ands according 
t o  potential  use. Between 1910 and 1920, 
grazing laws were put in to  e f f e c t  on what 
would become National Forest 1 ands . 
Star t ing in  the devastating drought years 
of the  19301s, and fostered l a t e r  by the  
red-meat demands of World War 11, there  
developed a recognition of the  responsi- 
bil  i t y  of the Federal Government t o  
res to re  t h e  productivity of the grazing 
resource entrusted t o  i t s  care  (Young and 
Evans 1985). However, not un t i l  1934, when 
Congress passed t h e  Taylor Grazing Act, was 
a real  a t t e m ~ t  made t o  stop injury t o  the  
publ ic-domain grazing lands:  his-act a1 so 
reserved the  Public Domain f o r  the  
wealthier 1 ivestock operators and spelled 
the demise of the  "tramp" operator. The 
ac t  ended an e r a  of open, indiscriminant 
grazing s ta r t ed  87 years e a r l i e r  with the  
f i r s t  settlement of the Great Basin. 
However, because of slow government 
reaction and strong western congressional 
pol i t i c a l  pressures,  uncontrolled grazing 
did not r e a l l y  end in the  Great Basin unti l  
the l a t e  1950's. The t rad i t ions  of f ree  
and open range died hard. 

In the 1 9 3 0 ' ~ ~  a book t i t l e d  The Western 
Ranse, published by the U. S. Department of 
Agriculture, f o r  the f i r s t  time informed 
c i t i zens  of overgrazing on western ranges 
including the Great Basin. The book 
reported t h a t  58% of public rangeland was 
in poor condition, while only 26% could be 
rated f a i r  (Holechek 1981). Also during 
t h i s  period, as the  Depression came t o  a 
close,  range professionals and conserva- 
t i o n i s t s  were c r i t i c a l  of range management 
pol i c i e s .  The range had deteriorated 
tremendously s ince  the  1920's as conces- 
sions were continually made t o  the  l ive -  
stock operator. The onset of World War I I  
again created pressure f o r  more l ives tock 
production on Great Basin l ands . Western 
Senators again t r i e d  t o  s t i f l e  the pol ic ies  
of professional range managers in order t o  
support t h e i r  small but powerful group of 
range1 and forage users (Rowl ey 1985), 



6.1.3 I m ~ r o v i n s  Ranses 

A f t e r  t h e  1930's when p r i v a t e  range 
owners and 1 and management agencies 
i n i t i a t e d  improved graz ing  management 
p rac t ices ,  up1 and range1 ands s l  owl y  began 
t o  improve. Because 1 ivestock,  p a r t i c u -  
l a r l y  c a t t l e ,  a re  a t t r a c t e d  t o  stream- 
r i p a r i a n  areas, t h a t  p o r t i o n  o f  t h e  range 
d i d  no t  respond as w e l l  t o  the  improved 
management as t h e  o v e r a l l  range1 ands d id .  
The rea l  problems occur r ing  because o f  
overstocked rangelands were no t  being 
recognized. I n  1946, t he  U.S. Forest  
Service pushed f o r  reduct ions i n  numbers o f  
l i ves tock .  The 1950's were years o f  g rea t  
improvement i n  up1 and range management on 
pub1 i c  lands. More range research was 
conducted i n  t h e  1950's than i n  a l l  t h e  
preceding years (Hol echek 1981). Water 
developments, brush con t ro l ,  reseeding, 
s tocking r a t e  adjustments, and graz ing  
pe r iod  adjustments were i n i t i a t e d .  During 
the 19601s, t h e  mu l t i p l e -use  concept o f  
range management on Federal lands was 
developed. For t he  f i r s t  t ime, w i l d l i f e ,  
f i sher ies ,  water, and rec rea t i on  rece ived 
some recogn i t ion .  

During the  196Qfs, both p o s i t i v e  and 
negat ive e f f e c t s  resu l ted  from widespread 
use of c res ted wheat p l a n t i n g s  and e l im ina -  
t i o n  of brushy species w i t h  herb ic ides .  
Net forage product ion increased f o r  t he  
f i r s t  t ime s ince 1860 (Young 1978), and 
concern f o r  the environmental management o f  
na tu ra l  resources continued t o  accel erate.  
I n  1960, t h e  Mul t ip le-Use Sustained Y i e l d  
Act emphasized t h e  Nat ion 's  commitment t o  
b e t t e r  range management. The Nat ional  
Environmental P o l i c y  Act o f  1969 soon 
fol lowed, l ead ing  t o  t h e  requirement f o r  
Environmental Impact Statements on manage- 
ment o f  Federal lands, a l l ow ing  U.S. 
c i t i z e n s  f o r  t he  f i r s t  t ime t o  analyze how 
the  Federal Government was managing t h e i r  
1 ands . 

I n  the  197Qfs, t he re  was a s h i f t  i n  
emphasis from range management s o l e l y  f o r  
the  product ion o f  red  meat t o  mu l t i p l e -use  
management. Numbers o f  l ivestock  grami ng 
on p u b l i c  ranges was reduced 48% between 
1966 and 1972, and the re  have been f u r t h e r  
reduct ions s ince 1972 (Holechek 1981). A t  
t h i s  same time, however, concern over wor ld  
popul a t i o n  growth and food shortages 
generated a new i n t e r e s t  i n  us ing p u b l i c  

range1 ands f o r  1 ives tock  product ion.  These 
concerns l e d  t o  t he  Forest  and Rangeland 
Renewabl e Resource P l  anning Act o f  1974 and 
t h e  Federal Land Pol i c y  and Management Act 
o f  1976. 

6.1.4 Today's S i t u a t i o n  

Today, the  c a t t l e  popu la t ion  i n  the West 
stands a t  an a l l - t i m e  high. C a t t l e  alone 
exe r t  more graz ing  pressure on western 
rangelands than d i d  a l l  t h e  n a t i v e  
ungulates before  the  a r r i v a l  o f  Europeans. 

Although t h e  sheep i ndus t r y  enjoyed a 
moderate resurgence between about 1925 and 
1945, t h e  number has s ince dropped nea r l y  
75%. Today, sheep are about as numerous i n  
t h e  West as they were i n  1870, bu t  c a t t l e  
are now more than e i g h t  t imes as abundant 
(Ferguson and Ferguson 1983). A1 though the  
1 argest numbers o f  1 ives tock  were grazing 
western range1 ands wh i l e  t he  sheep indust ry  
f lour ished,  t h e  l a r g e  increase i n  number o f  
c a t t l e  dur ing  the  past  20 years has brought 
t h e  t o t a l  number o f  l i v e s t o c k  t o  a l e v e l  
exceeding t h a t  o f  a l l  t he  years p r i o r  t o  
about 1910 (Ferguson and Ferguson 1983). 

Thus the  need i s  g reat  t o  i n t e n s i f y  
range1 and management i n  t h e  Great Basin, 
because most Great Basin streams no longer 
have t h e i r  once-producti  ve streamside 
vegeta t ive  cover. Streambank and channel 
cond i t ions  have been d r a s t i c a l l y  a1 te red by 
a century o f  heavy impacts. These streams 
cannot begin t o  produce t h e  numbers o f  f i s h  
and o ther  aquat ic  organisms they have the 
p o t e n t i a l  t o  produce u n t i l  g raz ing  i s  
b e t t e r  con t ro l  l e d  i n  s t ream-r ipar ian  areas. 

Although t h e  1950fs, 1960fs, and 1970's 
were per iods o f  g rea t  upland rangeland 
improvement i n  the  Great Basin, present 
aquat ic  h a b i t a t  cond i t ions  show t h a t  Great 
Basin streams de te r i o ra ted  dur ing  t h i s  
per iod  ( P l a t t s  e t  a l .  1985). The most 
threatened and abused range1 and type 
w i t h i n  t he  Great Basin i s  the  r i p a r i a n -  
stream type. These green, u s u a l l y  narrow, 
s t r i p s  o f  vegeta t ion  a t t r a c t  domestic 
1 ivestock,  e s p e c i a l l y  c a t t l e ,  because 
water, shade, gent1 e topography, and more 
succulent vegetat ion can be found there.  
Major f i s h  populat ions,  i nc lud ing  
endangered species, are d i r e c t l y  dependent 
on proper rangeland management o f  these 
c r i t i c a l  r i p a r i a n  areas. 



C l i m a t i c  v a r i a b i l i t y  d u r i n g  t h e  pas t  two 
decades demonstrated ever-changing c l i m a t i c  
c o n d i t i o n s  i n  t h e  Great  Basin. S ince 1961, 
t h e  Great S a l t  Lake has r i s e n  4.3 m, 
i nunda t i ng  thousands o f  square k i l o m e t e r s  
o f  land.  Carson S ink ,  Nevada, almost d r y  
i n  1963, now covers 259 kmz. I n  r ecen t  
years, p a r t i c u l a r l y  d u r i n g  t he  w i n t e r s  o f  
1983 and 1984, t h e  Great Bas in  has had 
above normal p r e c i p i t a t i o n  and snowpacks 
which l e d  t o  some o f  t h e  h i ghes t  stream- 
f l ows  on record .  These cond i t i ons  had 
g rea t  impacts on Great  Bas in  f i s h e r i e s  
( P l a t t s  e t  a l .  1985). Fu tu re  storms and 
droughts  w i l l  p u t  Great Bas in  streams under 
a d d i t i o n a l  s t r ess .  Only  we1 1  -managed 
r i p a r i a n - s t r e a m  h a b i t a t s  w i l l  be ab le  t o  
w i t hs tand  these  ever-changing c l i m a t i c  
events  w i t h o u t  impact on aqua t i c  resources.  

6.2 WATER USES 

Because o f  t h e  1  i m i  t e d  a v a i l a b i l i t y  o f  
water  i n  t h i s  l a r g e  and p o t e n t i a l l y  
p roduc t i ve  l a n d  mass, v i r t u a l l y  a1 1  streams 
hav ing r e l i a b l e  f l ows  have been i n t e r c e p t e d  
and impacted by  humans through impoundment, 
d i ve r s i on ,  and i r r i g a t i o n  wi thdrawal  and 
recharge. I r r i g a t i o n  a long  t he  v a l l e y s  o f  
l a r g e r  streams mod i f i ed  much o f  t h e  t o t a l  
d ra inage  pa t t e rn ,  ground water,  d i s so l ved  
s o l  i d s  con ten t ,  and surrounding vege ta t ion .  

Ea r l y  se t t l ements  g e n e r a l l y  co i nc i ded  
w i t h  stream courses where water f o r  crops, 
animal s, and human consumption was r e a d i  1 y  
a v a i l a b l e .  As human popu la t i ons  grew and 
t h e  needs f o r  water  increased, dams and 
d i v e r s i o n s  were b u i l t  t o  m a i n t a i n  o r  
augment i r r i g a t i o n  supp l ies .  Urban 
developments began f ill i n g  i n  t h e  farm1 and 
a long r i v e r s  and streams, o f t e n  encroaching 
upon t h e  f l o o d p l a i n  and s e t t i n g  t he  s tage 
f o r  f u t u r e  channel m o d i f i c a t i o n s  i n  t h e  
name o f  f l o o d  c o n t r o l .  Ground water  was 
pumped t o  meet t h e  needs o f  t h e  growing 
u rban  and m u n i c i p a l  communi t ies .  
A g r i c u l t u r e  was gradual  1  y  d i  s p l  aced by 
urban development i n t o  areas d i s t a n t  f rom 
sur face  water  sources, c r e a t i n g  demand f o r  
more extensive d i v e r s i o n s  and increased 
losses i n  conveyance. Ex tens ive  d e p l e t i o n  
o f  ground waters  f o r  i r r i g a t i o n  purposes 
f o l l  owed. 

Over t h e  l a s t  century ,  humans have taken 
an eve r - i nc reas i ng  r o l e  i n  o r c h e s t r a t i n g  
t h e  hydro logy  o f  su r face  and ground waters  
i n  t h e  Great Basin. Dams have been b u i l t  
t o  reduce t h e  seasonal o s c i l l a t i o n s  of 
stream d ischarge  and i r r i g a t e  summer crops 
o r  t o  t r ans fo rm  t h e  e l e v a t i o n a l  p o t e n t i a l  
o f  f l o w i n g  water  i n t o  e l e c t r i c  power. 
D i ve r s i ons  t o  a g r i c u l t u r e ,  mun ic ipa l ,  and 
i n d u s t r i a l  cen te r s  have a1 t e r e d  t h e  qua1 i t y  
and q u a n t i t y  o f  stream d ischarge  through 
dep le ted  r e t u r n  f l ows .  Ex tens ive  pumping 
o f  a q u i f e r s  has caused a  drawdown o f  stream 
l e v e l s  and a l t e r a t i o n  o f  water  q u a l i t y  
through degraded r e t u r n  f lows.  Pumping of 
consol i d a t e d  a q u i f e r s  has i n t e r r u p t e d  
s e n s i t i v e  r e 1  a t i onsh ips  r e g u l a t i n g  sp r i ng  
d ischarge  a long  s t r u c t u r a l  g rad i en t s ,  some 
t o  t h e  demise o f  un ique aqua t i c  systems and 
endemic spec ies.  Channel m o d i f i c a t i o n s  i n  
t h e  name o f  f l o o d  c o n t r o l  and water  
conserva t ion  have d i s r u p t e d  t h e  balance 
between s t reamf low and sediment t r anspo r t ,  
g e n e r a l l y  secu r i ng  a  sho r t - t e rm  b e n e f i t  a t  
t h e  expense o f  con t inued  maintenance. 

The average annual undepleted water  f o r  
t h e  Great  Basin, which i s  t h e  n a t u r a l  f l o w  
i n  streams be fo re  human m o d l f i c a t i a n ,  i s  
about 1 x  10" m3 (U. S. Bureau o f  
Reclamation 1975). About 6.5 x  m3, o r  
6% o f  t h e  undepleted y i e l d ,  i s  expor ted 
from t h e  reg ion ,  mos t l y  f rom Owens and Mono 
Lake Basins through t h e  10s Angeles 
Aqueduct. Several  d i v e r s i o n s  impor t  water  
f rom t h e  Colorado R i ve r  Bas in  t o  popu la t i on  
cen te rs  a long  t h e  western f l a n k  o f  t he  
reg ion .  I n  1975, t he re  were 48 r e s e r v o i r s  
w i t h  s to rage  c a p a c i t i e s  g r e a t e r  than 6.1 x 
l o 6  m3 i n  t h e  Great Bas in  (U .S .  Bureau o f  
Reclamation 1975). The t o t a l  maximum 
s t o r a  e  o f  these r e s e r v o i r s  i s  about 5.3 x 4 10' m , o r  about h a l f  o f  t h e  undepleted 
water y i e l d .  A summary o f  w i thd rawa ls  and 
dep le t i ons  from sur face-  and ground-water 
sources i s  presented t n  Table 30. Water 
w i thd rawa ls  a re  approx imate ly  e q u a l l y  
d i v i d e d  between sur face-  and ground-water 
sources. Assuming t h a t  d e p l e t i o n s  a re  
approx imate ly  equal f a r  sur face-  and 
ground-water wi thdrawals ,  stream dep le t i ons  
fo r  human uses account f o r  about 4 3 b f  the 
t o t a l  undepleted sur face-wate r  y i e l d  o f  t h e  
Great Basin. 



