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Th i s  p r o i i  l e  r e p o r t  covers t h e  lower Colorado R iver  system from Dav is  Dam 
i n  southern Nevada i a  t he  border o f  Mexico. I t  i s  a syn thes is  o f  a i l  e x i s t i n g  
in format ion,  t o  t h e  ex ten t  poss ib le ,  desc r ib ing  t h e  ecology o f  t h e  lower Q lo -  
raoo River  and i t s  ad jacent  r i p a r i a n  ecosystem. I n  a sense, i t i s  a  h i s t o r i c a i  
as wel l  as an x o l o g f c a l  dccumnt .  H i s t o r l ~ a l l y ~  t h e  f low o f  t h e  r i v e r  decided 
i h e  na tu re  o f  t h e  ecology o f  t h e  lower Colorado River .  The lower Calarado 
R iver  I s  p resen t l y  complete ly  c o n t r o l  tad by a  s e r i e s  o f  upstream impoundments 
t h a t  r e g u l a t e  t h e  f low o f  t h e  r i v e r .  Th is  c o n t r o l  p rov ides  man w i t h  t h e  oppor- 
t u n i t y  t o  manipu la te  The r i v e r  and I t s  a d j o i n i n g  f  l o o d p l a i n  t o  an e x t e n t  
probably n o t  r e a l  ized on any o t h e r  r i v e r  system I n  t h e  Uni ted Sta*es. As a 
consequencer t h e r e  i s  l ltt l e remain i ng o f  t h e  "na tu ra lw  systems t h a t  former!  y 
f l o u r l s h s d  I n  and along t h e  r i v e r  p r i o r  t o  i t s  se t t l ement  by emigrants o f  Euro- 
pean descent. The r i v e r  and i t s  ad jacent  r i p a r i a n  borders  a r e  and w i l l  be what 
T h e  c i t i z e n s  o f  t h e  southwestern Un i t&  States and. t o  some extant,  t h e  whale 
n a t i o n  want it t o  be. Th is  r g p o r t  w i  l l f a c l  i l t a t e  e f f o r t s  o f  those managers, 
~ o l o g I s t s ~  p o l i t i c i a n s r  and oTher i n t e res t sd  p a r t i c i p a n t s  i n  dec id i ng  what 
k i nds  o f  e n v i r o n m n t  we want along t h e  lower & lorado R lvs r .  

The stnttlors have t r i a d  t o  show haw hydr-oiogy and vege ta t i on  fo rmer ly  s e t  
the %t*age f o r  f  l s h  and w i  l d l i f e  h a b l t d t s  an0 populations along t h e  r i v e r ,  and 
how l a n d  and walcr  use pr-ac'tices c u r r e n t l y  c o n t r o l  f i s h  and w l l d l i f s  h a b i t a t s  
and popula-t.ions. The report* i s  deslgned "r prov ide  the? reader  wll-h easy eccesr 
to  in fo rmat ion  on a v a r i e t y  o f  sub jec t s  r e l a t s d  t o  t h e  hydrology and ~ c o l o g y  o f  
T h e  r i v e r  aver  time, Ttlero i s  sornc7 redundance f o r  i h  i s  reason; hawever, ? h i s  
d e c i s i o n  was a C O ~ S C I O U S  one t o  p rov i de  i n t e r n a l  c l a r i t y  w i t h i n  d i f f e r e n t  
ssctiasas o f  t h e  r epo r t .  Ua I i vo  f l o o d p l a i n  vegeia t ion l  f o r  ax ample^ 15 con- 
t rol  tad by overbank f l m d  ing and groundwater, and i s  d iscussed i n  those t e r m .  
On t h e  other- hand, vege ta t ion  c o n f r o i s  w i l d l l f e  and It 1.; a l s o  dsscr ibed In 
term5 of  w i  i d i  i f e  h a b i t a t .  

The ser i ior  au%hor had overa l  l r e p o n s l  b l  I i i y  f o r  ass lyn ing  sub jec t s  f o r  
review and  synthes is  and f o r  i n t e g r a t i n g  t h e  var lous components o f  t h e  r e p o r t .  
Quest ionr and c o m n t s  on t h e  t x h n  i c a i  and s c f e n i i  f ic can tan ts  o f  t h e  r q o r t  
c ,hould  bu addrossod f o  t h e  autltors. Requests fo r  cop ies of t h a  r e p o r t  shctuld 
be dddressed to :  

i n fo rmat ion  blanegemnf S w t l c j n  
Nat iona i  Ecology Hesearch Csntsr 
U,S, F i s h  and Wildlife Serv ice  
Creekside One Bul !d ing  
2627 Hednlny b a d  
Far? pCb t f i n = ,  U3 50525-2899 



m i l l i m e t e r s  (mm) 
cent imeters (cm) 
meters ( m )  
k l l ometers (km) 

square meters (m2) 
square k i l ometers ( km2) 
hectares (ha) 

l i t e r s  ( 1 )  
cub ic  meters (m3) 
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m i l l i g rams  (mg) 
grams ( g )  
k i lograms (kg)  
me t r i c  tons  (t) 
met r i c  tons (t) 

k l  l oca lo r les  ( k c a l l  
Cels ius degrees ( P I  

inches ( inches)  
l nches ( inches) 
f e e t  ( f t )  
f a t  horns 
m i les  ( m i )  
nau t i ca l  m i les  (nmi) 

square f e e t  ( f t 2 )  
acres 
square m i  l es (mi21 

ga l l ons  ( g a l )  
cub ic  f e e t  ( f t 3 )  
acre-feet ( a c r e - f t l  

ounces ( o z )  
pounds ( i b )  
shor t  Tons ( t a n )  

B r l t i s h  thermal u n i t  (BTU? 
Fahrenheit  degrees (Fof 

0.03937 inches 
0.3937 inches 
3.281 fee t  
0.8214 mi les  

10.76 square f e e t  
0.3861 square m i  l es 
2.471 acres 

0.2642 gal ions 
35.31 cubic f e e t  

0.00031 10 acre-feet 

0.00003527 ounces 
0.03527 ounces 
2.205 pound s 

2205.0 pounds 
1.102 shor t  tons 

3.958 B r i t i s h  thermal u n i t s  
1.8(CoI + 32 Fahrenheit degrees 

25.40 m l  f l imeters 
2.54 c e n t l  meters 
0.3048 meters 
1.829 meters 
1.609 k i l ometers 
1.852 k i l ometers 

square meters 
hectares 
square k i l ometers 

3.785 I i t e r s  
0.02831 cubic meters 

1233.0 cub ic  meters 

28.35 g rams 
0.4536 grams 
0.9072 met r i c  tons  

0.2520 k i l o c a l o r i e s  
0.5556(FO) - 32 Cels ius degrees 
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The Colorado River  has played a 
m a j o r  r o l e  i n  shaping t h e  physical,  
b i o t i c ,  and c u l t u r a l  h i s t o r y  of  a 
l a r g e  p o r t  i o n  o f  w e s t e r n  N o r t h  
America. I n  t h e  a r i d  Southwest it i s  
a permanent sou rce  o f  water  i n  an 
o t  herw i s e  a r i d  env i ronment.  I t s  
waters c o  l l e c t  f rom mel t  i ng snows and 
become heav i l y l aden w i t h  sediments 
f rom t h e  cont inent "  i n t e r i o r .  UI- 
t imatel y, these sed iments were depos- 
i t e d  t o  form t h e  d e l t a  a t  t h e  Gul f  o f  
C a l i f o r n i a  when t h e  r i v e r  f lowed under 
na tura l  cond i t ions .  

An eco log ica l  d e s c r i p t i o n  o f  t h e  
lower  Co lo rado  R i v e r  system today  
cannot be made w i thout  d iscussing t h e  
d r a s t i c  and r a p i d  rnodi f  i c a t  ion t h a t  
t h e  system has undergone dur ing  t h e  
l a s t  150 y e a r s  o f  human use. The 
Co lo rado  R i v e r  once i n s p i r e d  o n l y  
explorers,  geo log is ts r  and b i o l o g i s t s .  
The modern r i v e r  i s  now c o n t r o l l e d  and 
manipu la ted  by p o l i t i c i a n s ,  lawyers, 
engineers, farmers, and r e c r e a t i o n i s t s  
who s t r i v e  t o  harness i t s  power? t o  
i r r i g a t e  deser t  lands, and otherwise 
make use o f  i t s  water. The pol it i c s  
o f  water i s  a fundamental aspect o f  
l i f e  i n  t h e  Southwest today s imply 
because water i s  v i t a l  t o  human ex is-  
t e n c e  i n  deser t  environments. Th i s  
r e a l i t y  i n  i t s e l f  has been detr imenta l  
t o  na tura l  resources along t h e  Colo- 
r a d o  R i v e r  w i t h i n  a r e l a t i v e l y  few 
years. 

The lower Colorado R iver  i s  one o f  
t h e  most manipula-ted eco log ica l  sys- 
tems i n  North America. The taming o f  
t h e  lower Colorado River  and changes 
i n  i t s  f a u n a l  and f l o r a l  d i v e r s i t y  

make i t  an i m p o r t a n t  ecosys tem t o  
s tudy .  The re fo re ,  t h i s  community 
p r o f i l e  o f  t h e  lower Colorado River  
addresses both pas t  and present  eco- 
l o g i c a l  dynamics o f  t h e  system. We 
attempt t o  out  l i ne presen-t and f u t u r e  
management problems on the  lower Colo- 
rado River, based on cornrnun i t y  dynam- 
i cs  and prospect ive  s o l  u t  ions t o  these 
prob l ems. 

This  community p r o f i l e  i s  intended 
f o r  use by a number o f  pa r t i es .  P r i -  
mar i ly ,  t h i s  document should encompass 
much o f  t h e  general in fo rmat ion  on t h e  
p a s t  and p r e s e n t  c o n d i t i o n s  o f  t h e  
r i v e r  and i t s  assoc ia ted  f l o r a  and 
fauna. We hope t h a t  t h e  in fo rmat ion  
included here i s  bas ic  enough t o  be 
understood by t h e  general pub l ic, and 
d e t a  i l e d  enough f o r  use by profes- 
s i o n a  l managers  and r e s e a r c h e r s .  
Greater d e t a i  f on issues and informa- 
t i o n  p resen ted  h e r e  may be ga ined 
through t h e  L i t e r a t u r e  C i t e d  sec t  ion  
o f  t h i s  document. 

T h i s  f i r s t  c h a p t e r  d e f i n e s  t h e  
study area, i t s  c l imate,  and a b r i e f  
d iscussion o f  t h e  f l o o d p l a i n  r i p a r i a n  
vegetation, which c o n s t i t u t e s  a major 
focus  o f  t h i s  p r o f  i le.  Chapter 2 
summarizes a h i s t o r y  o f  human =cur- 
rence  i n  t h e  lower CoBorado R i v e r  
Valley, w i t h  general desc r ip t i ons  of 
documented f i o r a l  and faunal changes, 
Chapter  3 d e s c r i b e s  Phe p h y s i c a l ,  
chemical, and i imno iog ica l  na ture  o f  
t h e  aquat ic  environment, and a i s o  in -  
c l u d e s  a b r i e f  d i s c u s s i o n  o f  t h e  
physicocherrt ica1 ncah re  of t h e  t e r -  
r e s t r  i a l  envi ronment. Chapter 4 sum- 
mar izes t h e  exten? of a g r i c u l t u r e  i n  



t h e  va l  ley  and t h e  use o f  a g r i c u l t u r e  
by w i l d l i f e .  Chap te r  5 d  i scusses 
human uses o f  t h e  v a l  ley*  o t h e r  than 
agr i c u  i t u re ,  and summar i zes e f f e c t s  on 
t h e  fauna o f  t h e  system. Chapter 6  
documents r e c e n t  t rends  i n  r i p a r i a n  
and marsh h a b i t a t s  on t h e  lower Colo- 
rado River .  

Chapters 7-12 descr ibe  t h e  f l o r a l  
and faunal  communities on t h e  lower 
Colorado River.  Chapter 7 prov ides a  
s u r v e y  o f  t h e  m a j o r  p l a n t  spec ies  
( i n c l u d i n g  a l g a e )  f o u n d  i n  b o t h  
a q u a t i c  and t e r r e s t r i a l  h a b i t a t s .  
Si m i  i a r  I y Chapter 8 surveys t h e  most 
i m p o r t a n t  i n v e r t e b r a t e  s p e c i e s  and 
communi'ties agaln  i n  bo th  aqua t i c  and 
t e r r e s t r  i a  i hab i t a t s .  The v e r t e b r a t e  
groups a r e  surveyed separate i  y r  w i t h  
Chap te r  9 f o r  f i sh ,  Chapter 10 f o r  
amphibians and rep?! less  Chapter 1 1  
f o r  bir-dsr and Chapter 12 f o r  mammals, 
Us0 o f  h a b i t a t s  i s  del-ai led f o r  a i l  
v e r t e b r a t e  s p e c i e s  o r  g r o u p s  o f  
species wherever da ta  a re  ava i l ab l e .  
Species o f  spec ia l  concern and those 
-t-hrcaisnod or endangered a re  t r e a t e d  
f o r  each f l o r a l  and faunal group i n  
t h e i r  r espec t l vo  chapters,  

Chapter 15 prov ides an assessment- 
o f  t h o  h e a l t h  o f  the present-day Cola- 
redo R i v e r  ecosystem, I n  t h i s  l a s t  
c h a p t e r  we d e s c r i b e  me;ans by which 
some eicments o f  t h e  na tu ra l  sys?ern 
may b e  ma i n t a i n e d  o r  seestab i ished. 
He end w i t h  what we see a re  t h e  pros- 
pects fof t t re immediaPe f u t u r e  o f  -the 
C o l o r a d o  R i v e r  ecosysi"ern, g i ven  t h e  
present  t rends  i n  managemnt. 

The sthdy a rc8  i s  t h e  lower reach 
o f  t h e  Colorado River, which f lows  453 
km ( 2 8 1 - 5  m i l  n o r i f r  t o  sou th  from 
Dav i s  Damr near Bu l l head C i t y #  AZr t o  
i he Mex icu-iin i - fed S l  af es i rrt'srnatiiotldi 
b u n d a r y  a f  .§an Lu i s  (Figure! 11, The 
C o l o r a d o  K i  v c r  o r  i g  1 na tes  from two 

main branches, t h e  Green and t h e  Grand 
( C o l o r a d o )  R i v e r s ,  wh i ch  d r a i n  t h e  
eastern Grea t  Basin and t h e  southern 
Rocky Mountains,  r espec t  i ve l  y. The 
r i v e r "  waters t r a v e l  some 2,736 krn 
(19700  m i )  and d r o p  o v e r  4,267 rn 
(14,000 f t )  i n  e l e v a t i o n  b e f o r e  empty- 
i n g  i n t o  t h e  Gu l f  o f  C a l i f o r n i a  i n  
Mexico. Between t h e  r i v e r ' s  o r i g i n s  
and t h e  d e l t a ,  t h e  C o l o r a d o  R i v e r  
f o r g e d  many gorges and canyons, t h e  
mos t  famous o f  wh i ch  i s  t h e  Grand 
Canyon. The lower  Colorado River ,  
be  low t h e  Grand Canyon, estab 1 ishes 
t h e  p resen t -day  boundary o f  Ar izona 
w i t h  Nevada, Cal i f o r n i a ?  and Mexico. 
T h i s  lower  s t r e t c h  f lows through a  
l eve l  and r a t h e r  broad va l  ley ( F i g u r e  
2). H i s t o r i c a l l y ,  i f  reached  i t s  
mouth i n  a  v a s t  d e l t a  o f  a l l u v i a l  s i l t  
beds, marshes, and f o res t s .  Today, 
t h e  lower Colorado River  encounters a  
s e r i e s  o f  major obs tac les  ( F i g u r e  3 ) .  
I n  Ar izona, t h e  r i v e r  f l ows  th rough  
G l e n  Canyon Dam near t h e  Utah-Arizona 
border,  t hen  through M o v e r  Dam below 
t h e  Grand Canyon, and through a  s e r i e s  
o f  lesser  dams t o  t h e  south. V i r t u a l  - 
l y  a l  l o f  t h o  Colorado R i v e r ' s  water  
i s  a  I l o c a i e d  and used by t h e  seven 
s t a t e s  ( C o i o r a d o t  Wyoming, U tah ,  
Nevada? New Mexico, Arizona, and Cal-  
i f o r n  l a )  t h a t  compose iPs watershed 
b a s i n .  The c o n t r o l  ied f l ows  ra re1  y  
r e x h  t h e  Mexican border below Yuma, 
AZ, and, u n t i l  recen t l y ,  i i t t l e o r  no 
water has rexhex l  t h e  d e l t a  i n  t h r e e  
decades. 

A I T t ~ o u g h  t h i s  r e g i o n  has been 
markedly al l-ered by She piacement o f  
dams* an understanding o f  ?he na tu ra l  
events  fnaC shaped t he  f l o o d p l a i n  i s  
e s s e n t i a l  t o  u n d e r s t a n d i n g  i t s  
p resen t -aay  p  i a n t  and animal I i Ce. 
Two noteworthy character  is? i c s  o f  t h e  
Co l o r a d o  R i ver were l a r g e l y  respon- 
s i b l e  f o r  f l o o d p l a i n  format ion.  One 
was t he  unusual f y f arge load of  sed i -  
m n i s  c a r r i e a  by t h e  r i v e r r  c o n t r i b u t -  
ing both 40 the eros ive  a c i i o n s  o f  t h e  
c u r r e n t  and t o  t h e  depos i t i on  of  l a r g e  
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F i g u r e  2. Modern or dredged Colorado River channel f low ing through t h e  broad 
af l u v f a l  v a l l e y  near Parker, AZ, A i m s t  a l l  na t i ve  vegetat ion beyond t h e  r i v e r  
I eveef; has been removed and rep laced w i th  a g r i c u l t u r a l  crops. Vegetation 
w i t h i n  t k a  levees Is composed p r i m a r i l y  of exo t i c  sa l tcedar  (iamarix shiaensis 
I I.+ 1). Photo by R.D. Ohmart. 

expanses  o f  at t u v i a l  s o i l  (Sykes 
1937).  The o t h e r  was t h e  r i v e r ' s  
enormous F luc tua t ion  i n  water levels,  
wish an annual p e r i o d  o f  f loodFng 
between 15 May and 1 July.  Peak f lows 
were determined la rge ly  by  the s i ze  o f  
$he annual snowpack i n  t h e  Rocky Naun- 
t -ains,  f a r  t o  t h e  n o r t h ,  and how 
r a p i d l y  it melted. South o f  Davis Dam 
t h e  o n l y  t r i b u t a r i e s  o f  t h e  lower 
Coiorado River are the B i  i l W i  i l iams 
and G i l a  Rivers, both en te r i ng  from 

F igrrre 3.  Parker Damrs completed i n  the east and together  d ra in ing  much o f  
1938, was -the second major obst ruc t ion  t h e  h i g h e r  p o r t i o n s  o f  Arizona and 
t o  t h e  f low o f  t h e  lower  Colorado southwestern I'dew Mexico. 
River.  Ph i s  dam, along w i th  Hoover 
Dam camp e t e d  i n  1935r dramatical  l y  The h i s t o r l c  channel o f  t h e  lower 
c?ar,pd t h e  f !codins p a t t e r ~ s  stf t he  $0 ! zrado R i v e r  c ~ n s t a n t  i y sk i f - t e d  
lower Colorado River, Photo by R.D. except where it CUS through bedrock. 
0hmi.sr-t. W i f h i n  broad a l l u v i a l  v a l l e y s  t h e  



r i v e r  meandered  i n  a  p r e d i c t a b l e  
fash ionr  c o n s t a n t l y  e rod ing  t h e  bank 
a long t h e  o u t s i d e  o f  each meander arc  
and depos i t i ng  new s o i l s  enr iched w i t h  
o r g a n i c  ma te r i a l  on t h e  i n s i d e  bank 
(F igu re  4 ) .  The h igh  sediment t r a n s -  
p o r t  combined w i t h  v a r i a t i o n  i n  t h e  
p o s t f  l ood s t  ages from year t o  year 
c r e a t e d  a  s e r i e s  o f  t e r raced  "bot- 
toms," t h e  f  i r s t  b o t t o m  ( lowermost 
t e r r a c e )  be! ng rep len ished  and some- 
t imes 1 eve l ed annual l y  by inundat ion. 
The second and h igher  t e r races  were 
inundated o n l y  i n t e r m i t t e n t l y ,  a l low-  
i n g  a  s l o w e r  c y c l e  o f  b u i l d i n g  and 
d e s t r u c t i o n  and* consequently, a  more 
s t a b l e  bank format ion.  

Today, these  a l  l u v l a l  va l  leys  a r e  
marked by human se t t lements  and a g r i -  

c u l t u r e  ( F i g u r e  1 ) .  The northernmost 
v a l l e y  extends f rom j u s t  below Davis  
Dam t o  t h e  head o f  Topock Gorge and 
s u p p o r t s  t h e  towns o f  Bu l lhead  C i t y  
and Need l e s t  CA. The  n e x t  va l  ley  
s o u t h  i s  t h e  Chemehuevi, which once 
s u p p o r t e d  a t h r i v  i n g  p o p u l a t i o n  o f  
N a t i v e  Amer icans b u t  now l i e s  com- 
p l e t e l y  under Lake Havasu. A t  Parker, 
AZ9 t h e  v a i  l e y  opens  a g a i n  on t h e  
A r i z o n a  s i d e  and s t r e t c h e s  sou th  t o  
Ehrenberg, AZ, and B ly the ,  CA, where 
t h e  f l o o d p l a i n  s h i f t s  t o  t h e  Cai i f o r -  
n i a  s i d e  o f  t h e  r i v e r  and extends t o  
t h e  town o f  P a l o  Verde. The Pa lo  
Ve rde  Val ley was former1 y  named t h e  
"Grea t  Va I ley  o f  t h e  Co l ~ r a d o * ~  and was 
among t h e  f i r s t  t o  b e  s e t t l e d  and 
farmed. The o n l y  o t h e r  broad v a l l e y  
i s  i n  t h e  Yuma area, from t h e  v i c i n i t y  

F i g u r e  4, tower Coforado R i ve r  f l ow ing  t h rough  t h e  v a l l e y  near  Parkerl AZ9 
c i r c a  1840. Sediment i s  b e l n g  deposi ted i n  t h e  ou te r  a r c  p r o v i d i n g  f o r  seed- 
beds suppor t  ing n a t i v e  r i p a r i a n  p l a n t s  and, i a t e r r  sa l t ceda r .  Photo f rom t h e  
f i l e s  o f  R.D. Qhmart. 



o f  t h e  Gi l a  River  confluence, south 
i n t o  Mexico. 

Bedrock p o r t i o n s  o f  t h e  r i v e r ,  
w i t h  t h e i r  r e l a t i v e l y  s t r a i g h t  and 
f i x e d  channels, a r e  e q u a l l y  w e l l -  
marked today, f o r  these a re  t h e  s i t e s  
o f  dams. The va l  ley today i s  s t  i 1 l a  
p rog ress  i o n  o f  wide at l u v i a l  f lood-  
p l a  i n s  a l t e r n a t i n g  w i t h  na r rower  
s t r e t c h e s  bordered by deser t  h i  l Is. 
However, t h i s  progress ion i s  now punc- 
tua ted  by a  se r ies  o f  large, shal low 
r e s e r v o i r s  (Lake Nohave* Lake Havasu, 
a n d  lmper i a l R e s e r v o i r )  ( F i g u r e s  
5A,B). The i r  f l u c t u a t i n g  water l e v e l s  
i n h i b i t  t h e  f o r m a t i o n  o f  a  s t a b l e  
vegetated shore1 ine. 

Bes l des t h e  topograph ia: features 
o f  t h e  land and t h e  meandering r i v e r  
channel, an important phys ica l  f ea tu re  
o f  t h e  lower Colorado reg ion  i s  i t s  
c l i m a t e .  By t h e  t i m e  t h e  r i v e r  
reaches D a v i s  Dam, it has dropped -to 
an e l e v a t i o n  o f  213 m (700 f t )  and 
f  l o w s  t h r o u g h  one o f  t h e  h o t t e s t  
d e s e r t  r e g i o n s  i n  t h e  world. T h i s  
deser t  i s  usuai l y  r e f e r r e d  t o  as t h e  
Color-ado sub reg ion  o f  t h e  Sonoran 
Desert, b u t  i n  r e a l i t y  it i s  a  transi- 
t i o n  between two la rger  deserts, t h e  
Sonoran t o  t h e  eas t  and t h e  k h a v e  To 
t h e  west and nor th.  This  area i s  h o t  
and d r y  fo r  much o f  t h e  year w i t h  

F i g u r e  5A. Lake Havasu, created by t h e  complet ion a f  Parker  Dam i n  1938. 



F i g u r e  5B. The same area be fo re  Parker  Dam. Much r i p a r i a n  habi ta l -  and several  
Chemeheuvi i nd i an  v i l l a g e s  e x i s t e d  i n  areas now under Lake Havasu. Photos f rom 
t h e  f i l e s  o f  H.D. Ohmart. 

summer- t e m p e r a t  u res  exceeding 32 OC 
(90  OF1 f o r  an average o f  177 days 
each year,  and w i n t e r  temperatures 
r a r e l y  (average o f  14 days each year)  
below f r e e z i n g  (Tab le  11.  P r e c i p i t a -  
t i o n  i s  low, averag ing 5-10 cm 12-4 
inches) per year. A s h o r t  mid- and 
l ate-summer ffmonsoon" seasonr w i t h  
mo i s tu re  p r i m a r i l y  f rom Mexico, con- 
t r i b u t e s  about one - t h i r d  o f  t h e  pre- 
c i p i t a t i o n .  Dur ing  t h e  r e s t  o f  t h e  
year ,  b r i e f  and i r r e g u  1 a r  s t o r m s p  
mos t l y  o r i g i n a t i n g  f rom t h e  northwest, 
make up t h e  remainder o f  t h e  prec i p  i- 
t a t i o n .  Very i n f r equen t l y ,  a l a rge  
amount o f  r a i n  w i l l  f a l l  i n  a  s h o r t  
p e r i o d  o f  t ime. Th i s  r e s u l t s  i n  huge 
f l a s h f l o o d s  w i t h  s t a n d i n g  w a t e r  
remsiving i n  some areas f o r  severa l  

months.  R e l a t i v e  h u m i d i t y  i s  low 
( u s u a l l y  25% o r  l e s s )  r e s u l t i n g  i n  
h  igher  temperatures and low r a i n f a l  I .  
The comb i ned e f  f e c t s  o f  temperatures 
over 38 O6 (100 OF) and h i g h  r e l a t i v e  
humid i t y  (30%+) d u r i n g  t h e  l a t e  summer 
"monsoont' r e s u l t s  i n  an e x t r e m e l y  
u n c o m f o r t a b l e  c l  ima te  w i t h  l i t - t l e  
r e l i e f  f rom p r e c i p i t a t i o n .  

Th i s  ex4-reme d e s e r t  c i i ma-te makes 
t h e  lower Colorado R iver  ve ry  impor- 
t a n t  t o  t h e  r eg ion "  ove ra l  l b i o t i c  
d i v e r s i - b y .  I hs  v e r d a n t  f r o o d p l a i n  
v a l  i e y s  s h a r p l y  c o n t r a s t  w i t h  t h e  
su r round ing  deser-ts, Howeverr p l a n t  
and animal l i f e  w i t h i n  t h e  f l o o d p l a i n  
mus t  s u r v i v e  b o t h  extreme hea t  and 
p e r i o d i c  f l ood ing ,  
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1.3 RIPMIM VEmATIOIFB OF THE FL 
PLA l N 

Throughout t h e  desert  Southwest, a 
few p l a n t s  are uniquely adapted t o  t h e  
f loodp la ins  o f  seasonal ly f l u c t u a t i n g  
streams. These r i p a r i a n  p l ants e x i s t  
where t h e i r  roo ts  a re  i n  t h e  c a p i l l a r y  
f r i n g e  o f  t h e  water tab le .  They may 
extend only as f a r  from t h e  channel as 
t h e  s t r e a m  e x e r t s  i t s  i n f l u e n c e  
through a water table.  Th is  s t r i p  o f  
vegetat ion i s  o f t e n  used t o  def ine  t h e  
f l oodp la in  of a r i v e r ,  and creates a 
marked con t ras t  as a r i bbon  of green 
b i sec t i ng  t h e  desert  uplands (F igu re  
6 ) .  

Mns u i t e  C o t t o n w o o d - w i l l o w  M e s q u i t e  r e ~ l a c i n g  
~ ~ ~ & a _ ~ d  t o r o  s t  . c o t t o n w p o d - w ~ l l o y  

.d 

F l o o d  O l d  r l V 6 1  
t e r r a c e  c h a n n e l  

Figure  6.  Semidiagrammatic represen- 
t a t i o n  o f  r i p a r i a n  communities i n  warm 
temperate t o  subt rop ica l  h a b i t a t s  o f  
t h e  American Southwest. Adapted from 
Minckley and Brown (1982). 

The n a t u r a l  v e g e t a t i o n  assoc ia- 
t i o n s  along t h e  lower Colorado River  
were  w e l l  d e s c r i b e d  b y  G r i n n e l l  
(1914). B e l t s  o f  r i p a r i a n  vegetat ion 
s t r e t c h e d  f o r  many k i l o m e t e r s  and 
f i l l e d  t h e  b road  a l  l u v i a i  va l leys.  
The dominant r i p a r i a n  f o r e s t  species 
were co t tonwood (&qu lus  

o r  Goodding w i i  
f .  These occurred p r i m a r i l y  

on t h e  " f  i r s t  bottom8' ' and b r a  l ded 
channels,  i n  a s s o c i a t i o n  w i t h  t h e  
understory shrub seepwil low (&axhat-iis 
s a l  l c r f o l i a  

. . CB. g J u t i n o s a 1 )  and 
o c c a s i o n a l l y  o t h e r  w i l l o w s  (e.g., 
coyote w i l low9 S a l i x  -1 and emer- 
g e n t  s p e c i e s  (e.g., c a t t a i  I, CIy@m 
spp.1 and b u l r u s h  [ S i  spp.1) 
( F i g u r e  7 ) .  As an adaptat ion t o  a 
f requent ly  f looded environment, these 
p l ants were f ast-grow i ng and r e  l a t  i ve- 
l y  shor t - l i ved.  I n  fact,  t h e i r  ex is -  
tence was u l t imate1 y dependent on t h e  
c y c l e  o f  annual f loods t h a t  created 
new s i I t  beds f o r  seed germ ina t  ion. 
However, these and o ther  n a t i v e  p l a n t s  
cannot t o l e r a t e  p ro  longed inundat ion. 
Where  s u c h  l o n g - t e r m  f l o o d i n g  
p e r s i s t e d ,  such as i n  oxbow lakes# 
e m e r g e n t  marsh  v e g e t a t i o n  became 
es tab  l ished (F igure  8). Th is  marsh 
v e g e t a t i o n  cons i s t e d  o f  c a t t a  i Is,  
b u l r u s h e s  o r  t u l e s r  and i n  t h e  
southern p o r t  ions o f  t h e  val  ley, cane 
(ehraamites aUSfral is  CK. 1. 

Along t h e  d r i e r  s i t e s  adjacent t o  
t h e  w i l low and cottonwood stands a 
shrub, arrowweed (3-a 5- 
CP l u r n  ser b l )  , o f t e n  formed dense 
monotypic b e l t s  o r  smal i strands i n  
some a reas  ( F i g u r e  9 ) .  Where t h e  
f l oodp la in  o f  t h e  f i r s t  bottom escaped 
inundation f o r  a number o f  years, t h e  
r a r e  screwbean mesqu i t e  ( P T Q ~ G  
~1 grew i n  associat  ion w i t h  
w i  l lows (Figure 10). 

A very d i f f e r e n t  t ype  o f  r i p a r i a n  
v e g e t a t i o n  o c c u r r e d  on t h e  second 
bot toms than t h a t  which ex is ted  ad- 
j a c e n t  t o  t h e  r i v e r .  The dominant 
t r e e  i n  t h e  second b o t t m  was honey 
m e s q u i t e  ( . . c e. 

oral) (F igure 111, This  t r e e  
formed r e  I a t  i ve l y sparse monotyp i c  
woodlands. The long r o o t s  o f  t h e  
mesquite must f i n d  permanently moist  
s o i l s  t o  ensure surv iva l ,  y e t  t h e  t r e e  
i t s e l f  a p p a r e n t l y  cannot  t o l e r a t e  
inundations o f  even a few weeks. I n  
add it i o n  -to honey mesquitep several 



Figure 7. Close-up of recently regenerated stand of Franont cottonwoodr Goodd- 
iny willowp saitcedar, c a t t a i l ,  and seepwiltow on the B i l l  Williams River near 
take Havasu, Photo by B.E. Busch. 

Figure 8. Cattail-dominated marsh at Phe Bill WT lliams Delta w i t h  i a k e  Havasu. 
Very high densities of Yuma clapper rail I 1 are 
found here. Photo by D. Krueper. 



F igu re  9.  Arrowweed h a b i t a t  near Ehrenberg, AZ. Photo by W.C. Hunter. 

F i gu re  10. Screwbean mesqu i i-e/sa i +cedar ksb i i a ?  near klater ktlhee! Caap* CA. 
Th i s i a  f i stand o f  screwbean mesqu iPe i nc l udes sca i t e red  cottonwoods and w i 9 - 
lows. Photo by  W.C. Hunter. 



Figure  11, Honey mesquite hab i ta t ,  wi thout  a  we! I-developed shrub layer, near 
Yuma* AZ. Photo by R.E. Toi le fson.  

shrubs grew l o c a l l y  i n  dense clumps on 
t h e  s e c o n d  t e r r a c e .  S a l t  b u s h  

f e r r e d  d e n s e r  s a l i n e  o r  a l k a l i n e  
s o i l s .  These shrubs  formed mal-s 
between t h e  mesquite woods and f i ned  
t h e  bases o f  mesas, An add%Tlonat 

a f  l b u s h  
I occurred I 

narrow b e l t  where t h e  f i r s t  and second 
bottoms abutted (F igure  12). 

As a whole* t he  r i p a r i a n  vege*a- 
t l o n  o f  t h e  f l o o d p l a i n  was a  nor th-  
s o u t h  l lne o f  greenery i n  t h e  vast  
C o i o r a d o  Deser t ,  and was t h e  o n l y  
forest-8 ike vegetat ion f o r  hundreds o f  
k l 1 orneters . Each o f  t h e  component 
efemen-i-s of. t h  ls belk was adapted t o  
t h e  seemingly hos t i l e ,  y e t  r e l a t i v e i y  
p r e d  i c t a b  ie,  l oca  I  environment i n  

wh ich  it occurred. Todayfs natura l  
p  l an t  assoc ia t ions  bear l itt I e resem- 
blance t o  what Grinnel l described i n  
1914. The c y c l e  o f  annual f l ood ing  
has ceasedl t h e  e f f e c t  o f  t e r r a =  ing i s  
ba re l y  apparent* and the  m s t  produc- 
t i v e  land has e i t h e r  been inundated by 
reservo i  r s  o r  developed f o r  agr i cu  6 - 
t u r e .  Al-t-hough rap i d l y  disappearing, 
every p l a n t  community element p e r s i s t s  
somewhere along t h e  r i v e r  today, most- 
1 y as remnantsr b u t  sometimes as q u i t e  
i a r g e  " i s  landsH o f  vegetation. The 
essen t  i a I cha rac te r  o f  t he  ex i s t  i ng 
r i p a r i a n  vegefa t ion  has been s i g n i f i -  
c a n t l y  a l t e r e d  by t h e  in t roduc t ion  o f  
saltcedar t [ 1. 

1) (F igu re  131, Th is  p l a n t  
dam l nates under cond it ions t h a t  char- 
a c t e r  i re  t h e  modern va l ley--f requent 
f i r e ,  p r o  longed and unpred i c f a b  I e  
inundat ion* and h igh  s a l i n i t y .  Con- 
comitant  w i f h  t h e  f r a g m n t a f  ion and 



F i g u r e  12. Q u a i  l bush, sa I t  bush, seepwi l low, a n d  i n k w e e d  dominating h a b i t a t  
b o r d e r i n g  a s t a n d  o f  h o n e y  mesqui te.  Photo b y  J. J a c k s o n .  

F i g u r e  Sai t c e d a r  h a b i t a t  n e a r  Yumar AZ. ?hato by  W.C., Hunter, 
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a l t e r a t i o n  of r i p a r i a n  habitats,  the  dency of t h e  w i l d l i f e  and vegetat ion 
na-l-ive animal l i f e  has changed accord- on t h e  lower Colorado River  remains 
i ng l y .  However, the u l t i m a t e  depen- unchanged. 



£3 2. H l  STORY OF THE LWER C O L O W Q  R l  VER 

2.1 G E M E M  HISh8RY (K W W N  USE 

The lower Co lo rado  River has a 
long h i s t o r y  o f  human use, from Nat ive  
Amer i cans ,  S p a n i a r d s *  and Anglo- 
American f u r  t rappers t o  modern-day 
N a t  i v e  Amer i cans,  H i  span ics ,  and 
Anglos. Human dependence on and greed 
f o r  water has brought about many con- 
f I i c t s  w i t h  t h e  natura l system o f  t he  
tower Colorado River.  As ref inement 
o f  r i v e r  management increased so d i d  
m o d i f i c a t i o n  o f  na tura l  aquat ic  and 
t e r r e s t r i a l  hab i ta ts .  

Our informat ion on Nat ive American 
use o f  t h e  f e r t i l e  lower Colorado 
River Val ley comes p r i m a r i l y  from the  
d i a r i e s  o f  Span i sh  explorers.  These 
ea r  l j e s t  w r i t t e n  r e c o r d s *  combined 
w i t h  s t u d i e s  by anthropoiog i s t s  and 
b ioethnologls ts ,  prov ide i ns igh t  i n f o  
t h e  c u  l f u r e s  and hab i t s  o f  t h e s e  
r i ve r  i ne peop l e  ( i nc l ud i ng Mohave, 
Cocopah, Chemehuevir Quechenr and 
Hakh i d homa; Forde 1931 ; Caste t te r  and 
Be1 i 1951; Forbes 1965; Crowe and 
B r inke ro f f  1976; Kel ly  1977). These 
peop le  were dependent on t h e  annual 
f l ood ing  of  "re lower Colorado River 
i-o prov ide i rr i g a t  ion and new f e r t  i l e  
so  i I  s.  Receding summer f loods each 
year l e f t  a  wet, r i c h  deposi t  o f  s o i l  
and organ ic  mater ia l  i n  which crops 
were p l anted.  Honey mesqulte pod5 
were a l s o  important food sources a5 
t h e y  con - ta  i n c a r b o h y d r a t e -  and 
p r o t e  i n - r i c h  beans (F igure  14). I f  
annual f ioods were n o t  product l v e  and 
i f  mesqujte t rees  d i d  no t  produce a 
heavy crop o f  bear;st t h e  !ndiger?Dus 
peep 1 e e x e r t e d  g r e a t e r  pressure On 
n a t i v e  vegetat ion and w i l d l i f e  b y  

F i g u r e  14. Honey mesquite pods which, 
when r ipe ,  are important food sources 
f o r  N a t i v e  Americans a n d  w i  Id1 i f e .  
Photo by R.D. Ohmart. 

u s  i n g  f i r e s  t o  d r i v e  out f o o d  
resources such as r a b b i t s  a n d  rodents.  

The Span ia rds  were p r  i mar i i y t ran -  
s  i t o r y  exp l o r e r s  seek l ng g l o r y  and 
gold,  along w i t h  d i s p e r s i n g  t h e  word 
of God i b l t o n  19136). P r i e s i s ,  such 
as Father  Eusebio Kinor entered t h e  
Colorado River Val ley  d u r i n g  t h e  l a t e  
1600% and e a r l y  77QOtst and brought 
herds of  c a t t  l e, sheep? horses, mu les, 
and burros. Afthough t h e  Span iards  
p e r s i s t e d  f o r  many Years a long  t h e  
lower Colorado River, t h e y  d i d  I i t t f e  
t o  m o d i f y  The l i f e s * y l e  sf t h e  i n -  
d igenous  people,  S ince c a t S i e  and 
h o r s e s  r e l i s h  m e s q u i t e  pods, t h e y  
undoubfedly c0mpeted w i t h  %he tndians 
f o r  t h i s  v i t a {  resource, & n f I i e t s  
be-iween +he Spanish and 1 nd i an*  peaked 
i n  1 7 8 I p  when -the Indians a t t = k e d  and 
bu rned  t h e  crude miss!c ins a long t h e  
r i ve r  near Ybma and k i f I ed msj- of $he 



r e s  l d e n t  Span l a r d s  (C rowe  and 
Br lnkerof  f  19761, 

The f i r s t  Anglo-Americans t o  reach 
the  lower Colorado River were the  f u r  
trappers, who i i  l ega l l y  used the  r i v e r  
a f t e r  t h e  t e r r i t o r y  was added t o  
Mex i co i n 1 823. The Mex i can-Amer i can 
War resu l ted  i n  the acqu is i t i on  o f  the  
lower Cotorado River  region by the  
Unl t ed  States Government i n  1848. The 
Gadsden Purchase, i n  3852-1854, added 
t o  t h e  U n i t e d  Sta tes  the  t e r r i t o r y  
south o f  the  G i l a  River and completed 
tho  present-day in te rnat iona l  boundary 
w i t h  Mexico. 

The next 20 years brought var lous 
members o f  the U,S. s'Army o f  the  West" 
t o  v i s i t  and desc r ibe  t h e  Colorado 
R i v e r .  Severa l  o f  these explorers 
g rea t l y  cont r ibu ted  t o  our h l s t o r  i ca l  
knawtodye o f  bo-fh p ian t  and animal 
t l f e ,  Inc luding B a r t l e t t  ( 1 8 5 4 ) ~  Emory 
11848; C a l v i n  19511, Whipple (1856; 
Foroman 1941 1, and l v e s  (1861). 
Paople wero drawn t o  the  r i v e r  w i th  
the  discovery o f  placer gaid i n  1862. 
I he resu  l tan? i ncroase I n  sfearnboat 
t r a f f i c  placed great demands on cot-  
?onwood and w i  I low t rees  fo r  fuel.  
SIeamboaf use f four i s tled unl- i l abou-t- 
1890, a f t e r  whlck t h o  demand fo r  wood 
d%reased. By t h i s  t i ~ r  almost a l l  
matushe cot tonwoods a long the  lower 
Co lorado Rlvar trad been oilminatesf, 
b u t  l arge-$ca l e natura I regenerat ion 
of P-hose groves continued a f t e r  each 
annuel f I cmd, 

John Wesley Powel f was .the f i r s t  
Wnyto-American ?o  describe both the  
natcrai b e n u f y  a n d  p o t e n t i a l  f o r  
devetopment o f  The Colorado R l v e r  
b a s i n  t o  t h e  A m e r i c a n  p u b !  i c .  
P o w a i l ' s  r o l e  i n  h i s t o r y  i s  q u i t e  
i r o n i c  i n  t h a t  he was bath a forerun- 
ner f o r  t h o  env i ronmnta  l movemnt as 
we1 1 as for- t h e  f o r c e s  f o r  water  
d e v e  f o p m e n f .  Powel I % sxped it i o n  
t h r o u g h  t h e  Grand Canyon I n  1869, 
along w i i h  h i s  o ther  explorat ions I n  

the West, made him uniquely q u a l i f i e d  
t o  se t  pol  icy fo r  t h e  f u t u r e  develop- 
ment of t h e  region. He understood t h e  
n a t u r a l  l i m i t s  t o  development  and 
proceeded w i th  a conservat ive p lan t o  
ty&hodical l y  determine r e s e r v o i r  s i t e s  
based on the  systemts capaci ty .  Un- 
for tunate!  y, Powei l ' s  approach came a t  
odds w i t h  t h e  Western p o l i t i c a l  es- 
t a b l i s h m e n t  t h a t  wanted development 
based on projected needs, which f a r  
outd istanced pro jected suppl y. Powel l 
resigned as D i rec to r  o f  t h e  U.S. Geo- 
logical Survey and h i s  d u t i e s  f o r  
d i r e c t  i ng w a t e r  development  were 
housed soon a f t e r w a r d s  i n  Phe new 
Reclamat ion Service, which was more 
suscept i b l e  t o  i nf l uence f  rom Western 
po l  i t  i c i a n s  (S tegner  1953; Fradk in  
1987 ; Re isner 1986). 

By t h e  ea r l y  1 9 0 0 ' ~ ~  agr i c u  l i u r a l  
a c t i v i t i e s  were booming a l o n g  t h e  
lower Colorado River  and i n  Imperial  
Valleyl CA, However, annual f l o o d i n g  
e v e n t s *  e s p e c i a l l y  t h e  d i s a s t r o u s  
f loods o f  1905 and 1907 t h a t  f i l l e d  
t h e  Sa l t o n  Sea, devas ta ted  farming 
e f f o r t s .  The Rec lamat ion  Ac t  was 
passed by Congress i n  1902. The 1905 
f  Ioods fu r the r  generated pub l i c  pres- 
s u r e  on t h e  Federa l  Government t o  
c o n t r o l  t h e  r i v e r  f o r  human use. 
Water users  wanted t h e  Reclamation 
Service (p resent ly  t h e  U.S. Bureau o f  
Rec l amai ion) t o  assume responsi b i l i t y  
f o r  deve lop ing  t h e  r i v e r  f o r  power 
generation* water storage, and f l ood  
cont ro l .  A l  1 o f  these needs cou ld  be 
met by a s ing le  so lu t ion :  damming t h e  
Colorado River. 

taguna Dam, constructed i n  1907, 
was t h e  f  i r s t  water-management s t ruc -  
tu re .  When another la rge  f load oc- 
curred I n  t922t Colorado River  users 
and t h e i r  rep resen ta t i ves  pressured 
Washington dec i s  ionmakers i n t o  author- 
i z i n g  Hoover Dam. When Hoover Dam was 
completed i n  3975t The stage was s e t  
f o r  o ther  r i v e r  management a c i i v i t i e s .  
A ser ies  o f  tesser dams f o i  iowed, w i t h  



Parker and Imperial  Dams opera t iona l  
by 1938 and Davis Dam by 1951. River  
management a c t i v i t i e s  fo l l ow ing  con- 
s t r u c t i o n  of  these dams began t o  con- 
t r o  l "re once w i l d and unpred l c tab  le 
f l o w s  o f  t h e  lower  Colorado River.  
These s t ruc tu res  permanent f y  changed 
t h e  cha rac te r  o f  t he  lower Colorado 
River  by  ending the  cyc le  o f  annual 
f l o o d i n g  t h a t  had shaped t h e  v a l l e y  
over geo log ica l  t ime. 

With f loods  c o n t r o l l e d  and i r r i g a -  
t ion  water  read i l y  aval lable, la rge  
s t a n d s  o f  n a t u r a l  h a b i t a t  i n  t h e  
f l oodp la in  areas o f  t h e  lower Colorado 
River  were r a p i d l y  converted t o  ag r i -  
c u l t u r a l  uses (F igure  15 ) .  Wide por- 
t i o n s  o f  t h e  f l o o d p l a i n  near Yurna, 
B l y t h e o  P a r k e r ,  and Needles were 
c leared dur ing t h e  194Qfs and 1950%. 

D u r i n g  * h i s  p e r i o d  t h e  Bureau o f  
Rec l amat ion designed plans f o r  vegeta- 
t i o n  removal t o  reduce  evapora ted  
water  losses, b u t  p r i v a t e  e n t i t i e s  
removed vegeta l -  i o n  f o r  agr i c u  t t u r a l  
deve lopment so qu ick  l y and extens i vel y  
t h a t  Federal designs were never imp le- 
rnented. The o n l y  l a r g e  t r a c t s  o f  
na tura l  t e r r e s t r i a l  vegetat ion remain- 
ing on t h e  lower Colorado R iver  a r e  
now on t h e  f i v e  Indian Reservations 
and t h e  t h r e e  N a t i o n a l  W i  l d l  i f e  
Refuges (F igure  1 ) .  

N a t i v e  American communities soon 
fo i  lowed t h e  lead o f  Ang lo-Amr icans 
i n  bowing t o  economic incent ives  by  
develop i ng t h e i  r I and f o r  agr i cu  l t u r e  
dur ing t h e  19601s and 1970rs (F igu re  
16).  Much o f  t h e  Mahave Val ley was 
devoid o f  n a t i v e  vegeta t ion  by 1980, 

F igure  15. A l f a l f a  f i e l d s  near Parker? AZ, Before conversion t o  ag r i cu l t use t  
honey mesquite was t h e  dominanr vegefat ion khroughout t h e  second f e r r z e  I?. 
Chis val  ley, extending t o  t h e  base o f  t he  d i s t a n t  mountains. Photo by  W.C. 
I-iunter. 



Figure  16. Honey mesquite hab i ta t  being cleared f o r  ag r i cu l t u re .  Pi  les a r e  
burned and new sa l tcedar and arrowweed growth are  rebu i ldozed. The land i s  
then leveled and planted. Photo by D. Krueper. 

and vas t  4rac-t.s between the  towns o f  
Parker and Ehranber'g continued t o  be 
cloaredr although rscon* decl ines i n  
f r s r m  c r o p  pl-ices have slowed t h e  
process. Tota i agr fcu l t u r e  product !on 
an t h e  iowsr Colorado K ivsr  was about 
190,000 ha (JUOtC1OO acres) by 2486. 
Most af the  produet inn 1s i n  a1 f a  i fa9 
cotton, and winter  wheat, th ree  crops 
$ha? requ i re  vas f  amounts o f  I r r i g a -  
?tun cua?ur, 

I n or der t a  more f u t ! y manage the  
Cu l osado R i ver, eng i naers began t o  
f ine- tune con t ro l  af the  r i v e r  I n  t h e  
5 9 5 U P s  Pkrough riprapping li,e., t o  
a r m o r  banks w i t h  l a r g e  r o c k s )  t o  
s t a b  i t i r e  b a n k s t  -thereby min imiz ing 
channel s h i f t s  and reducing s o d i m n f  
t ranspor t ,  i n  areas where the channel 
was h i g h i  y b r a i d e d  o r  contained num- 
e r o u s  oxbows, i-t was deepened by  

dredging o r  a new channel w a s  cu t .  In 
many places* o l d  oxbow lakes o r  mar- 
shes l a te ra l  t o  these channels r a p i d l y  
d ra ined  because t h e  water t a b  le  was 
lowered as new channels were c u t  o r  
e x i s t i n g  ones deepend. F ina l  l y 9  many 
canals were l ined w i i h  concrete t o  re -  
duce seepage losses (F igure  17). 

I n  addl t  ion t o  a g r i c u l t u r a l  devel-  
opment~ the l u r e  o f  m i  Id year-round 
i w p e r a t u r e s  and an abundance o f  water 
f o r  recreat ion  has caused an increase 
i n  urbanizat ion i n  many p a r t s  o f  t h e  
va  l ley. Numerous t r a l  l e r  parks and 
v a r i o u s  r e s o r t s  now accommodate an 
annual rnigrat ion of w i n t e r  vacat loners 
from nor% hern s ta tes t  as we l l as a 
growing number o f  year-round res iden ts  
( F i g u r e  18) .  Development o f  these 
communities has resu l ted  i n  the  c l e a r -  
ing o f  add i t iona l  r i p a r i a n  vegeta t ion  



and t h e  r i v e r b a n k  i s  l i n e d  w i t h  
t r a  i l e r  r e s o r t s  wherever i hese areas 
a r e  access i b  l e  by r o a d .  F o r  *he 
present, t he  lower Co lorado R l  ver has 
been tamed and molded; wha t  was once a 
form !dab l e b a r r  i e r  t o  human s e t t  lement 
now Supports a t h r i v i n g  econmY based 
on 1 arge-sca 1 e  co rpo ra te  a y r  i cu  t u r e  
and tourism. 

2-2 FLORAL G W A M S  

Wr i t t en  accounts of exp I o r e r s  and 
Figure 17. A l l  American Canal o r i g i -  miss ionar ies i n  t h e  16008s 3-0 t h e m i d -  
nat i ng a t  ii mper i a  l Dam del i vers water 1800$s leave t h e  reader w i t h  a v i s  Ion 
t o t h e  Imperial  andCoachel la  Valleys, o f  c o t t o n w o o d  and w i l l o w  f o r e s t s  
CA. Photo by R , E .  Toi le fson.  1 i n i n g  t h e  banks o f  t he  l o w e r  Colorado 

River, except where bedrock formed t h e  - channe l .  The ever-meander i ng r i v e r  
would c u t  away one bank and deposi t  
new f e r t i l e  s o i l s  on t h e  o p p o s i t e  
shore, thus p rov id ing  a new seedbed 
f o r  r i ~ a r i a n  t rees.  Oxbow lakes were 

F i g u r e  18. A-ha-Quin T r a i  l e r  Park 
nor th  o f  Blythe, CA. Note some mature 
co t tonwoods r e m a i n i n g  i n  t h e  back- 
ground p r o v i d i n g  some h a b i t a t  f o r  
n a t l v e  b i r d  species. Photo by W.@, 
Wunier . 

a n d  f i l l i n g  o f  emergent wetlands i n  
areas where agr i cu  I  t u r e  general l y was 
not  present.  

The p resen t -day  lower Co l o r a d o  
R i v e r  Vaf l e y  supports about 2 0 O r O O O  
people, mosl-ly i n  t h e  c i t i e s  o f  Yurna, 
B l y t h e ,  P a r k e r ,  Lake Havasu C i t y ,  
Eeed i es9 a n d  Btr i head C i t y  . Nuner~us 
o ther  sma l i commun it i es a r e  d ispersed 
t-hraughout- t h e  a g r i c u l t u r a i  v a l l e y s ~  

f r e q u e n t l y  formed d u r i n g  f iood-stage 
f lows o r  through na tu ra l  channel  c u t t -  
ing by t h e  r i v e r .  

S l ow-grow i ng honey mesqu i t e  grew 
i n  t h e  broad a l l u v i a l  f l o o d p l a i n s  o f  
t h e  va l ley  on t h e  second and h igher  
f loodp l a  i n  te r races .  The h o t  and dry 
so i  l s and se 1 dom-f i ooded second t e r -  
r a c e  d i d  n o t  a f f e c t  t h e  s t a t u s  o f  
honey mesquite, as i t s  15-m (50- f t )  
r o o t  c o u l d  reach i n t o  a deep water 
t a b l e .  M o r e  i m p o r i a n l  t o  honey 
mesqu i t e  was t h e  con* i nu  i n g  process of  
second t e r r ~ e  fo rmat ion  as t h e  r i v e r  
c u t  lower i n t o  t h e  f  ioodp l a i n .  