Table 30. Surface- and ground-water withdrawals and depletions 
estimated for 1975 (data compiled from U.S. Bureau of Reclama- 
tion 1975).~ 

Water use 

Withdrawal D e ~ l  et i on 

(10' m3) (10' in3) 

Irrigation 
Municipal and Industrial 
Mineral s 
Thermal/el ectric 
Recreation 
Other 
Reservoir evaporation 
Conveyance l osses 

Total 

aData does not include most o f  the Northwest Basin 
Hydrologic Subregion. 



CHAPTER 7. AQUATIC AND RIPARIAN HABITAT MANAGEMENT 

The aquatic/riparian zone is the most 
important wild1 ife (including fish) habitat 
type in managed range1 ands. It is a1 so the 
area of maximum potential conflict over the 
use of timber, grazing 1 ands, recreation, 
water, and wildlife resources (Thomas et 
a1 . 1979). Riparian areas are the produc- 
tive part of western grazing lands, usually 
containing the most productive timber and 
forage sites. Cattle forage on such areas 
more frequently than on adjacent, drier 
areas. Road builders often use riparian 
areas because of the gentle topography, and 
recreationists are drawn to such places for 
the scenic values associated with water. 
Riparian zones are usually quite sensitive 
to management activities and should be 
cautiously managed (Beschta 1978). As each 
riparian zone is somewhat different, the 
land manager should consult both a fishery 
and a wildlife biologist during the 
planning process if fish and wildlife 
welfare are objectives of management. 

Because of their distinct vegetative 
community and structure, aquatic/riparian 
zones must be considered fragile and 
vulnerable to alteration (Thomas et al. 
1979). The more mature the vegetative 
complex of the riparian zone, the more apt 
it is to assume distinct edges and strata 
that intensify edge-effect and increase 
diversity. This mature condition i s  
sensitive to management activities that 
occur within the riparian zone itself or 
on the surrounding rangeland. 

The sensitivity of the vegetatively 
mature riparian zone, including both the 
terrestrial portions and the associated 
aquatic zone (Boussu 1954; Gunderson 1968), 
can also be attributed to its distinct 
microclimate. Changes in the canopy cover 
can alter this climate markedly (Cordone 
and Kelley 1961; Collings and Myrick 1966; 

Brown and Krygier 1967; Brown et a1. 1971). 
For example, an increase of a few degrees 
in water temperature may eliminate a stream 
as a trout habitat. 

7.1 LIVESTOCK MANAGEMENT 

Proper management of livestock grazing 
can improve both the qua1 ity and quantity 
of fish populations. In Otter Creek, 
Nebraska, Van Velson (1979) found that 
within 3 years after an area was fenced to 
exclude 1 ivestock, stream width decreased, 
streambanks quickly stabi 1 ized, and summer 
water temperatures were reduced 2-5 OC. 
The stream improved from a nonproducer to 
a major producer of trout. Clair and 
Storch (1977) found that over a 10-year 
period of no grazing, the fish population 
shi fted from predominantly dace 
(Rhinichthys) to rainbow trout (Salmo 
qairdneri). 

In Rock Creek, Montana, Marcuson (1977) 
found brown trout (Salma truth) biomass 
per unit area in a stream within a non- 
grazed section was 440% higher than in an 
adjacent stream section that was heavily 
grazed. In the same stream, Gunderson 
(1968) found trout were 127%-500% more 
abundant in ungrazed sections than in 
grazed. Kennedy (1977) reported that trout 
were 240% more abundant in ungrazed sec- 
tions of an Oregon stream than in grazed 
sections. Duff (1977) found trout popula- 
tions 360% greater in ungrazed stream 
reaches of Big Creek, Utah, than i n  grazed 
stream reaches. 

Proper grazing management should include 
particular attention to insuring the 
welfare of riparian zones. If livestock 
grazing i s  to be permitted in a riparian 
zone, the environmental impact on the zone 



should be carefully evaluated (Thomas et 
a1 . 1979). The heavier the grazing and the 
more prolonged the grazing period, the more 
severe will be the impacts. These impacts 
may be magnified because of the sensitivity 
of the microclimate and water temperature 
to increases in solar radiation reaching 
the ground or water surface. 

Range-management activities outside the 
riparian zone may impact the riparian zone 
by changing the quantity and quality of 
water entering and influencing them 
(Buckhouse and Gifford 1976). Of the main 
factors that influence the amount of 
surface erosion and subsequent water 
quality, some can be controlled through 
management action, the most important of 
which is the maintenance of appropriate 
vegetative cover and soil conditions 
(Satterlund 1975). Infiltration may be 
enhanced by the maintenance of plant 
cover, both alive and dead. Under 
excessi we grazing, 1 ivestock not only 
remove protective ground cover but also 
compact the soil, both which accelerate 
erosion (Dambach 1944; Satterlund 1975). 

The noteworthy recovery in overall range 
condition after the 1930's resulted from a 
variety of management practices, from 
reduced I ivestock stocking rates (numbers 
per unit area) to special grazing 
strategies (Platts and Nelson 1985). One 
of these strategies, rest-rotation grazing, 
was developed early in this century but was 
not accepted until Forest Service personnel 
applied it to perennial bunchgrass ranges 
(Hormay and Evanko 1958; Hormay and Talbot 
1961). It is now the primary strategy used 
on many ranges. Under rest -rotat ion 
grazing, the grazing area or allotment is 
partitioned into several pastures, and each 
pasture is grazed in turn and usually is 
rested at least one year during a grazing 
cycle. 

Rest-rotation may be sound theoretically 
but is difficult to implement without 
aggressive management. PI atts and Net son 
(1985) showed that under certain types of 
rest-rotation grazing, streamside forage 
can be overused, resulting in damage to the 
riparian stream habitat, while adjacent 
range and overall pasture forage is being 
used at a level acceptable under the 
a1 lotment management plan. In Utah, 
Starostka (1979) a1 so found no streamside 

improvement under rest-rotation grazing, 
and speculated that the 1 ush riparian 
growth produced by rest periods caused 
heavier than normal use of the riparian 
zone. Platts and Nelson (1985) measured as 
much as 47% use of bank forage in a pasture 
that was supposed to be rested. They also 
measured six consecutive years of stream- 
side forage utilization in excess of 30% 
(moderate or greater), with an average of 
59% in their Lower Bear Valley study area. 
This occurred while a three-pasture system 
of rest-rotation was supposed to provide at 
least two seasans of rest. 

Heavy and pro1 onged use of streamside 
vegetation not only will alter a bank but 
also retard the rehabilitation of pre- 
viously altered banks. After one cycle of 
rest-rotation grazing (3 years) in grazed 
treatment pastures (previously ungrazed 
meadows) where forage use would be better 
balanced than on conventional a1 1 otments, 
streambank a1 teration re1 ative to the 
adjacent ungrazed control sites was 
detectable (Platts and Nelson 1985). The 
alteration was not enough to affect 
fisheries resources; however, cumulative 
effects may eventually result in some 
fishery impacts. 

Land managers have often failed to 
recognize that streamside environments are 
different from other terrestrial systems 
and thus need specialized management 
(Thomas et al. 1979). The stream, the 
riparian environment, and the adjacent 
up1 and environments require different 
land-management strategies. For example, 
even among riparian systems a broad 
riparian zone in a wet meadow has a 
different influence on a stream than a 
narrow riparian zone in a sagebrush 
ecosystem. Because riparian environments 
are 1 umped into broad terrestri a1 environ- 
mental classifications, they become uniden- 
ti fiable for 1 and-management purposes. 
Often what is good for timber or range 
management is not good for riparian or 
stream management. 

Any grazing management scheme for 
preserving, enhancing, or re-establ ishing 
woody vegetation a1 ong streamsides or 
other riparian zones must consider the 
physiology of the plants and their response 
to grazing (Thomas et al. 1979). Standard 
grazing systems, such as continuous 



rest-rotation or deferred rotation in 
various forms, have general 1 y been 
developed considering only the production 
and maintenance of forage plants--primarily 
grasses and forbs. It is likely that the 
application of such systems to maintain 
woody streamside vegetation and streambank 
integrity will not be satisfactory because 
the physiology of shrubs and trees is 
different from that of forage plants. 

Information on how grazing systems may be 
used to accomplish such goals as main- 
tenance of woody streambank vegetation and 
the prevention of bank crumbling and soil 
compaction is only now being studied. It 
is likely that special systems may have to 
be developed to include six or more 
pastures in the rotation-grazing systems 
(compared to the present two to five 
pastures) or to provide complete protection 
for some period coupled with restricted 
grazing after satisfactory conditions are 
achieved (Thomas et a1 . 1979). 
Platts and Nelson (1985) recommend that 

land managers use the special riparian 
pastures when standard grazing strategies 
are not working well. Such pastures may 
encourage a more equitable use of all 
available forage and would allow the inten- 
sity of use to be carefully controlled, 
especial ly where close control of 1 ivestock 
without fences is difficult to attain. 
Fencing such pastures would be expensive, 
with costs approaching $3,73O/km of stream. 
(Platts and Wagstaff 1984), but increases 
in revenues derived from increased recrea- 
tional fishing and the other riparian 
stream resources may make it cost -effective 
in certain situations. Existing grazing 
strategies must continually be refined for 
more compatibility with other uses and new 
strategies developed if existing ones do 
not work. 

7.2 STREAM REHABILITATION 

To stabilize and protect altered stream 
channel s, natural energy di ssi pators (such 
as bends, vegetation, logs, and boulders) 
are created or simulated by placing 
structures in the stream channel (Starnes 
1985). In addition to providing natural 
physical changes, these structures provide 
habitat necessary for fish and other 
aquatic 1 ife. The absence of energy 
dissipators increases the velocity of flow 

and intensifies erosion and sedimentation 
at areas further downstream. Perhaps the 
most common rehabilitation practice 
involves creation of structures within the 
stream to alter flow (Saunders and Smith 
1962; Starnes 1985; Wesche 1985). Struc- 
tures are util ized to increase, decrease, 
or divert flows which will create riffle- 
pool areas (Gee 1952). 

Stream improvements have been shown to 
increase fish and fish food production in 
streams of the Southwest (Tarzwel l 1938). 
Brusven et al. (1974) evaluated the sedi- 
ment removal capabi 1 i ti es of different 
structures. In-stream structures, gabion 
deflectors, and channel diversion (which 
tend to increase turbulence and current 
velocity), and log jam removal all resulted 
in increased sediment transport. Where 
control of sedimentation is the focal point 
of reclamation efforts, structure success 
and lifespan will depend on the extent the 
structure can accommodate sedimentation 
(Starnes 1985). If the structure design 
facilitates self-cleansing of recently 
deposited silt, it will help the stream 
return to a more stable, as well as more 
natural, configuration without dredging, 
channelization, or complete loss of aquatic 
life. Barton and Winger (1973) found 
structures in altered channels of the Weber 
River provided for aquatic invertebrate 
recovery which enhanced rapid fish 
recovery. 

Smith (1982, 1983a) and Apple et al. 
(1984) described the use of beaver for 
aquatic/riparian restorat ion of cold-desert 
stream systems. Beaver dams trapped sedi - 
ment , reduced stream velocity, local ly 
elevated the water table, and reduced 
seasonal fluctuations of the water table. 
Reduced velocities resul ted from lateral 
dissipation of streamfl ow energies, which 
in turn reduced downcutting and caused 
sediment deposition. These modifications, 
in conjunction with 1 ivestock grazing 
management, a1 1 owed for re-establ i shment of 
willow and other riparian plants which 
stab11 ized streambanks and improved aquatic 
hab i ta t  and fisheries. In addition, the 
gully-cutting process was not only stopped, 
but was reversed, In one case the willow- 
based beaver complexes reduced the sediment 
load 90% from 1400 mg/L to 160 mg/L (3,628 
kg/d) in just $ krn of stream length (Smith 
1983b). 



CHAPTER 8. RECOMMENDATIONS 

Historically, water has been a principal 
factor 1 imi ting political, social, indus- 
trial, and agricultural developments in the 
Great Basin (Worster 1986). It is supris- 
ing that the intrinsic values of stream and 
riparian habitats have garnered interest 
only in recent years. The Utah Division of 
Wild1 ife Resources is developing a hierar- 
chical classification for identification 
and inventory of riparian and stream habi- 
tats (Utah Division of Water Resources, 
Salt Lake City, unpubl.). Similarly, an 
approach to classification of riparian and 
stream habitats in Nevada is being con- 
sidered (Dr. Sherman Swanson, Department of 
Range Science, University of Nevada, Reno; 
pers. comm. ) . The Bureau of Land Manage- 
ment (BLM) a1 so is developing a uniform 
approach for collection and analysis of 
riparian data for the purpose of classifi- 
cation and evaluation (Karl Gebhardt, 
Bureau of Land Management, Boise, ID; pers. 
comm.) . The approach being developed by 
the Bureau of Land Management and the 
classifications being considered for Nevada 
both consider a broad scope of environ- 
mental criteria, in addition to vegetation 
parameters. While it is encouraging that 
efforts to identify riparian habitats are 
ongoing, it is hoped that final classifica- 
tions will be consistent for the Great 
Basin hydrographic region as a whole. 

Descriptions of stream and riparian habi - 
tats in several hydrographic units of the 
Great Basin are lacking. While minimal 
descriptions are available for watersheds 
at ong the eastern and western fl anks o f  the 
Great Basin where major population centers 
are located, relatively 1 i ttle informat ion 
is available for the vast interior areas of 
the region. An intensive study of repre- 
sentative drainages in the Central Basins 
hydrographic subregion may provide val uabl e 

information for extending and revising 
concepts. 

Investigations concerning the processes 
responsible for the structure, dynamics, 
and values of riparian and stream habitats 
in the Great Basin are sparse. An under- 
standing of what is happening is funda- 
mental to effective management of riparian 
and stream habitats. To be applicable to 
an array of land and water uses, the scope 
of investigations should include a broad 
range of expertise (e.g . , cl imate, geology, 
hydro1 ogy, geomorphology, soi 1, plants, and 
animal s) . 