Spring f  loodwatert c o n t a i n i n g  s i  I t  
and organ ic  debris,  spread new soi 1 
and n u t r i e n t s  o v e r  t h e  f l oodp la in .  
T rees t  shrubs, and v i n e s  were abun- 
dant, mak i ng *rave 1 a long + h e  r i ver or 
a t t m p t s  t o  cross it d i f f i c u l t .  w i i d  
grape (U SPP-1. wO! 
,pp. m i s i - i e t o e  C 

~ z r n ) ?  a n d  
producing p lan ts  P rov ided  a r i c h  and 

i e d  faad r e s o u r c e  f o r  wl I d  l j fe. 



Rag i ng f loods uprooted thousands o f  
hectares o f  f o r e s t  vegetat ion i n  some 
years, b u t  the  f lood-adapted r i p a r i a n  
p l a n t s  q u i c k l y  re lnvaded  denuded 
areas. The r i v e r  was dynamic, as was 
t h e  v e g e t a t i o n  t h a t  grew on i t s  
f loodp la in .  

There i s  some controversy concern- 
ing the  o r i g i n a l  number, extent, and 
dura t lon  o f  backwaters along the  lower 
Co lorado R i v e r  n o r t h  o f  t h e  border 
w i t h  Mexico. Ohmart e t  a l .  41975) 
s tud  ied t h e  dynamics o f  emergent wet- 
l a n d  f o r m a t i o n  a l o n g  t h e  r i v e r z  
reviewing h i s t o r i c a l  records and eval- 
ua t i ng  fac tors  responsible f o r  ea r l y  
marsh development, E a r l y  d i a r i e s  
(unpub I . I  conta 1 n accounts o f  persons 
wander ing f o r  seve ra l  days i n  wet 
areas t h a t  were choked w i t h  t u l e s  and 
o t h e r  t h i c k  undergrowth* especial l y  
near Yuma, These accounts i n i t i a l l y  
c r e a f e  t h e  FrnpressFon t h a t  t h e s e  
marshes were q u i t e  extensive and per- 
s i s i e n t .  

However, study o f  t he  better-known 
and bet ter-named backwaters I n  t h e  
h i s t o r i c a l  record  suggests t h a t  most 
backwaters  were o f  smai l s ize*  and 
t h e i r  9o ta l  l i f espan  was r a r e l y  more 
than 70 years and usual l y  less (Ohmart 
e t  a l .  19751, Another  c o n v i n c i n g  
p e r r p e c t i v e  I s  o f fe red  by t h e  noted 
b i o l o g i s t ,  Dr, Joseph Gr lnne l l  (1914)t 
who led an expsd l t i o n  t h a t  f foated t h e  
r i v e r  from Needles t o  Yuma i n  1910. 
G r i n n e l I  and h i s  p a r t y $  f rom f h e  
Museum of Vertebrate Zoology a? t h e  
University o f  C a l i f o r n i a - B e r k e l e y ,  
were an t h e  r i v e r  f a r  t h ree  m n t h s  
c o l  l e c t i n g  b i o l o g i c a l  da ta .  Thesy 
compiled extensive f i e l d  notest cot-  
lected p l a n t  and anlmal specimensp and 
sterd isd t h e  r i v e r  as an w o l o g l c a l  
resource. Gr innel  l %  par t y  was on t h e  
r l v e r  p r i o r  t o  t h e  construction a f  any 
major dams (taghtna Dam was b u i l t  i n  
1909 but  s i l r e d  i n  w i t h i n  s i x  mnThs1, 
O f  backwaters* Grinnet l (1914:72-73) 
sd-at-ed : 

The r i v e r t s  h a b i t  o f  overf low 
would be expected t o  r e s u l t  i n  
r a t h e r  e x t e n s i v e  t r a c t s  o f  
p a l u s t r i n e  f l o r a .  As a mat te r  
o f  fact,  however, marshes were 
few and o f  small sTze. This 
was probably due t o  t h e  rap i d  
r a t e  o f  evaporat ion o f  over- 
f l o w  water  so t h a t  favor ing  
cond i t ions  d id  no t  l a s t  long, 
and a lso  t o  the  r a p i d  s i l t i n g -  
i n  of  such water basins as ox- 
bow o r  cut-of fs .  As a resu I t  
t h e r e  were e i t h e r  almost I I fe- 
i ess a l k a  l i depress ionst o r  
lagoons p r a c t i c a l l y  i den t i ca l  
i n  b i o t i c  features w i th  the  
maIn r i v e r .  B u t  i n  a few 
p l aces the re  were wef 1 -def ined 
p a l u s t r i n e  t r a c t s  k e p t  wet 
th roughout  the  year, c h i e f l y  
by seepage. They were marked 
by growths  o f  t u l e s ,  sedge 
I: spp. 1, and sa l t -grass 
C D i s t i c h l  & spp.3, sometimes 
t h e  l a t t e r  alone, and were 
usua  l l y su r rounded  by t h e  
arrowweed o r  willow associa- 
t i o n -  

P r i o r  t o  t h e  cons t ruc t  ion o f  dams# 
t h e  Colorado River was unpred ic tab  l e  
i n  amount o f  f iood ing  and i n s t r e m  
f l o w .  T h i s  unpred i c t a b i  l i t y  con- 
tr ibuted t o  t h e  development o f  ephem- 
e r a  I backwater  wet l ands. G r  innel I 
(1994) gave t h e  extremes of  r i v e r  f low 
as 113 t o  2*832 m3/sec f4,000 t o  
100,000 f t 3 / s e c l t  w i t h  t h e  l owes t  
f lows occurr ing i n  midwinter and t h e  
h i g h e s t  I n  June, Th i s  h igh  annual 
f t u c t u a t i o n  i n  flow, combined w i t h  a 
constant  t y meander i ng channel and an 
a r  i d d e s e r t  c l imate. expla ined t h e  
s h o r t  I i f e  expectancies o f  most back- 
waters. i n  add i t ion*  b i g  f loods  car-  
r i e d  heavy sediment loads t h a t  s e t t l e d  
o u t  as t he  f foodwaters receded* ex- 
p e d i t i n g  t h e  f i S  l i n g  and dry ing  o f  
many marshes., F i n a l I y ~  seepage or 
subterranean water flow i n t o  t h e  back- 
waters came p r i m a r i l y  from washes t h a t  



e n t e r e d  t h e  va l l e y  f rom ad j a c e n t  
deser t  mountain ranges. tn a c i i m a t e  
where annual r a i n f a l  l averages about 
5 cm (2 i nches 1, these f lows a re  t o o  
smat l t o  mainta in permanent marshes. 

A l t h o u g h  marshy backwaters  and 
oxbow l akes were apparent i y  I i m i t  ed 
and o f  sho r t  durat ion, they were im- 
p o r t a n t  features t o  aquat ic  l i f e  along 
t h e  lower Colorado River.  They pro- 
v ided product ion o f  aquat ic  and semi- 
aqua* i c  vegeta t ion  t h a t  supp l i ed o r -  
ganic mat ter  i n  t h e  form o f  d e t r i t u s  
(Minckley 5979). The exis tence o f  a 
we i l -deve loped t e r r e s t r i a i  r ipa r lan  
commun i t y  a long t h e  r i v e r  c e r t a i n !  y 
gave r i s e  t o  subs tan t i a l  amounts o f  
o rgan  i c  mater ia ls ,  especial  l y dur ing  
f l o o d  events. Debr is  from r i p a r i a n  
vegetat ion i s  known t o  p lay  a major 
r o l e  i n  n u t r i e n t  f l ow  i n  low deser t  
r i v e r s  through slow decomposition o f  
t h e  o r g a n i c  m a t e r i a l  (R inne 1973, 
1976; Bruns 1977). 

During t h e  b r i e f  heyday o f  steam- 
boat f r a f f i c  i n  t h e  m i d - 1 8 0 0 ' ~ ~  v i r -  
t u a l  i y  any t r e e  la rge  enough o r  c lose  
enough t o  t h e  r i v e r  was burned f o r  
f ue I .  Howeverl t h e  na tura l  res i i iency 
o f  r i p a r  i an vegeta t ion  ensured t h a t  
I h e  cottonwood and w i l low t rees  wou l d 
regenerate. The rag lng  f l oods  o f  1905 
and 1907, however, s lowed t h  i s  norma l 
r a p i d  regenerat ion. By 19109 Gr inne l l  
found the  w i l  low-cottonwood associa- 
t i o n  t h r i v i n g  i n  t h e  r i v e r  bottomlands 
once again# w i thout  mention o f  a con- 
spicuous l a s t i n g  impact e i t h e r  by t h e  
fuel -wood c u t t e r s  o r  t h e  prolonged 
f loods.  

G r i n n e l  1 (1914:61) did, however9 
d e s c r i b e  i n  d e t a i l  t h e  o b s e r v a b l e  
e f f e c t s  o f  t he  f i ' r s t  dam, Lagunas on 
t h e  lower  Co lo rado  R i v e r  when he 
wrote: 

The w a t e r  l e v e l  had beer1 
r a i s e d  conspicuousZy f o r  a t  
l e a s t  t e n  mites8 and we saw 

evidence o f  deepening o f  t h e  
f i r s t - b o t t o m  d e p o s i t s  and 
slowing o f  cu r ren t  f o r  f u l l y  
t h i r t y  miles, above t h e  dam. 
The cottonwoods o f  t h e  f  i r s t -  
b o t t o m  had a l l been k i  I led, 
e v i d e n t l y  by t h e  r a i s i n g  o f  
t h e  genera l  s u r f a c e  around 
t h e i r  t r u n k s ;  a n d  t h e  
mesqu i tes  and o the r  vegetat ion 
o f  t h e  second-bottom had a l  l 
been drowned out, t h e r e  thus 
b e i n g  n o  t r a c e  o f  second- 
b o t t o m  cond i t i ons  except f o r  
dead s t a l k s .  These  were 
r e p  I aced b y  v a s t  mudf l a t s  
growing up t o  arrowweed. A l l  
o f  t h i s  changer o f  course,  
involved t h e  b i r d s  and mammals 
o f  t h e  area af fected,  i n  addi- 
t i o n  t o  t h e  p l a n t  l i f e .  

What G r i n n e l  l witnessed on a small 
scale, he cou i d  n o t  have guessed was 
t o  be  an a c c u r a t e  p r e l u d e  t o  t h e  
changes i n  t h e  coming decades. 

Two major events and t h e i r  conse- 
quences have d i c ta ted  t h e  demise andr 
poss i b l y9 t h e  eventual disappearance 
o f  t h e  cottonwood and w i l l ow  fo res ts  
along +he lower Colorado R iver  (F ig -  
u r e s  19ArB9C9D). F i r s t 2  b y  1936 
Hoover Dam e s s e n t  i a I i y stopped a l  l 
t h r e a t s  o f  f loods, except when heavy 
r u n o f f  from loca l  r a i n s  brought f loods  
from la rger  t r i b u t a r i e s F  such as t h e  
B i l l  Wi l l iams River.  Farming o f  t h e  
r l c h  a l  l u v l a l  so i  Is increased w i th  t h e  
cessat ion o f  flocxl th rea ts .  Without 
f l oods ,  new r i c h  a l l u v i a l  seedbeds 
were no longer formed and t h e  l i fe- 
h i s t o r y  c y c l e  o f  t h e  cottonwoods and 
w F l lows was l r revers  i b l y changed. I n 
add it ion, lakes beh  i nd Hoover Darn, and 
o t h e r  dams t h a t  fol lowed, Fnundated 
thousands o f  h e c t a r e s  o f  r i p a r i a n  
hab i ta t ,  O f  these r a p i d  changes i n  
t h e  / G W C ~  %torado River  Va l l ey  a f t e r  
Hoaver Dam, P h i l l i p s  e t  a \ .  (1964:xvI 
commn t ed : 



Figure 19A. View o f  mature colttonwood-willow h a b i t a t  i n  1894, from t h e  U.S.- 
Mexico Onternat ional Boundary, Monument 207, fac ing southeast. Photo from t h e  
f i l e s  of R,U.  O h m a r t .  

Figure 190. Same area as i n  ( A 1  i n  1975. NoTe +he absence of  contiguous 
braadleaf forest .  P h o t o  by W. Deason. 



Figure  19C. Mature cottonwood-willow h a b i t a t  in  1979 near t he  B i l l  Ni i l ia rns  
De l ta  w i t h  Lake Havasu, AZ. T h i s  was t h e  las t  la rge stand (approx. 120 ha C300 
acres3 1, dominated by re1 a t i v e l  y mature Fremont cottonwood f o r  t h e  enf  i r e  lower 
Colorado River  region. Photo by A. Laurenzi .  

Figure  19D. Same stand as i n  f C )  afl-er 2 years of  f load ing (1981). No-tethat 
a i m s t  a1 l cottonwoods have d i e d  leaving an upper midstory dominated by k d d -  
i n g  wi l low.  



. . .The r i v e r  became a  steady, 
c  l ear - f  low i ng stream t h a t  no 
longer annual l y  over f  lowed i t s  
banks t o  c r e a t e  lagoons and 
silt f i a t s .  The b u i l d i n g  of 
t h i s  and o ther  dams produced 
l a r g e  lakes  o f  c l e a r t  open 
water t h a t  drowned much excel-  
l e n t  b i r d  habi tat .  Most of 
t h e  s u r v i v i n g  r i  ve r -bo t tom 
hab i t a t  has been c l e a r e d ,  
l e v e l e d ,  and c o n v e r t e d  t o  
f a r m  l ands.. , .Perhaps nowhere 
e l s e  I n  Arizona have the  chan- 
ges been more dramatic. 

The second major event took  p t ace 
sometime around 1920, when an e x o t i c  
spec i e s  o f  t r e e ,  sa I t cedar ,  spread 
i n t o  t h e  lower C010rado River  Val ley 
from t h e  G i l a  River.  Saitcedar found 
op t ima l  eco log ica l  cond i t i ons  f o r  i t s  
s p r e a d  and e v e n i u a l  dominance. In  
1894, Mearns ( 1  907 1 e s t  imated t h a t  
t h e r e  were about 160,000 t o  180,000 ha 
r400tQ0Q t o  450,000 acres) o f  a i i u v i a f  
b o t t o m  l and between F o r t  Mohave and 
F o r t  Yuma covered by r l par l an vegeta- 
t i o n .  As o f  1986, t o t a l  r i p a r i a n  
v e g e t a " r o n  was a b o u t  40,000 ha 
(100,000 acres) (Anderson and Ohmart 
1 9 8 4 ~ ;  Younker and Andersen 19861, 
a p p r o x i m a t e l y  o n e - q u a r t e r  o f  t h e  
a v a l  l a b l e  b o t t o m l a n d  estimated by 
Mearns. Roughly 40% a4 t h e  remaining 
area i n  1986 was covered by pure  sa l t -  
cedar stands, an add i t i ona i  43% con- 
s i s t e d  of n a t i v e  p tants mixed wl-th 
sal tcedar,  and o n l y  0.7% 1307 ha C766 
a c r e s f  1 cou 1 d b e  cons i dered mature 
cottonwood o r  w i i  low hab i ta t s .  

The successful  spread of  sal tcedar 
I s  an example o f  an introduced species 
o p t i m a l  l y e x p l o i t i n g  an eravlronment 
d i s tu rbed  by humans, t o  t h e  detriment 
o f  n a t i v e  v e g e t a t i o n .  E n i t l a !  Eyl 
sa i tcedar  became estab l ished i n  areas 
whe re  n a t  l ve vegeia+ion had been 
c l e a r e d  a n d  t h e  l and  l e f S  f a l l o w  
(Ohmart e t  a ! .  3937). Saltcedar has a 
h i g h  r a t e  sf seed product ion  w i t h  as 

many as 600,000 seeds per p /an+ pro- 
duced f r o m  Apr i l t h r o u g h  October 
(Robinson 1965). The long per iod o f  
seed p r o d u c t  ion al  lows sa l tcedar  t o  
germinate wel l  i n t o  f a l l ,  when ms- t  
n a t i  ve t r e e s  a r e  no longer producing 
v i a b l e  seeds. Sa l tcedar  has become 
dominant  a l o n g  t h e  lower  Co lorado 
R i v e r  by b e i n g  s a l t - ,  f i r e - 9  and 
f lood-adapted. 

Where c h a n n e l i z a t i o n  and r i v e r -  
f low management have r e s u l i e d  i n  very 
l 1 t t  I e n a t i v e  p l a n t  r e g e n e r a t  ion, 
senescent stands of mesqu i t e  o r  w i l low 
are replaced by sa l tcedar ,  I n  addi- 
t i o n *  s o i l  and wafer s a l l n i t y  levels 
have r i s e n  dramat ical  l y  i n  assoc ia t ion  
w i t h  i r r i g a t i o n  p r a c t i c e s  and evapora- 
t ion from rese rvo i r s .  N a t i v e  p  lantsr  
w i t h  t h e  except ion  o f  s a l t  bush and 
qua i l  bush, e x h i b i t  a  tow to le rance  t o  
sa l lne  soi l s. I n contrasf-, sa I tcedar 
t h r i v e s  under h i g h l y  s a l i n e  condi- 
t ions. 

Sal tcedar  i s  t y p i c a l i y  deciduous 
and, wi thout  f ioods, la rge amounts o f  
l e a f  l i t t e r  accumulate. Therefore* 
t h e  p o s s i b i l i t y  o f  a s tand i g n i t i n g  
increasesr espec i a  l l y dur ing  t h e  dry 
summer months. A f t e r  such f  i r e s t  
sal tcedar and arrowweed qu i c k  i y  regen- 
e r a t e a  whereas cottonwood and quai l 
bush usua l l y  f a !  l t a  r e t u r n  (F igure  
20A). Thus, i n  s tands o f  mixed vege- 
t a t i o n  sa l tcedar  wi l l be t h e  f i r s t  t o  
r e g e n e r a t e ?  and t h r o u g h  successive 
f I r e s  eventua l ly  d isp laces mvst nat ive  
s p e c i e s  ( F i g u r e  208) .  C u r r e n t i y ,  
sal-tcedar i s  t h e  numerical l y dominant 
t r e e  along t h e  e n t i r e  length  0% t h e  
lower Colorado Rive r .  

R i p a r i a n  a r e a s *  e s p e c i a f l y  on  
l nd f an i ands, a r e  st. i l l being c  ieared 
f a r  agrlculturat and residential 
developments, The last- o f  t h e  large 
con*! nunus mesqu i t e  besqries rm.a i n  i ng 
o n  t h e  lower C o l o r a d o  R i v e r  were 
b e g i n n i n g  to b e  cleared I n  1984. 
A b s u i  880 ha (2r000 a c r e s )  o f  t h e  



Figure  
C i b o l a  
Photo b 

208. F i v e  months a f t e r  burn lng  of a saltcedar-honey mesquite h a b i t a t  a t  
Na t iona l  W i l d l i f e  Refuge. Most mesquite d i e d  r a p i d l y  a f t e r  t h e  f i r e .  
y J. Jackson. 

Figure 208. Two years a f t e r  a burn w i t h  vigorous growth evident  for  sa l t ceda r *  
b u t  no t  for  n a t i v e  t rees .  Photo by W e @ .  Hunter. 
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lower Colorado R i v e r  mesquite land 
were cleared nor th  of  Ehrenberg by the 
end o f  1984 f o r  canversion I n t o  agr i -  
cu  i t u r a  l p roduc t i on .  I n  add i t ion*  
some o f  the  most important screwbean 
mesqu i t e  h a b i t a t s  are being c ieared 
p r e s e n t l y  f o r  agr icu l ture,  and a lso 
f o r  new f r a i  ler-recreat ional vehic le 
parks. 

Channel s t ra igh ten ing  and armor i ng 
was completed along most of the lower 
Colorado River by the U.S. Bureau o f  
Rec 1 amat ion t o  increase the  ef  f  iciency 
o f  wa te r  t r a n s p o r t  and t o  reduce 
r i verbank e ros  ion. WydroIogical I y *  
c h a n n e l  d r e d g i n g  ( o r  deepen ing )  
lowered ad jacent water tab l es* wh lch 
e f f e c t i v e l y  d ra  I nod most backwaters 
 long the  lower Colorado River. Ces- 
s a l l o n  o f  f loods precluded development 
o f  now backwaters. F inai  l y, dredge 
sps f l was defsos l l e d  i n  backwaters t o  
decroase s u r f  aca area and re ten t  ion 
"i-me of waier (Minckley 19791. A l  I 
t has@ a c t  l v it l es have decreased the  
amunt o f  c i r c u l a t i n g  organic mater ial  
I n  a q u a t i c  h a b i t a t s  t h a t  would be 
a ~ a i l a b l ~  f o r  primary product iv i ty .  

i ran leal i y t h e  mast recent cause 
of  vege-tat ional chanyo along the lower 
Colorado Wivsr is tho same fac tor  t h a t  
was mor;"Pcssunf i a l t o  t he con? i nu i ng 
h o a f t h  o f  t he  e n t i r e  system, t h a t  i s  
.f i ood D ng . B e f o r e  dam const ruc t  ion 
na tura l  f loods Typlcal l y  iasted anl y a 
few moiiPhsi wtler cas r%snt  h igh water 
rc3loases from dams may I as? f o r  12 o r  
mrc months, A f t e r  1935, The r i v e r  
h a d  n o t  ove r f l owed  i t s  p r e s c r i b e d  
chsranoi un2-1 l ?he summer of 1383% when 
water releases from dams exceeded any 
p rev  icvusl y recardsd cont ro l  led f  lows. 
Tho hong dura t ion  o f  h igh flows during 
f983r 1984, and again I n  1986 resu l ted  
I n  t h e  do&-h o f  most o f  the  remaining 
cof-tonwoods along the r i v e r  I F  igure 
211. CoTl-onwood and mesqui te are 
h ; g h  l y i ntof  eranf of  long-term f lood- 
ing, whereas w i l  laws a r e  considerably 
be- f te r  a d a p t e d  Po long-Term Inunda- 

t ion. Nat ive p l a n t  regenerat ion i s  
l im i ted  by t im ing  o f  t h e  f l o o d  and by 
h i g h  s o i l  sat  i n i t y t  both which now 
favor sal tcedar establishment. Even 
though some regenerat ion o f  co t ton-  
woods and w i  l lows has occurred many 
more hectares have been l os t .  The 
recent f loodwaters have a l s o  covered 
many hectares of  emergent vegetat ion 
w i th  sediment and debr is, wh i l e  o the r  
marshes have been t o t a l  1 y scoured o f  
the i r vegetat ion. Some marshes bene- 
f i t  temporari l y from inundation, how- 
ever? because emergent p l a n t s  regen- 
erate and spread qu ick ly  on new s i  I t  
beds covered by shal low water. Th i s  
aggradat ion  o f  m a t e r i a l  e v e n t u a l l y  
a l  lows t h e  r e e s t a b l  ishment o f  t e r -  
r e s t r i a l  v e g e t a t i o n ,  most o f  which 
probably w i  l I  be saltcedar. Much o f  
the submergent vegetat ion has y e t  t o  
recover from recent  f looding.  

2-3 FAUNAL CHANGES 

Two an ima l groups, f i s h  and b i rds,  
have shown dramat ic  changes i n  as- 
soc ia t ion  w i th  increased r i v e r  manage- 
ment on the  lower Colorado R i  ver s ince  
t h e  mid-1800's. Some changes a l so  
have occurred i n  o ther  faunal taxa. 
N a t i v e  f  i sh and b i r d  s p e c i e s  have 
dec l l ned o r  have been e x t  i rpa ted ,  
whi le many introduced species o f  f i s h  
and both introduced and n a t i v e  species 
o f  b i r d s  have Increased. 

The nat ive  f i s h  fauna o f  t h e  lower 
Colorado River consisted p r l  mar i 1 y o f  
nine species, a l l  but  one o f  which a r e  
p r e s e n t l y  ex t i rpa ted  from t h e  main- 
stream or  are extreme l y  r a r e  (Minckley 
1979). Three o f  these species were 
e s s e n t i a f l y  marine and a l l  bu t  one3 
the s t r i ped  mul l e t  ( 1, 
have been c u t  o f f  from t h e  r i v e r  by 
Murelos Dam downstream o f  Yuma. F i ve  
species compose a group of b i g - r i  ver 
f ishs a /  / of which have dec l ined Po 
near e x t  i r p a t  ion, that .  d i sap peareci 
from the  r i v e r  between t h e  1950's and 



Figure  21. Vegetation, most ly sa l tcedar  and honey mesquite, f looded dur ing 
1983, Mesquite d ied  rap id l y .  Note debr is  p i l e d  i n  open lanes and t h e  renewed 
sa l tcedar  growth under these condi t ions.  Photo by D. Krueper. 

1960 's  ( F i g u r e s  22A,B,C). Another 
s p e c  i e s t  t h e  d e s e r t  p u p f  i s h  

1, was a species 
o f  marshes and backwaters and has not  
been recorded from the  mainstem r i v e r  
s ince t h e  e a r l y  190Ots. 

The p r e s e n t  f i s h  fauna o f  t h e  
lower Colorado River  i s  composed a l -  
m o s t  e x c  l us  i v e  l y o f  i n t r o d u c e d  
species. Of t he  24 introduced species 
(Minckley 19791, 16 a re  from the  Mis- 
s i s s i p p i  River  Val ley region, 4 a re  
from t h e  Old World, 2 a re  from Middle 
America, and 2 a r e  anadromous (one 
from t h e  A t l a n t i c  and the  o ther  from 
P a c i f i c  drainages). The decl ines i n  
t h e  n a t i v e  ichthyofauna are r e l a t e d  t o  
both hab i t a t  changes and i n f  erspeci f  i c  
i n t e r a c t i o n s  ( i n c l u d i n g  compet i t ion 
and predat ion)  f  rum introduced species 
and a r e  discussed i n  more detaai l i n  
Chapter 9. 

F igure  22A. Three species o f  South- 
western b ig - r i ves  f i s h e s  t h a t  were a l l  
once abundant i n  t h e  lower Colorado 
River.  Ehnyfa i f  chub (u I 
i s  now found on1 y i n  very low numbers 
a t  Lake Mohave~ w R  i i e  it i s  apparent! y 
ex t i r pa ted  throughout t h e  r e s t  of  i t s  
h i s t o r i c a l  range. Pho to  b y  WeL. 
Minckley. 



F i g u r e  2 2 C ,  R a z o r b a c k  s u c k e r  
(Xvrauchen ) s t i l l  can be found 
a t  Lake Mohave and a  few o the r  l o c a l f -  
t i e s  Tn t h e  lower Colorado River, bu t  
na tu ra l  recru i tn tent  I s  v i r t u a l l y  un- 
known, Photo by P.C. Marsh. 

Changes i n  t h e  avi fauna genera l l y  
can be d i v ided  i n t o  th ree  d i f f e ren t -  
c a t e g o r i e s :  11 3 species t h a t  have 
d e c l  l n e d  w i t h  t h e  l oss  of  r i p a r i a n  
h a b i t a t s ,  ( 2 )  species That have in- 
creased w i t h  t h e  conversion o f  these 
lands  t o  f a r m  land, rese rvo i r s r  o r  
marshesP and ( 3 )  species t h a t  have 
expanded t h e i r  geograph Ic ranges i n  
r e c e n t  y e a r s  t o  i n c i u d e  'the lower 
Colorado R iver  Valley.. H i s $ a r l c a l l y r  

seven summer-res i d e n t  i n s e c t  i vores 
were cons i dered common o r  abundant 
( G r i n n e l  1 1914; Swarth 19?4 )s  being 
c h a r a c t e r i s t i c  elements o f  t h e  bottom- 
I and cottonwood-w i 1 low a s s m  i a t i o n s  
( F i g u r e  23) .  A l l  o f  these species 
have dec I  i ned sharp l y  i n  numbers con- 
comitant  w i t h  the  loss o f  la rge  stands 
o f  mature cottonwood-w i l low hab i t a t .  
I n  add i t  ion, t h ree  species o f  cav i t y -  
nes t i ng  b i r d s  a l s o  have dec 1 ined w i th  
t h e  decrease of t a  I S snags o r  elevated 
dead, s o f t  wood a s s o c i a t e d  w i t h  
cottonwood-willow hab i ta ts .  

F i g u r e  228. C o l o r a d o  squawf i s h  
(- Juc ius)  i s  e x t i r p a t e d  
f rom t h e  Co lo rado  R iver  below Glen 
Canyon Dam. Photo by J.N. Rinne. 

F i g u r e  23. Y e l l o w - b i l l e d  cuckoo 
(Qx&yzui m e r i c w )  w i th  ka tyd id  i n  
a  Goodding w i l low. The cuckoo has de- 
c l i n e d  i n  populat ion s i z e  d ramat i ca l l y  
s ince  the  1970tsst and i s  now c l o s e  t o  
ex i i rpai - ion along t h e  lower Colorado 
R i v e r  mainstem. T h i s  s p e c i e s  i s  
rep resen ta t i ve  o f  a  dozen deep-forest, 
i nsec t i vo rous  b i r d s  nearing e x t i  rpa- 
t i o n  i n  t h e  lower Colorado River  Val- 
ley. Photo by K.V. Rosenberg. 

Although t h e  increase i n  agr i cu l -  
t u r a l  lands i n  t h e  v a l  ley has had a 
negat ive impact on t h e  breeding avi-  
fauna ,  many migratory and w in te r i ng  
species use these areas extensively .  
Some s p e c i e s  undout i ied ly  v i s i t  t h e  
va I i ey  more f requen t l  y as t h e  open 
habita$s they p re fe r  have become m r e  
prevatent.  Some r i p a r i a n  species may 
a lss bensf  i i  from the agr i c u l i u r a i -  
r i p a r  lan edge t h a t  provides food as 



w e l l  as a d j a c e n t  s h e l t e r  and nes t  
s i t e s .  However, o ther  species t h a t  
i n t e r f e r e  w j t h  the  nes t i ng  o f  r i p a r i a n  
b i r d s  by e i t h e r  be ing  predators o r  
n e s t  paras  i t e s  have a  1 so increased 
( e.  g., European s t a r  l i ng [ S t u r n u s  

I P  brown-headed c o w b i r d  
dxxl, bronzed cowb i r d  CU. 
g r e a t - t a i  l e d  g r a c k l e  

-1 1. 

Changes have  r e s u l t e d  i n  t h e  
development o f  open water and marsh 
hab i t a t s .  I n  these s i t ua t i ons ,  many 
waterb i rds  have benef i ted .  G r  innel l 
(1914 :72-73)  commented on the  pauc i ty  
of  waterb i rds i n  1910: 

... The l i t t l e  open water some- 
t i m e s  a t t r a c t e d  a  few t ran -  
s i e n t  ducks and mudhens, bu t  
so f a r  as known no water b i r d  
ou ts ide  o f  t he  Ardeidae remain 
Po breed anywhere along t h e  
Colorado River.  

Among t h e  many waterb i rds  occupy i ng 
these hab i t a t s  today i s  t h e  Federal l y  
endangered Yuma c lapper r a i l  (Ba l l us  

(F igure  24). 

The a lmos t  annual occurrence o f  
r a r e  duck species and t y p i c a l  oceanic 
species i s  associated w i t h  t h e  forma- 
? ion  o f  the  la rge  lakes and deep chan- 
nel s  no t  h i s t o r  i ca  i l y  found a  long t h e  
l o w e r  C o l o r a d o  R i v e r .  D i s p e r s i n g  
waterb i rds from t h e  Gulf o f  C a l i f o r n i a  
a r e  a l s o  a t t r a c t e d  t o  t h e s e  l a r g e  
bodies o f  water. With a  d e c l i n e o f  

F igu re  24. Yuma c lapper r a i l  I s  t h e  
on1 y  b i r d  species on t h e  Federal en- 
dangered species l i s t  w i t h  t h e  c e n t e r  
o f  i t s  d i s t r i b u t i o n  on the  lower Colo- 
rado River.  Photo by R.E. Tomlinson. 

na t i ve  r i p a r i a n  breeding b i r d s  t h e r e  
has been an increase i n  t h e  estabi  i s h -  
ment and e x p a n s i o n  o f  p r i m a r i l y  
w i n t e r i n g  s p e c i e s  a s s o c i a t e d  w i t h  
agr  i c u  I  t u r e l  open water,  and marsh 
hab i t a t s .  

The  l a r g e  d i v e r s i t y  o f  b i r d  
s p e c i e s  now found a l o n g  t h e  lower 
Colorado R iver  i s  p r i m a r i l y  a r e s u l t  
o f  changes undertaken t o  "'modern izets 
t h e  r i v e r .  A number o f  species n o t  
found i n  G r i n n e l l "  day a re  now commn 
o r  increasing. Howeverr t h e  v a l l e y ' s  
o r  i g l n a l  breed ing  a v i  fauna asscc ia-ted 
w i th  p r i s t i n e  r i p a r i a n  h a b i t a t s *  l i k e  
t h e  o r i g i n a l  ichthyofauna asscciateel 
w i th  p r i s t i n e  aquat ic  habi tats ,  i s  117 

jeopardy. 
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The Colorado River  d ra ins  a  t o t a l  
a r e a  o f  630,800 km2 (378,000 m i 2 ) .  
The r e c o r d e d  range  o f  f low through 
Yurna was from 0.34 t o  7,083 rn3/sec (12 
t o  250~132 f t 3 / sec )  (U.S. Geological 
Survey 1973). Sed lmn t  loads dur  lng 
f iood stage averaged more than lo8 t 
( 1  1.02 X lo8 tons)  per year from 1925 
t o  9 935.  Dur l ng norrna l f lows and 
du r ing  drought per iods t h e  r i v e r  ran 
c l e a r  (Minckiey 19791. 

The a v e r a g e  annual undep l e t e d  
s u r f a c e  f l o w  o f  t h e  lower Colorado 
R iver  was est imated to have been 1.8 X 
l 0 I 0  m3 (14.6 m i l  lion acre- f t )  from 
1896 t o  1935 a t  t e e D s  Fer ry?  AZ (Lower 
Colorado R iver  Camprehensive Framework 
Study 1971 3 .  About 1.9 X 1 0 ~ ~  m3 
(15.4 m i  t l Ion ac re - f t )  v i r g i n  f l ow  was 
es-kimated t o  flow i n t o  Mexico. With 
t o c a i  r u n o f f  and t r i b u t a r i e s  con- 
sidered, an addiHlonal 3.9 X lo9 m3 
(3.12 m l l l  ion ac re - f t )  would be added 
ko  undep t e t e d  water  f l o w i n g  i n t o  
Mex Fco, 

G r o u n d w a t e r  d I s t r  f b u t  i o n  and 
avaiiabi l1t.y are  determined l a r g e l y  by 
t h e  g e o l o g i c  s e t t i n g  o f  t h e  area, 
Subsequent. t o  rnnyior f a u l t i n g  i h a f  
formed t h e  mountains and v a i l e y s *  
severa i  stages o f  eros ion and seditnen- 
t a t  ion f l l Eed t h e  vai teys w l t h  maker!- 
a l s  t h a t  now form t h e  major aqu i fe rs  
adjacent  t o  t h e  lower Colorado River., 
T h l s  older al l u v i a l  f i l l  cons l s t s  of  

gravels sand, c lay ,  and s i l t  layers i n  
vary ing Phlcknesses; l oca l l y ,  it may 
be as much as 944 rn (3,000 f t l  t h i c k .  
I n  genera l  t h e  d e p o s i t s  g rade i n  
t e x t u r e  from la rge  boulders near t h e  
mountains t o  f ine-grained s i  I t  along 
the  a x i s  o f  t h e  vat leys. 

Where c l a y  beds form a con f i n ing  
layer ,  t h e  groundwater  benea-th I s  
under a r t e s i a n  pressure. Groundwater 
i n  t h e  coarse ma te r ia l s  above t h e  c l a y  
beds I s  under water-tabte condi t ions.  
Loca l  i zed  c l a y  beds w i t h i n  c o a r s e  
mater ia l  s somet l mes support w i despread 
perched o r  sem lperched water bodies 
(Lower Co i o r a d o  R i  ver Cornprehensi ve 
Framework S1-udy 1971 1. 

The present  drainages, c u t  i n  the? 
o l d e r  a1 lwvium9 have been f i i  led t o  
va r  l o u s  d e p t h s  w i t h  unconso l idated 
d e p o s i t s  of gravel ,  sand* and s i l t .  
I n  many bas ins  t h i s  younger a1 l u v i a l  
f i l l ,  a l ong  t h e  f l o o d p l a i n  o f  t h e  
present stream, provides large amounts 
o f  groundwater. The amount o f  ground- 
water thaP can be obtained from t h e  
younger f i l  i I n  any p a r t i c u l a r  area 
depends on t h e  depth and ex ten t  o f  t h e  
depos Its. 

N o t  s u r p r i s i n g l y ,  t h e  m a j o r  
aqu l fers a r e  located In  the broad a  l -  
l u v i a l  fans found i n  +he tviohave, 
Parker* Palo Verde, and lmper la l  Val- 
leys, Depl-h i-Q water t a b l e  i n  these 
valleys I s  <69 rn ((200 ft). Recover- 
able grcrundwaier i n  storage amounts f o  
abouf 9.9 X m3 (803  m i l  l i o n  acre- 
f-tl along and adjacent t o  t h e  lower 
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M i s t o r l c a l  iy, along many reaches 
o f  t h e  lower Colorado R iver*  the  chan- 
n e l  was h i g h l y  convoluted, shal low, 
and braided; dredging o f  t h e  r i v e r  has 
g e n e r a l l y  b e e n  t o  d e e p e n  and 
s t ra igh ten  t h e  channel which has c u t  
o f f  backwaters and lowered adjacent 
water tab les. The constant tendency 
o f  t h e  r i v e r  t o  meander and erode 
b a n k s  has prompted The Bureau o f  
Rec I amat i o n  t o  s t a b  i I  i ze the banks 
w i t h  r ip rap .  

Water f low on the  lower Colorado 
River  I s  regulated by discharges from 
b o t h  Dav is  and Parker Dams, and by 
wa te r  dei i very  and d i ve rs  Ion a t  the  
o ther  dams along t h e  r i v e r ,  Seasonal 
and d a l  l y  c y c  i l ng of  water  f l o w  
r e f l e c t  demands on f h e  system f o r  
power  g e n e r a t  f o n  and irr l g a t  ion. 
H i g h s s t  demands are  dur lng the  day- 
I l gh t  hours f o r  power generat ion and 
dur ing  summer f o r  i r r l g a t l o n ,  

The f  loads o f  1983, 1984, and 1986 
dramat ica i l y  changed t h e  s tab le  f low 
pat$erns estab l {shed I n 1935. These 
f 1 osds resu l Sed 1 n la rge  amounts o f  
waPer reach ing t h e  De t t a  f a r  the f i r s t  
.t Ime s i n c e  c l o s u r e  o f  Hoover Dam 
(Table 2 ) .  A t  present, dredging oper- 
a f l a n s r  r o i n f a r c l n g  o l d  lavees, es- 
t ab  1 l sh  lng new leveesl armor i ng banks 
w i t h  r i p rap r  and water salvage (vege- 
t a t  !an remva  I )  p r o j e c t s  a re  ongof ng 
t o  cont inue con.l-rrsi o f  t he  r i v e r  by 
rsducing h igh  s e d l m n t  b d s ,  Improving 
rrav l ga t  f onl and prov i d  l ng f o r  f u r the r  
f i wod cont ro l  , 

The l o w e r  C o l o r a d o  R i v e r l  i n  
f l o o d s t a g e  f o r m e r  i y scour-ed and 
rsdis- f - r ibutod s e d l m n t  Phraughaui the 
system (Table 5 ) .  Present ly*  boulders 
and  gravel are prominent immediately 
boiow Bav l s  and Parker Dams (Mlnck ley 
1979 1, I n  channe t l zed se9men.t-5 (such 
as i n  t h e  Palo Verde and Clbola D l v i -  
$ I o n s )  t h e  predominant  ssrflmsr4- Is 
sand. Slit i s  p rebm~ lnan t  on ly  i n  
t ake  Mavasu. 

P r i o r  t o  1935 extensive vegetat ion 
border ing the  r i v e r  may have helped t o  
b u f f e r  wafer tempera tures  and t rap  
suspeoded sed iments dur i ng f locds. 
The importance o f  t h e  l a t t e r  i n  p re-  
vent l ng eros ion and t rapp i ng suspended 
s o l l s  s h o u l d  n o t  b e  o v e r l o o k e d .  
R I p a r I a n  v e g e t a t i o n  h e l p s  t o  slow 
water v e l o c l t y ~  especial  l y  dur ing  h igh 
f l o w  e v e n t s .  As v e i o c i t I e s  a r e  
reduced, any sediment  being i rans-  
p o r t e d  by  t h e  fast-moving water i s  
depos l t e d  l a te ra l  l y  ou t  o f  t h e  ma i n  
flow. 

Presenf ly ,  t h e  r i v e r  f lows m s t l y  
t h r o u g h  areas o f  denuded bank l ines 
(except Jn the Imperial D i v i s i o n )  and 
r e c e l  ves  d  1 r e c t  inso ta t  ion. Topock 
Gorge i s  t h e  on1 y  sect ion where c I i f  fs 
are h i g h  enough t o  shade t h e  r i v e r  and 
b u f f e r  dayt  im temperahres. The r e s t  
o f  t h e  r i v e r  i s  subject  t o  rap id  heat- 
i n g  on t h e  s u r f a c e  d u r i n g  t h e  day 
balanced by evaporation i n t o  dry a i r ,  
and aqua1 ty rap id  cool ing a t  n i g h t  by 
evaporat ion (Minckiey 19791. 

T h e  e x t r e m e  f  l u c f u a t i o n s  i n  
reco rded  f tow volumes b e f o r e  1935 
ceased a f i s r  c  iosure of Hoover Darn. 
From 1935 t o  1983, f lows were re la -  
t i v e !  y  consSant i n  upper r e x h e s  among 
seasons and years  (Table 2r Figure  
2 5 ) .  Flows a t  lower reaches were more 
v a r i a b l e  among seasons* w i t h  h ighes t  
r a t e s  dur ing s u m r  when energy and 
i r r  l g a t  I o n  demands were g r e a t e s t .  
Flow r a t e s  before 1983 a t  Davis and 
P a r k e r  Dams were around 283 m3/sec 
ilO,O00 f t3 /secl ,  and a t  the Inierna- 
t ional Bo~lndary they were 142 rn3/sec 
( 5 , 0 0 0  f t 3 / s e c )  a t  Mor-elos Dam. 
During t h e  f loods o f  7983, peak f  lows 
below Parke r  Dam were about  1,163 
m3/sec (48rB90 f t 3 / s ~ 3 r  and f lows on 
t h e  rfver remarried ve ry  h i g h  i n t o  
1986, 

FPrescn+ty, $lrl.uai i y  a i  i Coiorziao 
River water i s  at locafed. No planned 
flows have rezxhed +he Colorado River 
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Tab ie  2. (Concluded) 

Mean 1000 a c r e - f t S D  (X16.8 t o  f t 3 / sec  or  X0.4757 t o  rn3/sec) 

Calendar year  Jan 

Imperial Dam 
W 
P 

1941-1949 

Feb Mar AP r May Jun Ju I Au9 S ~ P  Oc 4 Nov 



Tab le  3, Annual sediment load th rough  s i x  s"it1ons a tong t h e  lower Colorado R i ve r .  Data f rom U.S. Depar i -  
ment of t h e  I n t e r i o r  (1987).  

Sediment toad (1,000 t) 

Calendar yea r ( s1  Lee's F e r r y  Grand Canyon L i t t t e f l e r d  Hoover Dam Parker  Dam Imper ia l  Dam 



- Davis Dam 
Parker  Dam - Morelos Dam 

A--A imperial Dam 
w 
0 

t-r international Boundary 
v- 

Flgure 25, Patt.erns of monthly discharge o f  t he  Lower Colorado Rlver main- 
stream a t  var ious po in ts  between Davis Dam and t h e  tl.S.-Mexico Boundaryt 1974 
through 1876; cornpEled from U.S. Geotoglcal Survey. From Minckley (1979). 

De l ta  s rncs 1935, Two pumping s?a- 
t l o n s  on Lake Havasu, one on t h e  west 
s l d a  o f  t h e  t a k e  sends wa%r t o  
southern Ca l l Porn! a and the one on t h e  
e a s t  s i d e  t o  cen-trai  and southern  
Arizona, draw much o f  Bhe lower Golo- 
rado River  water away from t h e  ma Tn- 
stream. Groundwater supp l i es a r e  
d e c f l n i n g  i n  accessible aqu i fe rs  along 
t h e  lower Colarada River; however# t h e  
water t a b l e  has dropped substant la1 f y 
less t h a n  i n  aqu i fe rs  found In fhe 
rnetropo i i t a n  areas o f  c e n t r a l  and 
southern Arizona (Lower Colorado Rlver  
Gomprehanslve Framework Study 19713. 

Fu iure  waf-er denlands w i  i t cont inue 
t o  outd is fanee supp l l eg  f o r  the lower 
Co lorado R i v e r  r e g i o n  as a whole, 
Even w i t h  t he  Central Arizona Project,  
wa-ter tab les  are  p r d  lcted t o  con-ti nue 
descl inlng, The e n t i r e  tower Coforado 
R i v e r  r e g l o n  water  supp ly  w i  t l be 
def l c f e n t  by a t  teast 4.9 X 109 in3 14 
mTIl Ion a c r e - l i l  over projected demand 
by t h e  year 2020 (Lower Cotorado River 
Gomprehens l v e  Framework $+tidy I937 1 ). 
T h i s  f l g u r e  does no? include water 
losses +Rat may be zsscx ia ied w i t h  



f u t u r e  water-quat i ty  c o n t r o l  nor t h e  
necessary  l osses  tha-t would be in- 
cur red  t o  t o t a l l y  develop t h e  r e g l o n f s  
water supp f y. 

Water  q u a l i t y  a l o n g  " re  lower  
Colorado River  was probably as va r i -  
able as t h e  amount o f  f low before  t h e  
c l o s u r e  o f  Hoover Dam (Mlnckley 1979). 
Deeper p o r t i o n s  o f  backwaters  and 
oxbow lakes  may have been p o o r l y  
oxygenated. A l te rna t i ve l y ,  backwaters 
may have been s u p e r s a t u r a t e d  w i t h  
oxygen I f  t he re  were la rge  standing 
c r o p s  o f  p h y t o p l a n k t o n  and h i g h  
n u t r i e n t  loading. The h i g h l y  f luc- 
t u a t  i ng f  lows o f  t h e  predam r i v e r  
resu l ted  In hrgh ly  va r iab le  concentra- 
t i o n s  o f  t o t a l  d issolved s o l i d s  

(F igure  261. Dur ing low flows, con- 
cen t ra t i ons  o f  t o t a l  d isso lved so l  ids  
became very high, as they  do i n  many 
d e s e r t  waters ,  The lower Colorado 
R iver  i s  na tura l  l y  s a l t y ,  as many o f  
t h e  geologic  formations i n  t h e  basin 
were deposltedl e.g., Las Vegas Wash, 
i n  marine o r  b rack lsh  water environ- 
ments. This c o n d i t i o n  was exacerbated 
by drought and evaporat ion. Su I f a tes  
and sod ium c h l o r i d e  a re  t h e  preva len t  
sa I t s  1 n  t h e s e  n a t u r a  l format ions. 
Oxbow lakes were sub jec t  t o  intense 
e v a p o r a t i o n  and were d e s c r i b e d  by 
G r i n n e l  1 (1914) as "I l i fe less a l k a l i  
lakes9' i n  t h e i r  l a t e r  stages o f  devel- 
opment (Ohmart e t  a l .  1975). 

Summer daytime water t m p e r a t u  res 
were est imated by Minckley (1979) t o  
exceed 30 OC (86 O F ) ,  b u t  approached 
40 OC (704 OF) o n l y  when i n s o l a t i o n  
was accompanied by h i g h  r e l a t i v e  
humid i t ies  (Deacon and Minckley 1974). 

Year 

f i g u r e  26. Monthly sai in i - ty  l eve l s  below Lake Pawelf (1941-851, Adapted from 
U.S, Department o f  t h e  i n t e r i o r  (19871, 



N i g h t t  !me water temperatures dec t i ned 
r a p i d  i y because o f  low water vapor 
pressures. 

l n c r e a s l n g  s a l i n l t y  l eve ls  s ince  
t h e  c o n s t r u c t  ion  o f  t h e  major dams, 
i nc lud ing  Glen Canyon Dam9 have become 
The most s e r i o u s  problem concerning 
water managers on the  lower Colorado 
River .  Natural o r  background s a l i n i t y  
has been changed by the  development o f  
w a t e r  resources  I n  two major ways: 
(11 by a d d i t i o n  o f  s a l t s  from a g r i c u l -  
t u r a l  sources and (2) by t h e  dep le t i on  
o f  water along t h e  mainstem. 

Present ly :  concerns over s a l i n i t y ,  
o t h e r  t h a n  i n  wa te r  de l  i v e r e d  t o  
Mex ice* inc lude a1 l t h ree  lower bas in  
S t a t e s .  I n  Arizonal t h e r e  a re  two 
major concerns. F i r s t 9  t h e  a l k a l i n i t y  
I n  d r i n k i n g  water exceeds U.S. P u b l i c  
Hea l th  Services maximum leve ls  around 
Parker Dam, Second, sa l i n i t y  I n water 
d e  l i vered t o  Arizona through t h e  Cen- 
t r a l  Arlmana P r o j e c t  may be t o o  s a l i n e  
t o  be usefu l  t o  those purchasing t h e  
water. I n  Nevada, Las Vegas Wash i s  
n o t  o n l y  a source f o r  h igh  sal l n i t y  
b u t  a l s o  serves as a source o f  phos- 
phorus  and ammn la9 a l  l p o t e n t i a l  i y 
detrfrnental t o  water q u a l i t y  f o r  human 
use tU.S, Department o f  t h e  I n t e r i o r  
1987 1.  Last ly ,  i n southern Ca l i f o r -  
n l al 65% s f  a l l water  i s  from t h e  
l o w e r  C o l o r a d o  R i v e r  t o  I r r i g a t e  
320,000 ha f8e)Ot000 a c r e s l  and t o  
s e r v e  12 rn i l l i o n  people. Because 
CaI i f o r n l a  I s  n e x t  t o  Mexico as t h e  
l a s t  w a t e r  u s e r  o f  Co lo rado  R i v e r  
wafer t h l s  reg lon  bears t h e  b r u n t  of 

f t h e  s a l t s  concentrated upsfreamp 
whlch may r e s u l t  both I n  hea l th  safe ty  
and econorni c d i sas-fer f o r  t h e  r e g  Ion 
(U.S.  D e p a r t m e n t  o f  fhe  t n * @ r i o r  
19871, 

I r r l g a f e d  l ands  (0.6 m i l l i o n  ha 
f1.5 r n l l l  i o n  a c r e s l )  i n  -the upper 
Colorado R l  ver  bas i n  cont r  i bute  about 

3.08 m i  i l i o n  t (3.4 mi l  Ion -tons) o f  
t o t a l  d issolved s o l  i d s  (7-0s) per year 
( t o  what was about 4.81 m i l  l i o n  t L5.3 
m f l l l o n  tons1 per year before agr icu l -  
t u r a l  development)  a t  Leevs Ferry. 
Th is  has ra ised t h e  TDS level from 250 
mg/ l t o  550 mg/ l (U.S. Department o f  
t h e  l n t e r i o r  1987). The lower Coio- 
r a d o  R i v e r  b a s l n  a l s o  c o n f r i b u t e s  
s i g n l f l c a n t  amounts o f  i r r i g a t i o n  
r e t u r n  f low from 160,000 ha (400rOOO 
acres) from the  mainstern and 0.6 m i  l -  
l i o n  ha (1.5 m i l  l i o n  acres) from t h e  
G i l a  drainage, A dramatlc r i s e  In TDS 
i s  always found below Imperial Dam i n  
t h e  water dest ined fo r  Mexico, w i t h  
l e v e l s  usua l ly  above 800 mg/l s ince 
t h e  mid-1950fs (F igure  27A). 

Y e a r  
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F i g u r e  27. A, Mean annual s a l i n i t y  
a t  Imper ia l  Dam (1941-85). 8 .  Mean 
annual flaw a t  imper ia l  Dam (1941-85). 
Adapted from U.S. Department o f  t h e  
I n t e r i o r  (19871, 

Wafer depletion8 other  than -that 
f o r  ag r i cu l tu re l  i s  T h e  more serious 



cause o f  r l s l n g  TDS leve ls  and? w i t h  
d e c r e a s i n g  a g r i c u l t u r a l  expansion, 
w i l I c o n t  i nue t o  become even more 
s e r i o u s  i n  t he  future.  Consumptive 
use o f  water has and w i l l reduce d l l u- 
t i o n  o f  both na tura l  and new sources 
o f  s a l t .  Major sources of  water loss, 
bes ides  i r r i g a t i o n r  fnclude evapora- 
t i o n  f rom r e s e r v o i r s  and channel l  
i r a n s b a s  i n expor ts ,  and mun i c i p a l -  
i n d u s t r i a  I d i v e r s i o n s  ( T a b l e  4 ) .  
Transbasin exports begin i n  t h e  upper 
basin a t  h igh e levat ions  where TDS I s  
c h a r a c t e r i s t i c a l l y  low. Th i s  removal 
o f  h i g h - q u a l i t y  wa te r  r e s u l t s  I n  
remaining low f lows downstream which, 
i n  tu rn ,  increase TDS even though some 
s a l t s  are removed w l t h  t h e  exports. 
Ma jo r  dep le t ions  a t  Las Vegas? Lake 
Havasu ( f o r  both southern C a l i f o r n i a  
and t h e  Centra l  Ar izona Pro jec t ) ,  and, 
f i n a l l y ,  a t  t h e  A 1 1  AmerIcan Canal 
( f o r  t h e  Imperial  Valley9 I n  t h e  U.S. 
a l l  add t o  h i g h e r  TDS l e v e l s  f o r  
Mex ico  (Table 5 ) .  Addi t iona l  wi th-  
drawals f o r  industry,  s p e c i f i c a l l y  o i l  
shale mining, f l u c t u a t e  I n  Importance 
w l t h  changing o i l  pr ices;  t he  h igher  
energy p r i ces  become, t h e  more with- 
drawa l w i f l occu r .  Water s t o r a g e  
i ncreases TDS l eve l s i n reservo 1 r s  

t h r o u g h  e v a p o r a t i o n  and decreased 
lnftow ra tes .  i n  addition, increased 
sed I menta t  Ion i n  rese rvo i r s  may in- 
f luence both s a l i n i t y  and t h e  mix o f  
o the r  d i sso l  ved ions. Suspended sed i -  
ment t h r o u g h  phys i c a  l and chemical 
d e g r a d a t  i o n  may cont inue t o  re lease 
sa l t s  and exchange ions (e.g., sod i urn 
f o r  c a  lciurn). However? these s a l t s  
and i o n  exchange processes may be 
is01 a t e d  once t h e y  a r e  s e t t l e d  ou t  
w i t h i n  t h e  r e s e r v o i r  and re lease may 
be lower than t h a t  found i n  t h e  break- 
down processes i n  a na tura l  r i v e r  ine 
env i ronment. Reservoirs a I so s ign l f i- 
c a n t l y  reduce peak f lows downstream 
which, i n  turn, decreases s a l t  f lush-  
ing. Add i t iona l  s a l t  loads a r e  pro- 
duced f rorn e ros ion  a f t e r  t o r r e n t l  a l  
ra ins ,  b u t  t h e  t o t a l  input  I s  probably 
I  ow, 

Sa l i n i t y  concentrat ions a t  I mper- 
1 a  l Dam decreased stead i l y from 1970- 
1979r dropped no tab l y  i n  1980, in- 
c reased  s h a r p l y  I n  1981-1982, and 
dropped aga in  i n  1983-1984 (F igure  
27Al. The 1970-1980 s a l  i n  i t y  leve ls  
show the b u f f e r i n g  of annual f l uctua- 
t l o n s  In sal  i n l t l e s  due t o  t h e  e f f e c t  
o f  near1 y 61,7 b i  l l i o n  m3 ( 5 0  m i l  i i on  

Table 4. Average water use i n  t h e  Coiorado River  basin f o r  1976-1980 ( i n  18000 
acre- t t ) .  Data from U.S. Department o f  t h e  I n t e r i o r  (1987). 

Type o f  use Upper basin Lower bas i n  

Reservoir  evaporat ion and 
channel losses 758 
I rr f gated a g r i c u l t u r e  1,984 
Mun i c  i pa 1 and i ndustr  i a l 178 
Fishl wildlife, and rec rea t i on  4) 

Transbasin exports 3r 647 
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a c r e - f t )  o f  rese rvo i r  storage. With 
r e s e r v o i r  s t o r a g e  o n  t h e  Co lo rado  
R i ver near capac i t y t  d i scharges from 
Hoover Dam i ncreased from 9,5 b i i l ion 
m3 (7.7 m i l  l i o n  ac re - f t )  i n  1979 t o  
13.7 b i l l  ion m3 (11.1  m i l l  i o n  ac re - f t )  
i n  1980, d l  l u t i n g  the  s a l i n i t y  a t  Im- 
p e r i a l  Dam temporar i l y  (U.S. Depart- 
ment o f  t h e  I n t e r i o r  1987). Normal 
f l o w s  i n  1981 and 1982 r e s u l t e d  i n  
rebounding s a l i n i t y  levels ,  Extremely 
h i g h  releases dur ing  1983 and 1984, 
combined w i t h  lowered s a l i n i t i e s  i n  
storager caused s a l i n i t y  a t  Imperial  
Dam t o  d r o p  a g a i n  ( F i g u r e  2781. 
S a l i n i t y  l eve l s  remained low through 
t o  1986; however, s a l i n i t y  i s  expected 
t o  increase qu i ck l y  back t o  800 mg/ l 
o r  more as f'norrna 1'' f lows resume. 

A more d e t a i l e d  s tudy  was con- 
ducted by Minckley (1979) i n  t h e  mid- 
7 970 * t o  compare var  ious Ioca t  ions 
and s a l i n i t y  l eve l s  on the  lower Colo- 
r a d o  R i ver and ad jacent  backwaters. 
Electroconductance ( a  measure d i r e c t l y  
co r re la ted  w i t h  TDS and s a l i n i t y )  i n  
t h e  mainstream averaged about  900 
pmhosi'cm a? 25 0C (77 OF) i n  t h e  
h igher  po r t i ons  o f  t h e  lower Colorado 
River  (F igure  28). EIectroconductance 
remains  a t  about  1,100 pmhos/cm t o  
j u s t  above the  G i I  a River  conf l uence. 
Be low t h e  Co l orado-Gi l a  conf i uence, 
conductance s u b s t a n t i a l l y  increases t o  
above 4,000 pmhos/cm. W i gh t o t a l  
d issolved s o l i d  l eve l s  i n  t h e  Colorado 
River  below t h e  G i l a  Rlver  conf luence 
p r e s e n t i y  a r e  d e l i v e r e d  t o  Mexico; 
howeverr c o n s t r u c t  i o n  o f  t h e  Yuma 
Desa l i n i za t i on  P lan t  w i l l  lower these 
levels .  

Backwaters were t y p i c a l l y  h igher  
i n  e lec t roconduc tance  than  adjacent 
mainstream sect ions along t h e  e n t i r e  
r i v e r ,  w i t h  h ighest  conductance found 
a t  Hunter"  Hole 18 8,000 pmhas/cm) 
south of Yuma and a t  k o v a y  l a  Pond ( @  
15,600 prnkos;crill nea r  P a r k e r  Dam. 
Backwaters a r e  s u b j e c t  to g r e a t e r  
evaporat ion than inilowr a n d  a r e  a l so  

1̂ 
4 2 0  5 2 0  6 2 0  7 2 0  

R ~ v e r  miles 

F i g u r e  28. Means o f  conductance 
(pmhos/cm a t  25 OC) upstream t o  down- 
s t ream i n  t h e  Colorado R fve r  main- 
stream, each d o t  represents a mean 
vaiue f o r  a location, ranging from 7 
t o  more than 50 samples f o r  each mean. 
From Minckley (19791. 

s u b j e c t  t o  i n t e r m i t t e n t  i n f l o w  o f  
d issol  ved ions f  ram storm events t h a t  
e n t e r  f rom d e s e r t  washes. Canals 
resemble t h e  mainstream i n  e lect rocon-  
duc tance .  D r a i n s  o f t e n  a r e  more 
s a l  i n e  ( 8  29000 pmhosi'cm) than She 
ma i ns t ream as they c a r r y  l rr i g a t  ion 
runof f ,  which has leached s a l t s  from 
a g r i c u l t u r a l  f i e l d s .  

E igh t  Federal documnts s e t  water 
a p p r o p r i a t i o n s  and quai i t y  standards 
on ?he lower Co la rado  River ,  The 
major focuses o f  these documents are  
on sal i n i t y  c o n t r o l s  and water a l  loca- 
t ions amng bas in  S-fates and Mexico. 
These  two focuses are  i n t  imatel y in- 
t e r t w  i ned as amount o f  water f 'low i s  
inverse ly  r e l a t s d  t o  sa l  i n i t y  levels .  



T h e r e  a r e  f o u r  documents t h a t  
e s t a b l i s h  w a t e r  a l I o c a t i o n s .  The 
Co I orado River  Compact o f  1922 d i v i ded 
water between upper and lower bas ins, 
The Upper Coiorado Rlver  Basin Compact 
of 1948 d iv ided water among t h e  fou r  
upper bas in  States, Water a l  l o c a t i o n  
among t h e  t h r e e  lower bas i n  States was 
not d i v i d e d  u n t  i l t h e  U.S. Supreme 
C o u r t  d e c i s i o n  i n  1964 on Staf-e ~ 
ArlzQna versus Cai i f o r 0  f;lf: al. The 
f o u r t h  appropr ia t ion  document i s  t h e  
t r e a t y  s i g n e d  I n  1944 between t h e  
Un i t e d  States and Mexico estab l i s h  i ng 
1.7 b i l l i o n  m3 (1.4 m i l l i o n  a c r e - f t )  
o f  Co lo rado  R i v e r  water  t o  go  t o  
Mexico annual ly.  

T h e r e  a r e  f o u r  documents t h a t  
es iab l  i sh  c o n t r o l s  on sai  i n i t y  l e v e l s  
and o t h e r  water  quai i t y  a t t r i b u t e s .  
The Water Qual l t y  Act o f  1965 IP.L, 
89-234 1 estab l lshed t h e  Env l ronmenta l 
P r o t e c t  i o n  Agency, which regu  l a t e s  
na t iona l  standards and requ 1 res bas i n  
Sta tes  t o  main ta in  sal  i n i t y  l e v e l s  a t  
or below these standards. The Federal 
Water P o l l u t i o n  Control  Act Amendments 
of  1972 (P.L. 92-500) established 
n u m e r i c a i  sPandards f o r  s a l i n i t y ,  
wh ich  i e d  t o  t h e  f o r m a t i o n  o f  t h e  
Colorado River  Basin S a l i n i t y  Ac t  o f  
1974 (P,L, 93-320). This  was a l s o  i n  
response ta t h e  1973 agreement between 
t h e  Uni ted States and Mexico i n  Minute  

s a l i n i t y  leve ls  of wafer going info 
Mexico k o  be na greater  than 1 I T S 0  
ppm over annua l average sa l i n  it i es a t  
imper ia l  Dam. P,L. 93-320 a i so  ca l l ed  
f o r  works of Irnprovemnt t o  enhance 
t h e  quai l t y  of Colorado River water  t o  
blexlco ( T i t l e  I ,  Yurna D e s a l i n i z a t i o n  
P l a n t )  and f o r  r e p o r t s  on sal  i n i t y  
l eve ls  every 2 years? w i th  campilance 
t o  numeric c r i t e r i a  ensured through %o 
the  year 2005 ( T i t l e  1 1 ,  as amended by 
P.L. 98-569 i n  1984). 

P r e s e n t l y ?  standard maintenance o f  
s a l  i n i t y  l e v e l s  approved i n  1915 b y  
a l  I p a r t i e s  a re  in e f  fecr ,  Average 
TDS below Hoover Dam needs Po be vain- 
t a i n e d  a t  723 mgkl. Below Parker, k n e  
I e v e !  o f  TDS t o  b e  m a i n t a i n e d  i s  
747 rng/l. F i n a l  l y ,  a t  Imper ia ls  TDS 
l e v e l  s need t o  be ma inf-ained al- no 
more khan 879 mg/ l . These {eve  i s  have 
been maintained s ince  t h e  f  loods o f  
1983. 

Maintenance o f  t h e  above leve ls  is 
prov ided for by T i t l e  I o f  P.L. 93-320 
w i t h  t h e  following f e a t u r e s :  ( 1 )  
i i n  i ng o f  i r r i g a t i o n  d e l  i very systems, 
(2 )  deep we l l i n j e c t  !on o f  b r i n e ,  ( 3 )  
p lugg ing  o f  f l ow ing  b r i n e  we1 is,  ( 4 1  
c o n t r o l  o f  e ros ion  i n  a r i d  landsr ( 5 )  
c o n t r o i  I i ng deep perco ta-l- ion f r -om farm 
management systems, and (61 prevent ion 
o f  pumped sa l  ine  groundwater I f  row Las 
Vegas Wash, lower V i r g i n  R i v e r )  mixing 
w i t h  s u r f  ace f lows, The major feature 
from T i t l e  I i s  t h e  cons t ruc t i on  o f  
t h e  Yuma D e s a t i n i z a t i o n  P ian t  on a 
24-ha (60-acre) trxt 3.6 km ( 6  m i )  
west o f  Yuma. The main out let -  d r a i n  
ex tens ion w i l l  c a r r y  s a l i n e  drainage 
water to  t h e  p l a n t .  DesalJ-ed water 
w i I l t h e n  be del  i vered back t o  t h e  
nearby Colorado River  f o r  de l i v e r y  t o  
Mexico. The pr imary  purpose o f  the 
p l a n t  i s  t o  upgrade Phe qua1 f t y  of 
d r a i n a g e  w a t e r  f rom t h e  lower G i l a  
R i v e r  lton-Mohawk lrr ! g a t  ion and 
Drainage D i s t r i c t ) .  The Yuma Desal i n -  
l z a t i o n  P tan t  was s p e c i f i c a l l y  c a l l e d  
f o r  i n  Minute No, 242, w i t h  completion 
s laked f o r  1989-1990, O f n e r  features 
In T i t l e  I inc lude ( 1  concrete I ining 
t h e  Coache l l a  Canal, ( 2 )  prol-ecti ve 
and r e g u l a t o r y  pumping i n  The Yuma 
a r e a  wh lch  sha res  I t s  aqu i fe r  w i t h  
Mexico, a n d  (31 improving soil-wafer 
conservat  ion practices on the  We l l i s n -  
Mohawk i r r i g a t i o n  and Drainage D i s -  
tr lct. 

Besides the  Hel iton-Mohawk I rr  iga- 

t i o n  and Drainage D i s P r i c t  on t h e  G i  ! a  



River, t he re  are two large management 
u n i t s  o f  concern t o  s a l i n i t y  ccontrol 
on the  lower Coiorado River. I n  1964, 
t h e  U.S. Supreme Court a! located water 
t o  t h e  Colorado River lnd Ian Reserva- 
t i o n  t o  I r r i g a t e  43,035 ha (107,588 
a c r e s )  o f  which 39,750 ha (99,374 
acres) were i n  Arizona and 3,285 ha 
(8,213 acres) i n  Ca l i f o rn ia .  Maximum 
d l ve rs lon  o f  8.8 b i  l l ion m3 (717,147 
ac re - f t )  was allowed. By 1983r 30,614 
ha (769536 acres) were being i r r i g a t e d  
w i t h  Colorado RT ver water d i ve r ted  a t  
Headgate Rock Dam. i t i s  doubt fu l  
t h a t  t h e  area under i r r i g a t i o n  w i l l  
i nc rease  i n  t h e  near f u t u r e  t o  the  
authorized 43,000 ha (107,500 acres), 
given the  present farm market s l t u a -  
t l o n .  Colorado River water I s  de l  fv- 
ered by 320 km (200 m i  1 o f  canals and 
l a t e r a l s  t o  t h l s  land, wh l le  I r r l g a -  
t i o n  r e t u r n  f lows a r e  co l  lectcd I n  a 
160-km (100-m0 drainage system t o  t h e  
r i v e r .  

The second large management u n i t  
o f  concern I s  t h e  Palo Verde l r r i g a -  
T i o n  D i s t r i c t ,  w h i c h  has w a t e r  
d i ve r ted  a t  t h e  Pal o Verde D i vers ion 
Dam. Co lo rado  R i v e r  water  moves 
through a network o f  405 km (253 m i  1 
o f  canals and l a t e r a l s  t o  serve 49,850 
ha (123,130 acres). lrr iga t l on  r e t u r n  
f lows are  col lected i n  a 238-km (149- 
m i )  d r a i n a g e  system. S ince 1951, 
r e t u r n  f lows have contained about 10% 
more s a l t  than the  water o r l g l n a l f y  
d i ve r ted  from the  r i v e r  i n  t h e  Palo 
Verde irr ] g a t  i o n  D i s t r i c t l  al though 
these leve ls  have decreased and s tab i -  
l i z e d  recent ly .  ThIs increase Tn s a l t  
load appears t o  have resu l ted  pr lmar i -  
l y  from displacement o f  ancient  s a l l n e  
groundwater by app l ica t ions  o f  f resh  
Colorado River  water. Thus, work t o  
c o n t r o  l sa l i n  i t y  increases has cen- 
te red  on ways t o  minlmize the  added 
increment of  s a l t  t h a t  i s  contained I n  
I r r i g a t i o n  r e t u r n  f lows. 

S a l i n i t y  c o n t r o l  p r o j e c t s  p re-  
vented 115,008 t ff26t80Q tons)  o f  

s a l t  per year from enter ing  i h e  systan 
(U.S. Depar tmen t  o f  t h e  I n t e r i o r  
1987) .  By 2010, s a l i n i t y  c o n t r o l  
un i t s  w i  l l need t o  prevenl- s l  Jghi l y 
more than a m i  l l i on  tons  per year o f  
sa l t from enter  i ng t h e  Colorado R I  ver 
( T a b l e  6 ) .  The Yuma Desa l i n i za t i on  
P I  a n t  I s  among t h e  more impor tan t  
featur-es t o  be used t o  reduce Colorado 
River s a l t  levels.  

l nformation on the  phys lcochmlca l  
nature of lower Colorado River  water 
i s  based on data co l  lec ied by Eve re t t  
e t  a l  . (1973 1, Broadway and Herrgesef t 
(1978) and Minckley (1979). Tempera- 
t u r e s  a r e  most c o n s t a n t  year-round 
j u s t  below Davis Dam w i t h  a range from 
12 t o  16 OC ( 5 4  t o  61 OF). Below 
Parke r  Dam, temperatures range from 
21.5 t o  25 OC ( 7 1  t o  77 OF) i n  summer 
t o  12 OC ( 5 4  OF) I n  wlnter .  Cold 
water below Davis Dam i s  contrlbu-i-ed 
from t h e  hypo1 imn Ion o f  Lake Nohave? 
wh i l e  warmer water below Parker Dam Is  
cont r ibu ted  by ep i  l lmnetic pen s iock  
i n t a k e  f rom Lake Havasu ( M l n c k l e y  
19821. S t r a t i  f ied summr t m p e r a k r 6 s  
i n  Lake Havasu va ry  f rom 27.5 OC 

(87 " 5  OF1 a t  t h e  s u r f a c e  t o  21 OC' 

( 7 0  OF) I n  16  m (52  f t )  o f  water, 
Temperatures I n  t h e  lower reaches o f  
t h e  r i v e r  a re  m r e  const-ant and gener- 
a l l y warmer t h a n  t h o s e  t h e  upper 
reaches. Summer temperatures peak 
near 30 t o  31 OC (86 t o  88 OF) dur ing 
midday and cool  t o  26 t o  29 "C (79 t o  
84 OF9 wh i la w i n t e r  t empera tu res  
range from abou* 12 t o  17 OC (54 to 
63 OF) a t  midday. Backwaters a r e  
t y p i c a l l y  2 t o  4 OC warmer I n  summer 
and coo ler  by t h e  same range dur ing  
w i n t e r  than mainstream t m p e r a b r e s .  
T h e  h i g h e s t  w a t e r  t e m p e r a t u r e s  
recorded by Mlnckley i f 9791  exceded 
40 OC (904 O F )  w i t h I n  dra ins  i n  t he  
L i m i f r o p h e  Qivlslan; The c o o l e s t  
recorded temperature f8 OC C46 OF3 i n  
w in te r )  was i n  backwa-t-ers i n  t h e  biunra 
Div is ion .  



Table 6 .  Sat l n i t y  p r o j e c t i o n s  f o r  t h e  Colorado River bas in. From U.S. Depart- 
ment of t h e  I n t e r i o r  (1987). T h e  P50.2 level of sa l  inity is based o n  the hlgh- 

es* 3 o f  15 CRSS rurrs and i s  an es t imate  of t h e  sal InIt'y level  which may be 
exceeded by about 20% o f  t he  tlme, 

Present ( 1974-1 984) Future (201 0 1 

Sat inity 
Flow (1,000 Salinity Flow (1,000 Salinity PL0.2 

a c r e - f t )  (mg/ I )  ac re - f t )  (rng/l) (rng/l) 

Green R l  ver near 
Grgen R I ver, WY 

Green R iver  near 
Greenda l e, UT 

Yampa RIver near 
Maybeif, CO 

Duchesng River near 
Randlet?, UT 

Whits R iver  near 
Wat-sonr UT 

Green RIver  a t  Groen 
R l v s r r  l iT  

San Rafael Wiver noar 
Grosn K i  ver, UT 

Colorado R i  vei- near 
G tanwood Spr l ngsr CO 

Colorado R i v e r  near 
Cameol CO 

G u n n  i son K l  ver near 
Grand Junction, GCt 

Dolores River near 
Clsca, CO 

Colorado R lver  near 
Cisco, 60 5~5U8 590 4,826 71 7 1,170 

(Con? i nued 1 



Table 6. (Concluded) 

Stat ion 

present (1974-19841 Future (201 0) 

Sal inity 
Flow (19000 Salinity Flow (lrOOO Salinity P ~ 0 . 2  
acre-ft 1 (mg/l) acre-f t 1 (mg/ l )  (mg/l 

§an Juan Rlver near 
Archuletat NM 

San Juan River near 
Bluffs UT 

Colorado Rlver at 
Lees Ferry* AZ 

Colorado River near 
Grand Canyon* AZ 

Virgin Rlver at 
Littlef !eldB AZ 

Colorado Rlver below 
Hoover Dam 

Colorado Rlver above 
Parker Dam 

Colorado Rlver below 
Parker Dam 

Coiorado River at 
Imperial Dam 

Q i sso l ved oxygen  concentrations 
rema l n above 60% saaurat ion at al l 
t lrnes. The hjghest saturatfon levels 
are typ !call y found dur ii ng mldafter- 
noon (e.g. a 1 ncmased photosynthet i c  
acti~lty) and i n  areas with row tur- 
b i d  lty. Lowest oxygen saturation 
levels are found where hypsiimnion 
d ischarge Is greafes-f and 1 n areas of 
turbulenl wafers s u c h  as the reach 
below Davis Dam. The greatest var ia-  
t l on I n meaf ur@d Qx ygen saturat ion 

levels Is In the lowest portions of 
the river, especially where decompos- 
Ing organic matter 1s hlghiy con- 
centrated In the channel below Moreiss 
Dam (Table 7). Oxygen leveis often 
exceed 100% saturation year-round an 
t h e  entire river (Mlnckiey 1979). 

Backwaf ers have h lgh oxygen raScdr- 
at ion levels at the surfacet but have 
very low levels (lowest recorded in 
the whole system) at depkhs of 24 m 



Tab I e 7. Dissolved oxygen concentrat ions E i n  percentage saturat ions) f o r  30 
sampi ing periods on the  mainstream Colorado Rivert 1974-75. Each mean i s  f o r  
24 consecutive hours o f  samp lest excepting River M i  l e  683.7 (L imitrophe D iv i -  
s i on )@ which i s  based on 12 samples a t  2-hr in terva ls .  I n  each instance, ran- 
ges represent n i g h t t  lrne mini ma and day* irne max l ma. Dates are month/day/year. 
From Minckley (1979). 

R l  ver 
D i v i s i ons  m i  l e  Dates Means Ranges 

Mohave Va l ley 428.3 9/30/75 79.2 +_ 2.6 74.0- 92.0 
453.5 10/15/75 1 1  3.8 t 2.0 89.0-1 30.1 

Topock Gorge 465.2 1 O/ 10/75 102.6 +_ 2.3 90.0-111.7 
Wavasua 510.3 6/7/74 88.4 +_ 5.5 76,6-135.5 

524.4 6/7 1/74 103.2 .t_ 3.3 86.9-111.6 
Parker 524.5 6/11/74 86.3 +_ 3.7 72.8-101.0 

531.4 6/12/74 103.9 + 5.9 81 .a-120.9 
536.0 6/17/74 117.4 +_ 8.5 87.2-151.7 
539,4 6/2 1 /74 94,8 +_ 4.8 81.3-111.7 
545.0 6/24/74 74.7 +_ 1.9 68.3- 82.7 
550,O 6/26/74 74.7 t 2.8 64.6- 89.9 
557.9 6/29/74 75.3 +_ 1.8 64.1- 81.5 
568.0 7/2/74 66.5 +_ 1.5 59.1- 71.3 
524.5 7/3/74 63.5 t 2.8 55.7- 78.3 

Palo Verde 570.8 3/t  /75 108.4 -t_ 1.1 102.8-1 14.8 
581.5 2/28/75 106.6 ?L 2.2 92.5-1 14.3 
590.0 3/6/75 97.2 t. 4,1 79.1-118.1 

Ciboia 600.0' 3/7/75 89.0 t 1.9 80.3- 93.8 
610.0 3/15/75 110.0 t 3.9 88.6-1 20.1 
520.0 3/20/74 f04,9 f 4.2 98.2-1 14,3 

Imperial 632.9 8/8/75 101.6 t 2.1 92,1-111.1 
639.0 6/26/75 110.0 t 2.3 102.7-1 19.7 
650.0 6/24/75 124.1 t 2 . 9  101 -9-123.2 

Laguna 662.5 6/9/75 121.5 1 1.9 105.9-1 20.8 
Y uma 662.7 6/9/75 119-4 +_ 2.0 103.3-1 18.8 

631.9 6/51 75 113,6 1 3.2 99.6-1 32.6 
672.1 6/5/75 113.4 +, 4.6 88-4-128.6 
683.0 6/7/75 105.8 t 2.7 99.4-1 22.0 

C irniPropfie 683.7 9/5/74 106.0 G 2 . 4  51.5-160.0 
704*8 8/16/74 91,3 L 8.4 65.9-1 25.5 

afncEudes o n l y  samples from The frowing por t ion  o f  Havasu Div fs ion .  

( 3 3  ft). Canals and dra ins  resemble Where weirs lncreme turbulence and 
t h e  mainstream i n  having dfurnal cy- where organic rnateriat i s  prevaient, 
c l i ng of d lsso lved oxygen saturat ions, s a t u r a t  i o n  l eve i s  are substantial  1 

wi th  averages often exceeding TOOX. lower. 



Transparency of t h e  euphot i c  zone 
(zone o f  product ion)  i s  h i g h l y  va r i -  
ab l e throughout t h e  system (Broadway 
and Herrgesel I 1978). Secchi d isks  
were used t o  assess l i gh t  penet ra t ion  
i nf  l uenced by absorpt ion character  i s -  
t l c s  o f  t h e  water. T u r b i d i t y  o f  t h e  
water (d isso lved and p a r t i c u l a t e  mat- 
t e r  c o n c e n t r a t i o n s )  i s  measured by 
t ransparency.  General l y t  waters a t  
l e n t i c  s t a t i o n s  were tw lce  as t rans-  
parent  as those i n  nearby l o t i c  areas, 
w i t h  t u r b i d i t y  1.5 t imes higher i n  
running water. Greater t u r b i d i t y  and 
lower transparency occurred w i t h  in- 
c r e a s  l ng d i s t a n c e  downstream along 
ma instream l o t  i c  hab f ta t s .  

Hydrogen ion concentrat ions (i.e., 
pH) genera l  l y  range s l I g h t i y  basic 
(average 7.9 t o  8,2, range 7.2 t o  9.2; 
M l nck l ey 1979 1. Lowest pH read i ngs 
are  associated w l th  water in f low from 
d ra ins  o r  w l t h  Interchanges o f  water 
between t h e  mainstream and large back- 
waters. These values are r e l a t e d  t o  
noc tu rna l  reducing conditions accom- 
pany l ng d e c o m p o s i t i o n  o f  o r g a n i c  
mater l a  I. D iurna l  f l uc tuat  ions, when 
present, a re  p a r a l l e l  t o  oxygen satur-  
a t l o n  leve ls  r e f l e c t i n g  product ion and 
r e s p  1 r a t  ion  o f  photosynthet ic p lan ts  
d u r i n g  day and n lght,  respect ive ly .  
Levels o f  pH i n  backwaters range 6.6 
t o  8.0 and are  less va r iab le  than i n  
t h e  channel. 

Phosp hate-phosphorus (P04-PI and 
n i t r a t e - n i t r o g e n  (N03-N) a r e  o f t e n  
used  as a g r i c u I t u r a I  f e r t i l i z e r s .  
Levels o f  these n u t r l e n t s  i n  t h e  lower 
Colorado River water were measured by 
Mi nck ley ( 1979 1 -  Phosphate-phosphorus 
l e v e l  s were p a r a  l l e  l t o  s a l t  con- 
c e n t r a t i o n  l e v e l s  from h igh t o  low 
reaches o f  t h e  lower Colorado River, 
w l t h  s i g n i f i c a n t l y  h igher concentra- 
t i o n s  nearest t h e  Colorado River De l ta  
(Tabte 8 ) .  B a c k w a t e r s  had s i g -  
n i f i can? t y i awer  c o n c e n t r a t  ions of 
PO4-P t h a n  t h e  mainstreamr implying 
some d e p l e t i o n  of t h i s  n u t r i e n t  by 

p l a n t s  i n  l e n t i c  h a b i t a t s  (Minckley 
1979 1. Concentrat Ions o f  P04-P were 
f a r  h igher  i n  canals and d ra ins  than 
i n  t h e  mainstreamr reflecting t h e  
i n f l u x  o f  f e r t i l i z e r s  from agr i cu l -  
t u r a l  lands. Concentrations o f  N03-N 
were h igher than P04-P I n  t h e  h igher  
reaches of t h e  lower Colorado River, 
b u t  were equal t o  PO4-P i n  t h e  lmper- 
i a l  Dam a r e a  ( M l n c k l e y  1979) .  
B r o a d w a y  and H e r r g e s e l  1 ( 1 9 7 8 )  
measured f o u r  forms o f  n i t r o g e n ,  
inc lud ing n i t r i t e  (NOZ-N) and ammnia 
(NH3), and found t h e  h ighest  concen- 
t r a t i o n s  fo r  a l  l forms present a t  t h e  
Palo Verde A g r i c u l t u r a i  Dra in  and Palo 
Verde Oxbow Lake; however, none were 
present i n  h igh  levels.  

The modern lower Colorado River  Is 
becoming more o l l g o t r o p h i c  through 
ti me because n u t r  l en ts  a r e  1 ncreas I ng- 
l y b e i n g  t r a p p e d  beh ind  upstream 
r e s e r v o i r s  ( E v e r e t t  e t  a l .  1973; 
Broadway and Herrgesel l 1978). iakes  
Powel l and Mead c o n t r i b u t e  few n u t r  i- 
ents downstreamr because m s t  n u t r l -  
ents a re  t i e d  up I n  sediment and i n  
blooms o f  phy top lank ton ,  p r i m a r i l y  
green algae. Lakes %have and Havasu 
a r e  s t  i l l somewhat product1 ve because 
of n u t r i e n t  f low from Lake Mead ( s r i g -  
I na t l ng  a t  Las Vegas Wash and t h e  B l l  i 

W 1 l I lams River, respect ive ly ;  Broadway 
and Herrgesel l 1978). Downstream o f  
Parker Dam f ree -nu t r i en t  l eve ls  become 
very low except where t h e r e  i s  a g r l -  
c u l t u r a l  r u n o f f  as a t  Poston Wasteway, 
Palo Verde Draln, and t h e  G i  l a  R iver  
conf  1 uence (Broadway and Herrgesel I 
1978; U.S. Department o f  t h e  i n t e r i o r  
1987 1. Since ms-L P04-P is  sssm !a t& 
w it h suspended sed l ments, sed i mnta -  
t l o n  behind Glen Canyon Dam e f fec t i ve -  
I g, r e t a i n s  most o f  t h i s  n u t r  lent ,  
which h i s t o r l c a i  l y  flowed downstreme 
Suspended s e d l w n t s  and P04-P inputs 
From t h e  Grand Canyon r a p i d l y  drop out 
i n  t h e  upper end o f  l a k e  Mead, The 
V I r g  l n R l  vsr  ! v f  lows t o  Lake Mead are 
minor sources o f  POq-P t o  t h e  sys tm,  
POq-P r e i e n t i a n  I n  take h h a v e  Is  low 



Table 8. Concentrat ions ( i n  mg/f) o f  phosphate-phosphorus and n i t ra te -n i t rogen  
f n waters from t h e  lower Colorado River, 1974-76. Dates are mnth/year.  From 
Minckiey (1979). 

Number o f  P h o s p h a t e -  Number o f  N i t ra te -  
D i v i s i o n  Dates samples phosphorus samp E es n l t rogen 

Mohave Val ley 
Mainstream 
Backwater 

Topock Gorge 
Mainstream 
Backwater 

Havasu 
Mainstream 
Backwalera 
Backwater 

Parker 
Mainstream 

Pa lo  Verde 
Mainstream 
Backwater 

Imperial  
Mainstream 
Back wafer 

Laguna 
Mainsfream 
Backwater 

Yuma 
Mainstream 
Backwater 

L imi t rophe 8174-9/74 
Wainsfream 55 0.182+_o.061 -- ---- 
Back water 28 8.066t0,021 -... ---- 

asamp l es Prom t h e  ma! n body s f  Lake Wavasu, 



due t o  r a p i d  f lush ing o f  t h e  reser-  
vo i r .  Pod-P from Las Vegas Wash i s  
b ioava i tab le  and cont r ibu tes  most o f  
t h i s  n u t r i e n t  i n  t h e  middle p o r t i o n  of 
t h e  Colorado River.  Recentl y t  e f f o r t s  
t o  f e r t  i l 1 ze p o r t  ions o f  Lake Mead 
have been undertaken. Results f rom 
t h e s e  p I l o t  p r o g r a m s  have  b e e n  
reported as S U C C ~ S S ~ U  I, but  they a r e  
labor i n tens i ve  and expensive. Con- 
cerns a re  voiced r e l a t i v e  t o  e f f e c t s  
on w a t e r  qua I i t y  f rom downstream 
users. 

Las Vegas Wash inf lows o f  PO4+ 
have been decreasing recen t l y  and can 
be expected t o  decrease p r o d u c t i v i t y  
i n  Lakes Mohave and Havasu. Produc- 
t i v i t y  i n  Lake Mead has undergone a 
steady dec l i ne  s ince t h e  l a t e  1970fs 
when P04-P began t o  decrease as a 
r e s u l t  o f  t h e  commencement of t e r t i a r y  
wastewater t reatment  i n  t h e  Las Vegas 
Va I ley. Th is  appears .to be a major  
fac to r  responsib le f o r  recent dec l i nes  
o f  s p o r t  f i s h e r i e s  a t  Lake Mead. 
S i m i  I a r  reduct  ions i n  the  Lake Mohave 
f i sher ies ,  inc lud ing n a t i v e  razorback 
sucker  [Xyr- -1, may in- 
volve P04-P decl ines as wel l .  

P r  imary p r o d u c t i v i t y  as measured 
by cI4 (carbon f i x a t i o n  ra tes )  con- 
c e n t r a t i o n s  i s  low th roughou t  t h e  
system w i t h  h i g h  values found o n l y  
n e a r  i n l e t s  i n t o  t h e  m a i n s t r e a m  
(Broadway and Herrgese l l 1978 I .  The 
highest  s i n g l e  value f o r  primary pro- 
d u c t  i v ! t y  reco rded  by Broadway and 
Her rgese!  1 (19781 was a t  t h e  B i  l i 
Wil l iams A r m  o f  Lake Havasu where a 
source o f  POq+ occurs .  The most 
cons is tent  reach o f  h igh primary pro-  
d u c t  i v  i t y  was immediately below the 
Colorado-Glla River  confluence* again, 
where PO4-P was a t  r e l a t i v e l y  h igh  
concent  r a t  i o n s  ( see  a l s5  P4arsh and 
Mlnck l e y  19&5> 1987). Generai i y s  
among t h e  l o t  l c  s t a t i o n s  of Broadway 
and Herrgeset E (197811 *he orefer of 

h ighest  t o  lowest primary p r o d u c t i v i t y  
was from downstream t o  upstream w i t h  
t h e  G i l a-Co l o rado  R i  ver  conf l uencer 
Morelos, Laguna, Lake Moovay ia r  Need- 
les*  Topockr Palo Verde A g r i c u l t u r a l  
D ra in ,  Tay lor  Ferry, and Cibola Na- 
t i o n a l  W i l d l i f e  Refuge (Adobe Ruin). 
Among l e n t i c  hab i ta ts  t h e  geographical 
o rde r  o f  primary p r o d u c t i v i t y  was less 
genera  l i zed downstream t o  upstreamr 
w i t h  t h e  h i g h e s t  t o  l owes t  values 
b e i n g  t h e  B i l l  Wil l iams Delta, Fer- 
guson Lake, Imperial  Nat ional  W i l d l i f e  
Refuge ( T a y l o r  Lake), Lake Havasu, 
P a l o  Verde Oxbow Lake, C ibo la  Lake, 
and Senator Wash Reservoi r. 

Measur ing standing phytoplankton 
b f omass b y  ch  lorophy l l a concentra- 
t ions demnstrated a t rend  simi l a r  t o  
pr imary p roduc t i v i t y ,  w i t h  increasing 
concent ra t ion  from upstream t o  down- 
stream reaches (Tab le  9 )  (Broadway and 
Herrgesel l 1978; Minck ley 1979). Very 
h igh c h  lorophy l I a concentrat ions were 
found i n  l e n t i c  hab i ta t s  I n  Minckley's 
(1979) study, espec ia l l y  a t  Moovayla 
Pondp Palo Verde Oxbow> and Hunter ts  
Hole. These l e n t i c  h a b i t a t s  are  iso- 
la ted from the  main channel and may 
rece i  ve waterl o f t e n  c a r r y  i ng n u t r  i - 
ents, from in f low dra in.  

Low p r o d u c t i v i t y  leve ls  wouid be 
expected i n large una l te red dynamic 
system such as t h e  Co lo rado  R ive r  
be fore  dams. Impoundments and r e s u l t -  
ing slower f lows i n  t h e  modern r i v e r *  
espec l a  l l y i n t h e  lower reaches how- 
everp should have had h igher fevels o f  
p r o d u c t i v i t y  t h a n  a c t u a l  l y  found 
(Broadway and Herrgesel l 1978 1. S low- 
moving lower rexhes,  where ag r i cu l -  
t u r a l  r e t u r n  f lows conta in  h igh PO4-P 
and N03-N loads, should be more pro- 
duc t  i ve* but  insect  ic i d e s ,  herb i c  i des, 
and h i g h  t u r b i d l i l e s  may g r e a t l y  
suppress phytop l anktsn abundance, As 
m n t  ioned ear /  ier r  very l i t t l e  nu ts i -  
en? o r  o r g a n i c  n ; a t t e r  can f i ! t e r  
through $ h e  e n t l r e  system, Thuss t h e  
Colorado R iver  i s  dependent p r i m r i l y  



Table 9. Concentrations o f  chlorophyl  l a (mg/m3) i n  wat.er samples from t h e  
lower Golorado River$ 1974-76. Dates a r e  mnth/year. From Mlnckley (1979). 

Number of 
Loeat ions Dates samp i es Means Ranges 

Mohave Valley 
Halnstream 
Backwater 

Topock Gorge 
Ma l nstream 
Backwater 

Havasu 
Mainstream 
Backwatera 
Backwater 
!3ackwaterb 

Parker 
Mainstream 

Palo  Verde 
Mainstream 
Backwater 

CIbala 
Ma l nstream 
Backwater 

lmper la i 
Ma i nstream 
Backwater 

Laguna 
Mainstream 
Backwater 

Y uma 
Mainstream 

L lrnftrophe 
Mainsfream 
Backwater 

asamp tes from open waters sf Lake Havasus 
b~amp I es from Moovay i a Pond* a cutoff from the  ma l n r i v e r .  

upon autschthonous bul ldup and noi on Broadway and H e r r g e s e l l  (1978) 
al  lochthonaus mater ia l  except i n  a observed one exception t o  t h e  other- 
few areas exper fenc lng  a g r f c u l t u r a l  w i s e  dominance o f  a u t o c h t h o n o u s  
r u n o f f  (Minckley 1982). Atmcrst al l  buildup. Hurricane? Kathleen* dur ing 
S F  It and asroclated n u t r i e n t s  set t - le  Clciober 49768 resu l ted  i n  heavy r a i n s  
behind the  mayor dams. whlch sweiled desert washes and t h e  



BI I l Wi l l iams River.  Upstream reaches 
o f  t h e  r i v e r  experienced t h e l r  h ighest  
l eve ls  o f  pr imary p r o d u c t i v i t y  dur ing  
t h i s  period, wh i le  product ion r a t e s  i n  
t h e  lower reaches were general l y low. 
Lakes Mahave and Havasu apparent1 y had 
a b u f f e r i n g  e f f e c t  o f  l a t e r a l  s i l t  
input  from storm waters, and t h e  storm 
I t s e l  f was less intense i n  t h e  up- 
s t r e a m  reaches. T h i s  r e s u l t e d  i n  
reduced t u r b i d  l t y  and h igher  l i g h t  
l eve ls  upstream o f  Parker Dam. I n  the  
mean t ime ,  v e r y  t u r b i d  w a t e r s  and 
heav l e r  c loud cove r  occurred down- 
stream o f  Parker Dam. A l  l t h i s  acted 
t o  increase the  use o f  n u t r  l en i s  from 
sur face runo f f  i n  t h e  upstream reaches 
wh i l e t h e  lower reaches experienced 
decreased use o f  n u t r i e n t s  (Broadway 
and Herrgesel l 1978). Thus, t h e  r a r e  
large storm t h a t  comes t o  t h e  lower 
C o l o r a d o  R i v e r  c a n  have a we1 I- 
p r o n o u n c e d ,  a l t h o u g h  punc tua ted*  
e f f e c t  on biomass product ion i n  t h e  
system. 

E v e r e t t  e t  a l .  (1973) no ted  a 
s h i f t  i n  phytopiankton and zooplankton 
t a x a  among Lakes Powel I, Mead, and 
Havasu. Lake Powel I i s  characterized 
by green algae, which supports a heal- 
t h y  g r a z l  ng c r u s t a c e a n  community 
( T a b l e  10) .  On t h e  o the r  extreme, 
Lake Havasu Is dominated by nonedible 
f I l amentous cyanobacter l a  and d ino- 
f l age l  l a tes .  Lake Mead i s I n t e r -  
med ia te  I n  both l oca t  ion and b io ta .  
Thus, Lake Havasu has h igh  phytopl ank- 
t o n  b iomass i n  cyanobacter la, bu t  t h  i s  
represents a t roph ic  "dead endM f o r  a 
s-l-able food chain. Zooplankton taxa 
were a l s o  found t o  be I n  very low 
d e n s i t i e s  below Parker Dam along t h e  
mainstream above the  G i l a  R iver  con- 
f luence ( T a b l e  1 1 )  (Evere t t  e t  a l .  
1973). Reductions i n  copperl cobait ,  
and manganese as mlcronut r len ts  may 
cause ser ious decl ines i n  p r o d u c t i v l t y  
and a r e  associated w i t h  increases I n  
c y a n o b a c t e r l a  and b e n t h i c  d ia toms 
(Table 12). 

E f f e c t s  o f  phys icochemlca l a t t r  l -  
butes o f  t h e  modern r i v e r  a r e  caused 
by la rge numbers o f  human-made mod 1 f l -  
cat ions  t h a t  reverberate th rough  t h e  
aquat ic  t roph i c  /eve l s. The presence 
and operations o f  dams have a l t e r e d  
f l o w s ,  m o d i f i e d  t e m p e r a t u r e s *  and 
i n f  l uenced n u t r  i e n t  c i  rcu i a t  ion i n  t h e  
system. l ncreased transparency, lower 
w a t e r  t e m p e r a t u r e s ,  and n u t r i e n t  
entrapment i n  t h e  upper reaches con- 
t r a s t s  sharply w i th  h igher t u r b i d i t y ,  
warmer water temperatures, h i g h e r  TDSt 
and a g r i c u l t u r a l  input  of PO4-P o f  
lower reaches. A l l of these f a c t o r s  
l n f  1 uence n o t  on ly  t h e  food base, bu t  
a l so  t h e  phys l o log  i c a  l envi ronmn i -  f o r  
f i s h ,  These I n t e r r e l a t i o n s h i p s  a re  
discussed f u r t h e r  I n  Chapter 9. 

Heavy metal and pest ic ide-herb l -  
c l d e  po l  l u t i o n  I s  a ser ious  concern 
a l ong  t h e  lower G l l a  and C o  l orado 
R l v e r s  (Kepner 1986; Radtke e t  a l .  
1988) .  Se len ium I e v e I s ,  o rgano-  
ch l o r  ine pest  l c  ides, and heavy m t a  I s  
were r e c e n t l y  quanti  f led i n  a v a r i e t y  
o f  b i o t i c  and a b i o t i c  m a t r i c e s .  
F i nd I ngs i nd l c a t e  e levated concentra- 
t i o n s  o f  selenium t h a t  approach t h e  
th resho ld  o f  reproduct ive f a i  D u r e  i n  
f i s h  (Tab les 13 and 14 1 .  Cent rarch  i d  
f i s h  a r e  very s e n s i t i v e  to selenium 
exposure, and changes i n  the1 r popu la- 
t i o n  leve ls  may serve as g o d  fndIca- 
t o r s  o f  h igh  concentrat ions sf t h l s  
e lement  (Radt-ke e t  a ! .  19881. One 
l i v e r  sample from a Yuma c lapper  r a i l  
f c o l  l e c t e d  a t  M i t t r y  L a k e ) #  an 
endangered ( Federa I 9  spec f G S ~  con- 
ta ined near ly  doubie t h e  norma8 l eve l s  
of selenlum and was s l m l  tar to values 
obtained from b i r d  I lver-s a-l- Kesterscln 
N a t i o n a l  W i l d l i f e  Refuge, @A, where 
v e r y  h i g h  selenium leve is  have been 
assoc ia ted w i t h  reproduet lve f a t  l ure 
(Oh l enaor-f e i  a f . 1986 ; RadSSke et  a 1 . 
1988 1. 



Table 10. Planktonic b io ta  In  three lakes on t h e  Colorado River. From Everet t  
e t  a l .  (1973). 

Lake Powel I Lake Mead Lake Havasu 

C l adocera 
Cupepads 
Young crustacea 
Dinof lage l la tes  
Rot1 fe rs  
D l atoms 
Green algae 
Smal l blue-green 
Long f i l aments b l ue-green 

*Small, few, not dominant. 
**Larger few, not dominant. 

***Large, many, domlnant. 

Table 11. Major zooplankton (number/m3 f o r  20 m column, r lver samples are  
number/m3), March 20-26# 1970. From Everet t  e t  a I. (1973). 

Stat ion 

River 
Zooplankton Lake Mohave Lake Havasu a t  Ehrenbsrg River  a t  Yuma 

Cy iopelda 1 70,000 88,000 300 0 
Calanolda 654, 080 58 000 3, 000 0 
Naupl I i 161,000 160, 000 300 3#000 
Oaphn fa  7001 000 536,000 12, 000 700 
Dag hn l a you rig 136r 000 26s 000 0 0 
B o s m  i na 63,000 40r 000 1 p 000 0 
Asp f anchna 123,000 21 7,000 3,000 3 9  000 



Table 12. Colorado River  water chemistry. From Evere t t  e t  a l .  (1973). 

S ta t  ion 

Las Vegas Willow 
Wash Beach Lake h h a v e  Lake Havasu B l  y the Yuma Pr i son  

Table 13. Lower Colorado R iver  selenium data, Nat ional  Contamination B i o m n l -  

(1985). 

Locat l on Meant1 SD (pprn) Range (ppm) n Spec l es 

Topock Marsha 
Lake Havasua 
l mper i a 6 Reservo i ra 
Lake Powel l a 
Y uma 
Poston Main Dra in  
Wal fe r ' s  Camp 
Yuma Dra in  

C 
BKSS C5 LMBp YEB 
BGSP C s  LMB 
Cp LMBI RBT 
C v  LMB, SMU 
@ s  LMB 
6, GtiC, LMB 
C, LMB, TlL 



Table 13. ( b n c l u d e d l  

Locat ion Meankl SSD (ppm) Rangetppm) n Spec i es 

Painted Rock Reservoir 0.7740.27 0.42-0.86 4 C, CHC, LMB,TIL 
Buckeye 0.70fl.17 0.58-0.82 2 C 
Gran i t e  Reef Dam 0.499.08 0.37-0.54 4 C, LMB, YEB 
San Carlos Reservoir 0.46+_0.12 0.36-0.64 10 BGS, C, CHC, LMB 

a Fish a ppm selenium whole body wet weight may have reproduct ive problems 
(Baumann and May 19841. 

Tabie 14. Lower Colorado River selenium da ta  f o r  carp, double-crested cor- 
wI1-us)9 Yuma clapper r a i l ,  ard hol ly- leaved water nymph 

1. A l l  mean values are from t h r e e  ind iv idua l  specimens, except 
f o r  Yuma clapper r a i l ,  Data from Radtke e t  a l .  (1988). 

Mean +, SD ppm wet whole body weight selenium 

S i t e  

Hol I y- 
Doub le-crested Y uma leaved 

Carp cormorant clapper raifa water nymph 

imperial  Reservoir 
Draper Lake 
PaDa Verde Main Dra in  
Palo Verde Oxbow Lake 
Paio Verde D i vs rs  ton Dam 
Wsadgate Rock Darn 
B i l l  Wll i lams De l ta  
Topock 
Tcopock Marsh 
Davis Darn 

a F l r s i  value based on two carcasses, Second va i ue from one I i ver. Samp les 
taken a t  M l t t r y  Lake. 

Levels considered high enough t o  cause reproduct ive  problems i n  f i s h  iBaumann 
and Nay 19841 and i n  b l r d s  (see Radtke e t  all  19881. 

Saw fe f r o m  nearby C iba l  a take, 

Some pes t i c ides  such as GOT, her- as heavy metals are being detected i n  
b l c ldes t  and t h e i r  iong-term breakdown very h igh  concentrationsl especiai 6y 
produs*sr such as; DDE and DDD, as well along t h e  lower G i t a  Riverl  i n  b o i h  



aquat ic  and t e r r e s t r i a l  animal t i ssues  
(Kepner 1986; Radtke e t  a l .  1988). 
F i nd i ngs f rom these s tud ies  suggest 
t h a t  t h e r e  may be ser ious p e r s i s t e n t  
problems associated w i t h  t h e  in f luence 
o f  mining, f o s s i l  f ue l  combustionl and 
a g r i c u l t u r a l  chemica ls  w i t h i n  t h e  
e n t i r e  Colorado River  watershed. 

Tremendous v a r i a t i o n  e x i s t s  I n  t h e  
d i s t r i b u t i o n  o f  s o i l s  and associated 
s a l i n i t i e s  along t h e  lower Colorado 
River.  Extensive so1 l mapping inven- 
t o r i e s  have been completed f o r  areas 
under c u l t i v a t i o n ,  b u t  few e a s i  l y  
d i s c e r n i b l e  pa t te rns  e x i s t .  Surface 
so i I s  a r e  poor pred i c t o r s  o f  subsur- 
face v e r t i c a l  and hor izonta l  v a r i a t i o n  
i n  t ype  and s a l i n i t y .  Also, sur face 
vegetat ion can be very misleading i n  
i d e n t i f y i n g  under ly ing s o i l  and s a l i n -  
i t y  cha rac te r i s t i cs ,  espec ia l l y  w i t h i n  
mature and decadent stands o f  broad- 
lea f  and mesquite t rees.  

Ex tens ive  sampl ing w i t h i n  s i t es ,  
however? reveals some t rends f o r  sub- 
sur face s o i l  and s a l i n i t y  charac ter is -  
t i c s  on a v e r t i c a l  ax is .  A simple 
c l a s s i f i c a t i o n  o f  so i l s ,  based on s o i l  
t e x t u r e ?  i s  present ly  being used t o  
inventory soi  I s  o f  t h e  lower Colorado 
River  (Anderson, unpub I .  data),  Pure 
c l a y  and p u r e  sand a r e  a t  t h e  two 
extremes of  t h i s  c l a s s i f i c a t i o n ,  w i t h  
v a r i o u s  combinat ions o f  clay, sand# 
and s i l t -  as intermediates. Pre l im i -  
nary r e s u l t s  i nd i ca te  t h a t  so l  l types 
a t  0.5 m (1.6 ft) depths tend t o  be 
s i m i i a r  t o  s o i l  types a t  1 and 1.5 m 
( 3  and 5 f t )  depths. S a l i n i t y  (as 
measured by electroconductance) w i t h i n  
each sample s i t e  a l so  tends t o  be 

s i m i l a r  a t  var ious depths. F i n a l l y F  
s o i  I t y p e  and sa l i n  l t y  tend t o  be 
r e  I ated, w i t h  h ighe r  electroconduc- 
t a n c e  i n  f iner-grained so1 l a t  each 
depth i n  each hole, b u t  exp la in  very 
l i t t l e  o f  t h e  t o t a l  v a r i a n c e  as- 
s o c i a t e d  w i t h  s p a t i a l  d i s t r i b u t i o n  
(Anderson 1986; Anderson and Ohmart 
1986b, unpub I. data).  

Pure c l a y  s o i  Is  tend t o  have h igh  
s a l  i n i t y  and poor  drainage. Sandy 
so i  Is, i n  contrast ,  a r e  o f ten  low i n  
s a l i n i t y  and we1 l drained but  do n o t  
h o l d  n u t r i e n t s  v e r y  w e l l .  I n t e r -  
mediate s o i l  types have intermediate 
s a l i n i t y  values and d ra in ing  a b i l i t y .  
Other fac tors  t h a t  may i n f  iuence t h e  
r e l a t i v e  s a l i n i t y  o f  s o i l  types in- 
c lude d is tance from d e l t a  and inten- 
s i t y  o f  i r r  lga i - i on  o f  c u l t i v a t e d  
areas. Sal i n i t  ies tend t o  be lowest 
f a r t h e s t  f rom t h e  d e l t a  and where 
intense i r r i g a t i o n  leaches s a l t s  o u t  
o f  t h e  soi I. Fur ther  work i s  needed 
t o  b e t t e r  d e l  l n e a t e  t h e s e  t r e n d s  
(Anderson 1986; Anderson and Ohmart 
1986b, unpub I. data).  

Second-terrace sur face s o i l s  tend 
t o  be sandy and g r a v e l l y F  w i t h  loam 
and c l ay becoming more p rominen t  
c loses t  t o  t h e  r i v e r  channel. S i m i -  
l a r l y ,  s o i l s  a t  t h e  upper reach o f  the 
system t e n d  t o  be more sandy and 
gravel l y r  wi th  loam and c l a y  becoming 
m r e  frequent I n  lower reaches, When 
f l oods  oGcur, howeverl sandy s o i l s  a r e  
c a r r i e d  much f a r t h e r  down t h e  r i v e r  
than dur ing normal flows, Modern-day 
manipulat ions (e.g.$ dredging) o f  t h e  
r i v e r  channel a l so  in f luence sur face 
s o l l s  by f o r m i n g  e x t e n s i v e  linear 
dredge spoi i s  adjacent t o  The r i v e r  
c h a n n e l .  D redge-spo i l  s a i l s  a r e  
o f ten*  bu t  n o t  always, very sandy t o  
t h e  water table.  



GHAPTER 4. AGRl CUlWRAL USES OF THE VALLEY 

Agr l c u  l t u r a  l i n t e r e s t s  a r e  t h e  
most impor tan t  l nf l uence over water 
resource deveiopment and a l l o c a t i o n  on 
t h e  iower Colorado River. Consequent- 
l y ,  agr icu I tu ra1  development has had 
both direc-l- ( c l ea r ing  r i p a r i a n  habi- 
t a t )  and i n d i r e c t  impacts (wa te r  
d e v e l o p m e n t  o n  b i o t i c  community 
changes. P r i o r  t o  1980D over 90% of 
a1 l water was used f o r  i r r i g a t i o n  o f  
a g r l c ~ l i t u r a l  crops, Presently, the  
o v @ r a l l  use o f  f r r l g a t i o n  water i s  on 
b a t h  a  p r o p o r t i a n a l  and abso lu te  
doc! iine. F3rojections a re  t h a t  only  
68% o f  a l  l water resources w t  i l be 
usad f o r  l r r i g a t f o n  by 2020 (Lower 
Colorado Rivor bmprehensive Framework 
SJudy 1971 1, Incrsases i n  other  water 
uses ( Inc lud ing  municipalD industrial, 
a i e c t r l c  power generation, f i s h  and 
w t l d S i fe, and recreat  ion) account f o r  
t h e  r e s t  of  t he  waOer a l loca t ion .  