Intensive land and water uses over the 
past century have relegated the vast 
majority of stream and riparian habitats to 
a disturbed or altered condition. Scien- 
tists and land managers have few (if any) 
pristine sites to judge condition and 
potential . The identification and protec- 
tion of pristine stream and riparian 
habitats is of critical concern. 

It is generally accepted that many stream 
and riparian habitats in the Great Basin 
are in poor condition. Several studies 
administered by Dr. William Platts (U.S 
Forest and Range Research Station), are 
yielding valuable information concerning 
the recovery of damaged stream and ripar- 
ian habitats under several grazing a1 ter- 
natives. Continuation of these studies is 
essential to devise methods for rejuve- 
nating stream and riparian habitats for 
optimal mu1 tiple-use values. 

Great Basin streams offer a challenging 
and scientifically rewarding area of 
research. Clearly, much remains to be done 
in terms of both descriptive and 
experimental investigations. Many areas 
and stream types remain virtually 



unstudied. For example, there have been 
only one or two studies of algae and 
vascular plants, one study of organic 
matter processing comparable to the 
leaf-pack studies of deciduous forest 
streams, and only three of the major Great 
Basin rivers have been investigated in any 
detail (and even in these much is left 
undone). The invertebrates, which have 
been comparatively better studied than the 
other groups, need considerably more 
investigation. Many existing studies (1) 
have had too narrow an orientation (e.g., 
insects only) and have ignored or con- 
sidered only a few environmental factors; 
(2) have been short-term and limited to 
isolated parts of the annual cycle; or (3) 
have not dealt with the species level. A 
detailed examination of invertebrate 1 ife 
history strategies along the lines of a 
study of a Sonoran desert stream (Gray 
1981) would be especi a1 ly profitable. 

Yet, time is rapidly running out. Long- 
term disturbances by humans and their 
livestock have virtually eliminated the 
archetypical Great Basin stream (essential 
for placing present conditions in 
perspective and for interbiome stream 
comparisons), and the opportunities to 
reconstruct the presettl ement stream type 
have been made more difficult by 
intensified land use. Sporadic information 
coupled with the diversity of stream types 
and sizes represented and the lack of a 
historic presettl ement perspective hampers 
understanding of Great Basin stream 
ecosystems. Nevertheless, it appears that 
they are potentially rich in species and 
high in production as compared with streams 
in other climatic regions and that they 
will continue to provide new insights and 
chall enge conventional wisdoms in the 
development of stream ecology . 




This page is intentionally blank in original document.


Page 126



REFERENCES 

Adamus, P.R. 1983. A method f o r  we t land  
f u n c t i o n a l  assessment. Federal  Highway 
Adm in i s t r a t i on .  FHWA-IP-82-23. 

Anderson, N.H., and J.R. Sede l l  . 1979. 
D e t r i t u s  p rocess ing  by macro inver tebra tes  
i n  stream ecosystems. Annu. Rev. 
Entomol. 4:351-377. 

Anonymous. 1984. Ash Meadows j o i n s  o t h e r  
" I s l ands  o f  L i f e . "  Wilderness 48(166) : 
40-41. 

Apple, L.L., B.H. Smith, J.D. Dunder, and 
B.W. Baker. 1984, The use o f  beavers 
f o r  r i p a r i  an/aquat ic  h a b i t a t  r e s t o r a t  i o n  
o f  c o l d  dese r t  g u l l y - c u t  stream systems 
i n  southwestern Wyoming. U. S. Bureau o f  
Land Management. Rock Springs, WY. 8 
PP. 

Armour, C.L. 1977. E f f e c t s  o f  d e t e r i -  

Ax l e r ,  R.P., R.M. Gersberg, and L.J. 
Paulson. 1978. Pr imary p r o d u c t i v i t y  i n  
merornict ic B i g  Soda Lake, Nevada. Great 
Basin Nat.  38: 187-192. 

Ba i l ey ,  R.G. 1978. Ecoregions o f  t h e  
Un i t ed  S ta tes .  U.S. For .  Serv. Misc.  
Pub. No. 1391. In te rmounta in  Region, 
Ogden, Utah. 77 pp. 

Bane, C.A., and O.T. L i nd .  1978. The 
ben th i c  i n v e r t e b r a t e  s tand ing  crop and 
d i v e r s i t y  o f  a smal l  dese r t  stream i n  B i g  
Bend Na t i ona l  Park, Texas. Southwest. 
Nat. 23:215-226. 

Barnes, J.R., J.V. McArthur, and C.E. 
Cushing. 1986. The e f f e c t  o f  exc lud ing  
shredders on l e a f  1 i t t e r  decomposit ion i n  
two streams. Great Bas in  Nat . 
46:204-207. 

o ra ted  range streams on t r o u t .  U.S. 
Bureau o f  Land Management. Idaho S ta te  Barton, J.R., and P . V .  Winger. 1973- A 
O f f i c e ,  Boise. 7 pp. s tudy o f  t h e  c h a n n e l i z a t i o n  o f  t h e  Weber 

River .  Summit Countv. D i v i s i o n  o f  W i l d -  
~ t w o ~ d ,  w . ~ , ,  1909. ~ 1 ~ ~ i ~ t . i ~ ~  of t h e  l i f e  kesearch and c t a h  S ta te  Department 

U i n t a  and Wasatch Mountains. U.S. Geol. o f  Highways. 188 pp. 
Surv. P ro f .  Pap. 61. 96 pp. 

Behmer, D.J., and C.P. Hawkins. 1986. 
Axel rod, 0. I. 1950. Evo lu t i on  o f  dese r t  Ef fects  of overhead canopy on macroin- 

vege ta t i on  i n  western No r t h  America. v e r t e b r a t e  p roduc t i on  i n  a Utah stream. 
Carnegie I n s t i t u t e  Pub1 . 590:215-306. Freshwater B i o l  . 16~287-300,  

Axelrod, 0.1. 1973. H i s t o r y  o f  t h e  
medi ter ranean ecosystems i n  Cal i f o r n i a .  
Pages 225-277 .ir~ F. D i C a s t r i  and H. 
Mooney, ed. Medi ter ranean type ecosys- 
tems: o r i g i n  and s t r u c t u r e .  Spr inger  
Verlag, New York. 

Axelrod, 0.1.  1977. O u t l i n e  h i s t o r y  o f  
C a l i f o r n i a  vege ta t ion .  Pages 139-193 b 
M. Barbour and J. Major,  eds. Ter res -  
tri a1 vege ta t i on  o f  Ca1 i f o r n i a .  John 
Witey, New York. 

Behnke, R.J. 1975. The e f f e c t s  o f  t h e  
Newlands p r o j e c t  on t h e  Pyramid Lake 
f i s h e r y .  F i l e  Report .  15 pp. 

Behnke, R.J. 1976. Summary o f  i n f o r -  
mat ion on t h e  s t a t us  o f  t h e  Utah o r  
Bonnsvi 1 1e Bas in  c u t t h r o a t  t r o u t ,  fa:mo 
c l  a r k i  Utah. Wasatch Na t i ona l  Forest ,  
In te rmounta in  Region, Ogden, UT. 14 pp. 

Behnke, R.J., and M. Zarn. 1976. B i o -  
l o g y  and managerrlent o f  threatened and 



endangered western t r o u t s .  U. S. For .  
Serv. Gen. Tech. Rep. RM-28. 

Benedict, N.B. 1984, C l a s s i f i c a t i o n  and 
dynamics o f  suba lp ine  meadow ecosystems 
i n  t h e  southern S i e r r a  Nevada. Pages 
92-96 b R.E. Warner and K.M. Hendr ix ,  
eds. Cal i f o r n i a  r i  par4 an systems. 
U n i v e r s i t y  o f  Cal i f o r n i a  Press, Berke ley.  

Benson, C.E., and S.R. Rushfor th .  1975. 
The a l g a l  f l o r a  o f  Hun t ing ton  Canyon, 
Utah, USA. B i b l .  Phycol.  18: l -173. 

Berry ,  C., and P. Goebel. 1978, The use 
o f  1 Svestock exc losures  as a f i s h e r y  
management t o o l .  Encyc l  i a 55:97 

B o t t ,  T.L. 
Gregory, 
1978. 

, J.T. Brock, C.E. Cushing, S.V. 
D. King, and R.C. Petersen. 

A comparison o f  methods f o r  
measuring p r ima ry  p r o d u c t i v i t y  and 
community r e s p i r a t i o n  i n  streams. 
Hyd rob io l og i a  60:3-12. 

Boussu, M.F. 1954. R e l a t i o n s h i p  between 
t r o u t  popu la t ions  and cover  on a smal l  
stream. J. W i l d l .  Manage. 18:229-239. 

Bradley,  W.6. 1972. S tand ing  c rop  and 
p r o d u c t i v i t y  o f  marsh vege ta t i on  i n  
Saratoga Springs, CA. U.S. I n t .  B i o l .  
Prog. Deser t  Biome Res. Mem. RM 72-44: 
1 - 14. 

J ~ r a d y ,  W . ,  D.P.  Pat ton  and J *  Paxson. 
R.L. lg7" Inventorying 1985. The development o f  southwestern stream' and channel' 0' * ' ld'and r i p a r i a n  g a l l e r y  forests Pages 39-43 i ~ !  sheds. Pages 104-113 iZ! H. G .  Lund, V .  

J. LaBau, P. F. F o l l i o t t ,  and 0. R.R. Johnson, C.D. Z i e b e l l ,  D.R. Pat ten,  
P.F. F o l l i o t ,  and R.H. Hamre, eds. 

tech' coords Integrated Ripa r i an  ecosystems and t h e i r  management: i n ven to r i es  o f  renewable n a t u r a l  reconcil ing confl icting uses. 
U.S. resources' proceedings o f  the Forest Serv ice  Gens Tech. Rep. RM- 120. U.S. For .  Serv. Gen. Tech. Rep. RM-55. 

E l  ackwelder, E. 1931, Brock, J.R. 1980. Annual metabol ism o f  a 
'lei stOcene dese r t  stream-segment ecosystem: Rock 

the Sierra Nevada and Creek, Idaho. M.S. Thes is .  Idaho S ta te  Basin Ranges. Geol.  Soc. Am. B u l l .  
42~865-922 .  U n i v e r s i t y ,  Poca te l l o .  109 pp. 

81 ackwelder, E. 1934. Supplementary notes 
on P le i s t ocene  g l a c i a t i o n  i n  t h e  Great 
Basin. Wash. Acad. Sc i .  J. 24:217-222. 

Bloom, A.L. 1978. Geomorphology: a sys-  
temat i c  a n a l y s i s  o f  l a t e  Cenozoic l and -  
forms. P r e n t i c e - H a l l ,  Xnc., Englewood 
C l i f f s ,  NJ. 510 pp, 

Bulen, C . G .  1964. P l a n t  ecology o f  
s p r i n g - f e d  s a l t  marshes i n  western Utah. 
Eco log i ca l  Monographs 34. 

Bol ke, E.L., and D. P r i c e .  1969. Hydro- 
l o g i c  reconnaissance o f  Curlew Val 1 ey, 
Utah and Idaho. Utah Oept. Nat. Resour. 
Tech. Publ .  Ms. 25. 

Broecker,  W.S., and A. Kaufman. 11965. 
Radiocarbon chronology o f  Lake Lahontan 
and Lake Bonnev i l l e :  11. Great Basin. 
B u l l .  Geol. Sac. Amer. 76:537-566. 

Bro thers ,  T.S. 1984. H i s t o r i c a l  vegeta- 
t i o n  change i n  t h e  Owens R i ve r  r i p a r i a n  
wood1 and. Pages 75-84 ir~ R. E. Warner and 
K.M. Hendr ix ,  eds. C a l i f o r n i a  r i p a r i a n  
systems. U n i v e r s i t y  o f  C a l i f o r n i a  Press, 
Berke ley . 

Brown, D.E., e d i t o r .  1982. B i o t i c  com- 
mun i t i e s  o f  t h e  American Southwest Un i t ed  
S ta tes  and Mexico. Deser t  p l an t s ,  Vol .  
4, Nos. 1-4. U n i v e r s i t y  o f  Ar izona 
Press, Tucson. 316 pp. 

Bus t i ck ,  Q.B., W.E. N i l e s ,  W.A. HcCie l lan ,  Brown, D.E. 1984. Evolution of riparian 
E.H. Oaks, and J,R. Wilbanks. 1975. 

systemat ics .  Pages 228-290 h R.E. 
'nventory of landmarks of the Warner and K.M. Hendr ix ,  eds. C a l i f o r n i a  Great Basin. U. S. Na t f ona l  Park Serv ice.  riparian systems. 
690 pp.  U n i v e r s i t y  o f  

Gal i f o r n i a  Press, Berke ley.  



Brown, D.E., and C.H. Lowe. 1974. A 
d i g i t i z e d  computer-compati b l e  c l a s s i  - 
f i c a t i o n  f o r  na tu ra l  and p o t e n t i a l  
vegetat ion i n  t h e  Southwest w i t h  
p a r t i c u l a r  reference t o  Arizona. D.E. 
Brown, ed. B i o t i c  communities o f  t h e  
American Southwest--United States and 
Mexico. Desert p lan ts ,  Vol. 4, Nos. 1-4. 
U n i v e r s i t y  o f  Ar izona Press, Tucson. 

Brown, D.E., C.H. Lowe, and C.P. Pase. 
1984. A d i g i t i z e d  c l a s s i f i c a t i o n  system 
f o r  t he  b i o t i c  communities o f  North 
America w i t h  community ( se r i es )  and 
assoc ia t ion  examples f o r  t h e  Southwest. 
Pages 291-306 R.E. Warner and K.M. 
Hendrix, eds. Cal i f o r n i a  r i p a r i a n  sys- 
tems. U n i v e r s i t y  o f  C a l i f o r n i a  Press, 
Berkel ey . 

Brown, G.W., and J.T. Kryg ier .  1967. 
Changing water temperatures i n  small 
mountain streams. J. S o i l  Water Conserv. 
22:242-244. 

Brown, G.W., G.W. Swank, and J .  Rothacher. 
1971. Water temperature i n  t he  Steam- 
boat drainage. U.S. For. Serv. Res. Pap. 
PNW-119. 

Brusven, M.A., F.J. W i t t s ,  R. Leudtke, and 
T.L. K e l l y .  1974. A model design f o r  
physical  and b i o t i c  r e h a b i l i t a t i o n  o f  a 
s i l t e d  stream. Water Resour. Res. I n s t .  
Res. Tech. Completion Rep. A-032-IDA. 
96 PP. 

Buckhouse, J.C., and G. F. G i  f f o r d .  1976. 
Water qua1 i ty imp1 i c a t i o n s  o f  c a t t l e  
grazing on a semiar id watershed i n  
southeastern Utah. J. Range Manage. 
29:109-113. 