P r o d ~ c t l v e  a g r i c v i l f u r a l  land 
caccuples about Three-quar-t~rs o f  t h e  
lower Culsrado River f loodp ia in  (Table 
756 (U,S. Bureau o f  Reclamation 1986). 
Arable l a n d  i s  developed mostly I n  t h e  
Mahavoa Parker, Palo Verde~ imper l a l  , 
and Yunla Val teys. Curreni  agr icu l -  
f u r a i  development i s  p r i m a r i i y  on 
so i l s l-ha$ once supported extensive 
honey rnesqcr i-te stands, These s-t-ands 
con-kincre -to be cfeared f o r  agr fcu l -  
-ture, af Ohough the  process has tem- 
p o r a r  i l y  slowed because sf low crop 
p r  Ices, 

1 he major problem faced by e a r l y  
desert farmers was obtaining and hold- 
Ing adesuate water  t o  grow crops. 

With t h e  development o f  water p r o j e c t s  
on t h e  lower Colorado R ive r *  water 
became inexpensive and p l e n t i f u l  and 
an extensive ag r l cu l  t u r a l  indus t ry  was 
created. I n  addit ion, t h e  c losu re  o f  
Hoover Dam i n  1935 ensured p r o t e c t i o n  
of crop l ands from annual inundat ion. 
A g r i b u s i n e s s  i s  s t  1 l l an important  
r e g  ional industry,  al though i t s  over- 
a l  I i n f l u e n c e  i s  d e c l  l n i n g  w i t h  
i n c r e a s i n g  i n d u s t r i  a !  i z a t i o n  and 
urban iza t ion  o f  t h e  e n t i r e  basin. 

I n  1965D aver h a l f  o f  a1 l a g r l c u i -  
t u r a i  lands were e n t i r e 1  y  dependent on 
groundwater, w i t h  an add i t i ona l  one- 
t h  i r d  dependent on both groundwafer 
pumpage and sur face water i rr igaPion. 
Average annual Irri a t i o n  withdrawal 9 r a t e s  o f  over 7,300 m /0.4 ha ( 6  acre-  
f t / a c r e )  a re  common and i n  some areas 
w i t h d r a w a l s  >12,000 m31'0.4 ha ( > I 0  
a c r e - f t P a c r e )  a r e  r e q u l r e d  (Lower 
Colorado River  Comprehensl ve Framework 
Study 1971). These h igh  withdrawal 
r a t e s  r e s u l t  from t h e  need t o  leach 
s a l t s  f r o m  t h e  a r a b l e  s o i l .  As 
groundwater pump i ng con t i  nues and as 
drawdown exceeds recha rge  o f  t h e  
aquifers, greater  dependency an sur- 
face water wlll be necessary t o  main- 
t a i n  present agr i cu  i t u r a l  praduct ion. 

Four major crops on t h e  Colorado 
R i v e r  I n d i a n  R e s e r v a t i o n  and n i n e  
major crops an t h e  Palo Verde I r r l g a -  
t i o n  D i s t r l c - t  account f o r  95% of  t h e  
J-otaI  annual harves t ,  r e s p e c t i v e l y  
( T a b l e  16) .  Co t ton?  a l f a l f a ,  and 
g r a i n  c r o p s  ( e s p e c i a l  l y  wheat# b u t  
a l s o  corn8 barley* and m f  lo1 a r e  t h e  
most I m p o r f a n i  c r o p s .  C i t r u s  
orchards9 meions~ and veyetab l e  t m c k  



Tab le  15. Major agricultural areas on  o r  near t h e  lower Colorado River .  Areas 
ad jacen t  t o  t h e  lower Colorado R i ve r  a r e  e i t h e r  supp l i ed  d i r e c t l y  w i t h  Colorado 
R i v e r  water  o r  have i r r i g a t i o n  r e t u r n  f l o w  e n t e r i n g  t h e  Colorado River .  Data 
from U.S. Bureau o f  Reclamation (1986). 

Do1 l a r  
To ta l  va lue  per  

i r r i g a b l e  Percent  ha gross c rop  i r r i g a t e d  
A g r i c u l t u r a l  p r o j e c t  hectares i rr igated do I i a r  va l ue hectares 

COLORADO RIVER FLOODPLAIN 

Mohave Val ley  6,653 
Colorado R i v e r  l n d i a n  Reservat iona 30,614 
Pa lo  Verde 49,850 
C i b o l a  1 r 504 
Yuma - Mesa 8, 000 
Yuma Reservat ion - Bard u n i t  2,848 
Yuma Reservat ion - Ind ian  u n i t  3, 022 
Yuma Val l e y  21,366 
Yuma A u x i l i a r y  1 8 362 

Subtota l  1 25, 803 

AREAS ASSOCIATED WITH COLORADO RIVER VALLEY 

Coachei l a  Val l e y  
Imper ia l  Val l e y  
Nor th  G i l a  Va l l ey  
South G i l a  Va l ley  
We1 Iton-Mohawk 

Subtota l  27 1 , 748 

TOTAL 3979 551 

23 1,361,743 890.03 
8 8 52,1823542 1 924.70 
95 No t  ava i  I. Not ava i  I. 
7 3 1,718,237 1,563.46 
85 13,433,028 1,975.45 
89 229318,414 8,804+11 
6 7 892888327 4,093.00 
86 1 24, 759,249 6,789.99 
74 1,130,573 1,121.60 

aData f rom 1983. 
b ~ a i u e  c a i c u l a t e d  w i t h o u t  Pa lo  Verde I r r i g a t e d  hectares as to ta l  gross crop 

va lue  was n o t  ava i l ab le .  

c r o p s  ( p r i m a r i  i y  l e t t u c e )  a r e  a iso L e t t u c e  i s  t h e  c rop  w i t h  The h ighes t  
impor tant  i n t h e  r e g  ion. econm i c  y i e l d  per  hec ta re  ($1  2,187.50 

a t  Gslorado R i ve r  l nd ian  R e s e r ~ a t i o n ) ~  
The t w o m o s t  widespread c rops  a r e  f o I I o w e d  b y  m e l o n s  ( i n c l u d i n g  

a l f a  l f a  and c o t t o n 9  b u t  these  have canta loupet  honeydewl and waterme Ion).  
l i t t t e  d i r e c t  food va iue  (Tabie 16). Orchards  a l s o  c f f e r  h i g h  e c o n o x i c  
Wheat i s  t h e  o n l y  c r o p  t h a t  serves as y i e l d  b u t  a r e  r e s t r i c t e d  i o  t h e  
an  l m p o r t a n t  human f o o d  sou rce .  southernlras'f- a g r i c u l t u r a l  areas (Yuma 



Tab 1 e 
Pa io  
rado 

Crops grown on t h e  Colorado R i ve r  lnd ian  Reserva t ion  i n  1983 and 
I r r i g a t i o n  D i s t r i c t  i n  1986. D o l l a r  va lue  da ta  a r e  g iven  f o r  Colo- 
Reservat ion crops. Data from U.5. Bureau o f  Reclamation (1986). 

1 16. 
Verde 
lnd ian 

Colorado R iver  Ind ian Reservat ion Pa lo  Verde l r r l g a t i o n  D i s i r i c t  

Percent  o f  D o l l a r  
Type/crop Area (ha) t o t a l  area va l  ue/ha Area (ha) Percent  o f  t o t a l  a rea  

A l f a l f a  11,401 
Cot ton  10,836 

Gra in  
Bar ley  125 
Corn - - 
M i  l o  9 2 
Oats I2  
R y e  -- 
Sesame - - 
Wheat 2,540 

Subts ta  l 1,769 

G r  as sss 
Bermuda 206 
Sudan 220 

Me ions 
Cantaloupe 320 
Crenshaw - - 
Moneydew 460 
MIxed - - 
Waferme t an 7 5  

Orchards 
CI trus -- 
O.i-her - .- 

Pas tu re  114 

Vegef ab l es 
Asparagus ... - 



Table 16. (Concluded) 

Colorado River  Indian Reservat ion Palo Verde I r r i g a t i o n  D i s t r l c t  

Percent o f  D o l l a r  
Type/crop Area (ha) t o t a l  area value/ha Area (ha) Percent o f  t o t a l  area 

Beans 24 
Brocco l i - - 
Cabbage -- 
Cau l i f  I  ower -- 
Let tuce 614 
On ions 16 
Squash 29 
Toma toes - - 

Subtotal  683 

TOTAL 27 9 084 

Reserva t i on -Bard  U n i t ?  Yuma Valley, 
Coachel l a  Valley, and G i l a  Val ley) .  
The bes t  crops f o r  w i l d l i f e  a re  g r a i n  
crops, wh i ch  a r e  both moderately low 
i n  t o t a l  area i n  c u l t i v a t i o n  (10% a t  
Colorado River  lnd ian Reservat ion and 
22% a t  Palo Verde I r r i g a t i o n  D i s t r i c t )  
and i n  economic v a l u e  p e r  h e c t a r e  
($958 a t  Colorado River  l nd ian Reser- 
va t  ion) .  

4 . 2  AGRICULTURAL FEATURES AND 
PRACTICES AM) USE BY WILDLIFE 

A g r i c u l t u r a l  development and as- 
sociated p rac t i ces  have had tremendous 
impacts  on t h e  b i o t i c  communi t ies  
along the  lower Colorado River. Much 
o f  t h e  o r  ig i na l f  l o r a  and fauna have 
been a f f e c t e d  n e g a t i v e l y .  Exot1c  
p l a n t s  and an ima ls  have increased? 
along w i t h  some n a t i v e  species. I n  
gener-a!, t h e  actttai cosrtmunity dyrrarr~ics 
o f  a g r i c u l t u r a l  a reas  a r e  p o o r l y  
known. However* t h e r e  have been ex- 

t e n s i v e  s tud ies  on t h e  use of ag r i cu l -  
t u r a  l hab i t a t  b y  t e r r e s t r  i a1 v e r -  
t e b r a t e  f a u n a ?  and some a q u a t i c  
s t u d  i e s  on cana l  systems (Minckley 
1979; Anderson and Ohrnart 1982a). 

The most i m p o r t a n t  agr i c u i t u r a l  
p r a c t i c e  i s  i r r i g a t i o n .  The t h r e e  
main i r r i g a t i o n  techniques a r e  f lood, 
s p r i n k l e ,  and d r l p .  I r r i g a t i o n  I s  
necessary t o  water crops? b u t  it i s  
a  l so important i n  leaching so i  I s  o f  
u n d e s i r a b l e  s o l  i d s  ( m o s t i y  s a l t s ) ,  
R e c y c f i n g  and reuse  o f  i r r i g a t i o n  
r e t u r n  f l o w  and p e r c o l a t i n g  w a t e r  
r e s u l t  i n  very h  igh concentrat ions o f  
d issolved s a l t s  i n  t he  lower Colorado 
River.  

F l o o d - i r r i g a t e d  f l e l d s  f l u s h  In- 
v e r t e b r a t e s  and f a l l e n  seeds t o  the  
s u r f a c e  and p r o v i d e  easy access t o  
t h e s e  food sources  f o r  v e r t e b r a t e  
consur~less, i rr  i y a t &  areas a 1 so pro- 
v i d e  b r e e d i n g  s i t e s  f o r  seve ra l  
species o f  toads (Anderson and Ohmart 



3982a; Ohmart e t  a l .  1985). Spr ink le 
and d r i p  techniques have l i t t l e  in- 
f luence on w i l d l i f e ,  bu t  use i r r t g a -  
t !on water more ef  f i c  ient f  y e  

An extensive network o f  canals has 
been deve i oped t o  d i s t r  i bute water 
throughout t h e  r i v e r  va l l ey  as wel l  as 
t o  t ranspor t  water t o  urban areas i n  
Arizona and Ca l i fo rn ia .  Re la t i ve  t o  
w i l d l i f e  use the re  are two major canal 
t ypes - -conc re te - l i ned  and un l i ned .  
The p r o p o r t  l o n  o f  c o n c r e t e - l  ined 
canals var ies  extens i vel y  among major 
agricultural areas. O f  t h e  t o t a l  
d is tance o f  canals, 54% a re  concrete- 
l l ned a t  Colorado River l nd ian Reser- 
va t  ion on t h e  h igh end o f  t he  scale, 
w h i l e  l e s s  t h a n  1% o f  c a n a l s  a r e  
c o n c r e t e - l  ined i n  t h e  P a l o  Verde 
i rr i g a t i o n  D i s t r i c t .  Concrete-I ined 
canals lose less water through seepage 
and support l itt l e  vegetation, wh i l e  
un l l ned cana l  s necess i ta te  pe r iod i c  
d r d g i n g  Po remove vegetat ion and sol  l 
accumu i at ions.  I  n t h e  lower Colorado 
River Val ley  canals prov ide standing 
wafer i n  an otherwise waterless area. 

LSn l i n e d  c a n a l s  h a r b o r  wet i -  
developed squat lc  communities. These 
can be lmportant hab i ta ts  f o r  a number 
o f  m a r s h - n e s t i n g  b i r d s *  muskrats 

), beavers ( Cljstor 
everal  species o f  

r e p t l  les and amph l b  fans (Anderson and 
Ohmart 1982af. The Ichthyofauna i n 
canals cons l s t s  excl us i ver y  sf exo t i c  
species, Although t h s  cana I network 
i s  extensive, t he re  i s  l i t t i e  informa- 
t ion on aqua? i c  cmmun i t y  compos it ion 
srrd species I nterac f  Ions. Concrete- 
t ined canals may prov ide some hab l i a t  
f o r  f i s h  and d i v i n g  ducks; howeverr 
d-hose hab I t a t s  a r e  b i a I o g f c : a l  I y  
d e p a u p e r a t e  i n  b o t h  b iomass and 
specle~ richnessp when compared wi th  
unl  lned canals. 

F i e l d  margins a lso  prov ide vary ing 
h a b l t a t s  f o r  w i  i d t  i fe, depending on 
whether  t h e s e  areas a r e  devo id  of  

vegeta t ion  o r  a l  lowed t o  rema l n weedy. 
The c u r r e n t  r a t i o n a l e  among farmers I s  
t h a t  weed c o n t r o l  reduces p o t e n t i a l  
pest  spec les  ( i .e. insects, rodents*  
and weed seeds). Margins devoid o f  
weeds a r e  o f ten  inhab l t e d  by burrowing 
animals such as burrowing owl ( A t h e  
c u n i c u i a r i a )  and round-ta i led ground 
s q u i r r e l  ( m i l u s  b r e f i c a u U ) .  
Weedy marg ins  conta in  abundant weed 
seeds, i n s e c t s ,  and cove r .  These 
areas  a r e  among t h e  m s t  important 
h a b i t a t s  a v a i  l iab le  i n  a g r i c u l t u r a l  
areas f o r  many granivorous and insec- 
ti vorous b i rds, nocturnal rodents, and 
several species o f  r e p t i l e s  (especia l -  
l y  wes te rn  w h i p t a i l  C 
LLgLLSl). 

Orchards a r e  t h e  on ly  a g r i c u i t u r a i  
h a b i t a t s  w i t h  v e r t i c a l  v e g e t a t i o n  
s t r u c t u r e  and, therefore,  a r e  poten- 
t i a l l y  lmportant  t o  b i rds .  The th ree  
major orchard types i n  t h e  lower Colo- 
r a d o  R i v e r  V a l l e y  a r e  d a t e  palm, 
c i t r u s ,  and grape. Orchards* espe- 
c i a l  l y  c i t r u s l  are important t o  white- 
winged ( a% i a t i  ca) and mourn i ng 
(Zellarda doves f o r  nes t i ng  
hab i t a t .  but, otherw ise* a r e  n o t  heav- 
i l y  used by  o t h e r  b r e e d i n g  b i r d s  
( F i g u r e  29) .  I n  w i n t e r ,  v i s i t i n g  
I n s e c t i v o r o u s  b i r d s  a r e  common i n  
these orchards. Gran i vores a re  commn 
year - round i n orchards ,  espec ia l  l y  
grape orchards. k s t  r e s  i dent insec- 
t l v o r o u s  b i r d s  use orchards o n l y  sec- 
ondar I l y. 

O the r  Important w i l d l i f e  h a b i t a t  
f e a t u r e s  a r e  found i n  a g r i c u l t u r a l  
areass b u t  they on l y  make up a smal l 
f r a c t i o n  o f  t h e  t o t a l  area. Feed l o t s  
a r e  impartant t o  a la rge  numbers o f  
b i r d s 8  e s p e c i a l l y  w i n t e r i n g  gran i -  
vores. Transmiss i o n  power l i nes pro- 
vide important perches f o r  rap to rs  and 
a e r i a l - f o r a g i n g  i r r s e c t i v o r e s .  In- 
hablTe3d areas o f t e n  prov ide  a d iver -  
s i i y  o f  food resources and concentraPe 
many b i r d  s p e c i e s  i n t o  r e l a t i v e l y  
sma l f areas * 



Visi t ing Permanent  Granivores Doves  
Insec t ivores  Res ident  

l n s e c t ~ v o r e s  

F igu re  29. Average d e n s i t i e s  o f  b i r d s  i n  d i f f e r e n t  o rchard  types. Horizontal 
bar  i s  average; l a rge  rectang l e rep resen ts  one standard d e v i a t  ion; smal l rec -  
t a n g l e  represents  two standard e r r o r s  o f  t h e  mean. 1 = young c i t r u s ;  2 = moder- 
a t e l y  young c i t r u s ;  3 = mature c i t r u s ;  4 = date palm and c i t r u s ;  5 = date palm; 
and 6 = grape. From Anderson and Ohmart f f982a) .  

One p r a c t i c e  t h a t  may a f f e c t  
f a u n a l  use o f  a g r i c u l t u r a l  areas I s  
t h e  cont inued widespread use o f  insec- 
t i c i d e s  and herb ic ides  whose use i s  
l i k e l y  t o  cont inue. Genet ic r e s i s -  
t a n c e  i s  countered by us ing g r e a t e r  
concen t ra t ions  and by t h e  development 
o f  new i nsec t  l c  ides. 

A n d e r s o n  and Ohmar t  ( 1 9 8 Z a )  
repor ted  on p a t t e r n s  found i n  insec- 
t i c i d e  and h e r b i c i d e  use among t h e  
major a g r i c u l t u r a l  areas i n  t h e  v a l l e y  
between 1977 and 1980 (Tabies 77 and 
1 8 ) .  They found an assoc ia t i on  by 
erea betwees reduced av ien psp t i t z t i cns  
and i ncreased  use o f  i n s e c t  i c  i d e s  
( F i g u r e  3 0 ) .  Also, as $he amount o f  

i n s e c t i c i d e  use increased from 1977 t o  
1980, b i r d  popu la t i on  numbers d e c l l n -  
ed .  C a n a l s ,  weedy marg ins,  and 
i nhab i t e d  areas were t h e  bes t  av i an  
h a b i t a t s  and  t h e s e  w e r e  usua l  l y  
removed from i n s e c t i c i d e  t a r g e t  areas, 
Howeverr b i r d  use o f  these  noncropland 
a r e a s  demons t ra ted  even a  si-ronger 
nega t i ve  r e l a t  ionsh jp w i t h  i n s e c t i c i d e  
use than t h a t  f o r  overa l  1 a g r l c u l t u r a t  
b i r d  use. He rb i c i de  use was n o t  as- 
s o c i a t e d  w i t h  d e c l i n e s  i n  b i r d s  
f Anderson and Ohmart 1982a). These 
f i n d i n g s  a r e  pu re l y  c o r r e t a t i v e  and 
m r e l  y suggest ( i  . e e p  does n o t  prove) 
cause and ef fee?, C s c i r o j  icd CCnSGf 

d a t a  a r e  needed from f i e l d s  t r e a t e d  
w i t h  insect icFdes versus those n o t  



Tabie 17, i n s e c t i c i d e  and herbicide appl l c a t i o n  on var ious  Crop t ypes *  Data 

from t h e  Ca I i fa r  n i a Agr icu I t u r a  i C m m  iss ioners Off ice, Pest and Weed Cont ro l  
Report, 1979. Adapted from Anderson and Ohmart ( 1  982a). 

-- 

Herbic ides,  
l nsec t i c i dos  fung ic ides*  d e f o l i a n t s  

-- 

Crop Ha 1 /0.4 tia kcjj0.4 ha 1/0.4 ha kg/0.4 ha 
-- -- 
A l f a l f a  32*169 0.30 0.30 0.19 0.34 
Cot ton  92,328 0.76 0.39 0.30 0.02 
Truck 60,095 0.64 1.36 1.89 0.14 
Gra in  7,154 0.08 0.58 0.53 0.16 

-- -- 

Table 18. f nsec i i c i des  and herbicides applied t o  tho equivalent o f  360 ha (900 
acres)  of cropf i rnd i n  four a_qr icu l t u r a l  areas. The corresponding av ian  den- 
s j t i e s  a r e  t h e  number per 40 ha (100 acres) f o r  a l l  c rop types and o t h e r  a g r i -  
c u l t u r a l  fed tu ro*  such as weedy rrtargins, and canals. CR lR  = Colorado R iver  
l nd lan  Ker;crvationr WM -- Woll.ton-Mohawk8 I C  = Imperial-Coachel lat  and MO = 
Mokavc. From Anderson dnd 0hmijr"i 1982a). 

I nscct-  Mean 
kle3c.f arcs i c  ide Herb i c  i de  To ta l  s b i r d  

-- - - ---d-----w-- -- pp dens iSy 
Per 

Arrd Year Co l ton  Alfalfa OIhar 1 k g  I kg  I k g  40 ha 



F i g u r e  30. Assoc ia t ion  between p e s t i c i d e  a p p l i c a t i o n  and av ian  dens i t i es .  
From Anderson and Ohmart I1982a). 

t r e a t e d  i n  o r d e r  t o  assess  a c t u a l  
cause and e f f e c t .  Present ly ,  t h e  U.S. 
F i s h  and W i l d l i f e  Serv ice  i s  assessing 
i n s e c t i c i d e  r e s i d u a l s  i n  representa- 
t i v e  ver tebra tes  i n  major a g r i c u l t u r a l  
areas i n  Arizona, i nc l ud ing  t h e  lower 
Co l o r a d o  R i  ver  Val ley  (Kepner 1986; 
Radtke e t  a l .  1988). 

T o x i c  s p I  l I s  a r e  infrequently 
documenteds b u t  when they do occur 
t h e y  h a v e  d e v a s t a t i n g  r e s u l t s .  
M i n c k l e y  (7979) r epo r ted  on t h e  im-  
m e d i a t e  effec.Jrs o f  a  h i g h l y  t o x i c  
i nsec t  i c  lde  s  iphoned from t h e  tanks  o f  
an appl i c a t o r  a i r c r a f t  i n t o  t h e  main 

i n t a k e  cana I f o r  t h e  Yuma Val l ey  i r- 
r i g a t i o n  network i n  1974. A complete 
k i l l o f  f  ishes and o t h e r  aqua t i c  or- 
gan i sms was observed w i t h  i n  two days. 
A more recen t  (1987) s p i f  l  near Parker 
a l s o  had severe negat i ve e f f e c t s .  

Ag r  i c u  l Sure  p r e s e n t  l y  dominates 
water and land use i n  t h e  lower Colo- 
rado R iver  Val ley.  Some species bene- 
f it from agr ~ C U  l  t u r e *  b u t  many o t h e r s  
do no t .  A mosaic o f  nai-ive h a b i t a t s  
and agr l c u  l t u r a  l crops, camp l e t e  w i t h  
weedy f i e l d  m a r g i n s  and  u n l i n e d  
c a n a t s ,  w o u l d  r e s u l t  i n  a b a l a n c e  
between n a t i v e  and i n i roduced species. 



CMPTER 5. OmER M USES aF WE VALLEY 

5,1 WATER-RELATED RE 

Water r e c r e a t i o n  i s  t h e  second 
l a r g e s t  use o f  lower Colorado River  
wafer, even though it i s  nonconsump- 
t i v e ,  Abou t  75% o f  t h e  a v a i l a b l e  
wa te r -  a r e a  i s  p r c s e r ~ t l y  used f o r  
wa te r -based  r e c r ~ a t  i on .  P r o j e c t e d  
annua l r e c r e a t  ion  needs w i l l  l ncrease 
500% by t h e  year 2020, r e s u l t i n g  i n  
e x t e n s i v e  c r o w d i n g  t h r o u g h o u t  t h e  
r c q l u n  (Lowor  C o l o r a d o  R i v e r  Com- - 
p r  ehens  i v ~  Franlework Study 1971 1. 
8ceornrroda-f. i o n  o f  rocr-oat ion  i s l  s i s  a 
major concern o f  cjovcr nmon-1 p I irnn@rs 
c:nd mdnager-c,. 

Hecr ird-t ion on t h e  lower Co l or ado 
Filver occurs  prirnar-i l y i n  r;umw?r and 
i s  based around reservoir:,  and along 
channel i l e d  c,t retches. 7 he Colorado 
K i  vf?r ' 4 t - I  r ac t~ r o c r e a t  i o n  i s t s  from 
.t fir-oucgt1ou.t s o u l  h c r  n Ca I ! f o r n F a p  
Nevada, and A r - i  ~ n n a  and prov ides an 

p t ~ C O ~ C N T ~ I  c sui i ree $0 lower 
Colc~rnilo K i  cer  commun it ies. The sum- 
nicr f l trod o f  19133 ncccss i t a t e d  c I osure 
o f  the  r i  i terr  except at- Lakes &>fiav~3 
and  Havssu* c;aus i ng ecanom i c  hardsk i p 
to lcrcs l bus incssc::, artd r oso r?  owners. 

ifrc? 9reaJes-t dir-ocf- impacts an J-he 
b io-tc_, f r o m  water  r e c r c d l  i o n i i i  ac- 
7. i v I P  ic .5 ar-e on b d r ~ k  and shore!  ine 
h d b l P ~ t t s  and wa te rb i r ds  ( F i s u r e  51) .  
R ipa r i an  voye td t i un  i s  crushed by o f f -  
road v e h i c l e s  or is distur-bcd by wave 
act  ion f rorn boat-s. Heavy boat  Ti-af f ic 
lwava a c t i o n )  disrup.ts f i s h  spawning 
i n coves (especial i y s t r  iped CPorem 

rge rnou t  h b a s s  
3 1  and wa te rb i r d  

b reed ing  d u r i n g  sumnter i n  some years 

( p r i n c i p a l  I y ,  w e s t e r n  CA-kxus 
g c l d e n t a l  is1 and C l a r k v s  C&. r;liahiil 
grebes and Yuma c lapper  r a i l ) .  Winter  
boat  t r a f f i c ,  a l though n o t  as heavy as 
i n  summer* can a l s o  d i s t u r b  water fowl .  
Several coves on t h e  Chemehuevi Ind ian  
Reservat ion have been c losed t o  water 
s k i i n g  on ?he C a l i f o r n i a  s i d e  o f  Lake 
Havasu t o  p r o t e c t  l  a rgemout  h bass  
spawn i ng areas. 

F i c ju re  31. Recreat iona l  uses along 
r i p a r i a n  c o r r i d o r s  i nc l ude  concentra- 
l - i ons  o f  p e o p l e  o p e r a t i n g  o r  us ing  
r a f t s ,  boats, and o f  f - road veh i c  les. 
Phoio  i s  from t h e  S a l t  R i ve r  upstream 
from Phoenix, AZ, by R.E .  Toml inson. 

l nc reas  i ng numbers o f  t o u r i s t s  
( p r i n c i p a i  l y  i n  r e l a t i a n  t o  water- 
based r c c r e a f  ion), seasonal r e s  i den t s  
( p r i n c i p a S l y  d u r i n g  w i n t e r ) ,  and 
r e t i r e e s  have l e d  i-o an inc reas ing  



demand f o r  recreat !ona l  veh i c le  and 
mob l i e  home parks. Loca I ized impacts 
o n  vege ta t i on  and w i l d l i f e  from in- 
creased c  lear  i ng, veh lcu  l a r  abuse, and 
predatory f e r a l  animals (dogs, c a t s )  
can be dramatic. 

Tourism, r e l a t e d  t o  t h e  gambling 
indus t ry  i n  t h e  Laughlin-Bullhead C i t y  
arear has resu l ted  i n  a  recent  expan- 
s  i o n  o f  r e a l  es ta te  development and 
water-based rec rea t i on  i n  t h a t  area. 
P r o p o s e d  d e v e l o p m e n t  s u r r o u n d  l n g  
Laugh I  i n  Lagoon* t h e  l a rges t  o f  t h e  
backwater l agoons created by t r a  i n  i ng 
d  i kes, has sparked tremendous concern 
over  t h e  loss o f  aquat ic  resources i n  
t h e  a r e a  ( B u r r e l l  1987) .  D u r i n g  
spr  i ng and e a r l  y  summer I  arge numbers 
o f  s t r i p e d  bass migra te  i n t o  t h e  area 
from Lake Havasu t o  spawn. Present ly,  
s t r i p e d  bass over 9  k g  (20  i bs )  a re  
rare,  and t h i s  f i s h e r y  appears t o  be 
i n  t r o u b l e .  The d e c l i n e  o f  t h e  
s t r i p e d  bass f i s h e r y  may be due t o  a  
number o f  reasons ( i n c l u d i n g  d e c l i n i n g  
t r o p h i c  s t a b i  l i t y  i n  t h e  system), bu t  
t h e  reduct ion  o f  an important spawning 
area w i l l  f u r t h e r  s t r a i n  t h e  popula- 
t i o n .  I n  add i t ion ,  a  few razorback 
suckers, a  species o f  spec ia l  concern, 
a r e  found i n  t h e  area, al though t h e i r  
breeding s ta tus  i s  n o t  known. F ina l  - 
l y  s a t t e m p t s  t o  c o n t r o l  b  lack f  l ies  
(Simu l i idae) i n  response t o  p ro jec ted  
negat ive  e f f e c t s  on l oca l  tour ism may 
be causing dec l ines  i n  game f i sh ,  such 
as  ra inbow t r o u t  (Salma 1 3 

which feed p r imar i  l y  on b lack f  l y  l a r -  
vae ( B u r r e l l  1987). 

Expanding r e a l  e s t a t e  development 
i n  and around take Havasu C i t y  has 
a l s o  had impacts on b i o t i c  resources 
as we1 l as on resource agencies. One 
s u e  h  proposed deve Iopments 8 j J o p @ s  
L a n d i n g s t f  was w e l l  p u b l i c i z e d  and 
r e s u  I t e d  i n  a  r e a l  ignment o f  Havasu 
Nat ional  W i l d l i f e  Refuge's boundary t o  
a  l low access t o  t he l a k e  i n  1383. 
T h i s  r e a l  ignment was objected t o  by 
c o n s e r v a t  i o n  groups and t h e  Arizona 

Department  o f  Game and F ish  as t h e  
deve l opment cou l d  s e r  i ous I y  impact 
nearby Yuma c lapper r a i  l h a b i t a t *  an 
endangered spec ies. Th i s  case$ how- 
ever, demonstrated t h e  power develop- 
e r s  can have over  resource agencies fn 
r e x h i n g  t h e i r  goals*  desp i te  poss ib le  
impacts on t h e  associated b  i o t  i c  com- 
muni t ies.  

The l a r g e s t  t r a c t s  o f  land t h a t  
can s t !  I l be managed as w i  l d l  i f e  habi- 
t a t  a r e  u n d e r  c o u n t y *  S ta te ,  o r  
Federa I  Government c o n t r o l .  These 
areas have been s e t  as ide f o r  recrea- 
t i o n *  as w e l l  as f o r  w i l d l i f e ,  and 
support a  wide v a r i e t y  o f  uses. Most 
o f  these outdoor a c t i v i t i e s  would seem 
compatible w i t h  (and even enhanced by)  
t h e  presence o f  na tura l  greenery. 

Many o f  t hese "parksu a re  l i tt l e  
more  t h a n  paved p a r k i n g  l o t s  f o r  
f i shermen, boaters, and rec rea t i ona l  
veh i c  I es . Nonnat i ve  t r e e  spec lest  
p a r t  i c u  I a r  l y  e u c a l y p t u s  
spp.) and f r u i t l e s s  mulbe 
spp. 1, a r e  o f t e n  used i n  t h e  develop- 
ment o f  r e c r e a t i o n a l  p a r k l a n d  and 
p r o v i d e  l i t t l e  h a b i t a t  f o r  n a t i v e  
b i r d s .  Federa l  ll State. and county 
park o f f i c i a l s  have t h e  p o t e n t i a l  f o  
r e s t o r e  d  is tu rbed areas w i t h  n a t i v e  
s p e c i e s  such as  cottonwood^ w l l  lows 
mesqu i t e t  and var ious  n a t  i ve shrubs. 
Restorat ion o f  these spec ies wou l d  be 
b e n e f i c i a l  t o  w i l d l i f e  and a l s o  wouid 
prov i de more aesthet  i c  cond it ions f o r  
r e c r e a t i o n  ( b  i rdwa fch  i n g )  and much 
needed shade f o r  parks. 

I n  many p a r t s  o f  t h e  lower GoIo- 
rado R iver  Val ley t  t a l l  vegetat ion i s  
r e s t r  i c ted  t o  areas surround ing human 
hab i t a t  i ons .  There fore*  landowners 
and p r  i v a t e  deve l a p e r s  can great1 y 
impact t h e  f u t u r e  o f  these areas f o r  
w i  l d l 1 f e e  Most landowners are  unaware 
o f  t h e  v a l u e  o f  t h e s e  h a b l t a t s  to 



wildlife. The ac t ions  o f  a few en- 
l i g h t e n e d  landowners emphasize how 
important r e s i d e n t i a l  p lan t l ngs  are  t o  
a v a r i e t y  o f  w i l d l i f e  species. 

I t  i s  c l e a r  t h a t  a targe a r ray  o f  
w i ld1  i f e  species wl l l l i v e  and breed 
i n  c lose  p rox im l t y  t o  humans i f  s u i t -  
ab l e v e g e t a t i o n  i s  provided. With 
c a r e f u l  planning, stab l e  popu t a t  ions 
o f  c e r t a i n  s e n s i t i v e  species can prob- 
ab l y  be maintained o r  reestabl lshed i n  
a reas  where o n l y  a l itt l e  adjacent 
n a t i v e  v e g e t a t i o n  remains.  O the r  
species may never adapt t o  these ar -  
t i f i c i a l  environments and such areas 
can never f u l l y  replace natura l  r i p a r -  
I a n  communi t ies .  I n  add i t ion ,  t h e  
poss ib le  negat ive e f f e c t s  on s e n s i t i v e  
species o f  increasing populat ions o f  
p e s t  s p e c i e s  e .  f e r a l  c a t s  and 
dogs, r a t s t  cowbirds, and s t a r l i n g s )  
on n a t i v e  wl l d l i f e  requ i res  f u r t h e r  
study. 

5.4 FISMINC AN) WKTIEIG RESQXIms 

Before t h e  c losu re  o f  M o v e r  Dam, 
f l s h l n g  p r i m a r i l y  was f o r  Colorado 
squawf lsh ( -1 and 
razo rback  sucker .  P r e s e n t l y ,  a l l  
s p o r t s  f i s h i n g  i s  f o r  i n t r o d u c e d  
spec ies .  About 88,000 ha (22Or000 
acres 1 s f  warm-water hab i t a t  support- 
ing spo r t s  f  l she r ies  now occur on t h e  
lower  Colorado River.  F i sh  popula- 
t i o n s #  from s tack ing  and natura l  prop- 
agat ion? present ly  support 3 m i l l i o n  
man-days annual l y .  Sport f i s h  popula- 
t i o n s  on t h e  lower Colorado R iver  and 
I t s  many Impoundments p o t e n t i a l i y  
s a t i s f y  on ly  a p o r t i o n  o f  proJected 
demand. Competition Far  a v a i i a b l e  
sur face water from oSher uses t h a f  a r e  
i n c o m p a t i b l e  wi i-h f l s h l n g  w i l l  n o t  
a l low comp j e t e  demand s a t  l s facSian 
(Lower Co l o r a d o  R iver  Camprehens l ve 
Framework Study 1971). S p e c I F i c a I l y ~  
speedboatlng and shore1 lne  development 
w i l l  seduce f i s h i n g  q u a l i t y  and quan- 
t i t y . .  

A t  l eas t  80% o f  t h e  fishermen on 
t h e  Colorado River  south o f  Davis Dam 
a re  nonresident, and most a re  from t h e  
Los Angeles area. The large number o f  
nonres i d e n t  f i shermen and a sparse 
res lden t  popu la t ion  resu I t s  i n  a h igh  
p e r  c a p i t a  use ra te .  The r a t i o  o f  
resident-to-nonresident fishermen and 
t h e  per c a p i t a  use r a t e  i s  expected t o  
increase through t h e  year 2020. 

H u n t i n g  on t h e  lower Co lo rado  
R i v e r ,  p a r t i c u l a r l y  dove and goose 
hunting, a l so  a t t r a c t s  a la rge  number 
o f  nonresidents. A t o t a l  o f  750,000 
man-days annual ly a re  spent hunt ing i n  
t h e  lower Colorado River  area (Lower 
Colorado River  Comprehensi ve Framework 
Study 1971 1. About ha1 f  o f  t h i s  t o t a l  
I s  spent hunt ing b i g  game (mule deer 
[ -11, mostly i n  t h e  
deser t  and mountains along t h e  r i v e r .  
The remainder of e f f o r t  i s  spent hunt- 
ing smal l game a l m s t  e n t i r e l y  on and 
adjacent t o  t h e  r iver .  

I d e a l  c o n d i t i o n s  f o r  many game 
s p e c i e s  were i n i t i a l l y  provided by 
e a r l y  a g r i c u l t u r a l  p r a c t i c e s  us ing 
dense hedgerows around sma l  I ,  i so  l a t d  
a g r i c u l t u r a l  t r a c t s ;  i n e f f i c i e n t  g r a i n  
harves t ing  pract ices;  and t h e  p r e d m i -  
nance o f  g r a i n  crops. These p rac t i ces  
p r o v i d e d  abundant food, escape and 
n e s t i n g  c o v e r ,  and edge e f f e c t s .  
Today, ex tens i ve  farm t r a c t s ,  c lean 
farming p r a ~ t i c e s ,  and s h i f t s  t o  crops 
such as co t tonr  a i f a l  f a ?  and l e t t u c e  
have caused dec l i nes i n  t h e  amount o f  
these w i l d l i f e  hab i ta ts .  I n  addi t ion,  
r i v e r  management w i t h  dredged and 
r i prapped channel sl desiccated oxbow 
i akes, and e x t e n s  lve nonconsumptive 
r e c r e a t  iona t a c t  l v i t i e s  has reduced 
t h e  qua i  i t y  o f  a q u a t i c  h a b i t a t  f o r  
waterfowl species. 

Suburban and urban developments 
a r e  smal i a l o n g  t h e  lower Colorado 



R i v e r ?  w i t h  Yuma ( p o p u l a t i o n  86,0001 
be ing  t h e  l a r g e s t  c i t y .  Urban devel-  
opments a  long t h e  r i v e r  a r e  ass= i a t e d  
w i t h  u s e s  s u c h  a s  a g r i c u l t u r e  
( B i  ythe) ,  t o u r i s m  (Lake Havasu C i t y ) ,  
and t h e  m i l i t a r y  (Yuma). Urban i m -  
pac ts  on t h e  b i o t a  o f  t h e  lower Colo- 
rado R i ve r  a re  minimal compared w i t h  
impac t s  f r o m  b o t h  a g r i c u l t u r e  and 
t o u r  ism, 

Water f o r  mun ic ipa l  and i n d u s t r i a l  
needs p resen t l  y  amounts t o  about 5% o f  
t h e  t o t a l  water resources a v a i l a b l e .  
By 2020, about 15% wil l be requ i r ed  t o  
s u p p o r t  m u n i c i p a l  and i n d u s t r i a l  
demands (Lower  Co l o r a d o  R i v e r  Com- 
prehens ive Framework Study 1971). O f  
t h e  water a l l o c a t e d  f o r  mun i c i pa l  and 
I n d u s t r i a l  development a long  t h e  lower 

Colorado River ,  abou t  90% i s  d i v e r t e d  
t o  Las Vegas and C l a r k  County, NVI 
be fo re  r e i x h i n g  Dav i s  Dam. 

D o m e s t i c  a n d  commerc i a l  u s e s  
demand most of t h i s  water. Domestic 
uses a r e  concen t ra ted  around t h e  towns 
a n d  c i t i e s ,  w i f h  Yuma h a v i n g  t h e  
l a r g e s t  demand. Commercial demands 
a r e  p r  i mar i l y  f rom r e c r e a t i o n a l  and 
t o u r i s t  parks. The Federal Government 
( p r i m a r i l y  t h e  m i l i t a r y  i n  t h e  Yuma 
area)  a l s o  uses s i g n i f i c a n t  amounts of 
w a t e r .  Yuma p r e s e n t l  y  uses  r i v e r  
w a t e r  d i v e r t e d  f r o m  I m p e r i a l  Dam. 
W a t e r  q u a i  i t y  r e m a i n s  a  p rob lem.  
A g r i c u l t u r a l  u s e  o f  Co lo rado  R i v e r  
water upstream has served t o  increase 
c o n c e n t r a t i o n s  o f  d i s s o l v e d  s o l l d s  
( s a l t s )  i n  Yuma's supp ly .  



LOWER CX# R l  VER 

Dramatic changes have occurred I n  
t h e  r i p a r i a n  h a b i t a t  along t he  lower 
Colorado R i ve r  as a r e s u l t  o f  a g r l c u l -  
t u r a l  c o n v e r s i o n  s i nce  1938. Th is  
c h a p t e r  q u a n t l  f l es  these changes i n  
two ways. The v a s t  m a j o r i t y  o f  r i p a r -  
ian  h a b l t a f  convers ion t o  a g r i c u l t u r e  
o c c u r r e d  b e f o r e  1976,  and t h e s e  
changes a re  descr {bed s imply  I n  terms 
o f  c h a n g i n g  a r e a l  e x t e n t  o f  p l a n t  
comrnunltles and a g r i c u l t u r a l  cropland. 
The f l r s t  s e c t l o n  d i s c u s s e s  t h e s e  
p l a n t  c o m m u n i t y  and a g r i c u l - t u r a l  
changes from 1938 t o  t h e  present  i n  
t h e  P a r k e r  i l D i v  i 5 ion, which were 
t y p i c a l  of. changes v a l  ley  wide. The 
second s e c t  !on discusses changes i n  
r- l p a r  Ian vege ta t ion  among eommunl t y /  
s t r u c t u r e  types from 1976 t o  1986# as 
d e s c r  i b a d  b y  Anderson sncf Qhmar't 
( 1 9 8 6 ~ ) .  The Anderson and Ohrriart 
4 1 9 8 6 ~ )  p r o c e d u r e s  f o r  d e f i n i n g  
communi ty /s t ructure types i s  descr ibed 
i n  more d e f a l l  i n  s e c t i o n  6.2 and 
Appendix A, The t h i r d  and f i n a l  set- 

t l w n  covers changes i n  m c r g e n t  wet- 
lands from 1936 t o  1986. 

Tho F9al--ker 1 I D 1 v i s  I o n  extends 
from t h e  town o f  Parker south 71 r i v e r -  
k m  (44 r i v e r  mY 1 -to t h e  Pale, Vcrde 
O ive rs l on  Dam and inc ludes t h e  e n t i r e  
C o l o r a d o  R i v e r  1nd ian  ReservatEon. 
T h i s d l v i s E on encompasses 21,504 ha 
f53r760 acres),  much of which has been 
c o n v e r t e d  t o  agr i c u i f u r e .  Ag r i cu l -  
Burat deve lopmn t  on l nd ldn  reserva- 

t i o n s  was a c c e l e r a t e d  a b o u t  t w o  
decades a f t e r  development  o n  non- 
Ind ian lands. The increased r a t e  o f  
c l e a r i n g  a f t e r  1960 was t h e  resu  I t  o f  
a b i I l passed by  Congress i n  1955, 
wh i ch  a l lowed l ong - te rm  leas ing  on  
lnd lan lands (F radk in  1981 1. Ind ians  
could r e t a i n  ownership o f  lands, b u t  
they a l s o  cou ld  lease them wel l below 
market value; i n  e f f ec t ,  l nd lan  t r i b e s  
cou ld  mainta in  an income wh l l e  opening 
t h e i r  lands t o  non- lndlan opera t ions .  

i n  an at tempt t o  document r a t e s  o f  
c h a n g e  I n  h a b i t a t ,  M izoue  (1984 )  
a n a l  y z c d  d a t a  f r o m  t w e n t y - e i g h t ,  
4.5-km (2 .8 -m i  1 t r a n s e c t s 9  each  
running west t o  eas t  across t h e  d l v i -  
s i o n .  Da ta  o n  h a b i t a t  change were 
c o l i e c t e d  f r o m  a e r i a l  p h o t o g r a p h s  
l"aken i n  1938, 3960, 19761 and 1983. 
Rates o f  change were compared between 
two periods, 1938-1960 and 1960-1982. 
Slnee Mizoue" (1984) s tudy was con- 
ducted another se t  o f  vegetat  Ion maps 
has been produced; these da ta  a r e  a l s o  
i nc l uded here f o r  d fscuss ion. 

Tho predominant p l a n t  community i n  
t h e  f  i r s t  t e r r a c e  ( battom) was co t t on -  
wood-~ i i low I n  1938. Ploney mesqu i t e  
was t h e  dominant p l a n t  community on  
t h e  second t e r race .  These two p Ian* 
commun i t l e s  combined covered 74% o f  
t h e  e n t i r e  Parker I I D i v i s i o n  (F igu re  
32, Table 19). A g r i c u l t u r a l  land o n l y  
covered Q,3X i n  1938. Sal t cedar  was 
presen? b u t  on !  y covered 1.6% o f  t h e  
d i v i s i o n .  Screwbean mesqu i t e  and 
arrowweed accounted f o r  0.6% and 5.6%* 
respect  I vet y; thus, these  two n a t i v e  



h a b i t a t s  were r e l a t i v e l y  unimportant 
I n  an areal  context. 

1 9 4 0  1 9 5 0  1 8 6 0  1 9 7 8  1 9 8 0  1 9 8 0  

Y e a r  
--- A g r i c u l t u r a  rru S I I  cram c h ~ r l n o l  

H o n e y  m e s q u l t e  - A r r o w w e e d  . . . C o t t o n w o o d - w l l l o w  -. M a r s h  
*- S c r e w b e a n  r n e s q u l t u  "' S a l t c e d a r  

F i g u r e  32. Change i n  p l a n t  com- 
m u n i t i e s  i n  t h e  Parker I I  D i v i s l o n  
f rom 1938-1986. Total ha = 21,504 
(53,760 ac res ) .  Data f rom Mlzoue 
(1984). 

Twenty-two years la ter ,  I n  1960, 
screwbean mesquite and sal tcedar in- 
c reased s l g n i f  i c a n t i y  i n  t h e  f i r s t  
t e r race  t o  encompass 25% and 9% of  t h e  
d [ v i s ion .  These increases were a t  t he  
expense o f  t h e  cottonwood-w i l low com- 
munlty which decl ined by 80% of i t s  
o r  i g l n a l  area t o  cover on ly  6% of  t h e  
d l v i s l o n  ( T a b l e  20). A g r i c u l t u r a l  
land Increased from 0.3% i n  1938 t o  
20% o f  t h e  d i v i s i o n  by 1960. This 
change was mostly a t  t he  expense of 
honey mesqui te and arrowweed com- 
mun It ies. Marsh communities increased 
s l  l g h t l y  whl i e  t h e  st ream channel 
decreased s l  i gh t l y .  

Although the  changes from 1938 t o  
1960 were dramat ic ,  t h e  amount and 

r a t e  o f  change between 1960 and 1976 
were even more so. The r a t s  of con- 
vers ion t o  a g r i c u l t u r e  increased a l -  
m s t  th ree times from 196 ha/yr (489 
a c r e s i ' y r )  t o  4 9 4  h a / y r  (1,234 
acres/yr l .  Again, t h i s  was mostly a t  
t he  expense o f  honey mesquite which by 
1976 covered on ly  8% o f  t h e  d iv is ion ,  
w i th  a conversion r a t e  o f  312 ha/yr 
(781 acres/yr).  Changes I n  t h e  f  i rs t -  
t e r r a c e  were less dramatic but  were 
s t  I I I i n  t h e  negative d i r e c t i o n  f o r  
co t tonwood-wf  I low, which by 1976 
covered on ly  4% o f  t h e  d l v  i s  ion. Much 
o f  t h e  a rea  covered by screwbean 
mesqu i te  i n  3960 was lost  by 1976. 
L i t t l e  change occurred I n  t h e  areal 
e x t e n t  o f  arrowwead, sa l tcedar, and 
marsh cammunit ies. 

The conversion o f  honey mosquite 
t o  a g r i c u l t u r e  has continu&, b u t  a t  a 
slower pacer from 1976 t o  1986. Pres- 
e n t l  y r  a g r i c u l t u r e  covers over 60% o f  
t h e  Parker I I Div is ion ,  whI l a  honey 
mesau i t e  covers about 1%. The sfower 

r e f  l ec ts  as near a maximum deve l- 
o p m n t  as possfble o f  agriculture on 
t h e  second terrace.  The f i r s t  t e r r a c e  
a l s o  has been converted almost com- 
p l e t e l y  f rom cot tonwood-wi l low t o  
sal tcedar and screwbean masquite com- 
m u n i t i e s .  Since 1983, there  was a 
s w i t c h  i n  f h e  r e i a t i v s  r a n k i n g  of' 
screwbean mesquite and saltcedar, w i t h  
s a i  t c e d a r  now the  dominant r i p a r i a n  
commun i t y  . 

M i z o u e  (1984)  determined t h a ?  
r a t e s  of change between 1938 and 1960 
were nonconstant- and r therefore, cou l d 
not  p r e d i c t  changes t h a t  occurred from 
1960-1982 ( T a b l e  211, A c c e l e r a t d  
i ncreases i n agr  l c u  i t u r e  convars ion 
a f  t e r  1960 were la rge ly  responsl b le 
f o r  t he  lack o f  p red lc fab i  l ley. I n  
add it ionp changes In t he  f i r s t  t s r r a z e  
were a lso n o t  pred fctab le. Pred i c l - 4  
vegetat ion change from 1960-1982 was 
ab i e  t o  c lase l  y garal ! e l  r e a l  changes; 
howeverr t h  1 s does no+ necessar I I y 
support t h e  use o f  t h i s  model f o r  



Table 19. Propor t ion  o f  t o t a l  area o f  each p l a n t  community w i t h i n  each year i n  
Parker I I D iv i s ion .  Communities a r e  CW = cot tonwood-wi  l low, HM = honey 
mesquite, AW = arrowweed, ST = stream channel? AG = ag r i cu l tu re ,  SM = screwbean 
mesqu i te, SC = sa l tcedar, and MA = marsh. 

Propor t ion  o f  t o t a l  area 

A l  I communities R lpar ian  communities 

Community 1938 1960 1976 1983 1986 1938 1960 1976 1983 1986 

Table 20. Percent and r a t e  o f  change w i t h  i n  p l a n t  communities among t ime per- 
iods i n  Parker I I  D iv i s ion .  Vegetat ion abbrev la t ions  t h e  same as i n  Table 19. 

Percent change Average number ha per year 

1938- 1960- 1976- 1983- 1938- 1960- 1976- 1983- 
Gammunity 1960 1976 1983 1986 Tota l  1960 1976 1983 1986 Tota l  



Table 21. Results o f  Mizouefs (1984) 1938-1960 and 1960-1983 modets t o  p r e d i c t  
h a b i t a t  changes i n  Parker I I Div is ion .  

Hectares o f  community 

Results o f  Resu I t s  o f  
Community type 1938-1960 model 1960-1983 model Actual 1983 Actual 1986 

Cottonwood-willow 
Honey mesquite 
Arrowweed 
Stream channel 
Agr i cu  I t u r e  
Screwbean mesquite 
Sa l tcedar 
Marsh 

changes a f t e r  1982. The 1960-1982 
model pred ic ted  t h a t  a g r i c u l t u r e  w i  l l 
cont inue t o  increase? wh i l e t h e  areal  
e x t e n t  o f  a l l  o t h e r  r i p a r i a n  com- 
muni t ies w i l l  s lowly decrease through 
t i m e ,  e x c e p t  t h a t  s a l t c e d a r  w i l l  
decrease s lowly  a t  f f r s t ,  level  o f f ,  
and t h e n  f i n a l l y  begin t o  Increase 
( M i  zoue 1984 1. These l a t e r  pred ic- 
t i o n s  a r e  b o r n e  o u t  i n  t h e  1986 
resu l ts ,  bu t  these changes were a l so  
probably accelerated by t h e  1983-1984 
f  lood i ng. 

P l a n t  community changes w i t h i n  t h e  
f l r s t  t e r race ,  p resent ly  def ined by 
t h e  levees p a r a l l e l i n g  the  r i v e r ,  a r e  
n o t  d l r t ; c t l y  i n f l u e n c e d  by human 
a c t  i v  i t y ,  as are  t h e  second t e r r a c e  
communities. Rather, t he  f i r s t  t e r -  
race changes are  mostly i n d i r e c t t  w i t h  
changes i n  ecological  succession proc- 
esses, r i v e r  f low leve l s?  and s a l i n l t y  
levels.  O f  specia l  note was t h e  r a t e  
o f  change among the th ree  major f l r s t  
t e r r a c e  communi t ies:  cot tonwood- 
w l l low, screwbean mesquite, and s a l t -  
c e d a r .  The s t e e p e s t  dec l  i n e  I n  
co t tonwood-w i l l ow  o c c u r r e d  between 
1938 and 1960 and r e f l e c t s  t he  gradual 

dea th  o f  t r e e s #  w i t h  l l t t l e  o r  no 
recrui tment.  During t h i s  same per iod# 
screwbean mesquite increased tremen- 
dously as d i d  saltcedar.  From 1960 t o  
1976, cottonwood-w i I law cant I nued t o  
d e c l  i n e ?  w i t h  v i r t u a l l y  no r e c r u l t -  
ment, whl l e  screwbean mesquite a l so  
decl ined somewhat, Saltcedar remained 
c o n s t a n t  d u r i n g  t h i s  p e r i o d .  The 
areal  e x t e n t  o f  screwbean mesqu i t s  and 
sa l t c e d a r  i eve I ed between 1976 and 
1983, wh i l e  cottonwood-willow cont in -  
ued t o  dec i fne. 

The f lood lng  between 1938 and 1906 
was thought  t o  poss lb ly  prov ide f o r  
f l ush ing  o f  s a l t s  and establ ishment o f  
germ ina t  ion beds f o r  cottonwoods and 
wil lows, wh i l e  decreasing The ex ten t  
o f  sa i tcsdar .  Thus f a r  i n  t h e  Parker 
I I  D i v i s i o n  t h e  opposl te h;is happened. 
C o t t o n w o o d - w  l i low con?  l nues t o  
d e c l i n e l  w i t h  no apparent r e p r o d u e  
t I o n *  whi l e  s a l  t e e d a r  has replaced 
screwbean mesqu i Te, A l  l stands o f  
screwbean mesqer f t e  and coitonwood- 
w l  l low conta in  an understory dominated 
by saltcedar. The fleading i n  e f f e ~ t  
k i l l e d  many screwbean mesqulte and 
most o f  t h e  remain  l ng cot tonwood- 



w l l low t rees.  The vigorous i y growl ng 
s a  i t c e d a r  was ab le  t o  take  over I n  
these stands before  any regenerat ion 
o f  n a t i v e  t r e e s  could occur, I n  addi- 
t !on, numerous f i r e s  and c l e a r  l ng  
operat ions w i t h i n  t h e  levees I n  areas 
n o t  f iooded have a l s o  r e s u  l t e d  I n  
sa l tcedar  dominance. 

The h a b l t a t  changes occur r ing  i n  
t h e  Parker I I  D i v i s i o n  are t y p i c a l  o f  
t h o s e  t hraug h o u t  t h e  r i ver  system, 
w i t h  ex tens ive  a g r i c u l t u r a l  develop- 
ment, i n c l u d i n g  t h e  Mohave, P a l o  
Verde, Laguna? Yuma, and L imi t rophe 
Div is ions .  Since 1976, most h a b i t a t  
changes are w i t h i n  r i p a r i a n  vegetat ion 
t y p e s  between t h e  levees and con- 
s t i t u t e  both community and s t r u c t u r e  
t ype  changes. These changes a re  d is -  
cussed I n  d e t a i l  i n  t h e  f o l l o w i n g  
s e c t i o n ,  wh lch  a l s o  q u a n t i f  i es  t h e  
s h o r t - t e r m  f l o o d i n g  e f f e c t s  s i n c e  
1983. 

6.2 RlPXRlAN WITATS FR8#I 19761986 

Rtparfan h a b i t a t  changes from 1976 
t o  1986 a re  described using t h e  pro- 
c e d u r e  d e v e l o p e d  by  Anderson and 
Qhmart (1986c) .  The Anderson and 
Ohmart ( 1 9 8 6 ~ )  system al lows fo r  t he  
q u a n t l f i c a t l o n  and easy l d e n t i f l c a t i o n  
o f  commun l t y / s t r u c t u r e  types i n  t h e  
f i e l d  (see Appendix A f o r  description 
and methods f o r  t h i s  classification 
s y s t e m  and t h e  Nat  i ona  t Wet lands 
l nvenPory c l ass i f l c a t  ion 1. The number 
o f  s t r u c t u r e  types I s  based on t h e  
r e l a t l v e  tmportance o f  t h e  understory9 
midstory, and canopy, These are  based 
on f o l i a g e  m a s u r e m n t s  i n  each layer. 
A n d e r s o n  and Qhmar t  ( 1 9 8 6 ~ 9  and 
Anderson e t  a i .  (1983) p r o v i d e d  a 
de ta l  led ana lys is  o f  vegetat ion char- 
a c t e r f s P 1 c s  ( t r e e  counts,  f o I  I age  
density,  f o l i a g e  he ight  d i ve rs i t y ,  and 
p a t c h f n e s s )  f o r  each t y p e  I n  each 
i d e n t i  f l e d  p l a n t  c o m m u n i t y  
(=assocTat ion), 

The concept o f  s t r u c t u r e  t y p l n g  i s  
no t  d l  f f i c u  i t t o  understand I f an area 
i s  envisioned as going from bare s o i l  
t o  s u p p o r t i n g  a ma tu re  co t tonwood 
f o r e s t  (Appendix A).  Type V I  I s  t h e  
beg i n n  i ng commun i t y  o f  regenerated 
vegetat ion. As the  stand develops, it 
passes through types V 9  I V ,  and I l l  
u n t i l  It becomes t ype  I, which i s  t h e  
mature community. I n  type V I  t h e  vast  
ma jo r i t y  o f  f o l i a g e  i s  i n  t h e  under- 
s tory .  Type 1 ,  a t  t h e  o the r  extreme, 
has we1 I-deve loped understory, mid- 
story, and canopy layers; such habi- 
t a t s  a l s o  t e n d  t o  be very h igh  i n  
f o l i a g e  he ight  d i v e r s i t y  and patch i -  
ness (Anderson e t  a I .  1983 1. As t h e  
stand continues t o  mature and a closed 
canopy develops, t h e  understory tends 
t o  be shaded o u t  and t h e  stand becomes 
type l i. As t h e  mature cottonwood- 
w i l low t r e e s  d i e  and t h e  canopy opens? 
t h e  m i d s t o r y  deve lops  w i t h  newly 
regenera ted  cottonwood, w i 1 low, o r  
o ther  p l a n t  species (sa l tcedar  and/or 
mesqu I t e ) .  Eventual l yr g 1 ven no ex- 
t r i n s i c  f a c t o r s  . c l e a r i n g ,  
f l ood  lng, f i re ) ,  t h e  stand w i  l l under- 
go success ion  t o  a d i s c l  imax stand 
dominated by mesqulte o r  o the r  p l a n t  
spec ies .  P r e s e n t l y ,  mesqu i te  and 
sal tcedar r a r e l y  develop beyond t ype  
I I I i n  t h e  Southwest. Typical ly,  t h e  
lower t h e  s t r u c t u r e  t y p e  t h e  more 
x e r i c ,  s a l  i n e ,  o r  o t h e r w i s e  un- 
favorable the  s i t e  l s .  

Net t o t a l  area changes i n  r ipar  San 
vegetat lon were n o t  dramatic from 1976 
t o  1986, w i t h  on ly  200 ha (500 acres) 
being l o s t  (Table 2 2 ) .  I n  i n te rp re t -  
i n g  t h e s e  and o the r  n e t  changes i n  
h a b i t a t s  It is Important t o  r e a l  l z e  
t h a t  r i p a r i a n  hab i t a t s  were b e i n g  
c l e a r e d  f o r  a g r i c u l t u r e  o r  l o s t  by 
o t h e r  means, wh i I e some abandoned 
a g r i c u l t u r a l  areas were being natura l -  
f y revegetated . S i m i  l a r  i y o  n e t  losses 
i n  any p a r f f c u  l a r  h a b i t a t  o r  s e t  o f  
h a b i t a t s  does no t  mean t h e r e  a r e  no 
new stands developing, b u t  r a t h e r  t h a t  



Table 22. Community/structure t ype  ( h a b i t a t s )  and t o t a l  area among years on 
t h e  lower Colorado River.  

---- - 

Number o f  hectares 

Community/structure t ype  1 976a 1983b 1 986C 

Cottonwood-willow 
I 
I I 
I I I 
I V 
V 
V I 

Sa I tcedar 
I 
I I 
I I  I 
I V 
Q 
V I 

Arrow weed 
v I 

Honey mesqu i t e  
I I I 
I V 
V 
V I 

Screwbean mesquite 
I I 
I l l  
I V 
V 
V I 

Saltcedar-honey mesquite mix 
I I i 
I V 
Q 

Tota l 

aFrom Anderson and OhmarP (1976). 
b ~ r o r n  Anderson and Ohmart ( 1 9 8 4 ~ ) .  
=From Younker and Andersen (1986). 



t h e r e  a r e  more losses  t h a n  g a i n s  
dur ing  t h e  s ta ted  t ime  period. The 
oppos i te  i s  t r u e  f o r  n e t  gains. 

Two i m p o r t a n t  hab i ta t s ,  cot ton-  
w o o d - ~  i I I ow (CW) I and screwbean 
mesquite (SM) 1 1 ,  have been l o s t  en- 
t i r e l y  f rom t h e  r i v e r  system s ince 
1976. These two community/structure 
types were very important hab i t a t s  i n  
1976 t o  w i l d l i f e  and s t r u c t u r a l  d i ve r -  
s i t y  i n  vegetat ion. CW I made up 155 
ha (388 acres), a l l  i n  one stand i n  
t h e  B i l l  W i l  l lams Delta, and was l o s t  
t o  f l ood ing  from 1978-1981 (Hunter e t  
a l .  1987). SM I I ,  c o n s i s t i n g  o f  110 
ha (275 acres) i n  1976, was reduced t o  
40 ha (100 acres) I n  1983, and was 
completely l o s t  by 1986 due t o  c l e a r -  
ing f o r  agr icu  l tu re .  SM I I mcur red  
I n  one s t a n d  on t h e  Colorado River  
I n d i a n  R e s e r v a t i o n  near  t h e  Wagon 
Wheel R e s o r t  and was an impor tan t  
nes t ing  area f o r  thousands o f  white- 
winged doves. CW I and SM l I  were 
c r i t i c a l l y  important t o  a large number 
o f  r a r e  and d e c l i n i n g  b i r d  species, 
and t h e  l o s s  o f  these hab i ta t s  has 
g r e a t l y  reduced t h e s e  p o p u l a t i o n s  
(Hunter 1984). F i n a l l y ,  these habi- 
t a t s  represented the  h ighest  develop- 
ment o f  s t r u c t u r a l  d i v e r s i t y  i n  vege- 
t a t i o n  f o r  both cottonwood-willow and 
screwbean mesquite p l a n t  communities. 
P r e s e n t  t r e n d s  i nd i c a t e  t h a t  these 
"c f i maxw s t a t e s  w i l l no t  be reached 
again anytime I n  t h e  near future.  

A number o f  hab i ta t s  a re  r a r e  and 
shou f d be moni to red.  Among these 
h a b i t a t s ?  CW I I, CW I I I ,  honey 
mesquite (HM) I I  I, SM I l r  and s a l t -  
cedar-honey mesqu i t e  (SH)  I I  I a r e  
i m p o r t a n t  h a b i t a t s  t o  w l  l d l  i f e  and9 
again? are h igh  I n  s t r u c t u r a l  develop- 
ment. Saltcedar (SC) I ?  1 1 ,  and I l l  
a r e  a l l p o t e n t i a l  l y  threatened, and 
these hab i t a t s  a r e  t h e  most i inportant 
a reas  w i t h l n  t h i s  e x o t i c  p l a n t  com- 
munity. Final i y r  v e r y  i I t t i e  regener- 
a t i o n  ( t y p e  V I )  i s  o c c u r r i n g  i n  
cot tonwood-wi  I i o w ~  honey  mesquite^ 

screwbean mesqui te,  and sa l t cedar -  
honey m e s q u i t e  p l a n t  communi t ies.  
These t rends necess i ta te  a pess im is t i c  
view f o r  t h e  f u t u r e  recovery o f  n a t i v e  
hab i t a t s .  

Although t h e r e  has been l i t t l e  n e t  
change i n t o t a  l r i par i an vegetat ion, 
t h e r e  has been extensive change i n  t h e  
dominance o f  community and s t r u c t u r e  
types.  A1 I n a t i v e  habi tats,  except 
arrowweed, and t h e  h igher  s a l  tcedar 
s t r u c t u r e  types have decl ined substan- 
t i a l  l y  from 1976 t o  1986 (Table 23). 
Bes ides  arrowweed, o n l y  t h e  lower  
sa l t c e d a r  s t r u c t u r e  types increased 
throughout t h e  decade. 

The overal  l t rends i n  hab i ta t s  on 
t h e  lower Colorado River  a r e  two-fold. 
F i  r s t ?  t h e  h igher s t r u c t u r e  types ( I ?  
I I ,  and I l l )  a r e  on t h e  dec l i ne  i n  a i l  
p l a n t  communities, and t h e r e  appears 
t o  be v l r t u a l  l y no recru i tment  f  ram 
lower s t r u c t u r e  types ( I V, V, and V I  1. 
Second, e x o t i c  sal tcedar cont inues t o  
i n c r e a s e  l a r g e l y  a t  t h e  expense o f  
cottonwood-wil lowr screwbean mesquiter 
and some honey mesqui te-dominated 
stands w i t h  sa l tcedar  as a understory 
component. Speculat ion t h a t  t h e  1983- 
1 9 8 4  f I o o d  i n g  wou l d i n c r e a s e  
cottonwood-w i l I ow recru  i tment i s n o t  
supported by these data, a t  leas t  i n  
t h e  sho r t  term, even though t h e r e  a r e  
some areas exper  i enc i ng rec ru  i tment 
( p r i m a r i l y  from Yuma south). I n  fact,  
t h e  f l o o d i n g  o f  1983 has apparent ly 
a c c e l e r a t e d  t h e  d e t e r i o r a t i o n  o f  
n a t i v e  hab i t a t s  i n  favor  o f  sa l  tcedar 
types I  V, V, and VI . Sal tcedar r a r e l  y 
develops above type 1 V  on t h e  lower 
Co I orado  R i v e r  because o f  per iod i c  
f i r e s  and t h i s  t r e e ' s  a g g r e s s i v e  
response t o  f requent  d isturbance. 

The s i z e  o f  a stand o r  a patch o f  
h a b i t a t  i s  important i n  p r e d i c t i n g  use 
by w i  l d l  i f e  o r  t h e  i n t e g r i t y  o f  t h e  



Table 23. Changes I n  r i p a r i a n  vegetat ion s t r u c t u r e  types among years on t h e  
lower Colorado R i  ver. CW = cottonwood-w i l low, SM = screwbean mesqu i te ,  HM = 
honey mesquite, SC = saltcedar, SH = saltcedar-honey mesquite mix? AW = arrow- 
weed. St ruc ture  types are as described by Anderson e t  a l .  (1983) w i th  types 1 ,  
I l t  and l l  i having p ropor i l ona te i y  more f o l i a g e  i n  t h e  upper layers, 

Percent Overal I 
Hectares changes between years change 

Hab i ta t  types 1976a 1983b 198SC 1976-1983 1983-1986 1976-1986 

aAnderson and Ohmart ( 1976). 
b~nderson and Ohmart ( 1984c 1, 
CYounker and Andersen ( 1986 1. 

stand i t s e l f .  The larger  the  stand 
t h e  hea l th ie r  it I s  i n  an ecological  
d i v e r s i t y  context,  espec ia l l y  when it 
i s  g r e a t e r  than 40 ha (100 acres). 
Thus, a c r u c i a l  quest ion concerning 
t h e  r a r e  b u t  impor tant  hab i ta ts  i s  
whether they occur i n  r e l a t i v e l y  large 
stands t h a t  support assoc i ated w i l d- 
l i f e  species o f  concern and can with- 
stand I oca l d Isturbances. 

Dafa from 1983 type maps (Anderson 
and Ohmart 1 9 8 4 ~ ~  prepared by D.E. 
Busch? unpubl.) were used t o  assess 
patch s i z e  among hab i ta ts  (Table 24). 
Cottonwood-willow hab i ta t s?  general ly  
among t h e  h a b i t a t s  lowest i n  t o t a l  
area, a re  very low i n  mean patch s i z e  
compared w f t h  other p l a n t  cornmuntties, 
T h i s  suggests t h a t  most cottonwood- 
wl l low s tands  a r e  w i d e l y  scat tered 

among o the r  p l a n t  cornmunltles and are 
o f  marginal value from t h e  standpoint 
o f  use by w i l d l i f e  specles o f  specrat 
concern. 

Spearman rank c o r r e l a t i o n  eoef f i- 
c i e n i s  (r,) were ca icu  lated t o  deter- 
mine assoc i a t  ions b e t w e n  t o t a  l area? 
st ructure,  number o f  patchas, and mean 
patch s i z e  o f  each h a b i t a t  (Table 25). 
This was done f o r  a l  I r i p a r i a n  t labl -  
t a t s  and fo r  r l p a r l a n  hab i ta t s  between 
t h e  levees (CW, Sf% and SC), Tota l  
area was s i g n l f l c a n t l y  associated w i th  
s t r u c t u r e  type* number o f  patches, and 
mean patch s izes  among hab f ta ts :  t he  
larger  t h e  t o t a l  s i z e  o f  a habitat,  
t h e  l o w e r  t h e  s t r u c t u r e  t y p e  
( P 5 Q , 0 2 5 f 9  t h e  la rger  t h e  number of 
patches (P~O,001), and t h e  larger  the  
mean patch s i z e  (PL0.025 1. Structure 



Table 24. Patch s i z e  and d l v f s i o n s  which were present  f o r  h a b i t a t s  I n  1983. Data summarized by Busch (U.S. 
Bureau o f  Reclamations unpubl.1. 

Patch s i z e  (ha) 

Community/ Mean s l  ze 
s t r u c t u r e  type Number of  patches o f  patch 2 standard e r r o r s  Range o f  s i z e  D i v i s i o n s  present  i n a  

YU* MO 
PV 
Mot TK, HA, C I  
L l ,  YU, LA, I M P  C1, PVI 

PA, HA, TK1 NO 
MOP TK, HA, PA, PV, CIP 

I M P  LA, YU, L I  
it, YU, L A 1  / M I  C l r  PVt 

PA, HA, MO 
m------ 

HA, PA, PVr CI 
YUt LA, IM, CI ,  PV, MI 

MO 
MU, M ,  HA, PA, PV, C l ,  
IM, LA, YUI L I  
LIP YU, L A P  IM, CI ,  PV, 

PA, HA, MO 
L1, YU, CIS PV, MU 
PA 
YU, LAP PA, MO 
MO, TK, HA, PA, PV, C l r  

IM, LA* YU, L I  
LIP YU, LA, CI, P V 1  PA, 

MO 
MOP PA, PV, CI , YU 

(Continued) 



Table 24. (Concluded) 

Patch s l z e  (ha1 

Commun i t y /  Mean s ize  
s t r u c t u r e  t ype  Number of patches of patch 2 standard e r r o r s  Range o f  s i z e  D i v i s i o n s  present Ina  

PV, MO 
MO, HA, PA, PV, I M P  CI 
C l t  PV, PA, MO 
MOP PV 
C i ,  1M 
IMP C I ,  PVI PA, HAP TKt 

MO 
MO, PA, PV, C l r  1M 
MO, TK, HA, PA, PV1 C l t  
IM, LA, YU 

aYtl = Yumar MU = Mohave* PA = Parkerr PV = Palo Verde, TK = T o p ~ k r  HA = Havasut Cl  = Clbolar L I  = Limi- 
traphe, LA = taguna* I M  = Imperial. 



Table 25. Ranks f o r  community/structure types (hab l t a t s )  used I n  Spearman rank 
c o r r e l a t i o n s  t e s t s  fo r  a1 l h a b i t a t s  and f i r s t  t e r r a c e  h a b i t a t s  ( C W 0  SM, SC). 
Ranks a r e  from low t o  h igh  values f o r  t o t a l  area (AE), s t r u c t u r e  type (ST), 
number o f  patches (NP), and mean patch s  l ze (MP). 

A1 I h a b i t a t s  F 1 r s t  t e r r a c e  hab H a t s  

Commun I t y /  Number Mean Number Mean 
s t r u c t u r e  Tota l  o f  patch Tota l  o f  patch 
t ype  area St ruc ture  patches s i z e  area Structure patches s i z e  

Results of Spearman ranks (rSp n = 24) 

A l  l hab i t a t s  F I r s t  t e r r a c e  hab i t a t s  



type and number o f  patches were a l s o  
s i g n l f  l c a n t l y  a s s o c i a t e d  (Pi0.05). 
Mean p a t c h  s i z e  was n o t  associated 
w i t h  e i t h e r  number o f  pa tches o r  
s t r u c t u r e  types among a1 I habi tats.  

F l r s t  t e r r a c e  p l a n t  communities 
were s u b j e c t  t o  fewer d l r e c t  human 
i m p a c t s  t h a n  second t e r r a c e  com- 
m u n i t i e s .  S l g n l f i c a n t  assoclat lons 
were stronger than those described 
above between t o t a l  area and s t r u c t u r e  
t y p e  (P~0 .001  1, number o f  pa tches 
(P iO .001  1, and mean p a t c h  s l z e  
(P50.025). Also, s i g n i f i c a n t  associa- 
t i o n s  were found comparing s t r u c t u r e  
type w l th  number o f  patches (PL0.01) 
and mean p a t c h  s l z e  (P10.025). As 
w i t h  a I l hab i t a t s  considered, the re  
was no associat ion between number o f  
patches and mean patch s l z e  f o r  f l r s t  
t e r race  hab i ta ts .  

These r e s u l t s  c o n f i r m  e a r l l e r  
suggestions t h a t  t h e  h igher s t ruc tured 
hab i ta t s  n o t  on I y a re  t h e  smal l e s t  i n  
t o t a l  a r e a 9  b u t  t h e y  a l s o  c o n t a i n  
fewer patches w i t h  smal ler  mean patch 
s l ze, espec i a l l y between t h e  r i v e r  
levees. The evidence presented here 
po in ts  towards t h e  eventual disappear- 
ance o f  n a t i v e  cottonwood-willow habi- 
t a t p  d e s p i t e  some recent  bu t  local  
regenerat Ion. The convers ion o f  most 
o f  t h e  rema 1 n i ng honey mesqu l t e  t o  
agriculture combined w i t h  sal tcedar 's  
dom 1 nance I n t h e  f i r s t  t e r race  has 
resu l ted  i n  an ever expand lng mnocu l- 
t u r e  o f  manipulated hab i ta ts .  

WITATS ON THE LOWER COLD- 

Emergent vegetation, marshes com- 
posed p r i m a r i l y  of c a t t a l l ,  bu l rush~t  
o r  cane, covered j u s t  over 29000 ha 
(5,000 a c r e s )  !n 1986 and has In- 
creased overal l since 1976 (Table 261 
(Anderson a n d  Ohmart 1 9 8 4 ~ 1 .  The 
h i s t o r i c a l  amount of emergent hab i ta t s  
along the  Colorado River i s  debatable, 

b u t  p resent ly  these stands a re  found 
t h r o u g h o u t  t h e  sys tem,  w l t h  t h e  
l a r g e s t  s tands  beh lnd  Imperlal  and 
P a r k e r  Dams and enclosed by levees 
above Topock. The l a r g e  emergent 
wet lands behind dams and impoundments 
a r e  mostly composed o f  type 1, which 
i s  near ly  100% ca t ta i l / bu l rush ,  Type 
I composed 45% o f  a l  l marsh hab i t a t  on 
t h e  lower Colorado River I n  1986. 

Overa 1 l r emergent wet l ands have 
increased 113% from 1976 t o  1986, bu t  
n o t  a l l marsh types have increased. 
Type 3 (25%-50% c a t t a l  1 /bulrush, many 
t r e e s 9  and grasses Interspersed) t ype  
6 (cane), and t y p e  7 (open water) 
i n c r e a s e d  between 1983 and 1986. 
Types 2r 4, and 5 (vary ing degrees o f  
c a t t a i  ! / b u l r u s h  w l t h  few t rees  and 
grasses interspersed) dec 1 lned between 
1983 and 1986. 

Many of these changes can be a t -  
t r i b u t e d  t o  t h e  1983-1984 f lood lng 
events. Types 2,  4, and 5 a re  m s t l y  
found along t h e  r i v e r  channel and were 
subjected t o  scour i ng and submergence 
f r o m  t h e  f 1 oodwaters. l ncreases f n 
t ype  7 would be r e l a t e d  t o  extansf vcs 
submergence o f  former types 2* 4, and 
5 ,  whi le  increases tn t ype  3 a r e  prob- 
a b l y  r e l a t e d  t o  emergents growing 
w i t h l n  f l o o d e d  terrestrial r i p a r i a n  
habi tats.  Impoundments and reservo i rs  
were o p e r a t  i ng we l 1 be  low capac l t y  
whenever possib le dur lng the  f lood ingt  
thus  I nf l uenc i ng t-he spread by type f 
marshes a t  Topock and Lake Havasu, 
wh l le  type 6 spread i n  t h e  lrnparlal 
D iv is ion .  

L o n g - t e r m  changes I n  emergent 
h a b i t a t  types cannot be ant ic ipa ted a t  
t h i s  t ime.  Marsh v e g e t a t i o n  does 
recover  qu ick l y  end can spread I n t o  
many a r e a  where stand tng water has 
been r e t a  Ined we1 l a f t e r  f loads have 
receded. Many areas I n  and around 
CIboIa National W l  i d !  l f e  Refuge* once 
covered I n  mesquite and saltcedar, are 
now dominated p r i m a r i l y  by c a t t a i l .  



Table 26. Changes i n  emergent vegetat ion types among years on t h e  lower Colo- 
rado River.  Data from Anderson and Ohmart (1984~) .  

Hectares Percent change Overal l change 

TY pea t976b 1983 1986 1976-1983 1983-1986 1976-1986 

Tota I 2,361 4,061 5,031 

aMarsh type def I n l t i o n s :  1 = near ly  100% c a t t a i  l /bulrush; 2 = near ly  75% ca t -  
t a i  l /bu l rush, some trees, grasses, cane, and open water; 3 = about 25%-50% 
c a t t a  i l /bu l rush, many t rees  and grasses I nterspersed; 4 = about 25%-50% ca t -  
t a i l / b u l r u s h ,  few t rees  and grasses Interspersed; 5 = about 50%-75% ca t -  
t a i l / b u l r u s h r  few t rees  and grasses Interspersed; 6 = near ly  100% cane, lit- 
t 1e open water; and 7 = open marsh (75% water), i n c i  udes sandbars and mud- 
f l a t s .  

b ~ a r s h  types were no t  def lned u n t i  l 1981. 

The longev i-t-y o f  t h e s e  new C I b o l a  area and type, but  i f  r t ver f l ow  con- 
marshes i s  dependent on t h e  amount o f  d it i o n s  aga in  become var iab  l e r  then 
seepage o f  w a f e r  f rom t h e  r 1ver marsh types and change i n  t o t a l  area 
l-hraergh t h e  levees. Overal l ,  marshes could change rap id l y .  
a re  expected 3-0 s t a b i l i z e  I n  t o t a l  



ER 7. PLANT IT l ES 

Algae are seasonally abundant i n  
t h e  mainstream Colorado River espe- 
c i  al l y on the  harder substrates found 
near dams (Minckley 1979). Diatoms 
(Baci l lar iophyceae) are the most com- 
mon algae* occurr ing on substrates o f  
stab1 l lzed sand? bedrock* r iprap, and 
as epiphytes on vascular p lants  and 
l a r g e r  algae. w r a t a  
(Chlorophyaceae) o f t en  become dense i n  
r i f f l e - l i k e  hab i ta ts  (0.5 m ((1.5 f t )  
deep. B l ue-green a l gae o r  cyanobac- 
t e r  1 a (Cyanophyceae) occupy qu i e t e r  
a r e a s *  fo rm ing  mats on s o f t  sub- 
s t r a t e s .  Common b l ue-green a lgae  
g e n e r a  i n c  l u d e  Qsc i I l a t o r  i a *  
-1diumr and S p I r u l I ~ ,  w i t h  Nostoc 
occurr ing l oca l l y  i n  shallow r i f f l e s .  
A rhodophycean (Thorea sp. and a 
semimarine chlorophycean (Pseudouvet la 
sp.) a r e  r a r e  I n  t h e  more s a l i n e  
waters o f  the  lmperfal Dam area and 
t he  reach south o f  Yuma. 

Overa l l ,  phytoplankton i s  scarce 
a l o n g  t h e  l o w e r  C o l o r a d o  R i v e r  
(Crayton and Sommerf e I d 1978 1. except 
near impoundments. However* during 
Minckley's (1979) study o f  t he  Colo- 
rado  R l ve r "  a q u a t i c  b i o t a *  l o c a l  
blooms o f  algae and cyanobacteria were 
present throughout the  study area I n  
backwaters and slow-moving drains. I n  
a d d i t i o n *  t he re  were di f ferences i n  
the  d i s t r i b u t i o n  o f  phytoplankton taxa 
among rese rvo  i r s  w i t h  cyanobacter l a  
becoming most abundant I n  t he  lower 
reservo i rs  (e,g., Lake Havasu; Everet t  
e t  a l . 1973). Pigment concentrat ions 
were used t o  i nd l r ec t l y  ind icate  the  
presence o f  phytop l ankton and benth i c  

and ep iphyt ic  algae scoured i n t o  the 
c u r r e n t  o r  moved by accumulation o f  
gases and f l o t a t  ion f rom ca l mr areas. 
Although t he re  i s  a trend f o r  pigment 
( p r  i mar i l y ch lorophy l l a) t o  increase 
from upstream t o  downstreaml absolute 
di f ferences are no t  large (see Table 
9) .  Phosphate-phosphorus tend t o  be 
higher i n  t he  lower reaches* para1 l e l -  
l n g  h i g h e r  p r o d u c t l v l t y  b y  

m i c rophy tes .  H lgher electroconduc- 
t i v i t y  downstream may a l so  enhance 
a lga l  popu lat ions. The narrow range 
o f  v a r i a t i o n  and r e l a t i v e l y  smal l  
bui ldup o f  pigment through t he  lower 
Colorado R i ve r  i n d i c a t e s  a r a t h e r  
cons tan t?  downfiow displacement o f  
organic materia I s r  balanced by degra- 
d a t i o n *  s to rage*  o r  use w i t h i n  the  
system? ra ther  than a pat tern  o f  down- 
stream eutrophicat ion (Minckley 1979). 

P I gment concentrat ions were con- 
s l s t e n t  l y h lgher i n  backwaters when 
compared t o  those i n  adjacent main- 
stream areas. The t rend  f o r  greater 
amounts o f  p igments downstream a lso  
ho lds  t r u e  i n  backwaters. Canals 
general l y have ch l orophy l l concentra- 
t i o n s  s im i l a r  t o  those found i n  the 
mainstream. l n f  low o f  drains t o  the 
ma lnstream resu l t ed  i n  l oca I 1 ncr-eases 
i n p igment concentrat ions but  these 
were d fss i pated through d i f u t  ion. 

Submergent macrophytes are most 
prevalent I n  unchannellzed sectlons o f  
t he  mainstream i n  t he  Mohave Vaf ley, 
Havasur and Parker  reaches of  the 
r i ve r .  This p lan f  community I s  spar- 



s e l y  represented i n  Imper ia l  National 
W l  l d l i f e  Refuge and south o f  Yuma and 
i s  l a r g e l y  absent  elsewhere I n  the  
r l v e r .  The  1983 f l o o d s  g r e a t l y  
reduced t h e  biomass o f  t h i s  p l a n t  
community? even i n  areas where it was 
most p reva lent  be fore  t h e  f lood.  

Macrophyte  stems and leaves In- 
crease sur face area and l i v i n g  space 
f o r  m ic rophy tes .  Beds o f  aqua t i c  
macrophytes a l s o  accumulate mater ia ls  
near t h e i r  bases t o  prov ide  add i t iona l  
r o o t i n g  space f o r  t h e  p l a n t s  themsel- 
ves and s tab le?  f ine-gra ined substrate 

I f o r  c o l o n i z a t i o n  by i nve r teb ra tes .  

i A c c u m u l a t i o n  o f  au tochthonous and 

I a~ lochthonous organ ic  debr is  I n  beds 
o f  aquat ic  macrophytes i s  fed  upon by 

1 many a n i m a l s  I n c l u d i n g  f i s h e s  
(Minckley 1979). 

S a g o  p o n d w e e d  ( 
i s  t h e  most common species 

i nstream, espec la1 l y near 
P a r k e r  w i t h l n  t h e  Co lo rado  R i v e r  
I nd i an Reservation, Sago pondweed I s  
m s t  common i n  m n o t y p l c  beds i n  deep 
water ( t o  4.5 m C14.8 f t 3 )  and o f ten  
i n  p l a c e s  where c u r r e n t  exceeds 1 
m/sec ( 3  f t / s e c ) .  The 1983 f lood 
g r e a t l y  reduced t h e  d i s t r i b u t i o n  and 
abundance  o f  Sago pondweed, w I t h  
e f f e c t s  o b s e r v a b l e  I n  d e c l i n e s  o f  
American wlgeon 1 and 

(Anderson and 
a t e r  m i I f o i I  

i n  abundance b u t  do no t  occur w i th  
Sago pondweed, M i  If01 l and p a r m i -  
feather  form dense beds i n  shallow ( t o  
2.5 m L8.2 f t l )  water f l ow lng  (0.5 
m ( c 1 . 6  f t / s e c ) ,  Charophytes 
( spp, 1 are  t h i r d  i n  abundance 
and occur i n  eddies o r  o the r  places 
where cur rents  a r e  n o t  t o o  strong, but  
they a l so  a re  interspersed w i t h  other  
a q u a t i c  ma e l .  
Hornwor t  ( i s  
f o u r t h  I n  dominance and 1s found fn 

calm areas. Other aquat ic  macrophytes 
i nc I ude l e a f y  pondweed (ktarmgeton 
f o l i o ~ u ~ ) ,  c o m m o n  p o n d m a t  
( Z a n n h e i  I i a p-51, and common 
water  nymph (lh&s g u - u ) .  
These p I a n t s  s t a b  1 I i ze  f ine-grained 
bottoms i n  shallow places where d a i l y  
f l uc tuat  ions o f  t h e  water s u r f  ace a r e  
minimal. 

S h o r e l i n e s  and calm places near 
backwaters  o f t e n  a r e  vege ta ted  by  
ho I l y - l  eaved  w a t e r  nymph ( N A  
rnar t na) . 0 l adderworts ( U t r  i cu  l a r  ia 
spp.) and duckweeds (I- spp. 1 m s t  
o f t e n  o c c u r  i n  l e n t i c  h a b i t a t s  and 
otherwise slow-moving water? b u t  occur 
uncommonly w i t h  o the r  aquat ic  rnacro- 
phytes i n  t h e  mainstream. Species o f  
aquat  i c macrophytes found i n  canals 
and d ra ins  a re  t h e  same as those found 
i n  t h e  mainstream; however? l e a f y  
pondweed rep laces Sago pondweed as t h e  
dominant species. The two species o f  
w y i  l um are  r a r e  I n  these habi- 
t a t s .  

P r i o r  t o  19831 standing crops o f  
emergent macrophytes ranged t o  max i ma 
o f  18322 g/m2 (47 o z / f t 2 )  near Parker 
on t h e  Co l o r  ado Ri ver l nd i an Reserva- 
t i o n  and 528 g/m2 (19 o z / f t 2 )  south o f  
More los  Dam (MInck iey  1979). The 
means o f  samples f o r  these two areas, 
however? ranged from 24 t o  805 g/m2 
(0.8 t o  28 o z / f t 2 )  and 0.9 t o  254 g/m2 
(0.03 t o  9 o z / f t 2 ) t  r e s p e c t i v e l y .  
These va  l ues i nd i c a f e  a re1 a t i v e l  y 
depauperate macrophyte f l o r a  compared 
w i t h  st reams o f  tempera te  e a s t e r n  
North America9 t h e  P a c f f i c  Northwest? 
and t r o p i c a l  South America fhlestlake 
1975; M'l nck ley 1979). Howevert where 
submergent macrophytes occur they a r e  
important t o  aquat ic  fauna EMfnck ley  
1979). 

D r i f t  mater la l  i s  p r i m a r i l y  com- 
posed o f  aquat l c  macrophytes and i s  an 
i mportilnnt component o f  .the s t r e a m  
(Mincktey 1979). Comparison o f  d r ?  f t  
samples from near Parker and Morelos 



Dam ind ica ted t h a t  concent ra t ions  o f  
macrop h y t  I c p lan ts  a r e  var 1 ab l e b u t  
a re  h igher i n  t h e  Parker area. Sago 
pondweed composes up t o  two- th i rds  of 
d r i f t  by wet weight, w i t h  t h e  rernaln- 
der consisting o f  sPP.# 
ho rnwor t?  water  nymph, charophy?es9 
entergent vegetation, a l gae, and m i  s- 
c e l  laneous t e r r e s t r i a l  p ian t  ma te r ia l .  
Canals and dra ins sampled I n  The Yuma 
V a l l e y  were s i m i l a r  I n  d r i f t  con- 
c e n t r a t l o n s  t o  t h o s e  found i n  t h e  
P a r k e r  a r e a  ma i n s t r e a m  (Minck  i e y  
1979). 

Sha l low s h o r e l i n e s  adjacan-f t o  
ma i nstream backwaters and i s  I ands are  
covered by emergent p i a n t  s p e c i e s  
t y p i c a l  o f  marshes. Giant b u l r u s h  
(ScIrDus c-1 grows i n  water 
t o  1.5 m ( 5  f t )  deep and extends as 
h igh  as 3 m (10 f t )  above t h e  surface. 
C a t t a i l  I s  o f t e n  found w i t h  g r a n t  
bu I rush but  occurs i n  shal lower water 
t o  1 m ( 3  f t )  deep, GlanT b u l r u s h  
forms t h  i c k  stands a  long unmod l f led 
banks, c rea t ing  a broad ( 1  t o  5 rn C3 
t o  18 f t1) zone o f  q u l e t  wafer ad- 
jacent t o  r e l a t i v e l y  sw l it cur rents ,  
wh i le  c a t t a i l  forms beds on s loping9 
s t a b !  l i z e d  o r  a g g r a d i n g  banks t h a t  
extend as f a r  as 15 rn (49 f t )  f rom 
shore*  o f t e n  on t h e  qu le t  s ides  o f  
bends. Where t h e  cu r ren ts  c o n t a c t  
beds o f  g i a n t  bu l rush or cat4-al l ?  t h e  
mats o f  roo ts  and rhizomes are o f t e n  
undercut  f o r  d is tances of more *ban 
2.5 m (8 f t). Cane I s  a common emer- 
gent p i  ant i n  the  lower reaches o f  t h e  
r l v e r  from Imperial Nat ional  H i  I d !  i f e  
Refuge t o  t h e  U. S. -Mex i co I n-ferna- 

I Border.  G i a n t  reed ( 

1 i s  less commn than ca 
occup ies  l e s s  hydr  i c  p a r i s  o f  t h e  
shore l ine  fNinckley 1979)- 

BackuaPet-5, p a n c i s r  and d e i % a s  
le.g.? e n t e r i n g  Lake Havasu) b€?-come 
extensive marshes r a p i d l y  co lon ized by 

ee-corner bu l rush 
, c a t t a l  I ,  and r e  

r 1 s  1 ng w a t e r  t a b  l e (w it h unchecked 
da l t a  f a r m a t i o n )  and f rood lng along 
t h e  B i  l i W i  l l lams River has f a c l l  i- 
t a t 4  t h e  advance o f  c a i t a l l  upstream 
from t h e  d e l t a  since 1974 a t  t h e  ex- 
pense o f  broad leaf r i par i an hab i tat-s 
(Hunter  e t  a l .  1987). Canals and 
dra ins  o f t e n  become choked w i t h  cat- 
t a i l  and sedges? whi le grass (pr imar i -  
l y  Bermuda grass f 1) 
l lnes t h e  banks. 

A number o f  smal l e r  emergent p l a n t  
spec I e s  o c c u r  i n  t h e  u n d e r s t o r l e s  
w i t h i n  marsh  communi t ies and along 
b a n k s  - ! -ha t  a r e  n o t  p e r m a n e n t l y  
flooded. These species inc lude pen- 
nywor t  ( k t y c e  -)# 

Bermuda g rass  i s  commn I n  d is iu rbed 
areas a  long t h e  r i ve r r  e s p s c i a  l l y  
a  l o n g  d r e d g e  spo i  I s *  cana i  s r  and 
drains. ThFs specles a l s o  spreads t o  
other  more na tu ra l  areas, Sa I tgrass 
i s  l o c a  l l y abundant*  espec ia i  l y  on 
sal ine s o l  t s w i t h  sur face horizons o f  
loam o r  c lay.  

Data for  stand ing crops o f  submer- 
gent and emergent vegetat ion i nd lca te  
backwaters and dra ins  a re  h i g h l y  pro- 
duc t  l ve ! n  c o n t r a s t  w l i h  ma instream 
cammunlt les (Westlake 1975; MPnckley 
1979 3 .  These hab i t i s i s  a r e  extreme t y  
important t o  a large number o f  an ima t 
spec i e s  f o r  breed l ng and Porag ing. 
Many aqua* i c  invertebra$= and f  l sh  
s p e ~ I e 5  use these hab i ta t s  f o r  coves 
dur l ng b r e e d  i ng* and f o r  p r o t e c t  ion 
from higher-order  predators. Cray f ish  

sp. 1 are abundant i n  t he  
ska t iow past ions of  ernergen* $Sands, 
as a re  t h e l r  p r d a t o r s r  which include 
b i r d s  fe,g,, r a i l s  and herons) and 



mamma l s  ( e .  g. , raccoons  CProcvon 
Jotpf.1, skunks, e t c .  1.  Many b i r d  
species nes t  i n  o r  near these habf- 
t a t s ,  i n c l u d  l n g  t h e  e n d a n g e r e d  
(Federal I 1st)  Yuma c lapper r a i  l and 
t h e  A r i z o n a  and C a l i f o r n i a  S t a t e -  
l i s t e d  b l a c k  r a i l  ( L a t e r a l l u s  

; fn three-corner bu l  rush). 
Muskrats and beaver a re  o f t e n  common 
i n  emergent wet l ands. 

7.4 RliPARlAN PLANTS 

Woody r l p a r  i a n  s p e c i e s  a r e  t h e  
most s tud ied p lan ts  on t h e  lower Colo- 
rado River.  Deta i  I s  on t h e  dynamics 
and c l a s s i f i c a t i o n  o f  woody r i p a r i a n  
communities a re  summarlzed fn Chapters 
IF 2, 6, and Append l x  A. 

D e s p i t e  t h e  r i s i n g  i n t e r e s t  i n  
woody r i p a r i a n  communities, l i t t l e  i s  
known about a  l l t h e  cond 1 t ions neces- 
s a r y  f o r  successf u  l regenerat ion  o f  
r i p a r i a n  p lants.  l n i t l a l  f l ood ing  i s  
necessary t o  prov ide  nursery beds f o r  
seed l ings o f  broad leaf  t rees  CBrady e t  
a l ,  1985; Brock 1985). Sandy s o i l r  
shal low water table,  and low s a l i n i t y  
( <z9 000 pmhos/m l 1 a re  a  l l essent i a  l 
f o r  na tu ra l  regenerat ion. Few p  l aces 
on t h e  iower Colorado River  e x i s t  a t  
p r e s e n t  t h a t  ma i n t a  i n these cond i- 
t i o n s ,  I n  addi t lon,  t h e  reduct ion  o f  
n u t r i e n t s  f l o w i n g  downstream may have 
drama$ i c  e f f e c t s  o n  r e g e n e r a t  i o n  
po ten t ia l8  espec ia l l y  s ince one o f  t h e  
more  i m p o r t a n t  aspec ts  o f  annual 
f l o o d l n y  was t o  rep len ish  n u t r i e n t s  i n  
f i r s t  t e r r a c e  s o l  i s  f o r  c u l t i v a t i o n  by 
t h e  A m r i n d s  o f  t h e  region. Although 
t h e r e  was some natura I regenerat ion 
a f t e r  t h e  1983 f loodsp it i s  u n l i k e l y  
t h a t  recru i tment  sf mature cottonwood 
and w i l l ow  w i t  l be widespread i n  t h e  
near fu ture ,  Many t r ees  wl l l succumb 
to h i g h  s a l  i n i t i e s  o r  u n p r d l c t a b l e  
water-tsrb l e  depth .  Ott-,er r i p a r i a n  
woody p l a ~ . $ s  (inclgdlng ~ a t - f c e d a r ~  
mesquite, arrowweed, and qua l l  bush) 
equa l l y need saturated so i i s  f o r  ger- 

m i n a t i o n  b u t  a r e  a b l e  t o  t o i e r a t c  
heavier  s o i l *  h igher  s a i l n i t l e s t  and 
g r e a t e r  dep ths  t o  t h e  wa te r  t a b l e  
(Anderson and Ohmart 1982b~ unpub 1 .  
data).  These l a t t e r  p l a n t  species a r e  
more l i k e l y  t o  develop i n t o  mature 
stands than cottonwoods and w i l  lows. 

Woody r i p a r i a n  vegetat ion i s  im- 
p o r t a n t  f o r  a  vas t  a r ray  o f  animal 
spec ies .  These p l a n t  communi t ies  
c o n t r i b u t e  s i g n i f i c a n t l y  t o  f i s h  habl- 
t a t  when f l oods  wash t r e e s  and o t h e r  
organic debr is  i n t o  t h e  r i v e r  and by 
p r o v  I d  i ng s h a d e  a l o n g  banks ldes .  
Remains o f  f a  l len cottonwood and w l l- 
low t r e e s  p e r s i s t  as logs and debr i s  
i n  t h e  mainstream and i n  backwaters, 
wh i c h  I s  Important f o r  many aquat ic  
o rgan  1 sms. V e r t i c a l  and hor izonta l  
d i v e r s i t y  i n  woody r i p a r i a n  h a b i t a t s  
are  important overal  l f o r  support ing a  
tremendous d i v e r s i t y  o f  animals, both 
i nver teb ra tes  and ver tebrates f espe- 
c i a l  l y  b i r d s ) .  

7.5 DESERT VEGFTATlW 

D e s e r t  v e g e t a t i o n  border ing t h e  
lower  Colorado River  s o r t s  i n t o  two 
bas ic  categor ies.  The primary deser t  
hab 1 t a t  i s  sparse I y  vegetated uplands 
dominated by  c r e o s o t e  bush ( 

subsp. -1. 
p l a n t s  i n t e r s p e r s e d  among creosote  

c lude catc law ac 
1 ,  o c o t i I l o  

-1, i ronwood ( 
a  i l  I s  o r  b l  

f'loridum). I n  t h e  Nohave 
Val ley, Joshua t r e e  (Yuxa brev i  f o l  1 a )  
i s  found l o c a l l y .  On t h e  Arizona 
s i d e r  p r i m a r l  l y  n e a r  P a r k e r  and 

g, saguaro c a c t i  ( 
reach t h e  western 

t h e i r  range; h i s t o r f c a l  l y p  saguara 
occurred very loca l  l y  on t h e  west s l d e  
o f  t h e  r i v e r  near Bard and Parker. 
Nany species of grasses and forbs a r e  
found i n  desert  upland h a b i t a t s *  some 
o f  which a re  important food items f o r  



ants ,  q u a i  I, rodents ,  and ungulate 
mammals. Rocky? grave l ly ,  and sandy 
s u b s t r a t e s  predominate  and a1 1 a r e  
i m p o r t a n t  f o r  v a r i o u s  spec ies  o f  
desert r e p t i l e s  and small mammals. 

Cu t t i ng  through t h e  desert  uplands 
and f l a t s  are washes formed by sur face 
w a t e r  f rom o c c a s i o n a l l  t o r r e n t i a l  
r a i n s .  These desert  washes support 
r i p a r i a n  p l a n t  s p e c i e s  t h a t  cannot 
surv ive  i n  t h e  d r i e r  uplands. Typical  
desert  t rees  such as b lue  pa lo  verde 
and i ronwood f r e q u e n t  l y grow a long 
t h e s e  washes, and a r e  t a l l e r  and 
l u s h e r  t h a n  t h e i r  c o n s p e c i f i c s  on 
d r i e r  up land  s o i  I s .  I n  a d d i t i o n ,  
honey mesquite may be found i n  desert  
washes, espec i a 1 l y nearer  t h e  con- 
f luence between t h e  r i v e r  and t h e  
larger  washes. A common o b l i g a t e  i n  
d e s e r t  w a s h e s  i s  smoke  t r e e  
( Psorolhamnlls -1. Leguminous 
t r e e s  i n  deser t  drainages a r e  o f t e n  
i n f e s t e d  w i t h  mist le toe,  no t  u n l i k e  
mesqu i te  h a b i t a t s  near  t h e  r i v e r .  
Frequently, t h e r e  i s  a i ush growth o f  
shrubs ( I  .e., m, S.uadar b r i t -  
t l e b u s h  C k e l  Ia &rInos.al), annual 
forbs, and grasses along these dra ln-  
ages. Desert washes form a f l o r  1s t  i c  
and faunal t r a n s i t i o n  zone from pure ly  
r i p a r  l an t o  pure ly  desert  habi tats.  
B i rds  i n  p a r t i c u l a r  show t h i s  t r a n s l -  
t i o n  f rom r l p a r i a n  t o  d e s e r t  com- 
m u n i t i e s  (Szaro  and J a k l e  19851, 
Herpeto fauna and mammals i n  desert  
washes b a s i c a l l y  a re  o f  desert  o r i g l n ~  
although many species a re  e i t h e r  uni -  
que t o  o r  dependent on desert  wash 
hab i t a t s .  

7.6 LISTED SPECIES AN) EMU) 
HA5 I BATS 

A t  present*  t h e r e  a r e  no Federal- 
o r  State- l i sted endangered o r  th rea t -  
ened p l a n t  species occur r ing  i n  t h e  
iawer Coiorado River Vsf ley. However* 
several p l a n t  community types are i n  
danger o f  e x t i r p a t i o n  from t h e  system. 

Prlmary among these a re  t h e  broad leaf 
h a b i t a t s  dominated by cottonwood and 
w i l low. Heal t h y  and mature stands are  
a l l  b u t  gone from t h e  system. Cotton- 
woods, espec l a  l ly, a re  now very rare.  
Local regenerat ion o f  cottonwoods and 
w i l l o w s  I s  i n s u f f i c i e n t  t o  r e t u r n  
hea l thy  populat ions o f  these species 
t o  t h e  e n t i r e  lower Colorado River.  
D r a s t i c  changes i n  water f low regimes 
would be necessary f o r  e x t e n s i v e *  
successful regenerat ion t o  occur. 

Honey mesquite stands, though more 
widespread than cottonwood and wll low, 
a re  i n  jeopardy from extensive c lea r -  
i ng. A g r i c u l t u r a l  development and 
c u t t i n g  f o r  f i r e  wood may cont inue t o  
reduce and i s o l a t e  remaining stands. 
Regenera t i on  o f  honey mesqu i te  i s  
v i r t u a l l y  n o n e x i s t e n t ,  as t e r r a c e  
formation has been ha l ted  w i t h  human 
development and r i v e r  f low con t ro l .  
There i s  an immediate need t o  preserve 
remaining honey mesquite stands on t h e  
Colorado River  l nd i an Reservation and 
a t  t h e  Soto Ranch no r th  o f  Needles. 

Screwbean mesqu i t e  reaches i t s  
g r e a t e s t  abundance and d i s t r  i b u t  ion 
f o r  both A r  i zona and Ca l i fo rn  i a along 
t h e  Colorado River.  Th is  t r e e  i s  much 
more commn now than it was a t  t h e  
t u r n  o f  t h e  century. Howevert screw- 
bean mesqu l t e b  recent  abundance has 
been s e v e r e l y  d i m i n i s h e d  s ince i t s  
peak i n  t h e  1960fs. Losses a re  due t o  
widespread c lear i ng, f i res l  and f losd- 
ingr a l l  o f  which a c t  t o  favor  s a l t -  
cedar* t h e  major understory p fan t  I n  
screwbean mesqu i t e  stands. Th i s  t rend 
o f  success ion from screwbean mesqu it@ 
t o  sa l tcedar  i s  expected t o  cont lnue 
g iven present managemnt pract ices,  

On t h e  t o w e r  C o l o r a d o  R i v e r *  
aquat  i c vege ta t i on  m c u r r  i ng I n  un- 
modfffed channels was severely reduced 
by t h e  9983-"186 6 floods. Sago pond- 
weed was reduced by these f f c d s  end 
has n o t  y e t  recovered.  Return t o  
norma! csn - t - ro i l ed  f l o w s  may a l low 



aquatic p lan t  populat ions t o  eventual- D i v i s i o n s  would, i n  e f fec t ,  prevent 
l y  recover, Present and fu tu re  plans any isrge-scale recovery o f  t h i s  p l a n t  
t o  ~ h N i n e  l l ze the  rema l n I ng stretches commun l t y .  
i n  the  Parker9 Yuma~ and Llmitrophe 



ER 8, INVERT E NITIES 

Zooplankton i n  t h e  lower Colorado 
R i v e r  cons i s t s  o f  protozoans, r o t  i- 
fers,  water bears9 water f leas, seed 
shrimp, copepods, and amphipods (Table 
2 7 ) .  Zooplankton numbers i n  t h e  main 
channel a re  l nverse l y propor t  iona l t o  
flow, w i t h  greates t  abundance dur ing  
low f lows (Marsh and Minckley 1985). 
Numbers are  t y p i c a l l y  h ighest  dur ing 
l a t e  fa1 l and w in te r  and i n  qu i e t e r  
backwaters. Copepods were t h e  most 
abundant t a x a  throughout t h e  system 
among zooplankton (Marsh and Minckley 
1985). 

Benthic and s e s s i l e  inver tebra tes  
a re  t y p i c a l  l y sparse i n  l arge eros ive  
s y s t e m s  I i k e  t h e  Co lorado R i v e r .  
However, t h e  placement o f  l a rge  dams 
has acted t o  d i s r u p t  t y p i c a l  subst ra te  
composit ion and t h e  associated pres- 
ence and abundance o f  b e n t h i c  and 
sess i le species. Large r i v e r s  gen- 
e r a l l y  have extensive beds o f  s h i f t -  
i ngs f i ne-gra i ned bottom mater l a  l s; 
howeverp la rger  ma te r ia l s  accumulafe 
immediatety below dams. 

Benthos i s  r e l a t i v e l y  we1 l devel- 
oped i m m e d i a t e l y  below D a v i s  and 
Parker Dams. F i l t e r  feeders a r e  com- 
mon~ w i t h  simu I l i d  dipterans, hydrop- 
s y c h l d  t r i c h ~ p t e r a n s ~  and A s i a t i c  
clams ( dominating 
(Table 281, These groups ind i ca te  t h e  
presence o f  la rge concentrat ions o f  
f i n e l y  d i v i d e d  p a r t i c u l a t e  organ ic  
m a t t e r  f r o m  u p s t r e a m  r e s e r v o i r s  
(Minckley 1979). Taxa below Davis Dam 
i n c i u d e  h e p t a g e n l i d  m a y f l i e s s  
hydrophi l  i d  beet les*  and tu rbe l  f a r i m  

worms. Below Parker Dam these taxa, 
along w i t h  baet id  mayf l ies and t i p u l  i d  
d ipterans? a r e  found i n  abundance. 