Burton, T.M. 1981. The e f f e c t s  o f  
r i v e r i n e  marshes on water q u a l i t y .  Pages 
39-151 a B. Richardson, ed. Wet1 ands 
values and management--proceedings o f  
midwest conference. The Freshwater 
Society. St .  Paul, MN. 

Carozzi , A.V. 1962. Observations on a lga l  
biostromes i n  the  Great S a l t  Lake, Utah. 
J . Geol . 70: 246-252. 

Carter, D.R. 1969. A h i s t o r y  o f  com- 
merc ia l  f i s h i n g  i n  Utah Lake. MS Thesis. 
Brigham Young Un ivers i ty ,  Provo, UT. 140 
PP. 

Chaimson, J.F. 1984. R ipar ian  vegetat ion 
p l a n t i n g  f o r  f l o o d  c o n t r o l .  Pages 120- 
123 ~ R.E. Warner and K.M. Hendrix, eds. 
C a l i f o r n i a  r i p a r i a n  systems. Un ive rs i t y  
o f  Cal i f o r n i a  Press, Berkeley. 

C la i re ,  E., and R. Storch. 1977. Stream- 
s ide  management and l i v e s t o c k  graz ing  i n  
t h e  Blue Mountains o f  Oregon: a case 
study. Pages 111-128 j& J.W. Menke, ed. 
Proceedings o f  the  workshop on l i v e s t o c k  
and w i l d l i f e - f i s h e r i e s  r e l a t i o n s h i p s  i n  
t he  Great Basin. Sparks, NV. A g r i -  
c u l t u r a l  Sciences Pub1 i ca t i ons ,  D i v i s i o n  
o f  A g r i c u l t u r a l  Sciences, Un ive rs i t y  o f  
Cal i f o r n i a ,  Berkeley. 

Clark, W.J. 1958. The phytoplankton o f  
t he  Logan River ,  Utah. Ph.D. Thesis. 
Utah Sta te  Un ive rs i t y ,  Logan. 

Clark,  W.J., and W.F. S i g l e r .  1961. Pre- 
l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  phyto- 
p lankton o f  Bear Lake, Utah-Idaho. 
Trans. Am. Microsc. Soc. 80:28-32. 

Clarke, F.W. 1924. The data o f  geochem- 
i s t r y .  U.S. Geol. Surv. B u l l .  No. 770. 
841 pp. 

Coats, R.M., R.L. Leonard, and C.R. 
Goldman. 1976. Ni t rogen uptake and 
re lease i n  a fo res ted watershed, Lake 
Tahoe Basin, Cal i f o r n i a .  Ecology 57: 
995-1004. 

Cof f in ,  P.D. 1982. Lahontan cu t th roa t  
t r o u t  f i s h e r y  management p lan  f o r  the  
Humboldt R i ve r  drainage basin. Nevada 
Dep. o f  W i ld l .  Species Manage. Plan, 
Federal Aid Pro. F-20-17, Study I X  Job 
Number 1-P-I .  33 pp. 

Cole, G.A. 1968. Desert 1 imnology. Pages 
Busby, F.E., and G.F. G i f f o rd .  1978. 423-486 G.W. Brown, ed. Desert b i o -  

Impact o f  management on watershed values. logy. Val. 1, Academic Press, New York. 
Pages 192-209 j~ The sagebrush ecosystem: 
a symposium. Utah Sta te  Un ivers i ty ,  Co l l ings ,  M.R., and R.M, Myrick. 1966. 
Col 1 ege o f  Natural  Resources, Logan. Effects o f  j u n i p e r  and pinyon e rad i ca t i on  



on streamflow from Corduroy Creek Basin, 
Arizona. U S .  Geol , Surv. Prof .  Pap. 
491-B. 12 pp. 

Cooper, W.E. 1965. Dynamics and pro-  
duct ion o f  a n a t u r a l  populat ion o f  a 
water amphi pod, Hva l l  e l l  a azteca. Ecol . 
Monogr. 35:377-394. 

Cope, O.B. 1955. The f u t u r e  o f  t he  cu t -  
t h roa t  t r o u t  i n  Utah. Utah Acad. Proc. 
32:89-93. 

Cordone, A.J., and D.E. Kel ley.  1961. The 
in f luence o f  inorgan ic  sediment on the  
aquatic l i f e  o f  streams. C a l i f .  F ish  
Game 47: 189-228. 

Cowardin, L.M., V .  Carter ,  F.C. Golet, and 
E.T. LaRoe. 1979. C l a s s i f i c a t i o n  o f  
wetlands and deepwater hab i ta t s  o f  the  
Uni ted States. U.S. F ish Wi ld l .  Serv, 
FWS/OBS-79/31. 103 pp. 

Cronquist, A , ,  A.H. Holmgren, N.H. 
Wolmgren, and J.L. Reveal. 1972. 
Intermountain f l o r a ,  vascular p lan ts  o f  
the intermountain west, U.S.A. - Vol. 1 ,  
t iafner Pub l ish ing  Co., Inc. New York. 
270 pp. 

Cummins, K.W. 1974. Struc ture  and func- 
t i o n  o f  stream ecosystems, Bioscience 
24:631-641. 

Cumins, K.W., and M.J. Klug. 1979. 
Feeding ecology o f  stream inve r te -  
brates.  Annu. Rev, Ecol. Syst. 10:147- 
172, 

Cummins, K.W., 3.R. Sedell , F.J. Swanson, 
G.W,  Hinsha l l ,  S.G. Fisher,  C.E. Cushing, 
R.C. Petersen, and R.L. Vannote. 1983. 
Organic matter  budgets f o r  stream eco- 
systems: problems i n  t h e i r  evaluat ion.  
Pages 299-353 J.R, Barnes and G.W. 
Minshal l  , eds. Stream ecology: appl i- 
ca t ion  and t e s t i n g  o f  general ecological  
theory, Plenum Press, New York. 399 pp. 

Cumins, K.W., G.W. Minshal l ,  J.R. Sedell, 
C.E. Cushing, and R.C. Petersen. 1984. 
Stream ecosystem theory.  Verh. I n t .  Ver. 
Limnol . 22: 1818-1827, 

Curtois, L - A .  1384. Temporal desert  
r i p a r i a n  systems--the Mohave River  as an 

example. Pages 688-693 R. E. Warner 
and K.M. Hendrix, eds. C a l i f o r n i a  
r i p a r i a n  systems. Un ive rs i t y  of Cal i- 
f o r n i a  Press, Berkeley. 

Cushing, C.E. 1987. A1 lochthonous 
d e t r i t u s  i n p u t  t o  a small, co ld-desert  
spring-stream. Verh. I n t .  Verein. 
Limn01 . I n  press. 

Cushing, C.E,, and R.T. Rader. 1982. A 
note on t h e  food o f  C a l l i b a e t i s  
(Ephemeroptera: Baetidae). Great Basin 
Nat. 41:431-432. 

Cushing, C.E., and E.G.  Wolf. 1982. 
Organic energy budget o f  Ratt lesnake 
Springs, Washington. Am. Mid1 . Nat. 
107:404-407. 

Cushing, C.E., and E.G. Wolf. 1984. 
Primary product ion  i n  Ratt lesnake 
Springs, a c o l d  deser t  spring-stream. 
Hydrobio logia 114:229-236. 

Dambach, C.A. 1944. A ten-year eco log i -  
ca l  study o f  ad jo in ing  grazed and 
ungrazed woodlands i n  nor theastern Ohio, 
Ecol. Monogr. 14:257-270, 

Daniels, L.L. 1917. On the  f l o r a  o f  Great 
S a l t  Lake. Am. Nat. 51~499-506.  

Darl ing,  L., and 6 .  Coltharp. 1973. 
Ef fec ts  o f  l i v e s t o c k  grazing on the water 
q u a l i t y  o f  mountain streams. Pages 1-8 
i n  Water-animal r e l a t i o n s  symposium - 
proceedings, U. S. Department o f  Agr i  - 
cu l t u re ,  Ag r l cu l  t u r e  Research Service, 
Kimberly, ID.  

Davis, O.K., D.A. Kolva, and P.J. 
Mehringer. 1977. Pol len  analys is  o f  
Wildcat Lake, Whitman County, Washing- 
ton. Northwest Science 51:13-30. 

Dick-Peddie, W.A., and J.P. Hubbard. 1977. 
C l a s s i f i c a t i o n  o f  r i p a r i a n  vegetat ion. 
Pages 85-98 jt~ R.R.Johnson and D.A. 
Jones, eds. Importance, preservat ion and 
management of r i p a r i a n  hab i ta t :  a sym- 
posium. U.S. For. Serv. Gen. Tech. Rep. 
RM-43. 

Di lean is ,  P.D., 6 . A .  Branson, and S.K. 
Sorenson. 1985. Methods fo r  determining 
e f f e c t s  of c o n t r o l  l e d  dewatering o f  



shal low aqu i f e r s  on dese r t  phreatophytes Erman, D.C., and W.T. Helm. 1971. Corn- 
i n  Owens Va l l ey ,  Gal i f o r n i a .  Pages pa r i son  o f  some spec ies importance va lues 
197-200 & Ripa r i an  ecosystems and t h e i r  and o r d i n a t i o n  techniques used t o  analyze 
management. U.S. For. Serv, Gen. Tech, ben th i c  i n v e r t e b r a t e  communities. Oikos 
Rep. RM-120 22: 240-247. 

Dobkin, D.S., and B.A. Wilcox. 1985. 
Ana lys is  o f  n a t u r a l  f o r e s t  fragments: 
r i p a r i a n  b i r d s  i n  t he  Toiyabe Mountains, 
Nevada. Center f o r  Conservat ion. 
B io logy;  Department o f  B i o l o g i c a l  
Sciences, S tan fo rd  U n i v e r s i t y .  Stanford,  
Cal i f o r n i a .  24 pp. 

Evenson, W.E., S.R, Rushfor th ,  J.D. 
Brotherson, and N. Fungladda. 1983. The 
e f f e c t s  o f  se lec ted  phys i ca l  and chemical  
f a c t o r s  on at tached d ia tom popu la t ions  i n  
t h e  U i n t a  Bas in  o f  Utah, USA. Hydro- 
b i o l o g i a  83:325-330. 

Duel, L.F., and D.M. Nork. 1985. Com- Fenneman, N.M. 1931. Physiography o f  t h e  
Western Un i t ed  States.  McGraw-Hi l l  Book par i son  o f  t h r e e  mic rometeoro log ica l  Company, New York. 534 pp. 

methods t o  c a l c u l a t e  evapo t ransp r i a t i on  
in Owens Pages 161- Ferguson, D . ,  and N. Ferguson. 1983, 
165 & R i p a r i a n  ecosystems and t h e i r  Sacred cows at the public trough. 

management' U ' S '  For. Serv'  Gen' Tech. MaverickPublications,Bend,OR. 250pp.  Rep. RM-120. 

Duf f ,  D.A. 1977. L i ves tock  g raz i ng  
impacts on aqua t i c  h a b i t a t  i n  B i g  Creek, 
Utah. I n  John Menke, ed. Symposium on 
livestoc?;" i n t e r a c t i o n s  w i t h  w i l d l i f e ,  
f i s h e r i e s  and t h e i r  environments, Sparks, 
NV, May 1977. U.S. For .  Serv. P a c i f i c  
S.W, For.  Range Exp. Stn., Berkeley, CA. 

Dustans, W.A, 1951. A comparat ive study 
o f  dredged and undredged p o r t i o n s  o f  t he  
Provo R iver ,  Utah. M.S. Thesis.  
U n i v e r s i t y  o f  Utah, S a l t  Lake C j t y .  

Dut ton,  C.E. 1880. Geology o f  t h e  h i gh  
p la teaus  o f  Utah. U . S . Government 
P r i n t i n g  O f f i c e .  Washington, D.C. 

F isher ,  S.G. 1977. Organic ma t t e r  p r o -  
cess ing  by a stream-segment ecosystem: 
F o r t  R ive r ,  Massachusetts, USA. I n t .  Rev. 
Ges. Hydrob io l .  62:701-727. 

F isher ,  S.G., and G.E. L ikens.  1973. 
Energy f l o w  i n  Bear Brook, New 
Hampshire: an i n t e g r a t i v e  approach t o  
stream ecosystem metabolism. Ecol . 
Monogr. 43:421-439.  

Fleener ,  G .C .  1951. L i f e  h i s t o r y  o f  t h e  
c u t t h r o a t  t r o u t  Salmo c l  a r k i  RRicharson, 
i n  Logan River ,  Utah. Trans. Am. F ish .  
SOC. 81:235-248. 

Fleschner,  M.D. 1975. Ni t r ogen  f i x a t i o n  
Eardley. A .  J. 1938. Sediments of Great in a small subalpine Ph.D, 

S a l t  l a ke .  Am. Assoc. P e t r o l .  Geol. 
B u l l .  22~1305-1411. D i s s e r t a t i o n ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  

Davis .  

Eard ley,  A.J. 1962. Gypsum dunes and 
evapo r i t e  h i s t o r y  o f  t h e  Great S a l t  Lake Fox, K. 1977. Importance o f  r i p a r i a n  
deser t .  Utah Geol . M ine ra l .  Surv. Spec. ecosystems: economic cons idera t ions .  
Stud. No. 2. Pages 19-22 & R.R Johnson and D.A. 

Jones. eds. I m ~ o r t a n c e ,  p rese rva t i on  and 
management o f '  r i p a r i a n  h a b i t a t :  a Eardley, A.J., V .  Gvosdetsky, and R.E.  symposium. U.S. For .  Serv. Gen. Tech. 

Ma rse l l .  1957. Hydro logy o f  Lake Rep- R M - 4 3 s  
Eooneville and sediments and s o i l s  o f  i t s  
bas in .  Geol , Soc. Am. B u l l .  68:1141-1201. 

Galat,  D.L., E.L. L i de r ,  S. Vigg, and S . R .  
Edmondson, W .T .  1963. P a c i f i c  Coast and Robertson. 1981. t imno logy  o f  a la rge ,  

Great Basin. Pages 371-392 & D.E. Frey, deep, Nor th  American t e rm ina l  lake ,  
ed. Limnology i n  Nor th  America. Un ive r -  Pyramid Lake, Nevada, USA. Hydrob io log ia  
s i t y  o f  Wisconsin Press, Madison. 82:281-317. 



Gaufin, A.R. 1959. Production of bottom Groeneveld, D.L., D.L. Grate, P.J. Hubbard, 
fauna in the Provo River, Utah. Iowa D.S.Munk, P.J. Novak, 5. Tillemans, D.C. 
State College J. Sci. 33:395-419. Warren, and I. Yamashita. 1985. Afield 

assessment of above and below ground 
Gaufin, A.R., and D.B. McDonald. 1965. factors affecting phreatophyte trans- 
Factors influencing algal productivity in piration i n  Owens Valley, California. 
Deer Creek Reservoir, Utah. Trans. Am. Pages 166-170 Riparian ecosystems and 
Microsc. Soc. 84:269-279. their management. U,S.  For. Serv. Gen. 

Tech. Rep. RM-120. 
Gee, M. 1952. Fish stream improvement Gunderson, D.R. 
handbook. 1968. Floodplain use 

U'S' Forest related to stream morphology and fish Washington, DC. 21 pp. populations. J. Wild1 . Manage. 32:507- 
Gerstung, E. 1982. Lahontan cutthroat 514. 

trout' Outdoor Jul~-August: Harris, R.R., R. J. RiSser, and C.A. Fox. 
1985. A method for evaluating stream- Gilbert. G.K. 1890. Lake Bonnevil le. U.S. flow di scharge-plant species occurrence Geol . Surv. Monog . No. 1. 438 pp.   at terns on headwater streams. Paaes 

Goldman, C.R. 1964. Primary productivity 
and micronutrient 1 imiting factors in 
some North American and New Zealand 
lakes. Int. Ver. Theor. Angew. Limnal. 
Verh. 15~365-374. 

Goldman, C.R. 1972. The role of minor 
nutrients in 1 imiting the productivity of 
aquatic ecosystems. Am. Soc. L imnol . 
Oceanogr . Spec. Symp. 1 : 21 -38. 

Goldman, C.R. 1974. Eutrophication of 
Lake Tahoe emphasizing water quality. 
U.S. Environmental Protection Agency- 
660/3-74-034. 

Goldman, C.R. 1981. Lake Tahoe: two 
decades of change in a nitrogen defi- 
cient 01 igotrophic lake. Int. Ver. 
Theor. Angew. Limnol . Verh. 21:45-70. 

87-89 Riparian ecosystems and thiir 
management. U.S. For. Serv. Gen. Tech. 
Rep. RM-120. 

Hazzard, A.S. 1935. A preliminary 
limnologicaf study of Bear Lake, Utah- 
Idaho (with particular reference to its 
fish producing possibilities). U.S. Bur. 
Fish unpubl. rep. (original not seen, 
cited by McConnell et a1 . 1957). 

Herron, R. C. 1985. Phosphorus dynamics in 
Dingle Marsh, Idaho. Ph.D. Dissertation. 
Utah State University, Logan. 

Herron, R.C. 1986. Wetlands and water 
quality in the Great Basin Desert and 
Montane Region of the United States. 
Paper presented at Nat. Wetl. Tech. 
Council Workshop. Logan, Utah. Feb. 
17-19, 1986. 71 pp. 

Gray, L.J. 1981. Species composition and 
life histories of aquatic insects i n  a Hickman, T.J., and D.A. Duff. 1978. 
lowland Ssnoran Desert stream. Am. Midl. Current status of cutthroat trout 
Nat. 106:229-242. subspecies in the Western Bonneville 

Basin. Great Basin Nat. 38:193-202. 
Gray, L.J., and J.V. Ward. 1979. Food 
habits of stream benthos at sites of Holechek, J.L. 1981. A brief history of 
differing food availability. Amer. Mid1 . range management in the United States. 
Nat. 102:157-167. Rangelands 3:16-18. 

Griggs, G.B. 1984. Flood control and Holman, A,H, 1972. Val idat ion  studies at 
riparian system destruction: Lotrer San Locomotive Springs, Utah: final summary 
Lorenzo Rjver, Santa Cruz County, C a l i -  report. U. S .  International B i  01 ogical 
fornia. Pages 142-149 R.E.Warner and Program: Desert Biome. 
K.M, Hendrix, eds. California riparian 
systems. University of Calf fornia Press, Holm-Hansen, O., C.R. Eoldman, R. Richards, 
Berkeley, and P.M. Williams. 1976. Chemical and 



b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  a water Hunt, C.B., H.D. Varnes, and H.E. Thomas. 
c o l  umn i n  Lake Tahoe. Limn01 . Oceanogr. 1953. Lake Bonnev i l l e ,  geology of 
21:548-562. no r t he rn  Utah Va l ley ,  Utah. U.S. Geol. 

Surv. P r o f .  Pap. 257-A. 99 pp. 
Holscher,  C., and E. Wool f o l d .  1953. 

Forage u t i l i z a t i o n  by c a t t l e  i n  the  Hutchinson, G.E. 1937. A c o n t r i b u t i o n  t o  
no r t he rn  Great P l a i n s  range. U.S. Dep. t h e  l imno logy  o f  a r i d  reg ions .  Trans. 
Agr i c .  C i r c .  No. 918. 27 pp. Conn. Acad. A r t s  Sc i .  33:47-132. 

H o l s t e i n ,  G. 1984. C a l i f o r n i a  r i p a r i a n  
f o r e s t s :  deciduous i s l a n d s  i n  an ever-  
green sea. Pages 2-22 jr~ R.E. Warner and 
K.M. Hendr ix ,  eds. C a l i f o r n i a  r i p a r i a n  
systems. U n i v e r s i t y  o f  Cal i f o r n i a  Press, 
Berke ley . 

Hormay, A.L., and A.B .  Evanko. 1958. Rest 
r o t a t i o n  g raz ing .  . .a management system 
f o r  bunchgrass ranges. U.S. For. Serv. 
Misc. Pap. 27. Berke ley.  

Hormay, A.L., and M.W. Ta l bo t .  1961. 
R e s t - r o t a t i o n  g raz ing .  . .a new manage- 
ment system f o r  perenni  a1 bunchgrass 
ranges. U.S. For.  Serv. Product Res. 
Rep. 51. Berke ley.  

Hornaday, W.T. 1889. The ex te rm ina t i on  o f  
t he  American b ison .  U.S. Nat .  H i s t .  Mus. 
Rep. 1887:363-548. 

Hutchinson, G.E. 1957. A t r e a t i s e  on 
1 imnology. Vol . 1. Geography, phys ics,  
and chemist ry .  John Wi ley and Sons, New 
York. 

Jensen, S.E. 1985. E f f e c t s  o f  a l t e r e d  
Bear R i v e r  s t reamf low upon assoc ia ted  
p a l u s t r i n e  wet lands. &-I Environmental  
Report  o f  Smiths Fork  Reservo i r  P ro j ec t .  
Utah D i v i s i o n  o f  Water Resources, S a l t  
Lake C i t y .  28 pp. 

Jensen, S.E., and J.S. Tuhy. 1981. S o i l s  
i n v e s t i g a t i o n  o f  r i p a r i a n  communities o f  
East  Smiths Fork  and Henrys Fork  d r a i n -  
ages, n o r t h  s lope  U i n t a  Mountains, Utah. 
Unpubl. rep.  t o  U.S. For.  Serv. Qgden, 
UT. 35 pp. 

Johnson, J.E., 1986. I nven to r y  o f  Utah 
c r a y f i s h  w i t h  notes on c u r r e n t  d i s t r i -  
bu t i on .  Great Bas in  Nat. 46:625-631. 

Houghton3 S.G'  A trace o f  desert Johnson, R.R., and C.H. Lowe. 1985. On 
waters--The Great Basin The t h e  development o f  r i p a r i a n  ecology, 
A r t h u r H . C ' a r k C o * * G 1 e n d a ' e * C A .  287 P a g e s 1 1 2 - 1 1 6 ~ R i p a r i a n e c o s y s t e n s a n d  
PP. t h e i r  manaaement. F i r s t  No r t h  American 

r i p a r i a n  cGnference, A p r i l  16-18, 1985, 
Hovingh, P. Tucson, AZ, U.S. Fo r .  Serv. Gene Tech. 

o f  leeches, mol lusks,  and amphibians i n  RM-120. t h e  In te rmounta in  R e ~ i o n .  Great Bas in  .. 
Nat. 46:736-744. Johnson, R. R., S. W. Carothers  and 3 .EI. 

Simpson. 1984. A r i p a r i a n  c l a s s i f i -  
Hubbs, C. L., and R. R .  Mi 1 l e r  . 1948. The cation system. Pages 375-382 E. 

zoo l og i ca l  evidence. Pages 18-166 in A Warn,r and K,M, Hendrix, eds, i- 
symposium on t h e  Great Basin w i t h  fornia riparian systems. university of 
emphasis on g l a c i a l  and pos t  g l a c i a l  ifornia Press. Berkeley 
t imes .  B u l l .  Univ .  Utah B i o l .  Ser. 

Hubbs, C.L., R.R. M i l l e r ,  and L.C. Hubbs. 
1974. Hydro log ic  h i s t o r y  and r e l i c t  
f i s h e s  o f  t h e  Nor th -Cent ra l  Great Basin, 
Volume 7. Cal i f o r n i  a Academy of 
Sciences, San Franc isco .  259 pp. 

Hunt, C.B. 1967. Physiography o f  t h e  
Un i t ed  S ta tes .  W.H. Freeman and Co., San 
Franc isco.  480 pp. 

Jones, C.T., C.G. Clyde, and J.P. R i l e y .  
1976. Management o f  t h e  Great  $a1 t Lake: 
a research p l a n  and s t r a t e g y .  Utah Water 
Res. Lab. Utah S t a t e  U n i v e r s i t y ,  Logan. 
PRUG 1535-3. 

Juday, C. 1907. S tud ies  on some lakes  i n  
t h e  Rocky and S i e r r a  Nevada mountains. 
Trans. Wis. Acad. Sci .  A r t s  L e t t .  
15:780-793. 



Kadlec, R.X. 1981. How wet lands t r e a t  
wastewater. Pages 241-254 ~ J J  0. 
Richardson, ed. Wet1 ands va l  ues and 
management--proceedings o f  Midwest 
conference. S t .  Paul, Minnesota. 

Kemmerer, G., J.F. Bovarck, and W.R. 
Boorman. 1923. Nor thwestern 1 akes o f  
t h e  Un i t ed  S ta tes :  b i o l o g i c a l  and 
chemical s t ud i es  w i t h  r e f e rence  t o  
p o s s i b i l  i t i e s  i n  t h e  p roduc t i on  o f  f i s h .  
U.S. Bur. F i s h  B u l l .  39:51-140. 

Kennedy, C. 1977. W i l d l i f e  c o n f l i c t s  i n  
r i p a r i a n  management: water .  Pages 52-58 
i n  Symposium on importance, p reserva-  
t i o n ,  and manasement o f  r i ~ a r i a n  hab i -  
t a t .  U.S. ~ o r l  Serv. Gen: Tech. Rep. 
RM-43. 

Keup, L.E. 1968. Phosphorus i n  f l o w i n g  
waters .  Water Res. 2:373-386. 

Klebenow, D.A., and R.J, Oakleaf.  1984. 
H i  s t o r i c a l  av i f auna l  changes i n  t h e  
r i p a r i a n  zone o f  t h e  Truckee R iver ,  
Nevada. Pages 203-210 in R. E. Warner and 
K.M. Hendrix,  eds. Cal i f o r n i a  r i p a r i a n  
systems. U n i v e r s i t y  o f  C a l i f o r n i a  Press, 
Berke ley . 

Kn igh t ,  A.W., and R.L. B o t t o r f f .  1984. 
The importance o f  r i p a r i a n  vege ta t i on  t o  
stream ecosystems. Pages 160-167 it! R. E. 
Warner and K.M. Hendr ix ,  eds, C a l i f o r n i a  
r i p a r i a n  systems. Un i vers i ty o f  
C a l i f o r n i a  Press, Berke ley.  

Koch, D.L., J .L+  Mahoney, R.J. Spencer, 
3.3. Cooper, and R.L. Jacobson. 1977. 
Limnology o f  Waf ke r  Lake i~ D.C. Greer, 
ed. Oese r t i c  Terminal Lakes. Utah Water 
Res. Lab. Utah S ta te  U n i v e r s i t y ,  Logan. 

Kondolf, G .  M. ,  and R.R. Curry .  1984. The 
r o l e  o f  r i p a r i a n  vege ta t i on  i n  channel 
bank s t a b i l i t y :  Carmel R ive r ,  C a l i  - 
f o r n i a ,  Pages 124-133 R.E. Warner, 
and K.M. Hendrix,  eds. C a l i f o r n i a  
r i p b r i a n  systems. Un i vers  i t y  of 
Cal i f o r n i a  Press, Berke ley.  

KasTucker, D.G., and G.W, M insha l l .  1973. 
Food habSts o f  some ben th i c  i n v e r t e -  
b ra tes  i n  a nor thern ,  coo l - dese r t  stream 
{Deep Creek, Curlew Val 1 ey, Idaho-Utah) . 
Trans. Amer. Microsc,  Sac. 933841-452. 

Kuchler ,  A.W. 1964. The p o t e n t i  a1 n a t u r a l  
vege ta t i on  o f  t h e  coterminous Un i t ed  
States.  Amer. Geog. Soc. Spec. Publ .  
361. 1 1 6 p p .  

Kunkle, S. 1970. Sources and t r a n s p o r t  o f  
b a c t e r i a l  i n d i c a t o r s  i n  r u r a l  streams. 
JJJ, Symposium on i n t e r d i s c i p l i n a r y  aspects 
o f  watershed management, Montana S ta te  
U n i v e r s i t y ,  Bozeman. 31  pp. 

Lamarra, V ,  1960. The n i t r o g e n  and 
phosphorus budgets o f  t h e  Bear R i ve r  and 
D ing l e  Marsh, and t h e i r  impact on a 
l a r g e  01 i g o t r o p h i c  water  s torage 
r e s e r v o i r .  Pages 371-381 H.G. Stetan,  
ed. Proceedings o f  t h e  symposium on 
sur face water  impoundments. American 
Soc ie t y  o f  C i v i l  Engineers, New York. 

Lamarra, V., C .  L i f f ,  and J. Ca r t e r .  1986. 
Hydrology o f  Bear Lake Basin and i t s  
impact on t h e  t r o p h i c  s t a t e  o f  Bear Lake, 
Utah-Idaho. Great  Bas in  Nat.  46: 690-705. 

La Rivers ,  I . L .  1962. F ishes and 
f i s h e r i e s  o f  Nevada. Nev. S t a t e  F i s h  
Game Com., Carson C i t y .  782 pp. 

Lawson, L.L., and S.R. Rushfor th .  1975. 
The diatoms o f  t h e  Provo R iver ,  Utah. 
B i b l .  Phycol.  17: l -149. 

Leland, H.V., S.V. Fend, J.L. Car te r ,  and 
A.D. Mahood. 1986. Composit ion and 
abundance o f  pe r i phy ton  and aqua t i c  
i n s e c t s  i n  a S i e r r a  Nevada, C a l i f o r n i a ,  
stream. Great Bas in  Nat. 46:595-611. 