Dens i t ies  and d i v e r s i t i e s  o f  ben- 
t h o s  d e c l i n e  sequent ia l l y  w i t h  d is-  
tance from both Davis and Parker Dams. 
Var iat ions introduced by a s e r i e s  o f  
dams separa ted by h i g h I y mod i f ied  
channel does no t  suppress t h i s  trend. 
Backwaters suppor t  g reater  numbers, 
d i v e r s i t y ,  and biomass per u n i t  area 
t h a n  does t h e  mainstream (away from 
dams; Minckley 1979). Taxa associated 
w i t h  more t y p i c a l  la rge r i v e r  reaches 
i nc l ude o l  igochaete wormsl dragonf l y 
naiads i n  s o f t  o r  sandy bottoms, dam- 
s e l f l y  n a i a d s p  c u l i c i d  and t a b a r i d  
d i p t e r a n s ?  d y t  i s c i d  and hydroph i I i d  
beetles, and p u l m n a t e  snai Is.  These 
taxa a r e  a l  i assoc lated w i t h  beds o f  
aquat ic  p lan ts .  Al i o f  these taxa  are 
more abundant i n  backwaters than i n  
t h e  adjacent ma instream, 

Du r i ng t h e  i a s t  decadel hydrop- 
s yc h i d t r  i c hopterans have become an 
ex t reme nu isance  t o  r e s i d e n t s  and 
t o u r i s t s  i n  t h e  Parker areal whi le 
s i m u l i i d s  have become pests immediate- 
I y b e l o w  D a v i s  Dam ( G r o n o w s k i  
1987apb). The a d u l t  stage f a r  both 
groups has become so abundant as t o  
a f f e c t  outdoor a c t i v i t i e s *  which* i n  
t u r n t  has  a f f e c t e d  t h e  economy. 
Pol  i t icaE pressure has brought demands 
on l oca i State, and Federa i agencies 
t o  address these prob [ems. Proposed 
so lu t i ons  inc lude app l i ca t i on  o f  In- 
sec t i c ides  ( i n c l u d i n g  35% maiath ionI9 
changes i n  water-re lease pat terns f rm 
Davis Daml and t h e  r e i n t r o d u c t i o n  o f  
insect ivorous n a t i v e  f i s h .  PresenBfyr 



Tab le  27. Major aqua t i c  i n v e r t e b r a t e  t a x a  recorded from t h e  lower Colorado 
R i ve r  (Mlnckley 1979, Marsh and Mlnckley 1985). 

T axa/@ommon name descr i p t o r  Taxa/Commn name d e s c r i p t o r  

Protozoaa Copepod idC - - ( u n d i f f e r e n -  
Rh i zopoda ti a t e d  la rvae)  

Ro ta ta r i aa  -- r o i i f e r s  Mal acos t raca  
P la tyhe lmin thes  Amph i podab -- amph i pods 

Turbel  l e r  i ab -- f  I atworms Decapod a  
Palaemonidae 

w 
& I  Iusca 

As t 

b  

l nsecta 
EmphemeropteraC -- may f l i es  

ma -- A s i a t i c  clam Heptagenl idae -- s t r e m  may- 
Namatoda -- roundworms f l i e s  
Annel Ida  -- segmented worms Bast idaec -- smal l m a y f l i e s  

Ol tyochaetaa -- aquat i c  earthworms 
H i rund i naeb -- l eeches 

Tard igradab -- water bears 
Arthropods 

Crusfacea 
Branch i poda 

Cladocara -- water ileas 
s e l f l i e s  

C o g n a g r i o n i d a e  -- narrow- 

b 
I s  

L i b e l  l u l  idae -- common sk ip -  
pers 

Hemiptera - t r u e  bugs 
B e l o s f a m a t  i d a e  -- g i a n t  
waterbugs 

A s f  r ac shr imqs br  i x l daeC -- water boa-tmen 
Copepoda -- copspod?; 

Ca I ano I dab 
Cyclopoidab Neuropt.era 
Warpactsco i da b r y d a  l idae -- dobson f 1 ies 

Napl Eusa -- (und l f f e ren -  T r r chop te ra  -- c a d d i s f l i e s  
t i a t e d  tsrvsel H y d r s p s y c  i i dauc -- net -  

sp Inn i ng cadd i s f  l l es  
( k n P l n u e d 1  



Table 27. (Concluded) 
- 

Taxa/Common name desc r ip to r  

a i c r i d a e  ~ t i c o  -- pr im i -  
t i v e  caddisf  l y  

G iossosomat i dae 
Hydropt i l idae*  -- micro-caddis- 
f l i e s  
Leptoceridae -- long-horned cad- 
d i s f  l ies 

NectoDsvche 
Lepidoptera -- moths /bu t te r f l i es  

Danaidae -- milkweed b u t t e r f l i e s  
Pyra l idae -- p y r a l l d  moths 

Paraavraetls 
Coleoptera -- beet les  

H a l i p l i d a e  -- c r a w l i n g  wa te r  
beet l es 

Pe 1 t odv tes  
~~t iscidaeb -- predaceous d l v  ing  
beet l es 
Hydrophi l idaec -- water scaveng- 
ing beet les  
Elmidae -- r i f f l e  beet les  

D ip te ra  -- f l i e s  
T ipu l  idaeb -- crane f l i e s  

Chaobo phantom midges - 
Cullc idaec -- mosquitoes 

Guh2x 
Psychodidae -- sand f l i e s  

Cerato 

Slmul I  
Ch i ron i m I daea -- m i dges 
Taban i e r  f l i e s  

Dol ichopod ldae -- l ong- l egged 
f l  ies  
Empididae -- dance f l i e s  
Ephydridae -- shore f l i e s  

"Taxa abundant and widespread Bhroughout. 
bTaxa uncommon, bu t  w idespread or local l y dal rl y cmmon* 
cTaxa loca l  i y  abundant o r  f a i r l y  c o m n  and wfdespread. 



Tab le  28. Summary of diversity, numbers, and biomass ( d r y  weight) o f  benth ic  
inver iebra tes  f  ram t h e  lower Co torada R i  verr  1974-76. Adapted from MI nck fey 
1979; see Table  2 (Minckley 1979) fo r  per iods o f  sampling. 

Sampling Number o f  Number o f  
D i v l s lons  wt hod samp l es taxa i nd i v idua l  s/m2 kg/ha 

&have Val ley 
Ma I nstream Surber 
Ma 1 nstream Ekman 
Backwater Ekman 

Topock Gorge 
Ma? nstream Ekman 

Havasu 
Mainstream Ekman 
Backwatsra Ekman 
Backwater Ekman 

Parker 
Mainstream Surber 

Palo Verde 
Mainstream Ekman 
Backwater Ekman 

Clbola 
Ma I nstream Eknran 
Backwater Ekman 

tmpar lal 
Ma I nstroam Ekman 
Backwater Eknlan 

haguna 
Backwater Ekman 

Vtlma 
Ma l nst ream Ekman 

LlmiProphe 
Ma i nsPream Ekmnn 
Backwater Ekman 

"Samples f r o m  Sh@ main body of  Lake Havasu, 

In t roduc t ions  of razorback s u c k e r s  a re  
b e l n g  used $0 consume hydropsycl~ ld 
l a r v a e  I r z  Pt-~es Parke r  a rea  (Buston 
1987; Gronowski SgFbliarb; Me* 119871, 
Recent declines of s i rnu l l ids  I n  t h e  
aav ls  Dam area are suspecSed o f  In-  
I. l uenc l n g  recsnl-  dec l ines Ira f z a i  
bass and $ rou t  f t shc r i es .  

T h e  h i g h  f l o w  y e a r  o f  1983  
sesu! . f@d i n  increased seepage which8 
i n  t u r n *  increased t h e  amount of stag- 
nan i  water, e.g., 200 ha (500 acres)  
near Yuma, 80 ha (200 acres) a t  C i b o !  a 
Nat.ional WYld f l fe  Refugel 80 ha (200 
a c r e s )  near Ehrenbergr and 2,800 ha 
(7,000 acres) i n  t h e  f % h a v ~  V P ~  l e y  



(Levy  e t  a l .  19871, Increases i n  
encepha l i t i s -car ry ing  mosquitos became 
a  major concern. One species, Q&.x 
f a r s a i l s  Coq., a  c a r r i e r  o f  St. Louis 
encep ha l it I s  and Western equ ine  en- 
c e p h a l i t i s ,  was especially abundant 
(Levy e t  a l .  1987). Four confirmed 
and t h r e e  suspected S t .  L o u i s  en- 
c e p h a l  i t  i s  c a s e s  i n  humans were 
r e p o r t e d  d u r i n g  t h a t  per iod  on t h e  
lower Golorado River.  Larvacides t o  
c o n t r o l  mosqu l t o s  were Abate 26 (2% 
g r a n u  l a r  t e m p h o s l  and  g r a n u  l a r  
BacI11.Lls thurlnnensls var. ~D&&ELs 
( B t i ) .  The a d u l t i c i d e  c y t h i o n  (91% 
m a l a t h i o n )  was appl ied dur ing  n i g h t  
f l i g h t s .  The con t ro l  program occurred 
f rom mid-August i n t o  e a r l y  November 
1983, and again i n  t h e  summer o f  1984, 
and covered about 60,000 ha (150,000 
acres) along t h e  lower Colorado River  
(Levy e t  a l .  1987). 

A q u a t l c  i nve r teb ra tes  c o n s t i t u t e  
major  food sources  f o r  v e r t e b r a t e  
s p e c i e s ,  p r i m a r i l y  f i s h  ( M i n c k l e y  
19791, Zooplankton (mostly typical o f  
l imnet ic  s i t u a t i o n s  i n  rese rvo i r s  were 
f o u n d  i n  t r o u t ,  t h r e a d f i n  shad  
ff)orossma * m e ) *  r e d  s h i n e r  
( N o t r o p i s  J u t r e n s I ~ . ) ~  and b l u e g i l l  
(w nacrachlru+) (Minckley 1979). 
I n  add it ion, these inver tebra te  taxa 
p l u s  o s t r a c o d s  were found I n  carp  
( Q p r i n u z  r;arJria), largemouth bass, 
green sunf ish  (Ligun-k w a n e l  Ius) ,  and 
b I  a c k  c r a p p l e  CPLLUULL$. 

1. B e n t h i c  i n v e r -  
p a r t s  o f  t h e  d i e t  o f  

a l l  f i shes  studied by Minckley (1979). 
Ch i ronomids ,  s i m u l i i d s ,  and o t h e r  
d i p t e r a n  I  arvae were important food 
i tems f o r  t r o u t P  r s 

ye1 low bu l  ihead 10 
b l ueg i t i , and green sunf l sh. Hydrop- 
sych i d  t r  i chop te rans  were important 
food items f o r  t r o u t .  Emphemeropteran 
nymphs and hellgrammites 

ma1 !mouth bass ( 
and odonafe  

n t  f o r  warmou th  ( 
Paleomoneid s h r  

abundant on t h e  lower Colorado River  
b u t  a r e  o n l y  eaten by b lack crappie, 
I n  dense aquat ic  vegetation. Aquatic 
i n s e c t s  a r e  a l s o  important f o r  many 
waterfowl species (Anderson and Ohmart 
1988). 

Two la rge I nvertebrates, c ray f  i s  h  
and A s i a t i c  clam, a re  Important food 
items t o  a  number o f  ver tebra te  taxa. 
C r a y f i s h  ( p r l r n a r i i y  !?roc- 
LI ark  L.1 apparent ly  were n o t  present 
b e f o r e  1900 and probab l y  increased 
through b a i t  In t roduct  Ions o r  na tura l  
expans ion (Ohmart and Tom l inson 1977 1. 
Ex tens ive ,  s h a l l o w  c a t t a i I / b u I r u s h  
marshes a r e  very important hab i t a t s  
f o r  c r a y f i s h  (Loudermi l k  and Moore 
1983). The recent  increase i n  emer- 
g e n t  h a b i t a t s  s i n c e  t h e  mid-1940:s 
undoubted l y  i nf l uenced t h e  estab l i sh- 
ment o f  these decopods t h r o u g b u t  t h e  
system. L i t t l e  d a t a  e x i s t  on t h e  
ecology o f  c r a y f i s h  on t h e  lower Coio- 
rado River, al though it probably does 
n o t  dt  f f e r  g r e a t l y  from natura l  s l t ua -  
t ions.  A t  one t f me c r a y f  f s h  were 
thought t o  be dormant i n  winter;  how- 
ever, recent  data i nd l ca te  t h a t  they 
remain a c t i v e  b u t  a re  more rec lus i ve  
than i n  summer (Eddleman s t  a!, 1987). 
Cray f ish  a r e  Important food I t m s  f o r  
large carn i vorous f i sh spec 1 es (espe- 
c i a l l y  c a t f i s h  and smal lmouth bass)# 

1, spiny 
, g a r t e r  

sp.1, many b i r d s  
gered Yuma c lapper 

r a i l  1, and several medlum-sized car- 
n i v o r o u s  mam on , 
s t r  fped skunk f 

A second Impor tant  l a rge  Inver- 
t e b r a t e  i s  t h e  e x o t i c  A s i a t i c  clam. 
The A s i a t i c  clam could have entered 
t h e  Colorado River  system as e a r l y  as 
t h e  mfd-1950%, when it was f l r s t  
r e c s r d e d  I n  abundance  a l o n g  t h e  
Coachel !a Val ley ( Ingram 1959; lngram 
e i  a!, 19641, The f ree- f loa9ing ter- 
vae cause ser ious  problems by c logging 
dra ins  i n  i r r i g a t i o n  canals and a r e  o f  



spec l a  l concern i n  Cal  i fo rn  i a  ( I n g r m  
e t  a ! .  19641. Ideal cond i t ions  f o r  
A s i a t i c  clams seem t o  inc lude c l e a r  
water  and a well-developed p lankton 
food base (Rinne 1974). River reaches 
immediately below Dav is  and Parker 
Dams f i t  t h e s e  c r  i t e r l a  and harbor 
v e r y  l a r g e  A s i a t i c  clam populat ions 
i M i n c k I e y  1979). I n  more t u r b i d  
waters, A s i a t i c  clams f i l t e r  r e l a t i v e -  
l y  iarge amounts o f  water very quick- 
l y .  Organic and inorganic mater ia ls  
n o t  d i g e s t e d  a re  o f t e n  excreted as 
" p s e u d ~ f e c e s ~ ~  t o  c lea r  the  g i l l s  i n  
ve ry  t u r b i d  s i tua t ions .  Along most 
r i v e r  reaches, the  As ia t i c  clam Is one 
o f  t h e  most abundant macro l nverte- 
bratgs present I n  both l o t l c  and len- 
t i c  hab i ta ts .  A s l a t i c  clams a r e  eaten 
by carp, channel c a t f i s h t  yel low b u l l -  

r s u n f i s h  ( 

b u f f  leheads (8- 
and a l so  t o  medlum-sized carnivorous 
mamma l s . 

O v e r a l l ,  i n v e r t e b r a t e  biomass 
( p r i m a r i l y  insects and arachnids) i s  
h i g h e s t  seasonal  l y  f rom A p r i l  t o  
August, w i th  peaks i n  A p r i l  and May 
(F igure  33) .  Dramatic increases were 
noted I n  a l  l hab i ta t s  between March 
and Apr i I, and sharp decl i nes were 
found fo r  most hab i ta t s  between August 
and September. Lowest biomass was 
found fo r  a l  l hab i t a t s  i n  January and 
February. 

ln format lon on d l v e r s l t y  and blo- 
mass of. t ~ r r e ~ t r l a l  inver tebrates I s  
alrr\ar;i- a l l  from studies of r l p a r f a n  
vege- i .a?isn (Cuban e t  a l .  1978; 
Anderson e t  a I , 1982 1. Each o f  t h e  
s i x  m a j o r  r l p a r l a n  p ian t  associaf lons 
was samp l e d  by i n s e c i  net sweeping 
4 * Q O O  S-lmes monthly from August 9976 
t o  June 1978. I n  a d d l i i o n l  numbers o f  
a n n u a l  f y e m e r g i n g  Apachs c i c a d a s  

1 were counted I n  
1982 t o  y u a n t i  f y  t h e  abundance sf t h l s  
Impr>t-t-ant I n s e c t  (Anderson e t  a ! ,  
unpub l . data), l a x a  and hab l t a t  use 
among seasons a r e  discussed on the  
ord inaf l eve l  except f o r  a few impor- 
ten? fam l f l es  or species, 

F i gure 33. I nsect b iomass (exc l ud i ng 
cicadas) among r ipar !an hab i t a t s  over  
2 years on t h e  lower Colorado River.  

Cottonwood-w l l low hab i t a t  consl s- 
t e n t  l y suppor ted h i gh i n v e r t e b r a t e  
biomass, espec ia l l y  from t h e  sp r ing  o f  
1977 through t o  t h e  summer o f  1978. 
Biomass was high i n  cottonwood-w i l low 
h a b l f a t  through t h e  w in ter  o f  1977- 
1978s wh i le  biomass was very low i n  
al l other  r I par fan hab i t a t s ;  it was a 
r e i a t i v e l y  m i l d  w in te r  on t h e  lower 
CQ lo rado  R i  ver.  Arrowweed h a b i t a t  
supported high i nvertebraf-e biomass, 
m s t l y  orthapierans ( p r i m a r i l y  grass- 
hoppers ), from August t h r o u y  h October 



1976 and again I n  May 1978. Sal tcedar 
h a b i t a t  ranked extremely h igh  i n  b io -  
mass o f  t e r r e s t r i a l  I n v e r t e b r a t e s  
dur ing  summer 1977 due t o  very h igh  
numbers o f  c icade l  l i ds  ( l e a f  hoppers; 
o r d e r  Hem i p te ra )  ; t h  i s  fami l y o f ten  
c o n s t  i t u t e d  t h e  most abundant taxon 
found i n  a l  I r i p a r i a n  h a b i t a t s  dur ing  
summer. 

Cottonwood-wl l low h a b i t a t  consis- 
t e n t l y  supported t h e  h ighest  arthropod 
biomass f o r  more taxa  than any o the r  
hab i t a t  ac ross  seasons (Table 29). 
Sa l tcedar, arrowweed, and sa l tcedar- 
honey mesqu i t e  hab i t a t s  a I  l became 
important f o r  a number o f  t axa  dur ing 
summer. O r t h o p t e r a n s  ( i n c l u d i n g  
grasshoppers, mantids, katydids, c r i c -  
kets, and walking s t  l cks)  cons i s t e n t  l y 
accounted f o r  much o f  t h e  biomass 
among a l  l hab i t a t s ,  especial l y dur ing  
summer and l a t e  summer. Leafhoppers 
and c icadas both are  abundant among 
most h a b i t a t s  and o f t e n  account f o r  
t h e  m a j o r i t y  o f  seasonal  biomass, 
espec ia l l y  dur ing  summer. Hymenoptera 
(bees, wasps, and ants)  occur i n  large 
numbers i n  t h e  spr ing  and c o n t r i b u t e  
much t o  t h e  inver tebra te  biomass i n  
c o t t o n w o o d - w i i I o w r  s a l t c e d a r ,  and 
honey mesqu i t e  hab i t a t s .  Lep f doptera 
( b u t t e r f  l ies, moths, and t h e i r  larvae) 
account f o r  most o f  t h e  biomass dur ing  
spr ing  i n  honey mesquite. 

T e r r e s t r i a l  i n v e r t e b r a t e s  a r e  
important as food f o r  many t e r r e s t r i a l  
vertebrates, espec ia l l y  Insect ivorous 
l izards,  birds, and bats. I n  addl- 
t ion, t e r r e s t r  i a i i nvertebrates found 
o n  wa te r  s u r f a c e s  ( a c c i d e n t a l  i y o r  
o therw i se )  a r e  important food items 
f o r  f ish, i nver tebra te  taxa, i nc l ud- 
i ng C I cad idae, Lep idoptera, D iptera, 
and Hymenoptera, a re  among t h e  most 
p r e v a l e n t  food i t ems  found i n  t h e  
d i e t s  of' ver tebrates ( M i  nck i ey 9979; 
Anderson and Ohmart, unpubl. data), 

O f  a l l  t h e  t e r r e s t r i a l  i n v e r -  
tebra tes  found on t h e  lower Colorado 

River ,  t h e  Apache c icada i s  an ex- 
t r e m e l y  i m p o r t a n t  food item. The 
Apache c icada emerges annual l y  beginn- 
i n g  I n  mid-June i n  r i p a r i a n  vegeta- 
t i o n .  Tremendous numbers a r e  found i n  
cottonwood-wil low, screwbean mesquiter 
sa  l tcedar -honey mesqu i t e  mix, and# 
espec ia l l y ,  sa l tcedar h a b i t a t s  (Table 
3 0 ) .  The t i m i n g  o f  c icada emergence 
coinc ides c losel y w i t h  t h e  peak breed- 
ing per iod  f o r  many b i r d  species i n  
cottonwood-wi I  low communities. b s t  
b reed 1 ng b i r d s  i n cottonwood-w i l low 
forage pr i mar 1 l y f o r  cicadas. Ener- 
g e t i c  c a l c u l a t i o n s  suggest t h a t  many 
more cicadas e x i s t  then cou i d  be pos- 
s i b l y  used by t h e  breed ing b i r d  com- 
munity (Rosenberg e t  a!.  1982). ln- 
t e r e s t i n g l y ,  cicadas a re  most abundant 
i n  s a l  tcedar hab i ta t s .  GI i n s k i  and 
Ohmart (1984) hypothesized t h a t  sa l t- 
cedar  p r o v  i des greater  s u r f  ace area 
f o r  c icada egg- l ay i ng because o f  t h e  
i n t r i c a t e  branching o f  leaves compared 
w i t h  t h a t  o f  n a t i v e  r i p a r i a n  trees. 
Many o f  t h e  b i r d s  t h a t  feed on cicadas 
a re  r a r e  o r  absent i n  sal tcedar.  How- 
ever, a f t e r  saf tcedar stands burnP t h e  
emerging c i c a d a s  a t t r a c t  many b i r d  
species wh i ch  become abundant I n  t h  i s  
h a b i t a t  ( T a b l e  31). Adu l t  cicadas 
begin dying i n  la rge numbers by  m i d -  
August, a f t e r  most a v i a n  b r e e d i n g  
a c t i v i t y  i s  over. 

I n v e r t e b r a t e s  a s s o c i a t e d  w i t h  
agr i cu  l t u r e  are  i mportant i n  two ways 
So t h e  overal l system ecology o f  t h e  
lower Colorado River.  lnsects provide 
an abundant food resource f o r  o the r  
l nvertebrates ( insects and arachn ids)  
and many vertebrates, especial  l y w l n- 
t e r i n g  b i rds ,  However, many insects 
are conslderal  pests by farmers; thus* 
insecticides a r e  widely and i i b e r a l i y  
appl  l e d ,  The e f f e c t s  on t h e  system o f  
ex-tens i ve p e s t  lc ide appl [ c a t  ion are  
j u s t  now being assessed. 
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Table 30. Cicada counts 1n r i p a r i a n  h a b l t a t s  on  t h e  lower Colorado RiverB 1982 
and 1983. Counts were conducted week1 y on estab l ished routes through each 
hab i ta t .  Counts were based on t h e  t o t a l  number o f  exuvla throughout t h e  summer 
monthsB which r e f l e c t  t h e  number o f  c icadas emerging i n  each respec t i ve  habi- 
t a t .  

P l a n t  community Hectares surveyed Cicadas/ha (+, SD) 

Sa l t ced a r  
Saltcedar-honey mesquite mix 
Saltcedar (burned) 
Screwbean mesqu i tesa l t cedar  mix 
Cottonwood-wil low 

Table 31. Cicada-eating b i r d s  be fo re  and a f t e r  burning o f  a 30-ha sa l tcedar  
stand. B i r d  data from June through August# 1982 and 19838 a t  C ibo la  Nat lonal 
W i l d l i f e  Refuge. 

Year 

B i r d  category 1981 (preburn) 1982 1983 

Tota l  dens i ty  150 
Tota l  species r lchness 15 
Cicada-eater dens1 t y  84 
Clcada-eater species r ichness 9 
Percent c icada eaters 5 6 

Economical l y  Important taxa  which 
a r e  sub jec t  t o  pes t l c rde  con t ro l  In- 
c l u d e  o r t h o p t e r a n s r  thysanop te rans  
( t h r  i ps )?  hmlp te rans  (adu I t  and la r -  
vae; t r u e  bugs), homopterans (white- 
f l l es  and aph i d s l r  coleopterans ( p r  i -  
m a r i i y  bee t le  Ia rvae lB lepidopterans 
( p r i m a r i l y  l a r v a e ) ?  and d i p t e r a n s  
( p r i m a r I I y  l a r v a e ) .  S p e c I f i c a I i y ~  
co t ton  i s  i n fes ted  w i t h  b o l l  weevils 

te ra) ,  and tobacco budworm ( 

; f am i l y Nocfu i dae; order  
Lep I d o p i e r a ) .  Lettuce, o the r  vege- 
t a b l e s l  and c l t r u s  can be severely 
a f fec ted by wh l fe f l ie ts  (famYly Afey- 
rod Idae l ,  aphids ( f a m i l y  Aphidldae), 
and sca i e i nsec ts  [stiperfaml l y Goc- 
coideal.  Many grasshopper species can 
a f f e c t  gra fn crops and t h e  larvae of  
hem1 p t e r a n s B  c o  l e o p t e r a n s ~  lepldlop- 
t e r a n s ~  and dipterans can af  f e c t  vege- 
t a b l e s @  c l t r u s ~  melons, and g r a l n  
c r o p s .  Nonar thropod i n v e r t e b r a t e  
p e s t s  a r e  pr f mar i l y nematode worms 
(phy [urn Nematoda) and a f f e c t  The roo? 
systems o f  many crops. 



8.3 SPECIES OF SPECIAL RN 

One i n v e r t e b r a t e  spec i es, Nac- 
N e i I l l s  s o o t y w i n g  ( P h o l i s o r a  

, fami l y  Hesperildae, o rder  
Lepldoptera), i s  p resent ly  a candidate 
s p e c i e s  f o r  Federa l  l i s t l n g  on t h e  
lower Colorado River.  Th is  sk ipper t s  
r e s t r i c t e d  t o  t h e  lower Colorado River  

from southern Nevada south t o  Biythe.  
Quai l bush i s  t h e  s o l e  host  p l a n t  f o r  
t h e  larvae. Two broods are  produced 
each year  i n Apr i I-May and Jul y t o  
October (T i  lden and Smith 1986). The 
s t a t u s  o f  t h e  species appears t o  be 
s t a b l e  a t  present. Known loca l  it ies  
f o r  t h i s  species Include Bennett Wash* 
Parker Dam, Earp, Needles* Blythe, and 
t h e  Colorado R i  ver l nd i an Reservat ion. 



Current ly ,  t h e  hea l th  o f  t h e  f i s h  
fauna c o n s t i t u t e s  one o f  t h e  g rea tes t  
concerns among managers and b i o l o g l s t s  
on t h e  lower Co lorado River .  The 
o r i g I n a I  Colorado River  ichthyofauna 
has been s t u d i e d  I n  an e f f o r t  t o  
determ ine fac tors  caus i ng t h e  1 r drama- 
t i c  d e c l i n e s ,  t o  conserve  remnant 
popu l at ions,  and rees tab l  i s h  popu la- 
t i o n s  I n t o  h i s t o r i c a l  locations. The 
recent ,  l a rge ly  l n t r o d ~ c e d ~  ichthyo- 
fauna i s  composed o f  e c o n o m i c a l l y  
i m p o r t a n t  game spec i e s r  specles t o  
feed game species, and specles t h a t  
were introduced t o  modify o r  con t ro l  
some f e a t u r e  o f  t h e  aquat ic  system. 
Much o f  t h e  research on t h e  present 
ichthyofauna i s  geared t o  mainta in and 
i n c r e a s e  game spec i e s  popu I a t lons .  
Also, t he re  I s  a growing i n t e r e s t  i n  
s tudying the  dynamics o f  a community 
composed a l most e n t  i r e  i y o f  e x o t i c  
specles from widely different p o i n t s  
o f  o r i g i n .  

Management goals f o r  n a t i v e  versus 
introduced species are almost always 
i n  conflict. I n  terms o f  economics 
and present water management@ 1 n t ro -  
duced species are favored over  n a t l v e  
specles. However? t h e  Desert Fishes 
G o u n c i i  i s  encourag ing management 
agenc les t o  recogn ize  t h e  f mportance 
and b i o l o g i c a l  uniqueness o f  t h e  
n a t i v e  fauna. Th is  chapter summarizes 
t h e  b io logy  and community dynamics o f  
t h e  n a t i v e  ichthyofauna; t h e  b io logy  
and community dynamics o f  t h e  present 
Ichthyofauna; ando f i n a l  l y l  t h e  legal 
s t a t u s  and prospects f o r  t h e  f u t u r e  
for t h e  n a t i v e  ichthyofauna, Most 
in format ion  1s drawn from t h e  studies 

o f  M i n c k l e y  (19791 and Marsh and 
Minckley (1985, 1987). 

Thirty-seven species o f  f lsh  have 
been recorded from t h e  lower Colorado 
R i v e r  ( T a b l e  321 ( M i l l e r  1952; 
M i n c k l e y  1979). Ten o f  11 endemic 
s p e c l e s  a r e  now e x t i r p a t e d  o r  ex- 
t r e m e l y  l o c a l  i n  distribution. 
Twenty-six species (a1 l b u t  one are  
I n t r o d u c e d )  c o n s t i t u t e  t h e  present  
Colorado River  ichthyofauna. Sixteen 
add it iona I species have been recent1 y 
introduced but  a r e  n o t  estab l ished o r  
a r e  otherwise considered hypothet ica l .  

There a r e  bas i c a l  f y f l v e  h a b i t a t  
types used by f i s h  on t h e  lower Colo- 
rado River.  These a r e  c l a s s i  f led as 
( 1 ma i nstream? ( 2 )  backwaters, ( 3 )  
oxbow lakes? ( 4 )  reservoi rs ,  and ( 5 )  
cana Is. Natural oxbow lakes no longer 
form, wh i l e reservo i r s  and canals are  
h a b i t a t s  t h a t  d i d  n o t  e x i s t  extensive- 
l y  be fore  t h e  190Qfs. I n  addftlon, 
ma instream and backwaier hab i t a t s  have 
been e x t e n s  I ve l y changed s ince t h e  
e a r l y  1900%. 

9-1 D I S T R l W I W S  A H l  GEmIPAL W i T A T  
USE BY NATIVE SPECIES 

The s t o r y  o f  mast na t i ve  species 
a l o n g  t h e  Coiorado Rlver i s  one o f  
s teady  and s t e e p  d e c l  i n e ?  Dead i n g  
eventua l ly  t o  e x t i r p a t i o n .  S ix  n a t l v e  
spec les  unique t o  t h e  l a rge r  South- 
western r i v e r s l  re fe r red  t o  as %ig- 
rive?rP"fishesl a r e  now ex f i rpa ted  o r  
a r e  v e r y  local  I n  d i s t r i t a u t ! o n  
(Minckley 1973). These b ig-r  lver 



Table 32. Prlmary habi tats,  d i s t r i b u t i o n ,  and s ta tus  o f  lower Colorado River  
f i s h .  MS = mainstream; BH = backwater; RE = reservoir; CA = canal; OX = oxbow; 
N = nor th  (Hoover Dam t o  Parker Dam); C = cent ra l  (Parker Dam t o  Cibola Lake); 
S = south (Ciba I a Lake ts San Lu 1 s ) ;  Co = c m m n ;  U = uncommon; R = rate; E = 
ex t i rpa ted;  X = present h a b i t a t  use, d i s t r  lbu t lonr  and status, and H = h l s t o r  l -  
cal s ta tus  o r  d  i s t r  l buP Ion 1 f d l  f fe rent  f tom present. 

-- 

Name 

D i s t r  ibu- 
Primary hab l t a t ( s 1  t i o n  Statu s 

Pac f f lc tenpounderE X 

(Elaas afffnls) 
k n y t a i  I chubE x 
(Gl.ia 1 

Roundiaii (Calorado 

R ive r )  chub 

I 

~ o u n d f  l nE 

1 

Ga lorado squawf i shE X 

f 

Spwkted dacea 

C 

Razarbxk suckerV X 

f 

F lanne lmu th  sucker X 

h 

G i 1 a topm i nnowbE x x 

Desert pupP i s h E  

4 

H H H H 

X 

X H X  H X 

H n H 

X?  



Table 32. (Continued) 

Name 

D l s t r i b u -  
Pr  I mary hab I t a t (  s) t i o n  Status 

Utah sucker1 

( 

S t r  lped mu1 l e t  

( Gsiabhs )  
Threadf I n  shad 

Ra i nbow t r o u t  1 

(Salam 
Carp J 

Golden shiner1 

t 

Fathead m l nnow 

( 

Flathead c a t f l s h  

Channel c a t f l s h  

BJack bu l  lhsad 

< 
Ye! low bu l  !headi 

X X  

X  X  X  X 

X  X  X  

X X X  X 

X X X  X  

X  x X X? 

X X X  X 

X  X  

X  X X 

X X X  X 

X X  

X X X  X  



Table 32. (Continued) 

D i s t r l b u -  
P r l m a r y  hab i t a t ( s 1  t l o n  Status 

b s q u  I ta f  i sh I 

afflnis) 
Sal i f  i n  wl l y i  

-1 
Mexican mi l y f  

S I r  i ped  bass 

( krn~ 
Sma I l m o u t h  bass 

Largemouth bass  

c 
war-mout h 1 

f 

Green s u n f  l s h l  

Bluugl l I f 

mar; 

Hededr s u n %  i s h l  

I k 
B I  a r k  cl-app lei 

Mouthbrooder 

i 

X X X  

X  X  

X 

X X X  

X  X  

X X X  

X  X  

X X X  

X X X  

X X X  

X X X  



Table 32. (Concluded) 

Name 

D l s t r l b u -  
Primary h a b i t a t ( s )  t ion Status 

~i I 1's ti l a p i a l  x x x 
( T l l a o l a  zllll) 

Blue ti lap ia i  X X X 

( J U i  aurea) 

aBased on one record from Lake Mohave (Minckley 1979). 
b ~ a s e d  on specimens on t h e  G i  l a  R l  ver near t h e  Colorado conf l uence. 
E = Federal endangered specles. 
V = Vulnerable specles. 
I  = Introduced spec ies. 

f i shes a l so  shared several mrpholog-  
Ica l features, apparent l y, f o r  adap- 
t a t l o n  t o  t h e  extremely v a r i a b l e  f lows 
o f  S o u t h w e s t e r n  r i v e r s .  These  
features included la rge size, leathery 
sk ins, reduced o r  embedded sca les, and 
sickle-shaped f i n s .  Several species 
have spec ia l i zed r i dges  on t h e i r  backs 
o r  e x t r e m e l y  t h i n  cauda l  peduncles 
(Minckley e t  a l .  1986). 

The bonytai l chub (GUa J 

C o l o r a d o  squawf ish,  and razo rback  
sucker were t h e  most common and wide- 
spread o f  t h e  b ig - r i ve r  f i shes  along 
t h e  lower Co lo rado  R i v e r  and were 
character  1st ic  o f  ma instream hab i t a t s .  
A l  I t h ree  species exp lo i ted  cond It ions 
i n  t h e  h i g h l y  f l u c t u a t i n g  l eve ls  o f  
t h e  predam r i v e r ,  A 1 1  t h r e e  used 
backwater  s f oughs where they f re -  
quently spawned and avoided f lood ing 
i n  these marg ! na l hab [ t a t s .  

Reduction I n  numbers o f  bongitall 
chub, Colorado squawfisht and razor- 
back s u c k e r  was r a p i d  a f t e r  t h e  
c losure  of  Hoover and Parker Darns I n  

1935 and 1938, respect ive ly ,  Actual 
causes o f  e x t  i r p a t  ion rema i n  unknown, 
al though h a b i t a t  changes and predat ion 
on I arva I nat  l v e  f ish by iniroduced 
spec  l e s  a r e  s t r o n g  l y s u s p e c t e d .  
Shore i lne and backwater hab l t a t s r  once 
e x c f u s i v e l y  available t o  t h e  n a t i v e  
nonp i sc i vorous juvenl  les o f  suckers 
and minnows, a r e  now I n h a b i t e d  by 
p r e d a t o r y  m o s q u t t o f i s h  
a f f i n i s )  and many cent rarch i  
(Myers 1965; Minckley 1973; Mlnckley 
e t  a l .  1977). i n  add i t i on  t o  t h e  b ig-  
r i v e r  f i s h ,  t h e  deser t  pup f i sh  was 
a l so  a common species on t h e  Colorado 
River, a t  leas t  below t h e  GI l a  R iver  
con f  t uence i o  t h e  Gul f o f  Mexlca. 
E x t i r p a t i o n  o f  deser t  pupf l s h  occurred 
i n  the! Uni ted Sta ies  soon a f t e r  t h e  
t u r n  sf the  century. Finaf iy, several 
n a t l  ve specles have been recorded I n  
low numbers o r  a re  suspected t o  have 
occurred Fn t h e  r i v e r ,  T 
i n c l u d e  G i l a  topmlnnow ( 

; v e r i f l e d  on/ 
near  t h e  Co lorado con- 

f l u e n c e ) ,  wounc f f l n  f 
1, r o u n d t  



Rlve r )  chub (U 
n e t  m o u t h  s u c k  

s p e c k  l e d  d a c e  
1 was a l s o  known 

f r o m  one spec imen i n  Lake  Mohave 
(Minck ley 1973, 1983). 

Two n a t l v e  m a r i n e  spec ies ,  t h e  
s t r i p e d  m u t i e t  and t h e  P a c l f l c  ten- 
pounder  ( f , genera l  l y  
o c c u r  I n  e s t u a r i e s ,  b u t  a l s o  were 
found as young o r  a d u l t s  u p r l v e r  i n t o  
t h e  Un i ted  States. The s t r i p e d  mu1 l a t  
s t l  l l occurs I n  t h e  southern p o r t i o n s  
o f  t h e  v a t  ley ,  and h a b i t a t  charac- 
t e r i s t i c s  f o r  t h l s  species a re  t r ea ted  
w i t h  o t h e r  present-day members o f  t h e  
l o w e r  C o l o r a d o  R i v e r  fchthyofauna.  
The o t h e r  mar ins-spawn i ng spoc ies, t h e  
Pat i f lc tenpounder, s t i  l l occurs i n  
t h e  most  s o u t h e r n  p o r t  l o n s  o f  t h e  
r l var  vai  I ey . &re  l o s  D a m  became an 
e f  f a c t i v e  ba r r  f e r  t o  upr i v s r  d l sps rsa l  
f o r  t h l s  s p ~ l e s r  a l though I t  remains 
c m m n  a t  -the m u t h  o f  t h e  r i v e r  I n  
N ~ x t c o  fMfncklay 1979), 

l"ha b o n y t a l  t chub I s  adapted t o  
t h e  h i s t o r  lca l  l y var lab Is f  low o f  t h e  
Goisrado Hivar ,  As I t s  c o m n  name 
Implies, l t  has a tong and slender- 
I q*baray~l cstuda i pedunc i e ,  Other mr- 
pho iog lca l  f sa r l i res  lnc luda  a s t r~a rn -  
I l n s d  body form w l t h  a g s n t l y  a rch ing  
p rh ;dorsa I  hump* l a r g e  and r i c k l a -  
s h a p e d  f t n s r  reduced o r  e m b e d d e d  
s c a t @ ~ r  and r s l a T i v e t y  smal l  eyes. 
Thesa fea tu res  af t may bs adsplatfaras 
f o r  a  spec l a  I l zed asclsience I n  t h e  
C o t o r a d o  R i v e r ,  wh ich  hlstur-leal f y  
c a r r i e d  heavy s i  lf loads i n  t h e  t u r b i d  
and s.*.f f*  f lows charact-er f s f  : c  of % h e  
r l v e r  d u r  I ng f l o a d  s fage  bMinckley 
19731, 

M i n c k l e y  (19731 c i t e s  work by 
Vanlcek and K r m e r  (1969) on t h e  Green 
R i v e r  t h a t  these f I sh  were never taken  
i n  t h e  s w l f t  cur rents ,  b u t  r a t h e r  i n  
eddfes and pools.  Mlnck ley and Mef fe  
( 1987 hypothes !zed t h a t  t h e  unique 
adaptat  lons o f  t h i s  spec ies*  as we! I 
as  t h e  a d a p t a t i o n s  o f  o t h e r  n a t i v e  
b i g - r l v e r  f i s h ,  a r e  s p e c i f i c a l l y  f o r  
c ross ing  swl f t  channels and s u r v i v  lng 
through f l o o d  s tage by avo id i ng  be ing 
f  l ushed downstream. Bonyta i  I chubs 
f e e d  o n  d r i f t  material, i n c l u d i n g  
t e r r e s t r  l a  l l nve r teb ra tes  and a d u l t  
aqua t  i c  inver tebra tes  f Vanlcek 1%7; 
Minck ley 1973). 

The o n l y  documented observa t ion  o f  
spawning b o n y t a i l  chub on t h e  lower 
Colorado R i ve r  I s  from Lake Mohave by 
Joner  and Sumner (1954 In Minckiey 
1973). F i v e  hundred a d u l t  f  I sh  were 
observed I n  May over  a g rave l  she1 f  i n  
as much as 9 m ( 3 0  f t )  o f  water; each 
fema le  was accompanied by t h r e e  t o  
f  i ve  ma l es and eggs were sca t t e red  
over  t h e  g rave l ,  Larva l  chub presum- 
abl y faed a long r l ver /  I ake marg ins and 
progress ive1 y  move i n t o  dec3per wat-ers 
as they  become la rger  (Minck ley 1973). 

P r e s e n t l y ,  t h e  b o n y t a l l  chub i s  
on1 y  found I n  Lakes Havasu and Mohave, 
wh i  l e  It has apparent ly  been e x t i r -  
pated throughout t h e  r e s t  o f  Tts h i s -  
t o r  i c a l  range. Netted i n d i v i d u a l s  a r e  
a d u l t s  no less  than 40 cm (16 inches) 
and a r e  es t imatad  t o  be no younger 
than  32 years (Minckley 1973; W I I  i iams 
a t  81. 1985). Females i n  reproducf- ive 
c o n d l t l o n  a r e  s t !  l l found,  b u t  no 
success f  u l reproduct- i o n  i s  known to 
=cur  a t  present. Suggested reasons 
f o r  t h i s  s p e c i e s C  decil i n e  a r e  dam 
mnst ruc l r ian ,  InteracS lons w l t h  i n t r o -  
duced s p ~ c i e s ~  and hab F t a t  a I tera- t ion 
(Williams e t  a l .  1985). 

The r o u n d + a i l  (Coloradet R i v e r )  
c h u b  apparen t l y  was never cornman o r  



widespread on t h e  lower Colorado River  
ma instem. M i  nck ley (1979) c i t e s  two 
specimens c o l l e c t e d  I n  1973 from Im- 
p e r l a l  Reservoir t h a t  morphological ly  
resemb l e popu l a t  i o n s  f rom t h e  B i  l l 
W i l l lams R i  ver. Stragg lers, there- 
fore, may s t i l l  occas lona i ly  occur i n  
t h e  mainstem. The round ta i l  (Colorado 
R ive r )  chub does not  share t h e  strong- 
l y  unique adaptat ions o f  I t s  congeners 
and I s even ca l I ed t h e  "Verde t r o u t v 1  
b y  f i s h e r m e n  f o r  i t s  s u p e r f i c i a l  
resemb lance t o  salmon Ids. The sub- 
species i n  our area, &. r. robustar 
does n o t  appear t o  be i n  imminent 
danger. Populat ions elsewhere, how- 
ever, have declined, w i t h  some sub- 
species ( i n  Nevada) considered t o  be 
endangered o r  vu l nerab l e (W i l l i arns e t  
a l .  1985). 

The on ly  record f o r  t h e  woundf i n  
on  t h e  lower Colorado River  i s  from 
specimens taken near Yuma a t  t h e  t u r n  
o f  t h e  century. The woundfin was a lso  
found along t h e  S a l t  R iver  near Tempe, 
AZI which suggests a much wider dis- 
t r i b u t i o n  a long  m a j o r  r i v e r s  t h a n  
cu r ren t1  y found (Minck ley 1973). The 
V i r g l n  River  system provides t h e  on ly  
r e m a i n i n g  na tu ra l  refugium f o r  t h i s  
species. 

Woundf ins  i n  t h e  V i r g l n  R i v e r  
sys tem l i v e  I n  t h e  s w i f t  p a r t s  o f  
s i l t y  streams and avoid c l e a r e r  waters 
and q u i e t  pools (Minckiey 1973). The 
f l a t t e n e d  v e r t i c a l  su r face ,  t h i c k  
a n t e r  lor ,  and t h i n  poster  l o r  o f  t h e  
woundf i n  a r e  adaptat ions f o r  I i v i n g  
near  t h e  b o t t o m  o f  s w i f t l y  f lowlng 
s l l i y  streams. These are  a l l  charac- 
t e r i s t i c s  cons is ten t  w i t h  a f i s h  oc- 
c u r r i n g  i n  t h e  mainstem Coforado River  
p r i o r  t o  dams. 

The t o p  aquatic predator o f  t h e  
h i s t o r i c a l  lower Cslorado River  was 

t h e  C o l o r a d o  s q u a w f i s h  ( M i n c k l e y  
1973).  The l a r g e s t  o f  t h e  n a t i v e  
f i s h ,  t h i s  species grew t o  over  2 rn 
( 7  f t )  i n  length and preyed heav i l y  on 
smal l e r  lnd i v idua ls  o f  o the r  species, 
as we1 l as I t s  own. The adu l t body 
f o r m  i s  somewhat compressed do r -  
sovent ra l l y ,  w i t h  a f la t tened,  elon- 
gated head (Minckley 1973). 

The dec l i ne  o f  t h e  Colorado squaw- 
f i s h  throughout i t s  range was p rec ip i -  
tous.  The species was l a s t  reported 
from t h e  lower Colorado River  i n  1967. 
P r e s e n t l y ,  t h e  species I s  known t o  
p e r s i s t  p r i m a r i l y  a l o n g  t h e  upper 
Co l o rado  R i  ver  from Grand Junction, 
Colorado, t o  Lake Powell, Green River, 
lower Yampa River, and lower San Juan 
R ive r  (Wi l l iams e t  a l .  1985). 

Before t h e  presence o f  damsp Colo- 
r a d o  squawf i s h  were extreme1 y abun- 
dant. Numerous accounts e x i s t  on how 
hundreds o f  squawf ish,  a l o n g  w i t h  
b o n y t a i  I chub and razorback sucker, 
were p i t c h f o r k e d  o u t  o f  irr l g a t  ion 
d i t c h e s  and used f o r  f e r t i l i z e r  
( M i l  l e r  1961; Minckley 1973; Seethaler 
1978). A sharp decl ine  i n  abundance 
began d u r i n g  t h e  e a r l y  1930% w i t h  
records f o r  t h i s  species scarce a f t e r  
1949 ( M i l l e r  1961) .  A drought In  
1934, concomitant w i t h  t h e  complet ion 
of Hoover Dam, apparent ly was a prox i -  
mate cause f o r  t h e  decl ine.  The re la -  
l- i ve I y r a p  i d  d i sappearance o f  t h  i s  
species* compared w i t h  bonyta i !  chub 
and especial l y razorback sucker* ind l -  
cafes j t s  extreme into lerance t o  dras- 
t i c  human-caused changes, 

Co l orado squawf is  h move upstream 
Po spawn. These sfrunsv may have been 
cr  It i c a l  l y ha! ted  by The const ruc t  i on  
o f  %over and Parker Darns, thus  pre- 
v e n t  l ng s u c e e s s f  u I r e p r a d u c t  i o n  
Q W i  f i lams e t  a l ,  1985). Spawning has 
b e e n  o b s e r v e d  I n  the  undammed 
s t re tches  sf i h e  upper Coiorado R i v e r  
o n l y  s i n c e  " re  l a t e  19781sp t h u s  
1 n f  orrnai ion on spawn l ng requl semn%'s 



i s  j u s t  now being gathered ( T y u s  s t  
a f .  1985; Tyus 1987a1, 

Faads o f  l a r v a l  Colorado squawfish 
c a n s  t s t o f  sma I I c r u s t a c e a n s  and 
aquat i c  d i p t e r a n  larvae, w i t h  increas- 
ing numbers o f  aqua t i c  and t e r r e s t r i a l  
i n s e c t s  as t h e  f i s h  grow (Minckley 
9973). Large a d u l t s  have been known 
t a  t ake  sma l l mamma l s and b i rds  a I ong 
w i t h  t h e l r  more s t a p l e  d l a t  o f  medlum- 
s ized  f l s h .  Squawfish I s  known t o  be 
a f a i r  game f l s h ,  and t h e r e  have been 
p roposa l s  t h a t  squawfish popu9at.ions 
be maintained a t  sca t t e red  loca t ions  
as a game species, including on t h e  
L o w o r  C o l o r a d o  R i v e r  ( F e d e r a l  
F4oglsfor, 26 Auyus? 1987, see Sect ion 
9'5 1. 

Tho r a z o r b a c k  sucker  i s  mor- 
pfrolcsglcaily d vary un iquely  shaped 
caJosPomid. I h s  sharp keol  bohlnd t h a  
hodd may h e  an adaptatIan t o  t u r b u l @ n t  
r lvsrs ,  such afir found iflarig t h o  h i s -  
Tor ic(7.1 &)Ictrakfo f i l l v ~ r .  As w i t h  at-hor 
kbk~cker:i, T h i s  spec te?s I s  f l a$?ena j  
v r j r t t ra l  t y  w i t h  t tm mii t-h al?,c? von t ra l -  
t y f o ~ e ~ d t ? t f .  

I h j s  s ucko r  i s  -tho los t  of i h s  
b i q - r i v e r  spaclss t o  h d v s  a r s i a t l v o i y  
l i i r  t @mnani popti la? ion on 3 he lawor 
Gulvrilrru H i v o r .  11* l ika  +ha other  
b ig-r iver $,pet ft3s, was sbundisnt i n  3 he 
prctdsm e r a  and was o f t e n  used as food 
by r)o-I.ti Anwr t n d s  and Anglo se-t t iors.  
Httrar bock suckars tloc l i nod w i i h 8kc.l j o r  
ddmr ! i s  p i a c r ,  but. populations prsr- 
$15 fed tortgar f hsn tttosc of  e i t h e r  t h a  
bc>r:yta: t c h u b  or Ca Eos-ado squawf I sh. 
i h o  I ~ ~ r - g e s t  popul a? i o n  is I n  Lake 
i t i ~ h d ~ ~ a  farmed b y  the l a s t  or" t h o  
major dams <Davisp completed by 19341 
on Phc? Coicrado R iver  (Mincklcy 1984). 
Sma i % e r  popw i a t  'ions pers 1st  1 n Lake 
Mavesu and S~+ns io r -  Wash Reservoir ,  
w lTh s few Inc l i v laua is  w c ~ s i o n a f  i y  
found  near  Laugh l l n Lagocan, Parker 
S t r i p s  m d  BlyVhe, 

A !  though al l a d u i t  razorback suck- 
e r s  captured t o  da te  a r e  very o i d  ( 8 0  
years;  M i n c k f e y  19731, f i n g e r 1  Ings 
have been found a t  Lake Flohave. No 
I ntermed l a t e  age c l asses have been 
found, wh I c h  s t rong  l y suggests t h a t  
f i n g e r !  ings p e r i s h  soon a f t e r  hatch- 
I ng .  Recent research suggests t h a t  
t h e  m i s s i n g  age c l a s s e s  a r e  b e i n g  
depredatsd by in t roduced speciesr such 
as g reen  s u n f i s h  (Langhorst  1987a). 
I n  add It ion, rgduced nut-r i e n t  f low may 
a f f e c t  t h e  g e n e r a l  h e a l t h  o f  young 
r a z o r b a c k  suckers, making +hem more 
suscept i b l e t o  depredat ion (Papou l i as 
1987a,blc). For a review o f  l a r v a l  
deve l opment I n razorback sucker see 
Ninck ley and Gustafson (1982). 

Natura l  l y  produced razorback suck- 
er l a r v a e  were abundant i n  I l t t o r a l  
zones o f  Lake Mohave fram mid-January 
t o  Apr i l (Langhorst  1987a). Larvae 
over 12 mm (0.5 inches) were placed I n  
an i s o i a t e d  backwater  t o  dotermine 
gr-awth and surv ivo rsh  i p  i n  a predatar -  
f ras  env i ronmen? (Langhorst  1987a). 
Th ls backwater was l a t e r  breached and 
lnvad iny green sunf l sh  were soon found 
feed i ng hoav t l y on t h e  razorback suck- 
e r  lar-vac, thus  h a l t i n g  t h i s  exper i -  
mnt. 

Focds o f  l a r v a l  razorback sucker 
I n  Lake k h a v a  cons is ted  pr lrnar? i y o f  
-the zoop i ank tcn  and 
D f e t  o f  a d u i t  r azo rb l xk  suckers In- 
c l u d e  a lgae l  d i p t e r a n  l a r vae ,  and 
planktonic c r u s t a c e a n s  ( M l n c k l e y  
1973). The " f uzzy t '  g i  I l - rakers pres- 
e n t  i n  r a z o r b a c k  sucke rs  s t r o n g l y  
s~ igges t  t t ?a t  p 1ank-i.m I s  evo lut.Ionar i- 
l y t h e  nr&t Impor-fant and s t a b l e  food 
source f o r  t h i s  s p e c i e s  ( M i n c k I e y  
1973). 

Foraging habita1.s f a r  a d u l t s  ap- 
pear t o  be g rea te r  than  1 m ( 3  f t )  
d e e p  $0 15 rn (49 f t )  i n  reservo !  rs .  
S e n i n  le: s u b s t r a i  es u s e d  i nc l uo'e sdnd, 
mud, or grave / ,  Razorback suckers do 
have ada~tatlsns t a  wi"rhstnnd s-troflg 



currents,  b u t  t es t imon la l s r  summarized 
by  M i  nck 1 ey ( 1973 1, suggested t h a t  
l a r g e  adu l t s  remained i n  eddies and 
backwaters ,  avo ided  t h e  s t r o n g e s t  
c u r r e n t s  when p o s s i b l e ,  and con- 
c e n t r a t e d  i n  deep holes behind cu t -  
banks o r  f a  I  !en t rees.  

T h i s  ca tos tomid  was recorded i n  
t h e  l a t e  4800's i n  t h e  Yuma area? and 
below Lakes Mead and Mohave (Minckley 
1973). No r e c o r d s  e x i s t  f o r  t h i s  
species a f t e r  t h e  t u r n  o f  t h e  century. 
I n  1976, 600 a d u l t  f lannelmouth suck- 
e rs  were t ransp lanted from t h e  Par ia  
River t o  t h e  Bul lhead C i t y  area i n  an 
a t t e m p t  t o  c o n t r o l  s imul i i d  larvae; 
n o n e  o f  t h e s e  I n d i v i d u a l s  were  
detected a f t e r  l n t roduc t ion  (Minckley 
4979). 

F l anne l mouth sucker can s t  I I l be 
found i n  good numbers I n  p a r t  o f  i t s  
h i s t o r i c a l  range.  Minck ley  (1973) 
s ta tes  t h a t  t h i s  specles does poor ly  
i n  impoundmentsr wh i I e it i s  charac- 
t e r i s t i c  o f  s t r o n g l y  f l ow ing  streams. 
Th 1 s spec i es feeds on both vegetat ion 
and b e n t  h i c  i nve r teb ra tes  (Minck ley 
19731, 

The desert  p u p f i s h  i s  endemic t o  
t h e  lower Colorado R ive r  t o  include 
t h e  Salton Seao lower G i l a  River, and 
Rio Sonoyta drainage, I t  i s  no longer 
found along t h e  lower Colorado River  
i n  t h e  United States proper. The l a s t  
n a t u r a l  popu la t i ons  occur I n  Laguna 
S a l a d a s  i n  s a l i n e  p o o l s  near t h e  
S ie r ra  de 10s Cocopah Mountains* and 
i n  Santa C lara  Slough i n  Mexico, Two 
smaI I p o p u l a t i o n s  remain  near  t h e  
Salton Sear wh i l e  several  re int roduced 
p o p u l a t i o n s  o f  t h e  s u b s p e c i f i c a l l y  
d i s t  i n c t  Qu i tobaqu ! t o  Spr i ng popu la- 
tTon (G* a. ; bf i  i ier and Fuintasl 
1987)  do e x i s t  i n  Ar izona,  The 
specles, and the  lower Colorado River  

subspecies, a l s o  p e r s i s t s  i n  a r t i f  i- 
c i a  l r e f  ugia a t  a number o f  locat  ions 
throughout Arizona and a t  Dexter Na- 
t i o n a l  F i s h  Hatchery i n  New Mexico. 

H i s t o r i c a l  ly, desert  pupf i sh  hab i- 
t a t s  on t h e  lower Colorado River  in- 
c l uded spr ings9 marshes, backwaterr, 
and oxbows, wh i l e it avoided t h e  ma in- 
s tan  (Minckley 19731. The on i y lower 
Colorado River  specimens are  from t h e  
G i la -Co lo rado  c o n f l u e n c e  and south 
toward t h e  Gul f  o f  Ca l i f o rn ia .  Desert 
pupf i sh  a re  we1 l known f o r  t h e i r  wide 
to le rance o f  sa l  i n i t y  and h igh  water 
t e m p e r a t u r e s  i n  t h e  ha rsh  d e s e r t  
c I imate. However, desert  pupf i sh  a r e  
n o t  t o l e r a n t  o f  introduced species, 
e s p e c i a l l y  t i l a p i a  and centrarchids, 
and dec l i ne  q u i c k l y  i n  t h e i r  presence. 

As young, desert  pupf ish  include 
smal l crustaceans, p l a n t s *  and bottom 
debr is  i n  t h e i r  d ie t .  As pupf ish  grow 
o l  der9 la rger  inver tebrates a r e  taken, 
i nc l ud i ng mosqu i t o  larvae (Minck ley 
1973). I n  warm, s h a l i o w  h a b i t a t s  
w h e r e  f o o d s  a r e  abundant, sexua l  
ma tu r i t y  may be reached i n  about s i x  
weeks, however* pupf ish  usua l l y  I l v e  
less than a year i n  na tura l  popula- 
t i o n s .  P r e d a t i o n  by  la rge aquat ic  
beet lesy bugs* b i rds,  and smal i mam- 
mals a re  natura l  sources o f  loss t o  
pupf ish popu ta i ions.  

The G i l a  topminnow former ly  oc- 
curred i n  t h e  G i l a  River  I n  t h e  v l c i n -  
i t y  o f  D w e  Val ley, j u s t  upstream from 
t h e  Colorado conf iuence and may have 
o c c u r r e d t  a t  l e a s t  s p o r a d i c a l  l y r  
around t h e  Yuma area (Minckley and 
Deacon 1968). Minckley (1973) clt.es 
several papers descr ib ing t h i s  specfes 
as among t h e  commnes% f i s  hes i n  een- 
P ra l  and southern Arlzona i n  t h e  lower 
Co i e r a d o  R l  ver- bas i n. Document-ed 
decl ines began by t h e  1 9 3 0 s ~  and were 
strong t y assoc i a t &  w i th  %he in-troduc- 



t i o n  o f  mosqu i t o f i sh  (Mlnckiey 7973; 
k f f e  1985). Adu l t  m s q u i t a f i s h  a r e  
documented t o  feed  extensively o n  
l a r va  l G i  ! a  topminnows where they co- 
occur.  

The G i l a  topminnow, i t  i t occurred 
h i s t o r i c a l l y  on t h e  Colorado River,  
probabiy used backwaters, sloughsr and 
shal lows o f  t h e  mainstream. Foods f o r  
G l  l a  Tapminnow i n c l u d e d  d e t r i t u s ,  
a q u a t i c  i n s e c t  l a r v a e  ( i n c l u d i n g  
mosqu i toes  and vcgetab l e mater i a I . 
Amng t h e  o t h e r  n a t i v e  species, deser t  
pup f i sh  i s  t he  most c l o s e l y  associated 
w i t h  t he  G i l a  topminnow throughout t h e  
f o r m r v s  range. 

The G i l a  topminrrow i s  o n  t h e  
Federal endangered species l i s t  and i s  
a i s o  of  h i g h  pr  i a r  i t y  for  p r o t e c t  ion  
by t h e  Ar izorra Departmen? o f  Game and 
F i sh. An acT l ve re i r1.t r oduct lo11 pro- 
gram has boon undur way i n  A r  1 zona ancf 
has beon succl;ssful, as o f  1987, i n  
estab i i s h l  ng now s t a b l e  popuiat-ion5 
( S l m u n s  F!J81). Thore s r g  n o  p r o ~ ~ e n t  
plans t o  r s l n t t o d u c e  t h i s  species i n t o  
t h e  G i l a-Gu l or-ado H l ver con f l uence 
at-es, bklt Thora may bo possihi i i t i a s  
for s u c h  ac t  inn i n  t h e  fu tu re ,  

Q,5 f,IsXWESEH'l 1CHTHVOFAUNAL USE 8F: 
W 1 FAIS 6fd THE EHF ll RE LOWER RD VER 

Ovlincklev i l i ) l 9 )  ccsl fec"red da?d 
p r  l mar i l y a i c.,nq J he m t j  i nsiroarn a n d  
backwdf cr c7 u l  the  lowe?r- Z=r>lor+aao M i  ver  
lor  9b t r  eq~xurt t l y @ricountererl 5,puc Fcs 
and the i r assns: I a i e d  hhsb l~ci fs .  S i nce 
lor-vae an0 a d u l t s  o f  T t l ~  same spec ies 
may use sepdrater hab i t a t s ,  f Y 511 were 
separatedF b y  sampling procedure, i n f o  
Two ca-fegor i es  based on age or s i ze  
( M i n c k i c y  19791. S e i n i n g  and scape 
ne l s  wer-e used TO sample i a r ~ a e  and 
f i s h  spwtirs k i - f h  5 r f i ~ ; I  ~ d b t t ; ,  
Larger  f i shes  wer-e silrnpled by  gf l i p  
trammeit hoopp and tyke  freis, Sonte 

d a t a  were c o l  l e c t e d  i n  canals, al -  
t h o u g h  M i n c k l e y  ( 1979 )  s t a t e s  more 
work i s  needed i n  these  hab i t a t s .  

Numer i c a l  i y, t h r e a d f  i n  shad was 
t h e  dominan t  smal l f i s h  species i n  
ma i n s t r e m  hab i t a t s  (Tab i e 3 3 ) .  Red 
sh iner,  mouthbrooder, and m s q u  i t o f  i s h  
were a l s o  common i n  t h e  mainstrean. 
M o s q u i t o f i s h ,  t h r e a d f i n  shad, r e d  
s h i n e r ,  and b l u e g i l l  were t h e  f ou r  
m s t  commn smal l f i sh  i n  backwaters. 
I n  te rms o f  biomass, t h r e a d f i n  shad 
were doniinarlt i n  ma instream hab i t a t s ,  
f o l  lowed b y  r e d  s h i n e r ,  l a r g e m u t h  
b a s s #  s a i  i f i n  m o l  I y  (fb&dLb 

1, and b l u e g i l l .  Other f r e -  
quen t l y  encountered species i n  maln- 
st-ream hab i t a t s  were m s q u  i t a f  i sh and 
mouthbrooder. Dominance by b iomass I n  
backwa te r  h a b i t a t s  was shared a m n  
b l a c k  c r a p p i e ,  q o i d f  i s h  ( 

1, channel c a t f  ishr a 
mouth bass .  

Md i ns t r  e m  hab i t a t s  i nc l uded deep- 
wa te r  reservoirs. There were some 
d l f f c r a n c c s ,  i n  t e r m s  o f  dominan t  
spec i el,, when rese rvo i  r s  were sepa- 
ra ted  from t h e  mai n s t r e m .  T h r e d f  i n  
shad were probably  much more abundant 
i n  resurvo i r -s  than  t h e  data ind ica ted  
( M i n c k i e y  1979) .  They occurred i n  
very h i gh  d e n s i t i e s  i n  t h e  backwaters 
T h e y  occup ied .  U n d e r e s t i m a t e s  o f  
r r iosqui - to f ish and mcluthbrooders a lso  
may have occurred (Minckley 1979). 

Anlong t h e  i arge f ish, t h e  r i vet- 
channel was dominated n u m r  i c a i  i y by 
s?r iped mu l l e t *  Phreadf i n  shad, war- 
mouth, rnot~thbrooder~ radear  sunf ish,  
b l u e g l f l ,  and b i x k  c rapp ie .  Back- 
w a t e r  h a b i - t a t s  were domina ted  b y  
l . i \readf i n  shaa, s t r  iped mu! le t ,  and 
carp. Other l a rge  species frequenPI y 
occur r i ng i n  backwaters included chan- 
nel ca t f i sh  and largemauth bass. 

Sc;ze 335-~e species 2t-e no-! ade- 
q u a t e l y  sampled by n e t t i n g  i n  main- 
streml h a b i i a t .  F Iai head cattf I sh  



Table 33. Rank order  o f  frequency, re1 a t i v e  abundance, and biomass (sma l i 
f i s h )  from Minckley (1979). Co l l ec t i ons  from mainstream and backwater h a b i t a t s  
on the  Colorado River.  F i sh  a re  ranked from h igh t o  low values. 

Ma 1 nstream Backwaters 

Frequency Frequency 
o f Re la t i ve  o f  Re la t i ve  

Spec i es occurrence abundance Biomass occurrence abundance Biomass 

SMALL FISH 
Threadf i n  shad 
Carp 
GoIdf i s h  
Red shiner  
Channel c a t f i s h  
Yel low bul lhead 
Mosqui tof ish 
S a l i f i n  molly 
Mexican mol l y  
Smallmouth bass 
Largemouth bass 
Warmouth 
Green sun f i sh  
B lueg i  l I 
Redear sun f i sh  
Black c rapp ie  
Mouthbrooder 
Z i l l q s  t i l a p i a  

LARGE F I SH 
Threadf i n  shad 
Carp 
Channel c a t f l s h  
Yel low bul lhead 
Black bu l  lhead 
Ffathead c a t f i s h  
Smal Irnouth bass 
Largemouth bass 
Warmout- h 
Green sun f i sh  
Bluegi l I 
Redear sun f i sh  
B l  ack crapp i e  
S t r  i ped bass 
Mouthbrooder 
S t r i ?ed  mu! l e t  



( P i  l o w  RL Iv&) are especial l y  
undersampled except  when e l e c t r o -  
shocked. Electroshocking was e f f l -  
c l e n t  I n samp 1 i ng large numbers o f  
a d u l t  f l a t h e a d  c a t f i s h  I n  t h e  Yuma 
a r e a  (Marsh  and M l n c k l e y  1987). 
S t r  Jped bass# another top carn l vorer 
and rainbow t r o u t  were a lso under- 
sampled. Populations f o r  these  
s p e c i e s  a r e  mainta ined most ly  by 
hatchery stock ing (see below f o r  these 
specles9 use o f  habi tats) .  

Canals were sampled i n  t he  Yuma 
Valley by seining and through applica- 
tton of pesttcides. Relat ive numbers 
of f lsh were dominated by red shinerr 
mosquitofishr s a l l f l n  NtOllyr th read f in  
shad, and mouthbrooder i n  descending 
order (Tab I e 34 1. Po l son I ng produced 
about three tlmes the  f i s h  sampled by 
seining. although r e l a t i v e  abundances~ 
e x c e p t  f o r  m o s q u I t o f i s h ~  d i d  n o t  
change dramatical ly. 

Th ree  e c o n o m l c a l i y  I m p o r t a n t  
specles have changed I n  status on the  

l ower  Co lo rado  R i ve r  s i n c e  1976. 
Str iped bass i s  a commercial l y  impor- 
t a n t  game specles t h a t  has become more 
w ldespread a long the  rf ver but  has 
a l so dec l i ned I n  areas o f  prev ious 
abundance. In  add it ionf a new species 
of ti lap la  has appeared on t h e  Colo- 
rado R i  verr wh 1 l e  another species has 
d 1 sappeared since 1976. Some I i fe- 
h i s t o r y  c h a r a c t e r i s t i c s  f o r  each 
speciesr In  r e l a t i o n  t o  s ta tus changes 
a re  d iscussed below. 

Str iped bass were introduced near 
Bl ythe i n  1959 and elsewhere on the  
r i v e r  a t  various times i n  t h e  1960rs 
and 1970's (Table 35) (Mlnckley 1973; 
Grabowsk i e t  a I .  1984). Reproduct Ion 
of s t r iped  bass on the lower Colorado 
R f  v e r  has n e v e r  been ex tens i ve .  
S t r i ped  bass are anadrowus and may 
r e q u i r e  long s t r e t c h e s  o f  flowing 
water t o  spawn. Spawning runs were 
noted near t he  Pa10 Verde Weir I n  May 
1964 and again  I n  1965. Na tu ra l  
recru 1 tment has a 1 ways been hampered 
by wave a c t i o n  c a r r y i n g  t h e  seml- 
bouyant eggs t o  shore o r  covering them 
w i th  sed lment (Edwards 1974; Mlnck ley 
1979). 

Table 34. Relat ive abundance ( i n  percent) of a l l  f ishes taken by seines and by 
pest lc tde I n  canals o f  Yuma Valley* Llmitrophe Dlv ls ionr lower Colorado River* 
summar 1974. tr = trace, From Minckley (1979). 

Spec l es Seines Pest ic ide Species Seines Pest ic ide 

Threadfin shad 4.0 8.6 S a i l f  in  wl  l y  16.5 9.4 
Red shiner 36.7 35.5 Mexican mol l y  -- tr  
Carp 3.4 0.7 Largemouth bass 2.7 0.3 
Channel c a t f i s h  1.7 1.1 Bluegi l l 3.3 0.9 
Ysl low bus lhead 0.1 0.1 Redear sunf l s h  0.1 tr 
Fiathead c a t f l s h  -- 0.2 Green sunf ish 0.1 0.4 
Masquitof Ish 19.4 35.2 Mouthbrooder 10.6 7.7 

Total f i s h  captured: Seines Qf940 Pesticides 32,480 



Table 35. Stocking records f o r  s t r i p e d  bass on t h e  lower Colorado River.  
Adapted from Grabowskl e t  a i .  (1984). 

Year Locat ion Number Agency 

B l ythe 
Ferguson Lake 

C a l i f o r n l a  Department o f  F i sh  and Game 
Ca i i forn  i a  Department o f  F i s  h and Game 

Bl ythe 
Mart inez Lake 

Cat l f o r n i a  Department o f  F i sh  and Game 
Ca l i forn  l a  Department o f  F i s  h and Game 

Topock 
Davls Dam 
Need 1 es 

C a l l f o r n l a  Department o f  F i sh  and Game 
Ca I l fo rn  l a  Department o f  F i s  h and Game 
C a l i f o r n i a  Department o f  F i sh  and Game 

Topock Gorge 
B l y the 

Cal l f o r n l a  Department o f  F i s h  and Game 
United States F i s h  and W l  l d l i f e  
Serv i c e  and Ca l i forn  i a Department o f  
F ish  and Game 

C a l i f o r n i a  Department o f  F i sh  and Game 
Cal i f o r n l a  Department o f  F i sh  and Game 

Lake h a d  
Colorado River  

Nevada Department o f  W i  l d l l f e  
Arizona Department o f  Game and F ish  

Lake Mead Nevada Department o f  W i l d l i f e  

take  Mead Nevada Department o f  W i l d l i f e  

Lake b a d  Arizona Department o f  Game and F ish  

W i t h  r e c r u i t m e n t  a l r e a d y  lowr 
s t r l p e d  bass have declined, w i t h  in- 
d i v i d u a l s  over  9 kg  (20 Ib )  now rare ,  
whereas they were common dur ing  t h e  
1970's ( B u r r e i l  1987). I n  add l t ionr  a 
major food item f o r  s t r i p e d  bass 1s 
stocked ralnbow t r o u t ?  which a r e  no 
longer ma l n t a  1 n i ng stab l e  popu la* ions 
I n  t h e  Bullhead Clay-Laughiln area due 
t o  s i m u l i i d  con t ro l  programs. S t r i ped  
bass may be  o v e r e a t l n g  t h e i r  f a d  
bases i n  these areaso b u t  much more 
work I s  needed t o  csnfrrm these t rends  
( M l n c k i e y  1973; Giust-0 and Milliron 

19871. Concomfiant w i th  decl Ines i n  
t h e  n o r t h  v a l  ley, t he re  was a tm- 
porary 1 ncrease of s t r  f ped bass T n t h e  
Yuma area dur ing  t h e  f load o f  1983-84 
(Marsh and Minck ley 1985, 19871. 

The second major change In s ta3 -u~  
Invo t ves t h e  exchange In dominance o f  
t w o  P i l a p l a  s p e c i e s .  D u r i n g  
Mlnckley's (1979) ~ t u d y r  two species 
of f l  l ap  i a  were fsund. Moefthbraocler 
and Z i E l %  t t l tap ia  U L  1 
were r e s i r i c t e d  4-0 south of Imperiai 
Dam. Mouthbrooders were carnmn as 



a d u l t s  i n  both mainstream and back- 
wa te r  h a b i t a t s  and as young i n  t h e  
mainstreamr wh i l e  Z l i l ' s  t i l a p l a  were 
never  numerous, By 1985r -the b lue  
t i i a p i a  (1- aurea) was t h e  on ly  
common ti l apia captured i n  t h e  Yuma 
D iv l s ion r  w i t h  t h e  mouthbrooder com- 
p l e t e l y  absent. Z i l  l ls  ti lap ia  pres- 
e n t  l y remaf ns uncommon t o  r a r e  and I s  
r e p o r t e d  f rom sou th  o f  Parker Dam; 
however, t h e  m a j o r l t y  o f  records are  
south o f  Palo Verde Diversion Dam. 

I n i t i a l  in t roduct ions  o f  t l l a p i a  
i n t o  t h e  lower  Colorado River  were 
presumably o f  mouthbrooder i n  t h e  Yuma 
Canal I n  1963 (Table 36). lntroduc- 
t i o n s  were made i n  t h e  hope o f  b lo log-  
l c a l  con t ro l  of aquat ic  vegetation, t o  
provide a food source f o r  larger  f i s h ?  
and t o  poss I b 1 y prov lde  a new f ishery 
(Erabowsk i e t  a l . 1984 I .  Stock i ng on 
t h e  lower Co l orado R l v e r  cont  l nued 
u n t i l  t h e  mid-1970fsr w i t h  I d e n t i f i e d  
f l s h  p r f m a r i  l y  b e l n g  mouthbrooder. 
Unauthorized s tock ing a c t l v l t i e s  and 

ba i t - f  l s h r e  l eases have a l so been 
widespread and have I n v o l v e d  many 
d i f f e r e n t  species o r  s t ra lns .  About 
e i g h t  t i l a p i a  species and hybr ids were 
p r e s e n t  o r  suspec ted  I n  t h e  lower 
Colorado River  system by 1983 ( B a r r e t t  
1983; Grabowski e t  a l .  1984). The 
b l u e  t l  i a p i a  has  become t h e  commn 
dominant  spec les ,  wh i l e  t h e  mouth- 
brooder has a l l  b u t  disappeared from 
t h e  Yuma D iv l s ion .  A grea te r  t o l e r -  
ance o f  co lder  water and t h e  aggres- 
s i v e  and compet i t i ve  nature  o f  b lue  
t l lap i a are  o f t e n  c i t e d  as causes f o r  
t h  I s  response* a i thoug h no p e r t i  nent  
s tud ies  have been conducted t o  ver 1 f y  
these fac to rs  (Grabowsk i e t  a I. 1984). 
Overai  I p  t f l a p i a  have p r o v i d e d  an 
additional f l s h e r y  i n  t h e  southern 
val  leyp bu t  i n te r fe rence  w i th  large- 
mouth bass spawnlng may negate any 
pos it i ve  aspects t h a t  these spec les 
may have (Marsh and Minckley 1985). 
The e f f s c t l v e n e s s  o f  ti iap ia  as an 
herb i vore 1 n red uc 1 ng aquat i c v e g e t b  
t i o n  I n  canals has been equivocal. 

Tab i s  36. Stocking records f o r  ti lap la  on t h e  lower Colorado River.  Adapted 
from Grabowski e t  a!. (1984). 

Year toca t lon  Spec 1 es Number Source 

1963 Yuma Canal 

1965 Rivers ide  Park-Yuma 

1971 lmpsr la i  Val lay 
Pslo Verde Val ley 
Quechan l nd i an 
Heservatlan 

1975 M l t t r y  Lake 

1976 Yuma C i t y  A-Canal 
Water Monltsr 
8-Cans $ 

Page Spr i ngs 

Sal l n i t y  Canal 
Sal i n l t y  Canal 

S a l i n i t y  Canal 

Sal l y  Ann No. 1 

Y uma Cana l 
Ygmn Canat 



9.4 HABITAT RELATlONSHlPS ON THE 
EWTlRE LOWER RIVER I 
SPEGIES 

Most  s e i n i n g  samples f rom t h e  
mains t ream ( M i n c k l e y  1979) were i n  
l i n e a r  versus eddying currents, over 
mud o r  o v e r  sand bottoms, and a t  
depths ranging from (0.5 m ((1.6 f t )  
t o  about 2.5 m (8.2 f t ) ,  I n  addi t ion,  
most  s e i n l n g  was a l o n g  u n m o d i f i e d  
banks, i n  areas o f  no vegetat ion o r  
submergent macrophytes, and i n  t h e  
genera l  absence o f  cover o the r  than 
aquat  lc vegetat ion.  I n  p a r t  l cu  lar,  
where cu r ren ts  t y p i c a l l y  were absent 
o r  eddy f ng, waters t h a t  were samp led 
tended t o  be deep, bottoms were o f  mud 
o r  sand, banks were unmod i f i ed~  h igher  
p l a n t s  were absent o r  present  i n  t h e  
submergent s tate,  and cover again was 
mlnlmal. 

G i l l ,  trammel, and hoop ne t  se ts  
i n  t h e  mainstream sampled moving water 
o v e r  c o a r s e r  ( g r a v e l  bottom types 
( M l n c k l e y  1979). Nets were s e t  i n  
water from c1.0 m ((3.3 f t )  t o  18 m 
( 5 9  f t l  deep a d j a c e n t  t o  emergent 
wetlands and unmad i f  led (both c u t  and 
uncut) and modi f led banks. Sampling 
a r e a s  were  about  equa l  l y d i v i d e d  
between banks support ing l a rge r  p l a n t s  
and thase t h a t  were barren o r  covered 
w l t h  algae, Most s i t e s  lacked cover 
o t h e r  than aquat ic  p lants.  Backwaters 
where nets  were s e t  were most l y s I ow- 
moving w i t h  mud o r  s t  it bottoms, < I  .0 
to 12 m ((3.3 t o  39.4 f t )  deep, and 
w i t h  marshy o r  u n c u t  banks. & s t  
backwaters had substant ia l  vegeta t ive  
caver .  Cover o the r  than vegetat Ion 
(e.g. undercut bank) was essent ia l  i y 
absent i n  backwaters. 

Hab i ta t  desc r ip to rs  included c r i -  
t a r f a  descr ib ing  mainstream ( Inc iud ing  
ressrvol rc,) and backwater: f 1 1 c3r- 
r e n t  t y p e s  (none,  e d d y i n g ,  and 
I tnear) ;  ( 2 )  cu r ren t  v e l o c i t y  (noneP 

>O-0.5 m/sec C>1 .6 f t / s e c l ,  0.5-1.0 
d s e c  C1.6-3.3 f t / sec l ,  and > I  .0 m/sec 
[>3.3 f t / s e c l ) ;  (3 )  bo t tan  t ype  (mud, 
s l  I t ,  sand, gravel, and boulder);  ( 4 )  
d e p t h  ((0.5 m h1.6 f t l r  0.5-1.0 m 
C1.6-3.3 f t l ,  1.0-2.0 m C3.3-6.6 f t l ,  
>2.0 m C>6.6 f t l ) ;  ( 5 )  bank types 
(marsh8 unmodf f Iedr  m o d i f i e d ) ;  (6) 
vegeta t ion  present (none, algae, sub- 
merged macroph ytes, emergents) ; and 
( 7  cove r  (none, submerged debris,  
undercut bank, and r ipar  Ian p lan ts ) .  
Hab i ta t  c h a r a c t e r i s t i c s  f o r  each f i s h  
species a r e  summarized i n  Tab l e  37arb. 

Most small  f l s h  tended t o  avoid 
cu r ren ts  i n  t h e  ma instream. Species 
u s i n g  cu r ren ts  w i t h  l i n e a r  f low in- 
c l u d e d  r e d  sh ine r ,  s a i l f i n  m o l l y v  
b l a c k  c rapp ie ,  and both species o f  
t i l a p l a  (Table 37a,b). I n  backwaters, 
r e d  s h i n e r  and channel c a t f i s h  were 
found i n  eddying currents,  wh i l e  t h e  
o the r  sma l I f l s h  remained i n  areas o f  
no currents.  Most cent rarch ids  avoid- 
currents, however, some green sunf ish, 
largemouth bass, and m s t  b lack crap- 
p i e  were found I n  cu r ren ts  o f  (0.5 
d s e c  (c1.6 f t / sec) .  

D e t r i t i v o r o u s  species ( i n c l u d i n g  
mouthbrooder, sa I l f in mol l y v  Z i  I I ? s  
t i  l a p  la, masquitof lsh, and ttireacff i n  
shad) o c c u r r e d  on organfc mud sub- 
s t ra tes .  Red sh iner  and channei ca t -  
f i s h  were associated w i t h  s i l t  a r  sand 
s u b s t r a t e s .  Carp, i argemoui-h basso 
and smai l e r  cent rarch  ids  avoided mud 
substrates. Overal l grave! was n o t  
an i m p o r t a n t  s u b s t r a t e  far sma l i  
f lshes. 

Most ssna D l f i s  hes were ass= lafsd 
w i th  uncut and unmod i f ied banks a iong 
t h e  lower Cot arado River. However, 
red  sh inerr  channel c a t f  ish, s a l  l f i n  
mo l l y~ and green sunf i sh  more o f t e n  
were found In open w a t e r  near cu f  
banks. B i  ack c rapp ie  and m u t h b r o d e r  
were ass= f ated w if h banks bordered by 



Tab la  37a. H a b i t a t  c h a r a c t e r l s t l c s  f o r  f i s h  on t h e  lower Colorado River  i n  
mainstream and backwater habitats. N = none, E = eddying, L = l inear ,  M = mud, 
SI = s l l t ~  Sa = sand, G = gravel, B = boulders. Data from Minckley (9979). 

Current 
Current vetoci-fy 
type (m/sec) Bottan t ype  Depth (m)  

S i ze/spec ies/  0.0- 0.5- 1.0- 
hab i t a t  N E L N 0.5 0.5+ M S i  Sa G B 4.5 1.0 2.0 >2.0 

SMALL FiSH 

Threadf t n shad 
Mainstrsam X X 
Backwater X X 

Carp 
Mainstream X X 
Backwater X X 

CoIdf i sh  
Mainstrearna - - - - - 
Backwater X X 

Red shiner 
Ma i nstream X X 
Backwater X  X 

Channel c a t f i s h  
Mainstream X X 
Backwater X X 

Yei low bur I head 
Mainstream X X 
Back watera - - - -  - 

&squ ltof I s h  
Mainstream X X X  X 
Back wsOer X X X X 

Sailfin m l t y  
Ma l nstream X X  
Backwaler X X 

Largemuth bass 
Malnstrsam X X 
BackwaTer X X 

Green sunf ish  
Mainstream X X X 
Backwater X X 

B a ~ e g t  I E 
Ma lnstream X X 
Backwater X X 



Tab le 37a. (Continued) 

Current  
Current  veloci ty 

t ype  (rn/sec 1 Bot tan  t ype  Depth (rn) 

Si ze/spec Ies/ 0.0- 0.5- 1.0- 
hab i t a t  N E L N 0.5 0.5+ M Si Sa G B (0.5 1.0 2.0 >2.0 

SMALL F ISH (Cbnt. 

Redear sun f i sh  
Malnstream X X X X 
Backwater X X X 

Black c rapp le  
Mainstream X X X X 
Backwater X X X X X 

Mou t hb rooder 
Mainstream X X X X 
Backwatera - - - -  - - -  - - 

Zlllls t i l a p l a  
Mainstream X X X X 
Backwaters - - - -  - - - -  - - . .  - - 

LARGE FISH 

Threadf ln shad 
Mainstream X X 
Backwater X X 

Carp 
Mainstream X X 
Backwaier X X 

Channel c a t f  i s h  
Mainstream X X 
Backwater X X 

Yei low bu l  lhead 
Mainstream X X X X 
Backwater X X 

F l athsad 
c a t f  l s h  
Mainstream X X 
Bac kwater X X 

iargemouth bass 
Mainstream X X 
Backwater X X 



Table 37a. (Concluded) 

Current 
Current ve l oc 1 t y  
type (m/sec 1 Bottan type Depth (m) 

Sl  ze/spec ies/ 0.0- 0.5- 1.0- 
hab 1 t a t  N E L N 0.5 0.5+ M Si  Sa G B (0.5 1.0 2.0 >2.0 

LARGE FISH (Cant.) 

Bluegl l l 
Mainstream 
Backwater 

Redear sunf ish 
Mainstream 
Backwater 

Black crappie 
Malnstream 
Backwater 

Str i ped bass 
Malnstream 
Backwater 

huthbrooder 
Mainstream 
Backwater 

Strlpsd mullet 
Mainstream 
Backwater 



t a b  te 
a l gae, 
bank, 

37b. Ma = marsh (emergent vegetat ion) r U = unmod f f led* N = none, A l = 
Sub = submergent, Em = emergent, SubD = submerged debris, UCB undercut 

Rip = woody r i pa r ian .  Cover i s  o the r  than aquat ic  vegetat ion. 

Bank Vegetation Cover 

Spec i es M a U M o  N A l  Sub Em N SubD UCB R i p  

SMALL F l SH 

Threadf in shad 
Malnstream 
Backwater 

Carp 
Malnstream 
Backwater 

Go ld f i sh  
Ma l nstreama 
Backwater 

Red sh iner  
Mainstream 
Backwater 

Channe I c a t f  1 sh 
Malnstream 
Backwater 

Yellow bul  ihead 
Mainstream 
Backwaters 

Mosqui tof ish 
Mainstream 
Backwater 

S a l l f i n  molly 
Mainstream 
Backwater 

Largemouth bass 
Mainstream 
Backwater 

Green sun f i sh  
Mainstream 
Backwater 

BIuegi l I 
Malnstream 
Backwater 

Redear sun? i s h  
Mainstream 
Backwater 



Table 37b. (Continued) 

Bank Vegetation Cover 

Ma U Mo N A l  Sub Em N SubD UCB R i p  

Black crappie 
Mainstream 
Backwater 

Mouihbrooder 
Mainstream 
Backwatera 

21 1 1  '5 ti lap ia  
Mainstream 
Backwatera 

LARGE F iSW 

Threadfin shad 
Mainstream 
Backwater 

Carp 
Mainstream 
Backwater 

Channel c a t f i s h  
Malnstream 
Backwater 

Flai-haad c a t f i s h  
Ma i nstrearn 
Backwater 

Largemuth bass 
MaInsf.rsam 
Backwafer 

Btuegi l l 
Ma l nstream 
Backwater 

Redear sunf lsh 
Mainsfream 
Bac kwater 

Black crapple 
Ma i nstream 
Backwater 

Str l ped bass 
Malnstream 
Rackwater 

Mout hb rooder 
Ma 1 nstream 
Backwater 



Table 37b. (Concluded) 

Bank Vegetat ion Cover 

Spec i es M a U M o  N A l  Sub Em N SubD UCB Rip 

LARGE FISH (Cant.) 

St r iped mu1 l e t  
Mainstream X 
Backwater X 

asampie s i z e  (10. 
b~ome preference f o r  t h i s  cover t y p e  exh i b  i t e d  (Minckley 1979). 

emergent wet l and. The avo 1 dance of 
c u t  o r  modif led banks may be r e l a t e d  
t o  t h e  lack o f  shal low waters favored 
by most small f l sh .  

Most la rge f i s h  I n  t h e  m a i n s t r e m  
were associated w l t h  l inear f lows of 
a t  l e a s t  0.5 m/sec (1.6 f t / s e c ) .  
Except  i ons  were t h r e a d f  l n  shad and 
mouthbrooder (occurred where no cu r -  
r e n t  was d e t e c t a b  l e ) ,  s t r i p e d  bass 
(occurred w i t h  eddying cu r ren t ) ,  and 
y e l l o w  b u l l h e a d  ( o c c u r r e d  e q u a l l y  
o f t e n  I n  areas o f  eddying, l l n e a r r  o r  
n o  c u r r e n t ) .  I n  backwaters,  a l  I 
la rger  f i s h  were m s t  o f ten  associated 
w l t h  no cur rent .  

Carp? channel c a t f  ishr  largemouth 
bass, b l ueg 1 I l redear sunfish, and 
b l a c k  c rapp ie  were most c l o s e l y  as- 
s o c i a t e d  w l t h  sand o r  g r a v e l  sub- 
s t r a t e s  I n  t h e  mainstream. I n  addl- 
t i o n $  redear sunf fsh were o f f e n  found 
I n  areas w i t h  boulder bottoms, which 
were i n d i c a t i v e  o f  s w i f t e r  flows. The 
o the r  large f l s h  were most o f ten  found 
I n  t h e  malns t ream on mud o r  s l i t  
( f l athead c a t f  l s h  and s t r i p e d  bass) 
substrates. A l  I la rge f Ish I n  back- 
waters were most o f ten  encountered I n  
areas w i t h  mud substrates. Most l a r g e  
f lsh  were found a t  depths of a t  least 

1 t o  2 m (3.3 t o  6.6 f t ) .  However, 
b l ueg i 1 l t redear sunf ishr and s t r  fped 
bass occurred between 0.5 and 1 m (1.6 
and 3.3 f t )  i n  backwaters. On t h e  
o t h e r  extreme, t h r e a d f i n  shad and 
mouthbrooder usual 1 y were found over 
mud bottoms i n  deep8 calm areas. 

Largemouth bass were t h e  o n l y  f i s h  
a s s o c i a t e d  w i t h  m o d i f l e d  banks I n  
deeper waters. A i l o the r  l a rge  f i sh  
tended t o  avo id  modi f ied banks. A 
number o f  la rge f ishes were ass= f a t a l  
w i t h  areas bordered by marshes. B l u e  
g i l l and s t r  iped mu i l e t  were i n  back- 
w a t e r s  and b lack crappie and mouth- 
b rooder  were i n  both mainstream and 
backwaters. 

Carp,  channe l  c a t f i s h t  y e l i o w  
bu I I head# mouthbrooder, and s t r l p e d  
mu l I e t  were ass= i ated w l t h  beds o f  
submergent aqua? i c  vegetat ion I n  t h e  
ma Instseam. I n  add l t l ons  b lueg i  l I, 
redear sunfish, and s t r i p e d  bass were 
found In t h e s e  beds i n  backwaters, 
Cover o ther  than aquat ic  p l a n t s  was 
general l y  unused, However, carp, red 
sh i nero channe i c a t f  lsh, largemouth 
bass, and muthbrooder were d lspropor- 
t fonaf e f  y commn where r i par!  an vege- 
t a t i o n  provided cover along -the shore- 
l ine (Mlnckiey 49799. 



The lower  C o l o r a d o  R i v e r  i c h -  
t h y o f a u n a  c o n s i s t s  o f  a  group o f  
species ab le  t o  occupy a  v a r i e t y  o f  
habi tats ,  desp i te  a  narrow food base 
I M i n c k l e y  1979, 1982;  Marsh and 
Minckley 18871. Each species uses a  
specla1 assemblage o r  p o i n t  source o f  
f o o d s *  with c a r n i v o r e s  hav lng  a 
b roader  spec t rum o f  a v a i l a b l e  food 
than species a t  lower t roph lc  levels.  
Species such as redear sunf ish  were 
Introduced as forage f o r  game f lshes; 
howevert it was t h e  Introduc?ion o f  
t h r e a d f l n  shad t h a t  inc reased t h e  
g rowth  r a t e s  o f  p isc ivorous  f lshes. 
I n c r e a s i n g  demands f o r  a d d i t l o n a l  
spor ts  f i s h  resu  t t a d  i n  t he  introduc- 
t l o n  o f  s t r l p e d  bass. Str Iped bass 
and f  l at-head c a t f  l sh a r e  voracious 
p l s c l v o r e s  and may o u t s k r i p  l o c a l  
foraga bases (Mlnckley 1973; Edwards 
1974; Bur re l  l 1987 1 .  S t r  lpsd bass, I n  
p a r t i c u l a r ,  feed heav i l y  on rainbow 
t r o u t  I n  Lake h h a v e  (Grabawski e t  a l .  
1984). 

The p r e s e n t  Ictpthyof auna s f  t h e  
lower Colorado Rtver  may be develaplng 
patf-arns a f  community s t r u c t u r e  anato- 
gous f o  t h a t  found I n  na tura l  systems 
( M i n c k l e y  1 9 7 9 8  1982; Marsh and 
Mlnekley 19891, Troph ica l l y ,  d s t r i -  
$ l v o r w u s  s p e c i a s  I n c l u d e  t h r e a d f l n  
shad, go ld f i sh ,  ca rp *  at i t i l a p f a r  and 
s t r l p e d  mul l o t  /Tab la 9 8 a ~ b )  (Minck ley 
19821, Rad shiner, s e i f f i n  m l l y r  and 
ye !  low b u i l h s a d  a l s o  taka Fn large 
q t ~ a n J l T t e s  of  de- f r i t i ts .  Pteces of 
a q u a t i c  macrophytss make up mast of 
i k e  I d e n t f f  l a b i e  ma te r i a l  I n  stomachs 
o f  d e t r i t l v o r e s  iMlncktey 19761. High 
lncfdeoce o f  A s i a t i c  @tams I n  carp and 
c a t f i s h  indi~ates p o s s i b l e  use of t h i s  
mol tlasc" psssudjafeces (excess ed ib le  
matp l r ia ls  passed through 5 

s l p b n s ) .  

Herbivores I n  t h e  lower Colorado 
R i v e r  p r e s e n t l y  g r a z e  on a q u a t i c  
p i ants  i n  t h e  ma i ns t rem,  backwaters, 
and canals. Vegetative mater ia ls  make 
up a t  leas t  a p a r t  o f  t h e  d i e t  f o r  a l l  
lower Co l o r a d o  R i  v e r  f l shes except 
c e n t r a r c h  i ds ,  Channel c a t f i s h  and 
t 1 i ap l a  a r e  cons 1 dered f acu l t a t  i ve 
h e r b i v o r e s .  Juveni le  b lack crappie 
a r e  considered plankt ivores.  

I n s e c t  i v o r e s  c o n s t i t u t e  t h e  
l a r g e s t  foraging gul I d  on the  lower 
C o l o r a d o  R i v e r  and i n c l u d e  a l l  
c e n t r a r c h i d s ,  c y p r i n i d s ,  salmonidsl 
and c a t o s t m i d s .  Ch i ronmids  are, by 
volume, the  m s t  o f t e n  consumed ben- 
t h i c  inver tebra tes  and a re  found In  
t h e  d1ets o f  a l  l f  lsh specles. Wydro- 
psychld c a d d l s f l l e s  a r e  a l s o  important 
food i tems*  e s p e c i a l l y  f o r  rainbow 
t r o u t .  I n fes ta t i ons  of these t r l chop-  
"rrans have resu l i e d  i n  t h e  r e i n t r o -  
duc t i on  o f  t h e  na t i ve  razorback sucker 
I n  t h e  Parker area i n  t h e  clams and 
c r a y f i s h  t a k e n  by p i s c l v o r e s  and 
smal l m u t h  bass. 

P 1 sc I vo res  i nc I  ude channe i and 
f la thead c a t f i s h *  largemauth bass, and 
s t r i p e d  bass. These spec ies  f e d  
p r i m a r i l y  on t h r e a d f i n  shad, red  
shiner,  and the  young o f  most o ther  
f i s h  spec ies .  These a r e  t h e  t o p  
aquat.lc consumers i n  t h e  Colorado sys- 
tem todayp having replaced the  Colo- 
rado squawf i s  h.  

Overal I f o r  t h e  system* d e f r  it i -  
vory i s  mrs* prevalent  i n  t h e  lower- 
most p o r t  ion  o f  t h e  Colorado RF ver. 
D e t r i t l v o r e s  are  p r l m a r f l y  constrained 
by c o l d  w i n t e r  temperatures char%- 
t o r l s t i c  of t he  upper reaches, and by 
d i s t a n c e  f rom mar lne cond it lons f o r  
t h e  s t r  lped mu l l e t ,  Hawever, t he  
d e t r l t a l  f a d  base I s  broader i n  t h e  
downsf ream p o r t  l ons  because o f  ac- 
cumu i a t  lons o f  mater l a  i coming from 
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upstream and diminution of  flow as a  
f u n c t i o n  o f  human use (Ml nck ley 1979, 
19821. 

The aquat ic  food web of  t he  lower 
Colorado River  I s  con t ro l  led by water 
fisw reg imes and i n t r o d u c t i o n s  o f  
e x o t  I c Inver tebrates and f 1 sh. O r -  
ganic  t ranspor t  through the  system i s  
stopped by dams* except the downstream 
mvement of  p  l ankton and m i  crodebr l s  . 
The debr ls  and n u t r i e n t s  n o t  cropped 
by  f i s h  f n  upstream impoundments form 
t h e  food base f o r  the  iower reaches o f  
t h e  lower Co lorado River, Produc- 
t i v i t y  I n  t h e  mainstream i s  enhanced 
samewhat by add i t  Iona l n u t r  len ts  f rom 
i r r i g a t i o n  r e t u r n  f low. This  narrow' 
d e t r l t u s - b a s e d  f r o p h i c  system has 
become es tab i lshed w l t h  the  h igh  in- 
s o t a t l o n  o f  t he  system. I n  addit ion, 
I n v e r t e b r a i e  end I nt roduced f  l s h  
s p e c i e s  depend on t h e  d e t r i t u s  o f  
p r t m r y  produccars. These food items 
pass  t h r o u g h  second-order f  l sh  con- 
sumers and t h a n  t o  t h e  i a r g e  p is-  
clvorcas. F i n a l l y *  la rge  f ishes t h a t  
a r e  n o t  t y p i c a l l y  p l s c l v o r o u s  feed 
d i r e c i t y  o n  d e t r i t u s  o r  p l a n t -  
dependent clams and c ray f  ish. 

8,6 PAMER l l  AND YU)ILA DIV1518N 
STU) I ES 

A q u a t  i c  s t u d l e s  c ~ n d u c d - e d  by 
MFnck Doy F 1979; discussed above) i n  
"the mid-1970fs along t h e  e n t l r e  lower 
&forado River  provided an extensive 
bifnejel l n e  d a t a  s e t  t o  wh ich  o t h e r  
s t u d l e s  may bs  compared. Two more 
spec?  f l c  and l o c a l  aquat  lc studies 
were under taksn  I n  t h e  mOd-1980ts, 
The goafs of These two studies were 
s i i g h t l y  different, b u t  b a t h  were 
conducted w i t h  slrnilcsr Peehnfques t o  
a d d r e s s  p o T e n t l a l  e f f e c t s  o n  t h e  
present  ichthyofauna from hankl Fne and 
channel m d i f t c a t l o n s .  k t h  s tud les  
over iapped the  very h igh  ftow years 
I?983-1986) ,  poss ibSy con found ing  
i n t e r p r e t a t i o n  o f  r e s u l t s  f o r  appf lea- 

t ion  t o  "norma l t~ f  i ow years and com- 
par lsons w i t h  Minckleyls (1979) study. 
Compar l sons between t h e  more recent  
s t u d  i e s  and Mlnck ley 's  (1979) study 
f o r  l a r g e  f i s h  (espec ia l l y  f la thead 
c a t f  Ish and s t r i p e d  bass) a lso  may be 
compl fcated due t o  t h e  use o f  e lec t ro -  
f I sh ing  techn iques on1 y  I n  the  former 
studies. 

The purpose of  t h e  Parker l l D i v i -  
s i o n  s tudy  was t o  assess a q u a t i c  
resources I n  assoc i a t i o n  w i t h  var lous 
bank l i n e  s  l t u a t  i o n s  ( H l e b e r t  and 
Grabowsk i 1987 1. Proposa l s  t o  stab i l -  
i ze  banks w i t h  r l p r a p  and channel ize 
extensive po r t i ons  o f  t h e  r l v e r  I n  t h e  
Parker I I D i v  i s  ion necess i t a t e d  very 
spec i f  l c  data f o r  p  l anni ng operat ions 
I n  minimizing impacts and o u t i i n l n g  
c r l i e r i a  f o r  rn l t iga i ion .  Data were 
c o  l f e c t e d  f rom October 1983 through 
August- 1985, which ex tens ive ly  over- 
i apped t h e  high-f  low years. 

Seven bankl lne h a b l t a t s  were iden- 
t l f  led:  r i prap, cutbank,  c a t t a i  I ,  
root-wadst Pos ton Wasteway, shal low 
channel, and mixed. Riprap included 
areas where boulders were already i n  
p l ace. Cutbanks were near l  y  perpen- 
d i c u l a r  wal Is l  inc lud ing  those under- 
cud- w i t h  no beaches and those whlch 
were cut ,  b u t  had sloped beaches o r  
sand banks adjacent t o  them. "Cat- 
i a l  i t '  l nc l uded areas where t h e  bank- 
l i n e  was covered w i t h  emergent vegeta- 
t i o n .  l"Rootwadsw were are& where a 
comb l n a t  I on o f  overhang i ng r i par l an 
r o o t s  and submergent vegetat  i on were 
found a l o n g  t h e  b a n k l i n e .  Poston 
Wasteway was a  unique area i n  being 
i h e  on I y  conf i uence where water f law 
was s lugg ish  and n o t  un i  i ke  a back- 
wa te r  s i t u a t i o n .  Shal low channel 
Inc luded are= w l i h  low water depth 

w i t h ,  usual f yr substraTes c o n s  i s t i n g  
o f  sand or shef is.  Xixed 
hab l t a t s  were areas w i t h  rn isce l l aneous 
combinations o f  the o the r  hab i ta ts .  



F l u c t u a t i o n s  and v a r i a t i o n s  i n  
phys i cochemIca l  p r o p e r t i e s  o f  t h e  
P a r k e r  I 1  D i v i s i o n  I n  1983-1985 d i d  
n o t  d i f f e r  marked ly  f r o m  p r e v i o u s  
s t u d i e s  (Minckley 1979; H ieber t  and 
Grabowski 1987). High water f lows may 
have f u r t h e r  reduced b lomass prod uc- 
t i v i t y  more than wou I d  have been ex- 
pected bu t  n o t  severely so. Submer- 
gent  vegetat ion was severel y  reduced* 
however, and may have a f fec ted  cover 
and p o t e n t i a l  fo rag ing s i t e s  f o r  l a r -  
va l  f i sh .  Future s tud ies  are needed 
t o  conf i rm these p o s s i b i l i t i e s .  

Rootwad, cutbank,  and c a t t a i  l 
h a b i t a t s ,  i n  sequential  o rder*  were 
t h e  most important hab i ta t s  t o  f i s h  i n  
terms of t o t a l  abundance and t o  t h e  
m a j o r  i t y  o f  spec i es p resen t  (Table 
39). Riprap and mixed hab i ta t s  were 
c l e a r l y  t h e  worst f o r  f i s h .  Cover 
s u p p l i e d  by ove rhang ing  r i p a r i a n *  
emergent, and submergent vegetat ion 
was v e r y  i m p o r t a n t  t o  most f i s h  
species* as apparent ly were undercut 
banks ( H i e b e r t  and Grabowski 1987). 
Despi te t h e  overal  l low occurrence o f  
f i s h  I n  r i p r a p *  t h i s  was an important 
hab i t a t  t o  sma i lmouth bass. Last !  y, 
t h e  Poston Wasteway was no t  important 
o v e r a l l  t o  f i s h  i n  t h e  Parker i l  D i v i -  
s ion*  bu t  apparent ly provided a w in te r  
r e f u g i u m  ( e s p e c i a l  I y  f o r  Z i I I 1 s  
I - i l a p i a )  as w e l l  as a sou rce  o f  
n u t r i e n t s  f o r  t h e  r i v e r  from I r r i g a -  
t i o n  r u n o f f  ( H i e b e r t  and Grabowsk i 
1987). 

B l u e g i i l *  carp, largemouth bass* 
and r e d  shiner  were numer ical ly  t h e  
most abundant and widespread species 
(Table 40). G F f l  n e t t i n g  was by f a r  
t h e  most p roduct ive  sampling techni-  
que, f o l l o w e d  by seining. As men- 
t i oned  e a r l i e r l  se in ing  was t h e  best  
samp l i ng t e c h n i q u e  f o r  smal l f i s h .  
E l e c t r o f i s h i n g  d i d  not  produce r e s u l t s  
r a d  l c a l  l y d i f f e r e n t  f o r  la rge f i s h  
from hoop net? l n g t  except for thread- 
f i n  shad. 

O v e r a l l r  t h e  ichthyofaunal  com- 
mun i t y  o f  t h e  Parker I I  D i v  i s  ion was 
domina ted  by f o u r  s p e c i e s  ( o f  17 
recorded 1. Vegetated banks and cu t -  
banks were t h e  most important habi- 
t a t s ,  whi l e  r iprap was among the  leas t  
i m p o r t a n t  f o r  h a b i t a t  use by f i s h .  
Future r i p rapp ing  w i l l  probably r e s u l t  
I n  a r e d u c t i o n  i n  numbers f o r  many 
species i n  t h e  Parker I I  Div is ion ,  bu t  
it remains unclear how f l ood ing  dur ing 
data co I l e c t  ion af fected H ieber t  and 
Grabowski" (1987) resu l t s .  

The ma jo r  purpose o f  t h e  Yuma 
Div  i s  ion study was t o  co l  l e c t  data t o  
address po ten t i  a  I e f f e c t s  o f  proposed 
channel  mod 1 f i c a t  i o n s  and bank l ine 
s t a b  i 1 l z a t  i o n  on aquat ic  resources, 
n o t  un l i ke  t h e  study i n  t h e  Parker I I 
D i v i s i o n .  The f I o o d i n g  events, 
beg i nn i ng I n  1983, in ter rupted t h i s  
o b j e c t i v e  temporar i ly .  A new objec- 
t i v e  was dec ided  upon: t o  assess 
h a b i t a t s  created by t h e  f iood lng w i t h  
p r e f  l o o d  c o n d i t i o n s  ( M a r s h  and 
Minck ley  1985). This study continued 
beyond t h e  reced i ng o f  f Ioodwaters so 
t h a t  d a t a  c o u l d  be co l l ec ted  post- 
f l o o d  t o  address the  o r i g i n a l  objec- 
t i v e  o f  assessing po ten t ia l  Yuma p ro j -  
e c t  impacts (Marsh and Minck fey 1987 1. 

Most of t h e  o r i g i n a l  study areas3 
cons is t i ng  o f  mainstream and backwater 
h a b i t a t s ,  were a f fec ted by f loud ing 
a f t e r  November 1982, w i t h  removal sf 
v e g e t a t i o n ,  s h i f t s  i n  s u b s t r a t e s 3  
changes i n  r i ver channe i d I mens ions, 
and l nundat i on o f  r lpa r  f an vegetat ion 
(Marsh and Mlnckiey 1985), Six h a b i -  
t a t  t y p e s  were thus def ined: main 
r i v e r  channel , shal low r i v e s  channel r 

deep backwaters ( f  locsded 
shal low backwaters ( %  loodpEaln1, con- 
nect ing channels, and Iso la ted pools. 
These hab i t a t s  pers  l s ted  %hrobtghout 
fks e n t i r e  s-tudy, inc lud ing t h e  per iod 
o f  receding f isods (Marsh and Minckley 



Table 39. Top three habi ta ts  lden t l f  ied for  each species by rank lng abundances 
from h igh t o  low I n  Parker I I D i v f s f o n .  X = among three habi ta ts  f o r  each 
spec l es . Adapted from H I sber t  and Grabowsk l ( 1987 . 

Hab i t a t  
- -- -- - - - 

Spec I es Rlprap Cutbank Cattal  l Rootwads Shal low Mlxed Poston N 

Threadf i n  shad 
GaIdf isha 
Carp 
Red shiner 
Yel low 

bu l l head 
Channe l 

ca t f  i sh  
F ! athead 

c a i f  l sh  
Wsqu I ?sf I s h 
S I r  l psd bass 
Green 

sunf  l sh  X 
Bluepgi l l 
Rdear 

sunf t sh 
Smal !mouth 

bass X 
Largemouth 
bass 

Black crappie 
ZEi l f s  t l l a p f a  
Ralnbon t r ou ta  

aSpa~Ies was only Sound In an@ or two habitats. 
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1987). Large f i s h  were sampled w i t h  
hoop, g i l l ,  and trammel nets and elec- 
t r o f i s h l n g ,  p r i m a r i  I y  i n  t h e  maln 
r l v e r  channel  and deep backwaters. 
SmatI f i s h  were sampled I n  a l l  habi- 
t a t s ,  except t h e  main r i v e r  channel, 
by selnlng. 

Physlcochemical cha rac te r l s t f cs  o f  
t h e  Yuma D i v i s i o n  d i d  no t  d i f f e r  from 
what would be expected, as was found 
i n  t h e  Parker l l  D l v i s l o n  study (Marsh 
and Minckley 1985, 1987; Hiebert  and 
GrabowskI 19871, Biomass product ion 
was a l s o  no d i f f e r e n t  than expected i n  
befng low compared t o  o ther  less x e r i c  
major r i v e r  systems (Mlnckley 1979). 
These "stableN b i o t i c  condt t ions oc- 
c u r r e d  d u r l n g  d r a m a t l c  changes I n  
r i v e r  f l o w  dynamics .  Marsh and 
M i n c k l e y  (19851 hypothes ized t h a t  
changes I n  f l o w  were p o s s i b l y  no t  
s u i t a b l e  f o r  equa l ly  dramatic changes 
i n  t r o p h l c  condi t ions;  they a l so  spec- 
u t a t e d  t h a t  p e s t i c i d e  and hsrb fc lde  
ras tdua l s may have been 1 nvo l ved, bu t  
no p e r f l n e n t  data ex is ted t o  address 
t h i s  g o s s l b l l l t y .  