Leonard, R.L., L.A. Kaplan, J.F. E lder ,  
R.N. Coats, and C.R. Goldman. 1979. 
N u t r i e n t  t r a n s p o r t  i n  su r f ace  r u n o f f  f rom 
a suba lp ine  watershed, Lake Tahoe Basin, 
Cal i f o r n i a .  Ecol  . Monogr. 49:281-310. 

L i de r ,  E.L., C.J. Ba i l ey ,  and D.L. Kock. 
1980. A l ga l  growth p o t e n t i a l s  i n  t h e  
Truckee River ,  Lahontan Reservoi  r and 
Pyramid Lake, Nevada. Deser t  Res. Ins t . ,  
Pub. No. 50017. U n i v e r s i t y  o f  Nevada, 
Reno. 

Loeb, S.L., J.E. Reuler,  and C.R. Goldman. 
1983. L i t t o r a l  zone p roduc t i on  o f  
01 i g o t r o p h i c  lakes :  t h e  c o n t r i b u t i o n s  o f  
phy top lank ton  and per iphy ton .  Develop. 
Hydrobol.  17:161-167. 



Lorz, H.W. 1974. Ecology and management 
o f  brown t r o u t  i n  L i t t l e  Deschutes R ive r .  
Oreg. Dep. F i s h  W i l d l .  F ish .  Res. Rep. 8. 
49 p. 

Lowe, C.H. 1964. Ar i zona  landscapes and 
h a b i t a t s .  Pages 137-270 C.H. Lowe, 
ed . The ve r t eb ra tes  o f  Ar izona.  
U n i v e r s i t y  o f  Ar izona Press, Tucson. 

Macio lek,  J.A. 1966. Abundance and 
charac te r  o f  microseston i n  a C a l i f o r n i a  
mountain stream. Verh, I n t .  Vere in .  
L imnol ,  16:639-645 

Maciolek, J.A., and M.G. Tun r i .  1968. 
Microseston dynamics i n  a s imple S i e r r a  
Nevada 1 ake-st ream system. Ecology 
49:60-75. 

Mansf ie ld ,  G.R. 1927. Geography, geo- 
logy,  and minera l  resources o f  p a r t  o f  
southeastern Idaho. U.S. Geol . Surv. 
P ro f .  Pap. 152. 

Marcuson, P.E, 1977. The e f f e c t  o f  c a t t l e  
g raz i ng  on brown t r o u t  i n  Rock Creek, 
Montana. Mont. Dep. F i s h  Game f ed .  A i d  
P ro j .  F -20 -R -21 - l l a .  16 p. 

Mason, D.T. 1967. Limnology o f  Mono Lake, 
C a l i f o r n i a .  U n i v e r s i t y  o f  C a l i f o r n i a  
Publ i c a t  i ons  i n  Zoology, Berke ley.  Vol . 
83. 110 pp. 

McBride, J.R., and J. Strahan. 1984. 
Fl u v i  a1 processes and wood1 and succession 
a long Dry Creek, Sonoma County, C a l i -  
f o r n i a .  Pages 110-123 ji R.E. Warner and 
K.M. Wendrix, eds. C a l i f o r n i a  r i p a r i a n  
systems, U n i v e r s i t y  o f  Cal i f o r n i a  Press, 
Berke ley . 

FtcConnell, W.J., and W.F. S i g l e r .  1959. 
Ch lo rophy l l  and p r o d u c t i v i t y  i n  a moun- 
t a i n  r i v e r .  Limnol . Oceanogr. 4:335-351.  

McConnell, W.J., W.J. C la rk ,  and W.F. 
S i g l e r .  1957. Bear Lake: i t s  f i s h  and 
f i s h i n g .  Utah and Idaho Departments o f  
F i s h  Game and Department W i  l d l  i fe  Manage- 
ment, Utah S ta te  Col lege,  Logan. 76 pp. 

McCullough, D.A., G.W. M insha l l ,  and C.E. 
Cushing. 1979a. B i oene rge t i c s  o f  a 
stream " c o l l e c t o r n  organism, u- 
corvthodes minutus (Insects: Ephemero- 
p t e r a )  . Limnel.  Oceanogr. 24:45-58. 

McCuflaugh, D.A., G.W.  Minsha l l ,  and C + E .  
Cushing. 1979b. B i oene rge t i c s  o f  l o t i c  
fi1 t e r - f e e d i n g  i n s e c t s  Simul iuq  sp. 
(D ip te ra )  and Hvdroesv& a c c i d e n t a l i s  
(T r i chop te ra )  and t h e i r  f u n c t i o n  i n  
c o n t r o l  1 i n g  o rgan ic  t r a n s p o r t  i n  streams. 
Ecology 60: 585-596. 

Meinzer,  O.E. 1922. Map o f  t h e  
P le i s t ocene  lakes  o f  t h e  Bas in  and Range 
Prov ince and i t s  s i g n i f i c a n c e .  B u l l .  
Geol.  Soc. Am. 33~541-552 .  

Melack, J.M. 1983. The ecology o f  Mono 
Lake, C a l i f o r n i a .  Nat .  Geogr. Soc. Res. 
Rep. 1979 P ro j ec t s .  Pages 461-470. 

M i l l ,  J.S. 1891. A system o f  l o g i c ,  8 t h  
ed. Harper and Brothers ,  New York. 659 
PP. 

M i l l e r ,  R.R. 1948. The cypr inodon t  f i s h e s  
o f  t he  Death V a l l e y  system o f  eas te rn  
Cal i f o r n i a  and southwestern Nevada. 
Un iv .  Mich, Mus. 2001. M isc .  Publ .  68.  
155 pp. 

Minck ley,  W.L., and D.E. Brown. 1982. 
Southwestern wet1 ands. B i o t i c  com- 
m u n i t i e s  i n  t h e  American Southwest--  
Un i t ed  S ta tes  and Mexico. Pages 223-288 
j ~ ,  O . A .  Brown, ed. Deser t  p l a n t s .  Vat.  
4 ,  No. 1-4, p .  6. U n i v e r s i t y  o f  Ar izona 
Press, Tucson. 

Minck ley,  W.L., D.L.  Hendrikson, and C . 1 ,  
Bond, 1985. Geography o f  western N o r t h  
American f reshwate r  f i s h e s :  description 
and r e l a t i o n s h i p  t o  i n t r a - c o n t i n e n t a l  
tec ton ism.  Pages 519-613 C.H. Hocu t t  
and E.O. Wi ley, eds. The zoogeography 
o f  No r t h  American f reshwate r  f i shes .  J .  
Wi ley  & Sons, New York. 

M insha l l  , G.W. 1967. Role o f  a1 lochthonous 
d e t r i t u s  i n  t h e  t r o p h i c  s t r u c t u r e  o f  a 
woodl and s p r i  ngbroak community . Ecology 
481139-149. 

M insha l l  , G.W. 1978. Autot rophy i n  stream 
ecosystems. BioScience 28: 767-771. 

M insha l l ,  G.W. ,  D.A. Andrews, F . L .  Rose, 
D.W. Shaw, and R.L. Newel l .  1973, 
V a l i d a t i o n  s t ud i es  a t  Deep Creek, Curlew 
Va l l ey ,  U.S.  I n t .  B i o l .  Prog.: Deser t  
Biome Res. Hem. RM 73-48: I -98.  



Minshall, G.W.,  K.W. Cumins, R .C .  
Petersen, C.E.  Cushing, D.A. Bruns, J.R. 
Sedell ,  and R.L. Vannote. 1985. 
Developments in stream ecosystem theory. 
Can. 3. Fish. Aquat. Sci .  42:1045-1055. 

Morrison, R.B. 1965. Quaternary geology 
of the  Great Basin. Pages 265-284 jrJ 
H.E .  Wright and David G.  Frey, eds. The 
Quaternary of the United Sta tes .  
Princeton University Press, NJ. 

Morri son, R. B. 1966. Predecessors of 
Great S a l t  Lake. Pages 120-247 in W.L. 
Stokes, ed. Guidebook t o  the  geology of 
Utah. Utah Geol . Soc. No. 20. Utah. S a l t  
Lake City, UT. 

Moyle, P.B.,  and B. Vondracek. 1985. 
Persistence and s t ruc tu re  of the  f i s h  
assemblage in a small California stream. 
Ecology 66:l-13. 

Murphy, D.D. ,  and B.W. Wilcox. 1985. 
Butterfly d ivers i ty  i n  natural habi ta t  
fragments: a t e s t  of the v a l i d i t y  of 
vertebrate-based management. Center fo r  
Conservation Biology, Department of 
Biological Sciences, Stanford Univer- 
s i t y ,  Stanford, CA. 26 pp. 

Mutz, K.M., and R.  Graham. 1982. Riparian 
community type c l a s s i f i c a t i o n ,  Big Piney 
Ranger D i s t r i c t .  U.S. Forest Service, 
Ogden, UT. 88 pp. 

Mutz, K.M. ,  and J .  Queiroz. 1983. 
Riparian community c l a s s i f i c a t i o n  f o r  the 
Centennial Mountains and South Fork 
Salmon River. U.S. Forest Service, 
Ogden, UT. 107 pp. 

Naiman, R .  J .  1976. Primary production, 
standing stock, and export of organic 
matter in a Mohave Desert thermal stream. 
Limn01 . Oceanogr. 21:60-73. 

Needham, J.G., and R. Q. Christenson. 
1927. Economic insec t s  in some streams 
of Northern Utah. Utah Agric. Exp. Sta. 
Bull . 201. 

Nelson, N. F. 1955. Ecology of Great Sa l t  
Lake marshes. Proc. Utah Acad. Sci. Arts 
Lett.  32:37-40. 

1 ivestock and wildl i f e / f i  sher ies  use of 
western rangeland. Pages 19-24 h J.W. 
Menke, ed. Proc. of t h e  workshop on 
l i v e s t o c k  and w i l d l i f e - f i s h e r i e s  
re la t ionships  in the  Great Basin. Univ. 
of Cal i f .  Div. Agr. Sci .  Spec. Publ. 
3301. University of Cal i fornia ,  
Berkeley . 

Nielsen, D.B. ,  B.E. Godfrey, M. Benson, 
W .A. Evans, L. Nel son, and G.A. Swanson. 
1977. Socio-economic aspects of 
l ives tock and wildl i f e - f i s h e r i e s  i n t e r -  
actions.  Pages 103-107 jrJ J.W. Menke, 
ed. Proc. of the  workshop on 1 ivestock 
and wildl i f e - f i s h e r i e s  re la t ionships  in 
the  Great Basin. Univ. of Cal i f .  Div. 
Agr. Sci .  Spec. Publ. 3301. University 
of Cal i fo rn ia ,  Berkeley. 

Nolan, T.B. 1943. The Basin and Range 
Province in Utah, Nevada, and Cali-  
fornia.  U.S. Geol. Surv. Prof. Pap. 
197-D:141-196. 

Norton, B.E . ,  J.S. Tuhy, and S.E. Jensen. 
1981. Riparian community c l  a s s i f i  - 
cation f o r  the  Greys River, Wyoming. 
U.S. Forest Service, Ogden, UT. 190 pp. 

Nyquist, D . ,  and W.F. S ig le r .  1967. Algal 
growth in  Bear Lake, Utah-Idaho water as  
affected by phosphorus and nitrogen 
addit ives.  Proc. Utah Acad. Sci .  Arts 
Lett .  44:590-594. 

Oakleaf, R.J., and D.A. Klebenow. 1975. 
Changes of avifauna populations of the  
lower Truckee River. Nev. Dep. Fish 
Game, Spec. Res. Proj. W-53-R. 

Oakleaf, R.J., C.  Maser, and T. Nappe. 
1977. Livestock and nongame wi ld l i fe .  
Pages 95-102 h J.W. Menke, ed. Workshop 
on 1 ivestock and wildl i f e - f  i sher ies  
re la t ionships  in  the Great Basin. Univ. 
of Cal i f .  Div. Agr. Sci. Spec. Publ. 
3301. University of California,  
Berkeley. 

Oberndorfer, R.Y . ,  J.V. McArthur, and J.R. 
Barnes. 1984. The e f f e c t  of inverte-  
bra te  predators on leaf  l i t t e r  pro- 
cessing in an alpine stream. Ecology 
65: 1325- 1331. 

Nie'lsen, D.B., and B.E. Godfrey. 1977. Ogden, P.S. 1972. Peter Skene Ogden's 
Rural and regional ecoriomic aspects of Snake Country journal s,  1827-1829. G. 

136 



Will iams, ed. Hudson's Bay Record Soc. steelhead t r o u t  f r y .  Trans. Am. Fish. 
( lond. ) Pub1 . 28. SOC. 104:461-466. 

Packard, A.S. 1879. The sea-weeds o f  S a l t  
Lake. Am. Nat. 13:701-703. 

Paerl, H.W., R.C. Richards, R.L. Leonard, 
and C.R. Goldman. 1975. Seasonal 
n i t r a t e  c y c l i n g  as evidence f o r  complete 
v e r t i c a l  mix ing i n  Lake Tahoe Ca1 i f o r n i a -  
Nevada. Limnol. Oceanogr. 20: l -8.  

Pase, C.P., and E.F. Layser. 1977. 
C l a s s i f i c a t i o n  o f  r i p a r i a n  h a b i t a t  i n  the 
Southwest. I n  Importance, preservation, 
and managemex o f  r i p a r i a n  hab i ta t .  U.S. 
For. Serv. Gen. Tech. Rep. RM-43. 

Pennak, R. S. 1963. Rocky Mountain 
states.  Pages 349-369 ~ D.G. Frey, ed. 
Limnology i n  North America. Un ive rs i t y  
o f  Wisconsin Press, Madison. 

Perkins, M.A. 1976. The in f luence o f  
epi 1 i t h i c  per iphyton upon phosphorus f low 
i n  a subalpine stream. Ph.D. 
D isse r ta t i on .  U n i v e r s i t y  o f  Ca l i f o rn ia ,  
Davi s. 

Perkins, D.J., B.N. Carlsen, M. Fredstrom, 
R.H. M i l l e r ,  C.M. Rofer, G.T. Ruggerone, 
and C.S.  Zimmerman. 1984. The e f f e c t s  
o f  groundwater pumping on natura l  spr ing  
communities i n  Owens Val ley.  Pages 
515-527 .ir~ R.E. Warner and K.M. Hendrix, 
eds. C a l i f o r n i a  r i p a r i a n  systems. 
Un ive rs i t y  o f  Cal i f o r n i a  Press, Berkeley. 

Perry, L. E. 1943. Bio logy and economic 
s ign i f i cance  o f  t he  peaknose c i sco  o f  
Bear Lake, Idaho and Utah. Ph.D. 
D isser ta t ion .  Michigan Un ive rs i t y  
( o r i g i n a l  no t  seen, c i t e d  by McConnell e t  
a l .  1957). 

Petersen, R.C., and K.W. Cumins. 1974. 
Leaf processing i n  a woodland stream. 
Freshwater B i o l .  4:343-368. 

Peterson, C.S. 1985. Grazing i n  Utah: a 
h i s t o r i c a l  perspect ive.  I n  Proc. 
selected pap. pres. a t  t he  5 t h  ann. 
meet. o f  Soc. f o r  Range Manage. 

P h i l l i p s ,  R., R. L a r i t z ,  E. C la i re ,  and J. 
Moring. 1975. Some e f f e c t s  o f  gravel  
mixtures on emergence o f  coho salmon and 

P is te r ,  P.E., and J.H. Kerbavaz. 1984. 
F i sh  Slough: a case study i n  management 
o f  a desert  wetland system. Pages 
929-933 R.E. Warner and K.M. Hendrix, 
ed . Cal i f o r n i a  r i p a r i a n  systems. 
Un ive rs i t y  o f  C a l i f o r n i a  Press, Berkeley. 

P la t t s ,  W.S. 1979. L ives tock  grazing and 
r i  parian/stream ecosystems--an overview. 
Pages 39-45 O.B. Cope, ed. Proc. o f  
t he  forum on graz ing  and r ipar ian/st ream 
ecosystems. Trout  Unl imi  ted, Denver, CO. 

P la t t s ,  W.S., and S.E. Jensen. 1986. 
Wetl and/ r ipar i  an ecosystems o f  t he  Great 
Basin/Desert and Montane Region: an 
overview. Nat. Wetl. Tech. Council 
Workshop. Feb. 17-21, 1986. Utah State 
Un ive rs i t y ,  U.S. Forest  Service, Logan. 
32 PP. 

P la t t s ,  W.S., and R.L. Nelson. 1983. 
Populat ion f l u c t u a t i o n s  and generic 
d i f f e r e n t i a t i o n  i n  t he  Humboldt c u t -  
t h r o a t  t r o u t  o f  Gance Creek, Nevada. 
Cal i f -Nev.  Wild1 . Trans. 1983: 15-19. 

P la t t s ,  W.S., and R.L. Nelson. 1985. 
Impacts o f  r e s t - r o t a t i o n  grazing on 
stream banks i n  forested watersheds i n  
Idaho. N. Am. J. Fish. Manage. 5:547- 
556. 

P la t t s ,  W.S., and F.J. Wagstaff. 1984. 
Fencing t o  con t ro l  1 i ves tock  grazing on 
r i p a r i a n  hab i ta t s  along streams: i s  i t  
a v iab le  a l t e r n a t i v e ?  N. Am. J. Fish. 
Manage. 4:266-272. 

P la t t s ,  W.S., W.F. Megahan, and G.W, 
Minshal l  . 1983. Methods f o r  eva lua t ing  
stream, r i p a r i a n ,  and b i o t i c  condi t ions.  
U.S. For. Serv. Intermountain For. Range 
Ext. Stn. Gen. Tech. Rep. INT-138. 70 
PP - 

P la t t s ,  W.S., K.A. Gebhardt, and W.J. 
Jackson. 1985. The e f f e c t s  o f  l a rge  
storm events on Basin-Range r i p a r i a n  
stream hab i ta ts .  Pages 30-34 & Johnson 
e t  a l . ,  ed. Ripar ian  ecosystems and 
t h e i r  management: reconci 1 i ng c o n f l  i c l i n g  
uses. U.S, For. Serv. Gen, Tech. Rep, 
RM-120. 



Rankama, K., and T. G. Shama. 1950. Geo- 
chemistry. U n i v e r s i t y  o f  Chicago Press. 

Rawson, D.A., and J.E. Moore. 1944. The 
s a l i n e  lakes  o f  Saskatchewan. Can. J. 
Res. 22:141-201. 

Reichmuth, D.R. 1986. F l u v i a l  systems i n  
the  wet1 ands environment . Nat . Wetl . 
Tech. Counci l  Workshop. Feb. 17-21, 
1986. Utah Sta te  Un ive rs i t y ,  Logan. 45 
PP. 

Sharp, R.P. 1938. Ple is tocene g l a c i a t i o n  
i n  t h e  Ruby-East Humboldt Range, 
nor theastern Nevada. J. Geomorph. 
1 : 296-323. 

Shaw, S.P., and R.L. Fredine. 1956. 
Wetlands o f  t h e  Un i ted  States.  U.S. F i sh  
Wi ld l .  Serv. C i rc .  39. 67 pp. 

Short, S.H. 1965. A h i s t o r y  o f  t h e  Nevada 
l i v e s t o c k  i ndus t r y  p r i o r  t o  1900. M.S. 
thes is .  U n i v e r s i t y  o f  Nevada. 105 pp. 

Reimers, N., J.A. Maciolek, and E.P. S ig le r ,  W.F. 1951. The l i f e  h i s t o r y  and 
Pi s t e r .  1955. L imnological  study o f  management o f  t h e  mountain w h i t e f i s h  
the  lakes i n  Convict  Creek Basin, Mono P roso~ ium w i l l i amson i  (Girard)  i n  Logan 
County, C a l i f o r n i a .  U.S. F ish Wi ld l .  River, Utah. Utah Agr ic .  Exp. St .  B u l l .  
Serv. Fish. B u l l .  103:437-503. 347. 21 pp. 

Reuter, J.E., S.L. Loeb, and C.R. Goldman. 
1986. Inorgan ic  n i t r o g e n  uptake by 
e p i l i t h i c  per iphy ton i n  a N-de f i c i en t  
lake.  Limnol. Oceanogr. 31:149-160. 

Rawley, W.D. 1985. U.S. Forest  Serv ice 
and graz ing  o f  range1 ands--a h i  s to ry .  
Texas A&M U n i v e r s i t y  Press. 270 pp. 

Russel l ,  I . C .  1885. Geologic h i s t o r y  o f  
Lake Lahontan. U. S. Geol . Surv. Monogr. 
No. 11. 288 pp. 

S ig le r ,  W.F., and R.L. M i l l e r .  1963. 
Fishes o f  Utah. Utah Dep. F i sh  Game, 
S a l t  Lake C i t y ,  UT. 203 pp. 

S ig le r ,  W.F., and J.W. S i g l e r .  1987. 
Great bas in  f i shes .  U n i v e r s i t y  o f  Nevada 
Press, Reno. 

Skinner, Q., J. Adams, P. Rechard, and A. 
B e t t l e .  1974. E f f e c t s  o f  summer use o f  
a mountain watershed on b a c t e r i a l  water 
qua1 i ty. J. Environ. Qua1 . 3:329-335. 

Sakaguchi, D.K. 1978. L i f e  h i s t o r i e s  and Smith, B.H. 1982. L i v e s t o c k - - r i p a r i a n - -  
feeding h a b i t s  o f  two Za~aada species f i s h e r i e s  i n t e r r e l a t i o n s h i p s  o r  
(Nemouridae: P l  ecoptera) i n  a Rocky func t i ona l  appl i c a t i o n  o f  adaptat ion fG 
Mountain stream. M.S. Thesis. Brigham personal s u r v i v a l .  Proc. 17th Annu. 
Young Un ive rs i t y ,  Provo, UT. Meet. Am. Fish. Soc. 4 pp. 

Samuelson, J.A. 1950. A q u a n t i t a t i v e  Smith, B.H. 1983a. Restora t ion  o f  
comparison o f  t h e  a l g a l  populat ions i n  r i p a r i a n  h a b i t a t s  w i t h i n  t he  BLM-Rock 
two Wasatch Mountain streams. Proc. Utah Springs D i s t r i c t .  U.S. Bureau o f  Land 
Acad. Sci.  A r t s  Let .  2 7 ~ 7 6 .  Management, Rock Springs, WY. 8 pp. 

Sather, J.H., and R.D. Smith. 1984. An 
overview o f  major wetland funct ions.  
U,S. F i sh  W i l d l  . Serv. FWS/OBS-84/18. 
68 PP. 

Sat ter lund,  D.R. 1975. The water resource 
i n  range ecosystems management. Pages 
19-26 Range mu1 t i p l e  use management. 
Washington Sta te  Un ivers i ty ,  Oregon Sta te  
Un ive rs i t y ,  U n i v e r s i t y  o f  Idaho. 

Saunders, J.W., and M.W. Smith. 1962. 
Physical a l t e r a t i o n  of stream h a b i t a t  t o  
improve brook t r o u t  product ion.  Trans. 
Am. Fish. Soc. 91:185-188. 

Smith, B.H. 1983b. R ipar ian  w i l l o w  
management: i t s  problems and poten- 
t i a l s ,  w i t h i n  t he  scope o f  m u l t i p l e  use 
on p u b l i c  lands. Pages 15-20 b H.G. 
F i sse r  and K.L. Johnson, eds. Pro- 
ceedings 9 t h  Wyoming Shrub Ecology 
Workshop, U n i v e r s i t y  o f  Wyoming. 
D i v i s i o n  o f  Range Management, Lander. 

Smith, G.R. 1959. E f f e c t s  o f  p o l l u t i o n  on 
t h e  Weber River ,  Utah. M.S. Thesis. 
U n i v e r s i t y  o f  Utah, S a l t  Lake C i t y .  

Smith, R.J. 1981. Managing graz ing  on 
r i p a r i a n  ecosystems t o  b e n e f i t  w i l d1  i f e .  



Pages 21-31 0.5. Cope, ed. Proc. o f  
the  forum-grazi ng and r i  parian/stream 
ecosystems, Denver, Co1 orado, Nov. 3-4, 
1981. 

Snyder, C.T., G. Hardman, and F.F. Zdenek. 
1964. Ple is tocene lakes  i n  t he  Great 
Basin. U. S. Geol . Surv. M i  sc. Geol . Inv, 
Map-1416. 

Squires, L.E., S.R. Rushforth, and C.J. 
Endsley. 1973. An eco log ica l  survey o f  
the  algae o f  Hunt ington Canyon, Utah. 
Brigham Young Univ. Sci  . B u l l .  B i o l  . Ser. 
18(2) : 1-87. 

Starnes, L.B. 1985. Aquatic community 
response t o  techniques u t i l i z e d  t o  
rec la im Eastern U.S. coal sur face mine- 
impacted streams. Pages 193-222 h J.A. 
Gore, ed. The r e s t o r a t i o n  o f  r i v e r s  and 
streams. But te rwor th  Publ i shers, Boston. 

Starostka, V.J. 1979. Some e f f e c t s  o f  
r e s t - r o t a t i o n  graz ing  on the  aquat ic  
h a b i t a t  o f  Seven-Mile Creek, Utah. Pages 
61-73 Trans. Bonnev i l le  Chapter Am. 
Fish. Soc., S a l t  Lake C i t y ,  UT. 

Stewart, G.  1941. H i s t o r i c  records 
bearing on a g r i c u l t u r a l  and graz ing  
ecology i n  Utah. J. For. 39:363-375. 

St ine,  S., D. Gaines, and P. Vorster. 
1984. Dest ruc t ion  o f  r i p a r i a n  systems 
due t o  water development i n  t h e  Mono Lake 
watershed. Pages 528-533 ~IJ R.E. Warner 
and K.M. Hendrix, eds. C a l i f o r n i a  
r i p a r i a n  systems. U n i v e r s i t y  o f  Ca l i  - 
f o r n i a  Press, Berkeley. 

Stube, J.C., F.J. Post, and D.B. Porcel la.  
1976. Ni t rogen c y c l i n g  i n  microcosms and 
appl i c a t i o n  t o  the  b io logy  o f  the 
nor thern arm o f  the  Great S a l t  Lake. 
Utah Water Resources Laboratory, Logan. 

Sumner, F.J. 1939. The dec l i ne  o f  the  
Pyramid Lake f i she ry .  Trans. Am. Fish. 
SOC. 69:216-224. 

Swanson, G.A. 1977. B i o l o g i c a l  consider- 
a t i ons  toward 1 ivestock,  f i she r ies ,  and 
w i l d l  i f e  on pub1 i c  lands. Pages 25-29 b 
J.W. Menke, ed. Proc. o f  t h e  workshop on 
1 i v e s t o c k  and w i l d l  i f e - f i s h e r i e s  
r e l a t i o n s h i p s  i n  the  Great Basin. Univ. 

C a l i f .  D iv .  Agr. Sci .  Spec. Publ. 3301. 
U n i v e r s i t y  o f  C a l i f o r n i a ,  Berkeley. 

Tansley, A.G. 1929. Succession: t h e  
concept and i t s  values. Pages 677-686 jr~ 
Proc. I n t .  Cong. P lan t  Sci .  1926. 

Tarzwell  , C.M. 1938. Factors i n f l u -  
encing f i s h  food and f i s h  product ion i n  
southwestern streams. Trans. Am. Fish.  
SOC. 67:246-255. 

Taylor, S.A., and G.L. Ashcrof t .  1972. 
Physical edaphol ogy . W. H. Freeman and 
Company, San Francisco, CA. 533 pp. 

Thomas, J.W., C. Maser, and J.E. Rodiek. 
1979. R ipar ian  zones i n  managed 
range lends- - the i r  importance t o  w i l d l i f e .  
Pages 21-31 0.5. Cope, ed. Proc. o f  
t h e  forum on graz ing  and r ipar ian /s t ream 
ecosystems. Trout  Unl i m i  ted.  

Thomas, N.A., and R.L. OIConnell. 1966. 
A method f o r  measuring pr imary product ion 
by stream benthos. Limn01 . Oceanogr. 
11 :386-392. 

T iner ,  R.W. 1984. Wetlands o f  t he  Uni ted 
States: cu r ren t  s ta tus  and recent  
trends. U.S. Government P r i n t i n g  O f f i c e  
Pub1 . NO. 439-855-814/10879. 59 pp. 

Townley, J.M. 1980. The Truckee Basin 
f i she ry ,  1844-1944. Nevada H i s t o r i c a l  
Society i n  cooperat ion w i t h  Desert 
Research I n s t i t u t e ,  U n i v e r s i t y  o f  Nevada, 
Reno. 

Tuhy, J.S., and S.E. Jensen. 1982. 
R ipar ian  c l a s s i f i c a t i o n  f o r  t h e  upper 
Salmon/Middl e Fork Salmon Rivers, Idaho. 
U.S. For. Serv., Ogden, UT. 195 pp. 

Unsicker, J.E., C.A. White, M.R. James, and 
J. D. Kuykendal 1 . 1984. Pro tec t ing  
stream environment zones t o  preserve 
water qua1 i t y  i n  t h e  Lake Tahoe Basin, 
Pages 808-814 b R.E. Warner and K.H. 
Hendrix, eds. C a l i f o r n i a  r i p a r i a n  
systems. U n i v e r s i t y  af Cal i f o r n i a  Press, 
Berkeley. 

U.S. A i r  Force. 1988. Environmental 
impact ana lys is  process- -MX M i  s s i  1 e 
Program. 111, Par t  I :  Af fec ted envi ron-  
ment. 351 pp. 



U.S. Bureau of Land Management. 1986. 
West desert pumping project, draft 
environmental impact statement. Salt 
Lake District Office. Salt Lake City, 
UT, 186 pp. 

U. S. Bureau of Recl amati on. 1975. 
Critical water problems facing the el even 
western states. U. S. Government Printing 
Office. Washington, DC. 457 pp. 

U.S. Bureau of Reclamation. 1979a. 
Central Utah project, Bonneville Unit, 
municipal and industrial system, final 
environmental statement. Yo1 . 1. Upper 
Colorado Regional Off ice. Salt Lake 
City, UT. 

U .S. Geol ogi cal Survey. 1981. Water 
resources data--Nevada; water year 1980. 
U.S. Geol. Surv. Water Data Rep. NV-80. 

U.S. Geological Survey. 1982. Water 
resources data- -Ca1 i forni a; water year 
1981. U.S. Geol. Surv. Water Data Rep. 
CA-81. 

U.S. Geological Survey. 1984. Water 
resources data--Oregon; water year 1983. 
U.S. Geol . Surv. Water Data Rep. OR-83. 

U.S. Geological Survey. 1985. Water 
resources data--Utah; water year 1984. 
U.S. Geol. Surv. Water Data Rep. UT-84. 

U.S. Bureau of Reclamation. U.S. Soil Conservation Service. 1975. 
1979b' Soil taxonomy. U.S. Dep. Agric. Hand- Central Utah project, Bonneville Unit, 

municipal and industrial system, final book No. 436. D.C. 754 pp. 

2' Upper Utah Department of Natural Resources. 
Co'orado Regi0na1 Off ice' Lake Great Salt Lake comprehensive an 
City, UT. Division of Great Salt Lake, Board of 

U.S. Fish and Wildlife Service. 1986a. 
Status of National Wetlands Inventory-- 
Region 1. Portland, OR. 12 pp. 

U.S. Fish and Wildlife Service. 1986b. 
Status of National Wet1 ands Inventory- - 
Region 6. Denver, CO. 14 pp. 

U.S. Forest Service. 1978. Draft environ- 
mental statement and proposed 1 and 
management p1 an- -Sal t Lake Planning Unit . 
Intermountain Region. R4-78- 1. Ogden, 
UT. 296 pp. 

Great Salt Lake. Salt Lake City, UT. 
Unpubl . MS. 

Utah Department of Natural Resources. 1980. 
An inventory of streams flowing across 
lands administered by the Bureau of Land 
Management, Pts 1-4. Salt Lake City. 

Vannote, R.L., 6.W. Minshall, K.W. Cumins, 
J.R. Sedeil, and C.E. Cushing. 1980. 
The river continuum concept. Can. J.  
Fish. Aquat. Sci. 37: 130-137. 

Van Velson, R. 1979. Effects of live- 
stock grazing upon rainbow trout in Otter 
creek.- Pages '53-55 jrJ 0.0. Cope, ed. 

UsS. 1979a* Water Proceedings of the forum--grazing and 
resources data- -Utah; water year 1978. ripari an,stream U.S. Gesl* Surv. Water Data Rep. UT-78. Trout 

Unl imited, Denver, CO. 

U, S. GeologJcal Survey, 1979b. Water 
resources data--Nevada; water year 1978. 
U.S .  Geol . Surv. Water Data Rep. NV-78. 

U.S. Geological Survey. 1979~. Water 
resources data--Oregon; water year 1978. 
U,S. Geol, Surv. Water Data Rep. OR-78. 

U.S, Geol ogical Survey, 1979d. Water 
resources data- -Gal i fornia; water year 
1978. U.S. Geol . SUPV. Water Data Rep. 
CA-78. 

Warner, R.E., and K.M. Hendrix, editors. 
1984. California riparian systems: 
ecology, conservation, and productive 
management. University of Cal ifornia 
Press, Berkeley. 953 pp. 

Warren, P.L., and L.S. Anderson. 1985. 
Gradient analysis of a Sonoran Desert 
wash. Pages 150- 155 jrJ Johnson et a1 . , 
eds . Riparian ecosystems and their 
management: reconci 1 ing confl icti ng uses. 
U.S. For. Serv. Gen. Tech. Rep. RM-120. 



Wesche, T.A. 1985. Stream channel modi- 
f i c a t i o n s  and rec lamat ion  s t r u c t u r e s  t o  
enhance f i s h  h a b i t a t .  Pages 103-163 jl! 
J.A. Gore, ed. The r e s t o r a t i o n  o f  r i v e r s  
and streams. Bu t t e rwo r t h  Pub1 i shers ,  
Boston. 

West, N.E., e d i t o r .  1983. Ecosystems o f  
t h e  wor ld .  5. Temperate dese r t s  and 
semi -deser ts .  E l  sev i e r  S c i e n t i f i c  Pub- 
l i s h i n g  Company, New York. 

Whitehead, H.C., and J.H. Feth. 1961. 
Recent chemical analyses o f  waters from 
severa l  c losed  bas i n  l a kes  and t h e i r  
t r i b u t a r i e s  i n  t h e  western Un i t ed  States.  
B u l l .  Geol. Soc. Am. 72:1421-1425. 

Wi l l iams,  C.D. 1984. The d e c l i n e  o f  Ash 
Meadows, a unique dese r t  ecosystem. 
Pages 716-719 u R.E. Warner and K.M. 
Hendrix,  eds. Cal i f o r n i  a r i p a r i a n  
systems. U n i v e r s i t y  o f  C a l i f o r n i a  Press, 
Berke ley . 

Wi l l iams,  J.E., G.C. Kobet ich,  and C.T. 
Benz. 1984. Management aspects o f  
r e1  i c t  popu la t i ons  i n  r i p a r i a n  systems o f  
t he  C a l i f o r n i a  Deser t .  Pages 706-715 jrJ 
R.E. Warner and K.M.  Hendrix,  eds. 
C a l i f o r n i a  r i p a r i a n  systems. U n i v e r s i t y  
o f  C a l i f o r n i a  Press, Berke ley.  

Wilson, L . ,  M.E. Olsen, T.B. Hutchings, 
A.R. Southard, and A.J. Er ickson.  1975. 
S o i l s  o f  Utah. Utah S ta te  Univ.  Ag r i c .  
Exp. Stn. B u l l .  492. 94 pp. 

Winger, P.V., E.J. Peters ,  M.J. Donahoo, 
J.R. Barnes, and D.A. White. 1972. A 
c h e c k l i s t  o f  t h e  macro inver tebra tes  o f  
t h e  Provo R iver ,  Utah. Great Bas in  Nat. 
32:211-219. 

Winget, R.N. 1981. MERCUR p r o j e c t  Ophi r  
Creek environmental  a n a l y s i s  1981 p re -  
1 im inary  r e p o r t .  Ge t ty  M inera l  Re- 
sources Company, S a l t  Lake C i t y .  

Winget, R.N. 1982. Aqua t i c  resource 
d e z c r i p t i o n  o f  P ine Grove Creek, Beaver 
County, Utah: 1980 and 1981 mon i t o r i ng  
r e s u l t s .  P ine Grave Assoc ia tes,  M i 1  Ford, 
UT. 21 pp. 

Winget, R., and M. Re icher t .  1976. 
Aquat ic  survey o f  se lec ted  streams w i t h  

c r i t i c a l  h a b i t a t s  on NRL a f f e c t e d  by 
1 i v e s t o c k  and r ec rea t i on .  Unpubl . f i n a l  
rep.,  U.S. Bureau o f  Land Management, 
Utah S t a t e  O f f i c e ,  S a l t  Lake C i t y .  109 
PP. 

Workman, G.W., and W.R. S i g l e r .  1964. The 
phys i ca l  and chemical  f a c t o r s  o f  Bear 
Lake and i t s  t r i b u t a r i e s ,  Utah- Idaho. 
Proc. Utah Acad. Sc i .  A r t s  L e t t .  41: 
34-48. 

Workman, G.W., and W.F. S i g l e r .  1965. Net 
p l ank ton  o f  t h e  Bear Lake 1 i t t o r a l  zone, 
Utah-Idaho. Proc. Utah Acad. Sc i .  A r t s  
L e t t .  42:74-84. 

Worster, D. 1986. R i ve r s  o f  Empire--  
water,  a r i d i t y  and growth o f  t h e  American 
West. Pantheon Books, New York. 402 pp. 

Young, J .A. 1978. H i s t o r i c a l  pe rspec t i ves  
r ega rd i ng  t h e  sagebrush ecosystem. Pages 
1-13 Proceedings, t h e  sagebrush 
ecosystem: a symposium. Utah S ta te  
U n i v e r s i t y ,  Co l lege  o f  Na tu ra l  Resources, 
Logan. 

Young, J.A., and €.A. Evans. 1985. The 
grand exper iment - - ranch ing  i n  t h e  Great 
Basin. Pages 2 -4  jrJ Proceedings, 
se lec ted  papers presented a t  t h e  38 th  
annual meet ing o f  t h e  Soc ie t y  f o r  Range 
Management. Soc. Range Manage., Denver, 
CO. 

Young, J.A. ,  R.A. Evans, and P.T. T u e l l e r .  
1976. Great Bas in  p l a n t  communit ies--  
p r i s t i n e  and grazed. Pages 187-215jrJ R. 
E l  ston, ed. Hol ocene environment ; change 
t h e  Great Basin. Nev. Archeol .  Surv. 
Res. Pap. No. 6. 

Young, J.A., R.A. Evans, and R.E. Ecker t .  
1984. Successional p a t t e r n s  and 
p r o d u c t i v i t y  p o t e n t i a l s  o f  sagebrush and 
s a l t  dese r t  ecosystems. Pages 1259-1299 

Proceedings, deve lop ing  s t r a t e g i e s  f o r  
rangeland management. Westview Press, 
Boulder, 60. 

Youngblood, A.P,, W.G. Padgett ,  and A.H. 
W i  nward. 1985a. R ipa r i an  c o m u n i  t y  t ype  
cl ass i  f i c a t i o n  o f  n o r t h e r n  Utah and 
adjacent  Idaho. P r e l  im inary  Report ,  
U. S. Fo res t  Serv ice,  Xn temounta in  
Region, Ogden, UT. 104 pp. 



Youngblood, A.P., W . G .  Padgett, and A . H +  Region. Pages 510-512 Ripar ian 
kiinward. 1985b. Ripar ian comuni  t y  type ecosystems and t h e i r  management. U.S. 
c l a s s i f i c a t i o n  of eastern Idaho and Forest Service, Gen. Tech. Rep. RM-120. 
western Wyoming. u.S.  Forest Service. 
R4-Ecol-85-01. 78 pp. Zarbock, W.M. 1951. L i f e  h i s t o r y  o f  the 

Utah sculp in,  Cottus b a i r d i  semiscaber 
Youngblood, A.P., W.G. Padgett, and A.H. (Cope). Trans. Am. Fish. Soc. 81:249- 

W i  nward. 1 9 8 5 ~ .  R ipar ian  community 259. 
type c l a s s i f i c a t i o n  i n  the  Intermountain 



5027? -101 

.. .. - . - - -- - -. . . - .- 
4. T;tle and Subtitle 

The Eco logy  o f  Stream and R i p a r i a n  H a b i t a t s  o f  t h e  Grea t  
B a s i n  Region:  A Community P r o f i l e  

. .- 
7. Author(,) 

-- .- -- .- - . .-- . . . . .- 

'Idaho S t a t e  U n i v e r s i t y  

" 

& Perlad Cowerad 

U.S. F i s h  and W i l d l i f e  S e r v i c e  Agency Env i ronmenta l  Research 
1010 Gause B o u l e v a r d  L a b o r a t o r y  
S l i d e l l ,  LA 70458 C o r v a l l  i s ,  OR 97333 

st reams;  f r e s h w a t e r  and s a l i n e  l a k e s ;  p l a y a  l a k e s ;  f r e s h w a t e r  and s a l i n e  we t lands  
and t h e r m a l  s p r i n g s  a s s o c i a t e d  w i t h  f a u l t i n g  and v o l c a n i c  a c t i v i t y .  A l l  o f  t h e s e  
a q u a t i c  h a b i t a t s  g e n e r a l l y  have a s s o c i a t e d  r i p a r i a n  h a b i t a t s .  However, r i p a r i a n  
h a b i t a t s  o f  t h e  Grea t  B a s i n  may be more mesic  t h a n  t h e  r i p a r i a n  h a b i t a t s  o f  t h e  
e a s t e r n  U n i t e d  S t a t e s .  

The G r e a t  B a s i n  compr ises t h e  n o r t h e r n  h a l f  o f  t h e  B a s i n  and Range P h y s i o g r a p h i c  
P r o v i n c e  and c o v e r s  most o f  Nevada and w e s t e r n  Utah and p o r t i o n s  o f  C a l i f o r n i a ,  
Oregon, and Idaho .  The e n t i r e  b a s i n  a c t u a l l y  c o n s i s t s  o f  numerous subbas ins  and 
mounta in  ranges wh ich  p r e s e n t  an e x t r e m e l y  d i v e r s e  p h y s i c a l  s e t t i n g .  T y p i c a l  
mounta ins  range  f rom about  2,100-3,000 m  i n  e l e v a t i o n  w h i l e  subbas in  f l o o r s  a r e  
t y p i c a l l y  1,500-1,800 m  i n  e l e v a t i o n .  The e n t i r e  Great  B a s i n  l i e s  i n  t h e  r a i n  shadow 
o f  t h e  S i e r r a  Nevada Mounta ins  and t h e  r e g i o n  i s  s e m i - a r i d  t o  a r i d .  

R i p a r i a n  and s t ream h a b i t a t s  w i t h i n  t h e  Grea t  B a s i n  have r e c e i v e d  l e s s  a t t e n t i o n  
f r o m  e c o l o g i s t s  t h a n  s i m i l a r  h a b i t a t s  e lsewhere  i n  t h e  U n i t e d  S t a t e s .  As  a 
consequence, l i t t l e  i s  known about  b i o t i c  communi t ies o r  abou t  c e r t a i n  aspec ts  o f  
s t r u c t u r e  and f u n c t i o n i n g  o f  t h e s e  e  
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