The most i mportant hab i ta t s  f o r  
mos-t spoc ies  were deep backwatersr 
f s l  lowed by shai low backwaters and t h e  
maTn channel (Table 41). The leas t  
important habltai-s In the  Yuma D i v i -  
s ion were iso la ted poo t s and connect- 
log channels. Backwater hab i ta ts  were 
espec l a l I y i m p o r t a n t  t o  medium and 
sma B I f l sh spec t es and juven 1 t e large 
f l s h  species, The main channel was 
espec l a  l f y Impor-fant t o  the  larger  
f i s h  species inc lud ing s t r i p e d  muifef, 
c a r p +  f f at-head cat-f l sh t  and s-triped 
b a s s .  Threadf  i n  shad* carp, r e d  
s h i n e r r  masqui$ofishr s a i  i f i n  ml l y r  
and l argemouth bass were espcjc i a l  l y 
commn i n  backwaters t h e  f l r s t  summr 
and f a i l  dur ing  f l ood ing  (Marsh and 
Mlnckley 99851, By t he  end csf t h e  
f Irst phase of the ~ t u d y r  red  sh h e r ,  
mosqts I t o f  i shP and  b $ ue $ 1  l apla were 
s t !  I I abundant, w i t h  t h e  o the r  specles 

decreas f ng o r  d isappear lng,  Back- 
waters were s t  i l l t h e  m s t  1 mportant 
hab i ta ts  f o r  biomass product ion i n  t h e  
system, however, and undoubtedly sup- 
p o r t e d  t h e  la rge f i s h  specles using 
the  ma In  channel. 

No d i f ferences were found between 
Phases I and I I  I n  t h e  ranking o f  f l s h  
abundances among sampling techniques 
(Table 42). However, t h e r e  were d i f -  
fe rences between t h e  phases i n  t h e  
r e l  a t l v e  rank lng of species i n  some 
hab i t a t s  (Tab l e  43) .  These changes 
were s t a t i s t i c a l  ly notab le  i n  t h e  maln 
channel, connecting channel , and iso- 
la ted pools. The former h a b i t a t  was 
subject  t o  a dramatic i nc re~ lse  I n  t h e  
ranking o f  threadf  I n  shad from be? ng 
absent i n  Phase I t o  bet ng t h e  second 
most commn f i s h  I n  Phase 1 1 .  Con- 
c o m i t a n t  w l t h  t h i s ,  b l u e  t i i a p i a  
dec I ;[ ned from be1 ng t h e  second most 
common f i s h  t o  being e igh th  i n  t h e  
maln channel. Connecting channels and 
i so I ated pools experienced dramatic- 
d e c l i n e s  I n  spec ies  r i c h n e s s  and 
equa l ly  dramatic changes i n  r e l a t i v e  
ranks  o f  spec i e s  abundances; these 
changes were p r i m a r i l y  due t o  d ry ing  
and n u t r i e n t  dep le t ion  through time. 
Overal  I though, t h e r e  was a strong 
association between the  two phases o f  
s tudy  and t h e  r e l a t i v e  rankings o f  
t o t a l  abundances amng f l s h  species. 
Noticeable changes i n  absolute numbers 
between t h e  two phases were decl ines 
i n  s a i l f l n  m l i y t  black c r a p p l e ~  and 
b l u e  t l l a p f a r  w h i l e  increases were 
noted i n  g o l d f i s h  and threadf  i n  shad; 
these changes were n o t  a l  l necessar i ly  
borne o u t  i n  t h e  ranking procedure. 

The most abundant f i s h  species 
overal l were red sh inerl msqu i t o f  ish, 
b l u e  t F l a p l a t  and t h r e a d f i n  shad. 
Large f f shes were d m i  naf-ed by carp, 
t h r e a d f i n  shad, b l u e  t i l a p i a t  and 
iargemouth bass. S t r i p e d  mu! l e t 8  
f l a t h s a d  c a t f i s h *  and b lue  t i f a p i a  
were t h e  most f requent ly  sampled by 



Table 41. Top fhree habitats Identifled for each specles In Yuma Division as 
ldentif led by Marsh and Minck ley (1987). Some species were restricted to less 
than three habltafsl and other species are deleted because p r ima ry  habifats 
could not be determined. X = among top three habitats. 

Main Shal  low Deep Shal low Connsct ing Isolated 
Spec iesa channel channel backwater backwater channel poo l N 

S-fr l ped 
mu1 let 

Threadf 1 n 
shad 

Gofdf  ish 
Carp 
Red shiner 
Channc? l 
caTf i sh  

F l afhead 
caff i s h  

hk>+qtl! $0- 

fish 
Sallf i n  

nwa l l y 
SPr iped 
bass 

Warmi~th 
Bluagi i i 
Rsdoar 

s u n %  i s h  
Largsmb-fh 

bass  
B i  ack 

c r d p p  ie 
Blue 
t i  i a p i a  
ZI/li5 

I I  lapla  

To-t-a I 
spec 1 cr; 

a O t h e r  species sampled were yeilow buf l h s a d  CN = 4 ) r  green sun? i s h  1'N = 5 I r  
Mexican mi i y  f N  = and smai !moi+th bass (N  = 1 ). 
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eiectroshocking; t h i s  technique t y p i -  
c a l l y  a l lows study o f  species t h a t  a re  
otherwise d i f f i c u l t  t o  sample. 

S i m l l a r i t I e s  between Parker I f  and 
Yuma were found fo r  species composi- 
t i o n  and rank o f  abundance I n  hoop net  
and e l e c t r o s h o c k  i ng samp l e s  (Table 
4 4 ) .  These t w o  techniques sampled 
deeper waters. Gi l l itramme i nets and 
seine samples were n o t  s t a t i s t i c a l l y  
s i m l  l a r  between t h e  two d i v i s ions r  
i n d i c a t i n g  d i f f e r e n t  species composi- 
t i o n s  and rank o f  abundances i n  shal- 
lower habitats. St r iped mul le t r  s a i l -  
f i n  mal ly r  and b lue  t i l a p i a  were ab- 
sent from Parker l I ,  wh l l e  they were 
numer ical ly  important species tn the  
Yuma D i v t s i o n .  Conversely9 green 
sunf ish, b l u e g i l l l  and smal [mouth bass 
were more numerous and ranked s lg-  
n t f i c a n t l y  h i g h e r  i n  the  Parker I I  
D l v l s l o n  t h a n  they d i d  I n  the  Yuma 
D lv l s ion .  Colder water i n  the  Parker 
1 1  D i v i s i o n  Inf luenced smallmouth bass 
numbers p o s i t i v e l y ,  w h i t e  s a i l f l n  
m l l y  and b lue  t i l a p l a  were negat ive ly  
a f f e c t e d .  S t r i p e d  m u l l e t  are only 
known from t h e  lowermost reaches o f  
t h e  lower Colorado River  where young 
spread pe r lod lea i  l y  ( w i t h  h igh  f lows)  
nor3 h o f  M o r e l o s  Darn, Carpr r e d  
sh i ner, and m s q u  i f o f  1 sh were ranked 
h igh  I n  both d l v f s lons .  

Comparisons between M i n c k l e y ~ s  
(19791 study and Marsh and Mlnckteyls 
(1985, 99871 s tud ies  a r e  r e s t r i c t e d  t o  
se ln lng  samples Fn shai low main chan- 
rasl and backwa te r  hab i ta t s  and net 
sampling I n  t h e  maln channel. Fia-t-- 
head c a t f  f s h ,  s t r i p e d  bass, b l a c k  
c r a p p i e r  b l u e  t i l a p l a ,  and s t r i p e d  
mu l i e t  wen* unrecorded i n  the  mid- 
1 9 7 0 ' ~ ~  w h  i l e  mauthbrooder went un- 
recorded f n  $he mid-f980fs (Table 451, 
Rank order  o f  abundance was s t  a t  i s t  l -  
c a l l y  s i m i l a r  i n  backwaier h a b i t a t s  
e v e n  f h o u g h  on6 y 4 specie;s were 
recorded i n  * h e  mIcl-I970~sj whi le  17 

species were found I n  t h e  mid-1980's. 
R e l a t i v e  ranks  o f  t h r e a d f i n  shad, 
carp, r e d  sh l ner, channel c a t f  lsh, 
msqu i to f l sh ,  s a l l f i n  mol l y ,  b l u e g i l  l ,  
and largemouth bass remained la rge ly  
unchanged through t h e  decade. 

There  were d r a m a t i c  changes i n  
spec i es cornpos it ion and r e  1 a t  i ve abu n- 
dances between t h e  two studies, bu t  
t h e s e  were n o t  a l 1 eas I 1 y i n t e r -  
p r e t a b l e  w i t h  r e s p e c t  t o  f l o o d i n g  
(Marsh and Minck ley 1987 1. Decreases 
i n  mouthbrooder and Increases i n  red 
s h i n e r  and b l u e  t i l a p l a  o c c u r r e d  
before f looding.  The la rge - f i sh  com- 
mun i t y  i n  t h e  main channel changed 
dramatical l y  a f t e r  f looding, w i t h  t h e  
1983 (p re f  lood) community being slmi- 
l a r  t o  t h e  mid-1970's community (Marsh 
and Minckley 1987). Some species were 
apparent ly  transported from upstream 
( I  .e.. threadf i n  shad, s t r i p e d  bass, 
and many cen t ra rch  ids),  wh i l e o the r  
species expanded from t h e  south (nota- 
b l y  t h e  n a t i v e  s t r i p e d  mu l le t ) .  I n  
addition, f l a t h e a d  c a t f i s h  has ex- 
panded n o t a b l y  i n  t h e  main channel 
s 1 nce f lood l n g  i n  response t o  in- 
creased h a b i t a t  i n  t h e  channel and* 
poss i b l yl f rom an i ncreased forage 
base. 

Backwaters i n  t h e  mid-1980's were 
character i zed by h i gh spec 1 es r lchness 
among large f ish, probab l y re1 a t &  t o  
movemnts from the  main channel i n t o  
these new l y c r e a t d  hab i t a t s .  Back- 
waters  created dur ing and a f t e r  t h e  
1983 f lood ing were d i s s l m l l a r  t o  t h e  
o l d  backwaters  s tud ied I n  t h e  mld- 
19701s (Marsh  and M i n c k l e y  1985, 
19871. The o lde r  backwaters, small i n  
areal extent, were connected w i t h  t h e  
ma l n channel moderated temperature 
and p h y s i c a l  c h a r a c t e r i s t i c s r  and 
prov i ded extens i ve submergent beds of 
vegetation, These o l d e r  backwaters 
i n  turn, supported h igh inver tebra te  
b iomass. Tne new backwafers formed 
ave r  b a r r e n  a g r i c u i t u r a l  f i e l d s  and 
open s tands o f  r 1 p a r i a n  vegetat ion 
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Table 45. (Concluded) 

Species 

Yuma Dlvislon Parker I I D iv is ion 

Mafn channel Ma l n Back water Maln channel Poston 
seining channel net  seining seining Wasteway net  Overal l 

Mouthbrooder 4.0 (17.0) 3.5 (13.5) -- - - - - - - - - -- - - - - 
Rainbow t r o u t  -- -- me 

- - -- - - -- - - - - - - (14.0) 15.5 

Number sf species 10 I5 6 12 4 17 13 9 7 1 1  10 17 
v N 18 14 17 14 12 17 

TS -4 
0.348 0.220 0.561 0.434 0.424 0.758 

P N S NS <0.025 N S NS <0.001 



were n o t  necessar i  l y  n u t r i e n t  poor* 
b u t  may have contained res idua l  pes- 
t l c l d e s  and herbic ides;  I n  t h e  summers 
o f  1983 and 1984 s e v e r a l  thousand 
hectares were sprayed w l t h  malathion, 
t a r g e t  i ng m s q u  I t o  larvae, wh i c h  a i so 
probably a f fec ted  many aquat ic  inver- 
t e b r a t e  taxa (Levy e t  a l .  1987; Marsh 
and Minckley 1987). Increased sur face 
a r e a  moderated t o  some e x t e n t  t h e  
b i omass-poor cond l t ions  o f  t h e  new 
backwaters. The new h a b i t a t s  harbored 
h i g h  numbers o f  smal ler  f i s h  species 
and Individuals e a r l y  dur lng  f looding,  
b u t  numbers o f  small f i s h  diminished 
s i g n i f i c a n t l y  by t h e  end o f  1986. The 
lack o f  n u t r  lents, submergent vegeta- 
t i o n ,  and Inver tebra tes  was probably 
responsib le f o r  these decl ines. Over- 
a i I though, both o l d  and new back- 
w a t e r s  were I m p o r t a n t  as spawn I ng, 
nurseryB and fo rag ing areas and h id ing  
piaces f o r  t h e  medium- and small-sized 
spec i es . 

Marsh and Minck l e y  ( 1 9 8 7 )  con- 
cluded t h a t  backwaters cont inue t o  be 
c r i t i c a l  f o r  maintaining heal thy and 
la rge populat ions o f  many f i s h  s p ~ l e s  
Fn the Yuma Div is ion .  Current plans 
t o  deepen t h e  channel through t h e  Yuma 
D l v l s l o n  and armor t h e  levees wf th  
r fprap would severely lessen t h e  ex- 
t e n t  o f  backwaiers and t h e i r  connec- 
t l e n s  w i t h  t h e  channel. These ac- 
t l v l t f es wou l d a l so decrease hab i t a t s  
w i t h i n  t h e  main channel by removing 
heterogenei ty  on t h e  bottom and mar- 
g l ns. The toss o f  backwaters w l l l 
a f  f ~ l  successfu i rec ru  l fment  o f  cen- 
t ra rch tdsa especlai  l y  largemouth bass, 
and modi fy ing  t h e  main channel w i l l  
reduce numbers o f  la rgar  f ishes, espe- 
c i a l l y  f l a t h e a d  c a t f l s h  and s t r i p e d  
bass8 a ! !  o f  which are  impartant spo r t  
f i shes .  

Camparisons i n  $he Parker I I  D i v l -  
s l o n  between t h e  mid-1970ts and m l d -  
1980% reveal some d l f f e r e n t  trends 
than found i n  $ h e  fumiir Divlsforc, As 
w i t h  t h e  Yuma B i v l s f o n ,  more species 
o v e r a t  B were found d u r i n g  t h e  mare 

i n t e n s i v e  e f f o r t s  of t h e  mid-1980ts 
study i n  t h e  Parker I I D i v i s i o n  (Table 
45).  i n  main channel se in ing  samples 
there  were few dramatic changes except 
f o r  a complete disappearance o f  juve- 
n i I e th readf  i n shad* wh tch were t h e  
second highest  ranked specles i n  t h e  
mid-1970rs. Other  no t iceab le ,  b u t  
l e s s  dramatic, changes i n  rank were 
dec I i nes I n  juven l I e carp and green 
sunf ish, w l t h  Increases i n  juveni le 
smallmouth bass and Z l l  1's t i l a p i a .  

The Poston Wasteway I s  t h e  l a rges t  
in take i n t o  t h e  main channel i n  t h e  
Parker I I Dl v I s  Ion and has charazter- 
l s t i c s ,  both b i o t i c  and a b i o t i c ~  siml- 
l a r  t o  backwaters. Hoop and g i l l /  
trammel n e t  samplesI as w i t h  main 
channel seining, indicated few drama- 
t i c  changes. Here, la rge threadf  I n  
shad, b I u e g l I J ,  and Zlll" t i l a p i a  
increased,  w h i l e  y e l l o w  b u l l h e a d *  
channel  c a t f  lsh, and redear sunf fsh 
decreased i n  rank I ng through time. 

There were few changes overal  l i n  
rank ing abundance among spec ies, w i t h  
dec l  Ines  found i n  ye1 low bullhead, 
channel ca t f i sh ,  and redear sunf ish, 
and w i th  on l y one spec les ranked dra- 
m a t i c a l l y  h ighe r ,  Z f l l ~ s  t i i a p l a .  
Species found tn t h e  l a t e r  study, b u t  
absent dur l ng t h e  e a r l  l e r  study, were 
g o l d f i s h ,  f i a t h e a d  c a t f i s h ,  s t r i p e d  
bass, b lack crappie, Z l  l 1 %  ti lapla, 
and rainbow t r o u t .  As I n  t h e  Yuma 
Dlv i s  ion* Some species were probabl y 
present from being forced downstream 
by h igh water, inc lud ing s t r  lped bass 
and rainbow t r o u t .  Un l i ke  t h e  Yuma 
D i v i s i o n ,  P a r k e r  i I D I v l s l o n  ex- 
per ienced few changes among many of 
t h e  smal 1 f i s h  spec les .  No c l e a r  
e f f e c t s  from flooding were detected, 
b u t  t h e  l a t e r  s t u d y  may have been 
t e r m i n a t e d  t o o  e a r l y  t o  d e t e r m i n e  
long-term f lood- re la ted changes. 

C h a n n e l  i i iodlficafiari and rqrrta- 
tian o f  f l o w s  have i n f l u e n c e d  t h e  
dec l i n e  and eventual exP l rpa t lon  o f  



a1 1 b u t  one n a t l v e  species. These 
changes a l s o  a s s i s t e d  i n  t h e  es- 
t a b l i s h m e n t  o f  an i n t r o d u c e d  i c h -  
thyofauna, much o f  which i s  composed 
o f  s p o r t  f i s h e s .  I r o n i c a l  ly,  con- 
t l nued channe l deepen 1 ng, armor ing o f  
l evees, and dep l e t i o n  o f  backwaters 
w i l l  negat ive ly  a f f e c t  most, i f  n o t  
a l I r majo r  s p o r t  f i s h  species (see 
Beland 1953). I s o l a t i o n  o f  backwaters 
and loss  o f  heav i l y  vegetated banks 
w i l I reduce reproduct ion and growth 
p o t e n t i a l  f o r  near ly  a l l  mediumsized 
f i sh .  Loss of those species w i l l l  i n  
t u r n ,  reduce food sources f o r  la rge 
p isc ivorous species, which a re  almost 
a l l  spo r t  f i s h  species. The f u t u r e  
maintenance o f  a heal thy spo r t  f i s h e r y  
t h r o u g h o u t  t h e  lower Colorado River  
system may be hampered by water man- 
agement a c t I v i t i e s t  espec ia l l y  w i t h  
c o n t i n u e d  p r o p o s a l s  t o  m o d i f y  t h e  
r i v e r  as i n  t h e  Parker I l  and Yuma 
Div is ions .  

9.7 LISTED SPECIES M SPECIES O(F 
WEC I AL m 

Presently, f i v e  species, woundfin, 
b o n y t a l l  chubs desert  pupfish, G I  l a  
topminnow, and Colorado squawfish, a r e  
on t h e  Federa l  endangered s p e c i e s  
l i s t .  These species no longer occur 
i n  t h e  system, except f o r  a few bony- 
t a i  I chub i n  Lake Mohave. I n  addl- 
t ion, roundta i  l (Colorado Rlver )  chub 
and razo rback  sucker a re  l i s t e d  as 
species o f  specia l  concern t o  Nevada* 
Ca l i f o rn ia ,  and Arizona. The razor- 
back sucker, t h e  on ly  n a t i v e  fresh- 
water f i s h  w l t h  a la rge ex tan t  popula- 
t i o n ,  receives t h e  most a t t e n t i o n  an 
t h e  Colorado River  a t  present, 

The legal and management s ta tus  o f  
t h e  razorback sucker has created much 
debate between managers o f  t h e  upper 
and lower basins. Severai populat ions 
p e r s i s t  i n  t h e  upper bas ins p r  Y mar I l y 
a l o n g  t h e  Green and upper Colorado 
R f  vers; however, t h  l s un l i s ted  spec l es 

i s  much r a r e r  than some o the r  l i s t &  
spec l e s  ( e x c e p t i n g  b o n y t a i  l chub). 
Managers i n  the  upper bas in  support 
Federal l i s t i n g  o f  t h e  razorback suck- 
e r  as threatened i n  order  t o  malnta in 
ex tan t  populat ions (Brooks 1987; %Ada 
1987; Tyus 1987b). 

The razorback sucker i n  t h e  lower 
b a s i n  appears t o  be reduced t o  one 
large ex tan t  popuiatlon, w i t h  no ev i -  
dence o f  extensive successful r e c r u i t -  
ment (Minckley 1983). I n  con t ras t  t o  
t h e  upper basin, lower basin managers 
deferred I i s t i n g  u n t i  l 1991, based on 
Memorandums of Understanding between 
C a l i f o r n i a  Department  o f  F i s h  and 
Game, Arizona Department o f  Game and 
Fish, and t h e  U.S. F i s h  and W i l d l i f e  
Serv i ce .  T h i s  deferment was I n  an 
attempt t o  conduct widespread r e i  n t ro -  
d u c t  i o n  and moni tor ing e f f o r t s  com- 
b i n e d  w l t h  r e s e a r c h  t o  de te rm ine  
r e a s o n s  f o r  d e c l i n e ,  l i f e - h i s t o r y  
characteristics, and p rospec ts  f o r  
r e c o v e r y  (Brooks  1987 ; Marsh 1987; 
U l m r  1987). The r a t i o n a l e  f o r  t h i s  
s t r a t e g y  i s  t h a t  Federal l l s t i n g  o f  
t h e  razo rback  sucker  I n  t h e  lower 
basin would severely r e s t r l c t  r e i n i r o -  
d u c t i o n  e f f o r t s  because o f  neces- 
s l t a t e d  i n te ragency  consu la t ion  in- 
vol ved w i t h  reestab I l sh 1 ng threatened 
o r  endangered  popu i a t i o n s .  Some 
Federal and Sta te  agencies a r e  re luc-  
t a n t  t o  reestab l i s h  populat ions under 
t h e i r  j u r i s d i c t i o n  which a r e  protected 
under S e c t i o n  7 o f  t h e  Endangered 
Species Act of 1973 (Johnson and Rinne 
1982). 

Reinfroduct  ions of razorback suck- 
e r s  I n t o  t h e  lower Colorado River  and 
e lsewhere  i n  A r i z o n a  have occurred 
p e r  l o d  l c a  1 l y dur  l ng f he f 970's and 
1980's (Minckfey 1983; Johnson 1985; 
Ulmer 1987; Gronowski 1987b). The 
co l i e c t  ion o f  severaf subadu it razor- 
back suckers (5.360 mm CF14 inches2 i n  
t o f a ?  !engfh! I n  Lake h h a v e B  Coachel- 
l a  Canal a and near Parker may suggest 
some su rv i va l  0-6 wl i d  progeny on t h e  



lower Colorado River? but  m r e  l l k e l y  
represent escapees and surv ivors f ran 
p r e v f o u s  a t tempts  (Mlnck l ey  1983; 
Ulmer 1987; Langhorst 19876). A con- 
certed e f f o r t  t o  Introduce and monitor 
razorback suckers* undertaken by the 
Ca l i f o rn i a  Department o f  F ish and Game 
w i t h  t h e  cooperation o f  the U.S. F ish 
and W f  l d l l f e  Servlcer began i n  1987 
and I s  t o  continue f o r  about 10 years 
(Langhorst 1987b; Ulmer 1987). 

Release of razorback suckers (w i th  
average t o t a l  length 200 mm C8 In- 
ches]) on t he  lower Colorado River I n  
1987 resu l ted  i n  very few recaptures 
w l t h l n  severa l  days a f t e r  r e l ease  
( langhorst 1987b). These resu l t s  are 
slmllzsr t o  those found w i th  releases 
s l sewhera I n A r  1 zona (Marsh 1987 1. 

ndations are belng made t o  hold 
young razorback sucker I n  stock pens 
u n t i  I they are o f  a s l ze  t o  reduce 
dgpredert Ion from most cantrarch ids. 
A d d l t t o n a l  recommendations Inc lude  
conduciing releases during winter w i th  
r s i a t i v e l y  few l n d l v l d u a i s  over  a 
longer  i lme  span? when predator ac- 
t i v i t y  i s  lower and so swarms o f  prsd- 
a t o r s  may b s  b e t t e r  avolded (Marsh 
19871. Federai l l s t l n g  w l  l l l i k e l y  
proceed I n  the  lower basin I f  r e l n t r o -  
duct lon e f f o r t s  prove unsuccessfu I i n  
establishing self-reproducing popuia- 
Tlons. Since natural  recrultmant i s  
essentially nonexistent presently. the 
fu tu re  s ta tus  o f  razorback suckers on 
t h e  lower Colorado R t  ver may be com- 
pi ls te ly depsndent sn The reintroduc- 
t i o n  o f  adut ts i n t o  the systm.  

Recovery p lans f o r  many Fedarat 
I ls ted - f ish s p ~ ~ ? e S r  f o r m r l y  occurr- 
Ing on the lower Colorado River. In- 
v a r i a b l y  i n ~ i ~ d e  reintroduction ef- 
forks (Johnson 1980~ 1985, 19871, The 
res i s t ance  t o  re tn t roduct lon e f for+s 
by s m  agencfes was countered by the 
deveiopmnt o f  a new i i s i - t ng  categoryl 
proposed by *he Desert F tshes Gsunc l l F 
which war amended t o  the Endangered 
Specfes Act I n  1982 and published In  

t he  Federal Reglstert 27 August 1984 
( Johnson 1987 1. Thus, exper I mental 
l l s t i n g s  were added t o  threatened and 
endangered  s t a t u s e s .  Two sub- 
ca tegor  I es were def lned: ( 1 ) essen- 
t i a l ?  w i th  c r i t i c a l  hab i t a t  deslgna- 
t i o n  possfb l e  and ( 2 )  nonessential, 
without c r  It ica l  hab l t a t  designat ion. 
Experimental I I s t i n g  a l  lows f o r  re in-  
t r o d u c t f o n s  wlthout the very s t r i c t  
p r o t e c t i v e  r e g u l a t i o n s  found  i n  
th rea tened  and endangered statuses. 
Essential exper lmnta l  populat ions are 
afforded threatened protect  Ion . where- 
as nonessenti a I experimental popu la- 
t l o n s  a r e  af forded proposed species 
protect ion.  Experimental populat ions 
a r e  t o  be re i n t r oduced  w i t h i n  the  
probable h l s t o r  l c  range o f  the  species 
I n  question, but  geographically iso- 
lated from f u l l y  protected populat ions 
o f  t h e  same species. F ina l l y ,  the  
pub l l c  must be a l lowed t o  comment 
before Introductions can be conducted 
(Johnson 1987).  The exper imnata l  
des l g n a t  ion  s t r i k e s  a compromise In  
a l iowlng widespread re in t roduct ions o f  
l fsted spec ies i n  areas where it wou i d  
be o t h e r w i s e  a p o l i t i c a l  impos- 
s ib1 i l t y .  

Exper lmenta l popu I a t  ions, espe- 
c i a l l y  nonessential, may become more 
wldely used f o r  re introducing nat ive 
f l shes t h r o u g h o u t  t h e  Southwest. 
Under t h e  gu i se  o f  a nonessent ia l  
populatlonr the Colorado squawfish may 
be introduced between Parker and lm- 
pe r l a i  Dams t o  estab l ish  a spor t  f i sh -  
e r y ,  as pub l ished i n  t h e  Federa l  
Register, 26 August 1987. This middle 
reach meets the  requ i rmenfs  f o r  an 
expe r  i m e n t a l  p o p u l a t i o n  b y  be lng  
w i t h i n  t h e  h l s t o r l c a l  range9 whi le 
belng isolated from a l  l o ther  Colorado 
squawfish populations. 

Qther l i s t e d  nat ive f i s h  species 
may also be reintroduced on o r  near 
t h e  lower k i o r a b o  River. Unuer ex- 
per l menta i status, naf Y ve f i s h  may be 
mainta ined tn  sem l -a r t i f l c i a t  back- 



waters o r  ponds which a re  kept  f r e e  o f  
i n t roduced  f i shes. Bonyta i  I chub, 
woundfin, G i l a  topminnow, and deser t  
pupf i sh  cou I d  be candidates f o r  such 
programs. However, ma in ta in ing  s t a b l e  
popu I a t  i o n s  f o r  s e v e r a l  o r  a l  l o f  
t h e s e  spec ies  may r e q u i r e  perpetual  
r e i n t r o d u c t i o n s t  n o t  u n l i k e  t h a t  being 
e x p e r i e n c e d  i n  r a z o r b a c k  s u c k e r  
recovery e f f o r t s .  

A l t hough  a r t i f i c i a l  r ees tab l i sh -  
ment may be possible, t h e  f u t u r e  o f  
t h e  n a t i v e  ichthyofauna on t h e  lower 
Co lo rado  R i v e r  remains bleak. Im- 
provement i n  t h e  eco log i ca l hea l t h  o f  
most n a t i v e  species w i l l  no t  change 
unless dramatic changes i n  t h e  manaye- 
ment o f  water f lows and con t ro l  o f  

i n t r o d u c e d  spec i e s  a r e  undertaken. 
Endemic Southwestern  f i s h  spec ies  
compose an evo lu t ionary  unique group 
w i t h  s p e c i f i c  and o f t e n  b i z a r r e  
adaptat ions f o r  a r i d  and h igh l y  v a r i -  
able aquat ic  environments (Minckiey e t  
a l .  1986). Perhaps t h e  most compell- 
ing reason f o r  preserv i ng these re1  i c t  
species was summarized by Minckley and 
Deacon ( 1968 : 1431 1 : 

... A g r e a t  na tura l  experiment 
o f  evo lu t i on ,  a l s o  amp l i f i ed  
and perhaps a c c e l e r a t e d  by  
i s o l a t i o n  i n  d e s e r t  aquat ic  
h a b i t a t s ?  appears  abou t  t o  
become an exerc ise  i n  ex t inc-  
t i o n ,  i f  man w i l  l have it so. 



I n f o r m a t i o n  on r e p t l  les and am- 
ph i b  fans occur r ing  on t h e  lower Colo- 
r a d o  R i v e r  I s  I l m i t e d .  E a r l i e s t  
faunal surveys pa id  r e l a t i v e l y  l i t t l e  
a t t e n t  i o n  t o  t h e s e  an lmals (Cooper 
1869; Coues 1875; Grinnel I and Camp 
1977). Mast o f  our  present knowledge 
o f  lower Colorado River  reptiles and 
amphibians i s  summarized I n  a ser ies  
o f  papers by V l t t  and Ohrnart (1974, 
1975$ 1977arbc 1978) and by repor t s  by 
Anderson and Ohmart ( 1982at b). The 
f o l l o w i n g  dlscussJons a r e  supported by 
these papers unless otherwlse noted. 

F i f t y - f i v e  species o f  r e p t i l e s  and 
amphibians have been documented from 
t h e  lower Colorado River. Among these 
a re  t s a l  amanderr 6 toads, 3 t ree-  
f r o g s ,  3 t r u e  f rogs ,  4 t u r t l e s *  1 
c rocod i l i an l  18 l f ra rds l  and 19 snakes 
(Tab1 e 46) .  The t l g e r  salamander 

-t-lons by  man. An add i t i ona l  seven 
spec i es (one l i t a r d  and s l x  snakes) 
a r e  suspected o f  occur r ing  along t h e  
lower Cotorado R i v e r *  b u t  a r e  n o t  
dwumented (Table 47)  (Vltt and Ohmart 
79781, 
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Lower Galarado River  rept i i  les and 
amphibians can be found i n  al l t e r -  
r e s t r  i a  i and aqua* i c hab if ats, f nc l ud- 
ing those which a r e  i n f  lueneed by t h e  
presence o f  humans, Hab i t a t s  can be 

general l y categor ized In to  rocky sub- 
s t r a t e ,  sandy subst ra te . .  r ipar ian . .  
aquatic, upland desert, and ag r i cu l -  
t u r a l - r e s i d e n t i a l .  There  I s  some 
o v e r l a p  among t h e s e  c a t e g o r i e s  as 
aquatic h a b i t a t s  occur I n  agricultural 
areas (cana ls ,  d i t c h e s )  and sandy 
areas occur i n  r i p a r i a n  areas (some 
h o n e y  mesqu i t e  s t a n d s ) .  Among 
species,  t h e r e  a r e  those which a re  
ubiqui tous as wel l as o the rs  which a re  
iocal  i n  h a b i t a t  use. F i n a l  !yr  same 
species are  loca l  i n  d l s t r l b u t l o n  even 
though t h e i r  h a b i t a t  may be more ex- 
t e n s i v e .  The lower Colorado River 
marks a zone o f  interchange between 
t h e  Sonoran and Mohave Deserts, a l -  
though f o r  some species t h e r e  I s  no 
d ispersa I between t h e  b iogeograph ica i 
regions. 

Rocky s u b s t r a t e  I s  occupied by 
four  species o f  r e p t i l e s  (Table 46). 
These a re  t h e  chuckwa I l a  ( 

Chuckwal las  a r e  most 
common i n  l a r g e  p i  Ies o f  boulders, 
along cf i f f s  (as a t  Parker Dam) .. and 
tn rocky mountainous areas; they are  
a l so most common where f irearms a re  
p roh ib i ted  as they are  popu far  t a r g e t s  
fa r  shooting p r a c t i c e  & V i t t  and Ohrnart 
1978 1. The desert  co l tared t I z a r d ~  
Sonoran l y r e  snake, and speckled r a t -  
t lesnake a r e  a f s s  found among boulder 
p i l e s t  bu t  they are  most f requen i ly  
found a t  t h e  base o f  smai l mounta ins 
and F n grave i l y a r e a  a t  t h e  per ip hery 
o f  la rge washes. 



Table 46. Hab i ta ts*  d l s t r l b u t l o n ~  abundance* and s ta tus  o f  r e p t i  l es  and am- 
phib ians on t h e  lower Colorado River. Habitat:  A = aquat ic*  R = r i p a r i a n l  Ag- 
R = a g r i c u l t u r a l - r e s i d e n t i a l *  D  = upland desert; Substrate: S = sandy* R = 
rocky; D i s t r i b u t i o n :  N-S d i v i s i o n  = Parker Dam and t h e  B i l l  Wil l iams con- 
f luence# E-W d i v i s l o n  = t h e  maln channel o f  t h e  Colorado River  (F igure  1 ) ;  
Abundance: C = common* U = uncommon* R  = rarel E = ext i rpated;  Sta. CStatus): 
N  = na t i ve r  i = introduced. 

Spec l es 

Sub- 
Hab i t a t  s t r a t e  D i s t r i b u t i o n  Abundance Sta. 

A R A g - R D S  R N E N W S E S W C U R E N  I 

T ige r  salamander X  X  X X X X  X  X  
(Ambvstoma-IlgJtlum) 

Couch" spadefoot 

X X  X  X X  X X X X  X  
Sonoran Desert toad X  X  X  X  X  X  X X  

(&ufn i 3 l Y x h s l  
X X  X  X  X  X  X  X X  

X  X X  X  X  X X  

X X  X  X  X  X  X  X X  

X  X  X 

X  X  

X  

X  

X X  X  X X X  X  X X  

X  X X X X  

X  X X X  X 

X x X x X ? 



Table 46. (Continued) 

Sub- 
Hab l t a t  strate  D i s t r  f but ion Abundance S t a .  

Spec 1 es A R A g - R D  S R NE NW SE S W C  U R  E N I 

S p l n y  softshel  l 
t u r t l e  (w 
w i n i f e r r c s )  X X  X X 

D e s e r t  tor to  i s e  X X X X  

X 

X 

Western banded gecko X  X X X X  

X X  X X  

X  X 

X X X X  

X  X 

X X 

X X 

Long-nosed leopard 
I l zard X X 

De I i zard X X X X X  

X X X  X X  X 
X X X X  X X  

X X X X "  X 

X X X X  X X 

X X X X  x x 

X X X X X  X 

(Continued) 
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Table 46. (Continued) 

S p e c i e s  

Sub- 
Hab i t a t  s t r a t e  Q i s t r  l b u t i o n  Abundance Sta.  

S F de-b lotched l 1 zard X  X  X X X  
{!&a sfansburiana) 

h a n g - t a  I led brush 
l l zard (Uros- 

1 X 
X  

(Urosaurus ornatus) 
D e s e r t  horned l l za rd  X  X  

X  x 
X 

(Xantus -YJaiJh) 
w e +  X  X  X X X  

( 

Tt.tarls) 
X X X X  

X X  X X  

S p o t t e d  l eaf-nosed 
snake X  X  X  

, 'z 

X X  X X X  

X  X  X X X  

X  X X  

X X  X X X  

X X X X X  
f 

X X X X  X  



Table 46. (Concluded) 

Sub- 
Hab it a t  s t r a t e  D l s t r  l but  Ion Abundance Sta. 

Spec 1 es A R A g - R D  S R N E N W  S E S W  C U R E  N I 

Long-nosed snake 

rat%lesnake 

X  X X X  

X X  X X X  

X X  

x X  X X X  

X X  X  X  

x x xa x 

X X X X  X X  

X X X X  X x 

X X X X  X X 

X  X  X  X X  X 

X X X  x x a  X 

X X X  X X a  X 

X X X  X X 

a l n  appropriate habi ta t .  



Table 47. Add i t iona l  species which may occur on t h e  lower Colorado River. 

Spec l es Chances o f  occurr ing 

Many-l lned sk ink  (w Unf l k e i y  
Rosy boa (- f r i v i g x k i )  U n l i k e l y  
Ringneck snake (m pvnctatuci) U n l i k e l y  
St r iped whipsnake (Mast- m i a t u s )  L i k e l y  
Sonoran mountain kingsnake ( L n g x Q ~ e l t i s  

-1 U n l i k e l y  
Arizona cora l  snake ( W m .  -1 U n l i k e l y  
B lack - ta i l ed  ra t t l esnake  ( C r o t a U  mo lossu )  L i k e l y  

Sandy subst ra te  serves as h a b i t a t  
f o r  seven 1 i z a r d  and seven snake 
spec les .  The most f r e q u e n t 1  y  en- 
c o u n t e r e d  species are  deser t  iguana 
( dorsa l is ) ,  zebra- ta i led 
I i z a r d  ( G a l  11- -ides), 
g l o s s y  snake (A r I7~n .a  -1, and 
l o n g n o s e d  s n a k e  ( B h . I n o ~ h e i  l u s  

1. The two l a t t e r  species a re  
nocturnal and a re  o f t e n  en- 

countered i n  sandy a g r i c u l t u r a l  areas. 
Three l i z a r d  species, t h e  Mohave and 

e r t  f r i nge-toed I 1 zards 
and IL. no fa ta t  respec- 

f l a t - t a i l e d  horned l i z a r d  
mcal I i L I  are  r e l a t i v e l y  

r e s t r i c t e d  t o  t h e  lower Colorado River  
Val fey and a d j a c e n t  d e s e r t s .  The 
Mohave f r inge- toed l i z a r d  can be found 
I oca i I y  i n  honey mesqu i t e  stands on 
sandy s o i l ,  Otherwise, sand subst ra te  
species are l a r g e l y  absent from r i p a r -  
ian  areas. 

Nine species o f  r e p t i l e s  and am- 
ph  Ib l a n s  a r e  considered s t r l c t l y  
r i p a r  I a n  w i t h  a  i i b u t  one o f  them 
b e i n g  semlaquat  i c .  Many o f  t hese  
spec ies  are present ly  local o r  have 
been ex-klrpated from t h e  r i v e r ?  in- 

h w e s t e r n  t o a d  ( 
, P a c i t l c  t r e e f r o g  

land leopard f r s g  

y a v a p a i e n s i s )  , Mexican g a r t e r  snake 
(ThamnQohis WlLeS)? and checkered 
g a r t e r  snake (L. -1. On I y  t h e  
i n t r o d u c e d  b u l l f r o g  and t h e  n a t i v e  
red-spotted toad (W a r e  
common r i p a r  i an species. Tile on ly  
s t r i c t l y  t e r r e s t r i a l  r i p a r i a  
i s  t h e  ornate  t r e e  l l za rd  ( 

-Ir which i s  mostiy arboreal i n  
la rge cottonwood, mesqu i te ,  and s a l t -  
cedar t rees.  

Four species a re  mostly o r  t o t a l  l y  
a q u a t i c  a l o n g  t h e  lower  C o l o r a d s  
R i v e r .  On l y  one o f  these species, 
Sonoran  mud t u r t l e  - ensel, i s apparen t  l y  nat ive;  
howeverr see V l t t  and Qhmari (1978) 
and Stebbins E1985), This species i s  
present ly  very r a r  
low mud t u r t l e  (tl, 
re fe r red  t o  Sonsran mud t u r t l e  ( V l t t  
and Ohmart 1978; Stebblns 19851, The 
splny s o f t s h e l f  i s  t h e  most successfuD 
o f  t h e  i n t roduced  aquat ic  r e p t i l e s ,  
T iger  salamanders a r e  o f t e n  released 
as larvae o r  neotenlc adu l t s  by f i sh -  
e r m e n  a n d  a r e  loca l  l y  common. 
American a l l i g a t o r s  a l s o  have been 
released I n t o  t h e  Dower Colorado River 
systekn on a t  l e a s t  two occasions s ince 
1958, w i th  repor t s  o f  specimens i n f o  
t h e  mld-1950% [(Glaser 19789. 



Many o f  t h e  species us ing sandy 
s u b s t r a t e  a r e  a l s o  up land  d e s e r t  
spec ies .  I n  a d d i t i o n ,  t h e  d e s e r t  
t o r t o i s e  (&@xxu ~ a s ~ i z i i ) ~  long- 
t a i  l e d  b r u s h  I i z a r d  (-5 
gr-. 1 , d e s e r t  n i g h t  I i z a r d  
(Xantusla U), and G i l a  monster 
f l j e l o d e r m a  suspecturn) a r e  up land  
deser t  species which are  found i n  t h e  
lower  Co l orado River  Val ley proper. 
Most o f  t h e s e  s p e c i e s  o c c u r  where 
la rge washes enter  t h e  system. Desert 
n i g h t  l i z a r d s  a re  r e s t r i c t e d  t o  Joshua 
t r e e s  found I n  t h e  Mohave D e s e r t  
reg ion i n  t h e  nor thern  p o r t  ion o f  t h e  
lower Colorado River  Valley. Desert 
t o r t o i s e  and G i l a  monster a re  r a r e l y  
encountered i n  t h e  v a l l e y  proper ,  
a I t h o u g h  t h e y  a r e  b o t h  encountered 
f requen t l y  i n  t h e  nearby uplands. One 
G i l a  monster  was r e p o r t e d  f rom a 
co t ton  f i e l d  near Parker (Anderson and 
Ohmart 1982a). The arboreal long- 
t a i l e d  brush l i z a r d  i s  very commn i n  
wlde vegetated washes, whereas popula- 
t ions along t h e  r i v e r  a re  reduced i n  
numbers. 

A t  l eas t  17 species a re  known t o  
use agricuIturaI-residential h a b i t a t s  
t h a t  l nc l ude aquat l c and sandy s t tua- 
t i ons .  Some species have apparent ly 
i ncreased w i t h  agr l cu  i t u r a  l develop- 
ment* l n c l u d i  ng t h e  Great P l a i n s  toad 

I P  W~odhouse~s toad (&. 

s t e r n  b D i nd 

nosed snake ( V l t t  and Ohmart 1978; 
Anderson and Ohmart 1982a). Most sf 
these spec les depend on e i t h e r  a pre- 
d l c t a b l e  wa te r  s u p p l y  ( c a n a l s  and 
Irr iga-ted f l e l d s f  f o r  breeding o r  on 
concentrated prey items (e,g. brushy 
borders wlQh l nsec ts  f o r  w h i p t a l l s l .  
O the r  s p e c i e s  found f r e q u e n t l y  i n  
a g r i c u i t u r a l  a reas  I n c l u d e  Couch's 
spadefoot  toad 
Sonoran Desert I 

1 I desert  i guana* s l de- 

b i o t c h e d  I 1 za rd  (U stansbur ism), 
d e s e r t  sp  I n y  I i z a r d  (%&Lo- 
U W L k c L U ) ,  c o a c h w h  l p s n a k e  
(Mastlcoph is fiaae.ilum), gopher snake 
( P i t u o m  rnelanoleucus), and western 
d iamondback r a t t l e s n a k e  ( C r o t a l u  
atrox) 

Many of t h e  species considered t o  
be h a b i t a t  general i s t s  a re  a l so  those 
common I y found i n  man- i n f  luenced hab i- 
t a t s .  Spec ies  c o n s i d e r e d  h a b l t a t  
g e n e r a l i s t s  a r e  G r e a t  P l a i n s  toad, 
W o o d h o u s e ' s  t o a d ,  banded g e c k o  
(m yarie-), side-blotched 
l i z a r d ,  l o n g - t a i l e d  b r u s h  l i z a r d *  
desert  spiny l i zard ,  western w h l p t a l l r  
ground snake (Sanora 5em i m u  Ia ta)s  
coachwh i p snakes gopher snake, western 
p a t c h n o s e d  s n a k e  (W 
hexaleols)~ common k i n g s n a k e  
(- oef-ulus), spot ted n l ght  
s n a k e  (QDsial_ena b-1, and 
western diamondback ra t t lesnake.  

S e v e r a l  s p e c i e s  o f  t h e  l o c a l  
herpetofauna have n o t  been adversely 
a f fec ted by r e c r e a t i  ona I, res  l dent i  a l , 
and agr lcu  l t u r a  l developmnt a long the  
r i v e r .  Some specles a r e  a c t u a l l y  more 
abundant i n  these s i t u a t i o n s  than i n  
n a t  i v e  hab i t a t s ,  t-lowever, t h e s e  
s p e c i e s  t e n d  t o  be widespread and 
h a b i t a t  general i s t s  throughout a large 
geographic area. Many o f  t h e  r i p a r i a n  
and o t h e r w i s e  l o c a l  he rpe to fauna  
endemic t o  t h e  lower Colorado River  
have been e x t l  rpated# loca l  lzed, o r  
threatened w i t h  e x t i r p a t i o n  ( Y i t t  and 
Ohmart 1978). Factors c o n t r i b u t i n g  t o  
t h i s  i n c l u d e  h a b i t a t  d e s t r u c t i o n r  
through such a c t i v i t i e s  as recreat lon-  
a l deve l opmerat (espec ia l  l y  o f  f-road 
veh ic les  i n  sandy areas), overuse by 
t o u r i s t s r  and i n t r o d u d  ions o f  p r d -  
a t o r y  s p e c i e s ,  such as b u l i f r o g .  
H a b i t a t  mod i f  i c a t i o n  a t t r i b u t e d  t o  
overgraz i ng by large herbivores* such 
as c a t t i  el horses, and w l  l d  burros may 
a l so a f f e c t  herpetof auna 1 popu ! a t  ions 
( V i i i  and Ohmart 19781, 



10.2 INTERRELATlONSHIPS THE 
NEWETOFAUM AEI) THEIR HABITAT USE 

Only one study on t h e  lower Colo- 
r a d o  R i v e r  has been conducted t o  
d e f  i ne h a b i t a t  variables a t t r a c t i n g  
v a r i o u s  spec  i e s  o f  r e p t  l l e s  and 
amphibians. Herpetofaunal response t o  
h a b i t a t  as it developed from revege- 
t a t i n g  a 30-ha (75-acre) barren dredge 
s p o i  I was m o n i t o r e d  i n  1980 b y  
Anderson and Ohmart (1982b).  One 
s p e c i e s  o f  f r o g ,  t h r e e  s p e c i e s  o f  
toads, e i g h t  species o f  i izards, and 
e i g h t  s p e c i e s  o f  snakes were found 
u s i n g  t h e  r e v e g e t a t i o n  s i t e  as t h e  
h a b i t a t  developed (Table 48). Frogs 
and toads were associated m s t  l y w l t h  
standing i r r i g a t i o n  water around t r e e s  
o r  around l e a k s  i n  t h e  i r r i g a t i o n  
system. The m a j o r i t y  o f  l i z a r d  and 
snake specles were e i t h e r  a t t r a c t e d  t o  
sandy subs t ra te  w i t h  vegetat ion cover 
o r  were broad general i s t s  i n  h a b i t a t  
use. 

T h r e e  s p e c i e s  were most o f t e n  
caught i n  p i t f a l l  t raps .  Data des- 
c r  i b i n g  s u b s t r a t e  and v e g e t a t i o n  
around each p i t f a l  i t r a p  del ineated 
hab i t a t  preferences ( F l gu re  34 1. 

Zebra-ta i led l i zard was t h e  m s t  o f t e n  
encountered species and was s t r o n g l y  
associated w i t h  sandy s u b s t r a t e  under 
c o t t o n w o o d  t r e e s  f o r  shade, and 
Russian t h i s t l e  (Salsola f i e r i a )  f o r  
cover; t h e  zebra-tai  led l i za rd  was t h e  
m o s t  spec  i a l  i z e d  common spec ies .  
Western wh i p t a i  l was t h e  second m s f  
o f t e n  encoun te red  s p e c i e s  and was 
c lose1 y associated w i t h  d e n s i t i e s  o f  
Russ ian  t h i s t l e  and arrowweed and 
overal  1 f o l i a g e  dens i ty  below 0.6 m (2  
f t l ;  dense brush, grass, and areas o f  
open  sand  were  a v o i d e d *  b u t  t h e  
species was o f t e n  found a t  t h e  margins 
o f  t h e s e  h a b i t a t s .  S ide -b lo t ched  
l i z a r d  was t h e  most general o f  t h e  
t h r e e  commnly encountered species b u t  
o c c u r r e d  i n  r e l a t i v e l y  lower densi- 
t i e s ;  t h i s  species was found i n  93% o f  
t h e  ava i lab l e  hab i ta t .  

Other spec ies f requent  l y observed 
i nc luded t h e  a r b o r e a l  l o n g - t a i  l e d  
b r u s h  l i za rd ,  deser t  iguana i n  open 
a r e a s  w i t h  sand, l e o p a r d  l i z a r d ,  
deser t  spiny I lzard, and banded gecko. 
Coachwh ip, gopher snakes, and western 
diamondback r a t t l e s n a k e s  were more 
f requent  l y encountered as dredge-spoi l 
vegeta t ion  matured. Some o t h e r  

Tab I e 48. Rept i l es and amph ib  i ans found on t h e  dredge-spo i l revegeta t  !on s l t e .  
- -- 

Amphibians L l zards Snakes 

Colorado River toad Banded gmko  
Couch" spadefoat toad Desert iguana 
Great P la ins  toad Desert sp iny l i z a r d  
Bul l f r og  Long nosed leopard l i zard 

Side-blotched l i z a r d  
Western wh l p t a i  I 
Zebra- ta i led l i z a r d  

Coachwh ip  
Commn k i ngsnake 
Glossy snake 
Gopher snake 
Sidewinder 
Western d i arnond back 

r a t *  lesnake 
Western groundsnake 
Western shove {nosed snake 



1 A r e a  o f  H a b i t a t  O l v e r l a p  I 
- S i d e - b l o t c h e d  l i z a r d  

- Z e b r a - t a i l e d  l i z a r d  
e=mrlrrmrm W e s t e r  n w h i p t a i l 

Figure 34. Diagram showing h a b i t a t  over lap between side-blotched l i zard ,  
zebra-ta i led i l zzsrd, and western wh i p t a  1 I .  Adapted from Anderson and Ohmart 
(1982b1, 

s p a c l e s  o f  Ente?rest found on t h e  
dredge spo 1 l a f t e r  revagetat  ion in- 
c l  uded sldewl ndar ( 

e d  s n a k e  ( 

w i th  sandy s o i l .  

As w l tlh d a t a  concerning hab i t a t  
assm 1 a t  i data  f o r  spec fes-spec les 
I n i e - r x t i a n s  are few. Many o f  t h e  
snakes and sam af t h e  l a rge r  l i zards 
a r e  predator"y on sma l l e r  r e p t  l l as and 
amphibians. I n  addl t lon,  t h e  b u f l f r o g  
(Ynt roduced around 19001 i s  h i g h i y  
predatory an Is rvae and smal ler  adu l t s  
of o ther  amph T b l ans; t h  l s spec las has 
boen inapIf~i?r-t*@d f n  t h e  decf lne  and 
d l sappearance o f  Ieopard  f rogs and 
o t h e r  sma l l f r o g  species throughout 
A r  % zona (Hasket 1 1956; Ciarksan and 
deVas 19861, Amang food I t m s  found 
i n  b e t l f f r o g  s-tomachs (Ctarksun and 
deVos 1986) between Cayuna and k r e l e s  
Dams were  young muskrat ,  westistrrr 
d t amendback r a t ?  t @snaket Yum k i ng- 

snake, sp T ny s a f  t - s  ha I 1 e d  several 
t l s h  speciesl an A s i a t i c  clam# a scor- 
p ion ,  and many beetles; predominant 
i tems were c r a y f i s h #  w o l f  s p i d e r s  
( L y c o s i d a e )  e a r w i g s  f l a b i d u r i d a e j r  
and sowbugs (Onlscidae). 

Possible compet i t i ve  i n t e r x t - i o n s  
may s x i s t  between some l i z a r d  species, 
Ornate t r e e  l i z a r d s  on t h e  lower Colo- 
rado R i v e r  r a m i n  r e s t r l c t s d  t o  large 
mesqu l t e s  and cottonwoods, usual l y 
w i t h i n  100 m (328 ft) of t h e  r i v e r .  
This species does not occur i n  more 
x e r l c  hab i ta t s  where I t  I s  replaced by 
t h e  usual l y arboreal long- ta i  led brush 
l inard and it does n o t  occur on the 
ground where t h e  e c o l o g i c a l  l y  and 
mrpha log lca i  i y  s i m i l a r  side-blotched 
i l zard and juven l i e  desert  s p i  ny 1 1 z -  
ards a re  abundant. k s s i b l e  c l i r n a i l c  
condlt ' lons p r o h i b l t  o rnate  t r e e  / i s -  
ards  f rom o c c u r r i n g  i n  t h e  ! a f t e r  
s i tua t ions ,  al though ihay  a l s o  may no* 
be able t o  compete w i t h  o the r  species 
( V E l t  e i  a i .  1981), 



10-3 LISTED SPECIES AlMD SPECIES OF 
m C I A L  I lEhlEREST 

A t  present* the re  a r e  no Federal 
l i s t e d  endangered o r  threatened rep- 
t i  i e s  a n d  amph i b i a n s  common I y 
occur r ing  on t h e  lower Colorado River.  
However, t h e  desert  t o r t o i s e  and G i I a 
monster  o c c u r  s p o r a d i c a l l y  i n  t h e  
va l I ey. There  a r e  however* many 
S t a t e -  I  1 s t e d  spec i e s  o r  species o f  
s p e c i a l  i n t e r e s t  w i t h i n  t h e  r i v e r  
va l l ey .  These species can be d iv ided 
i n t o  two groups: ( 1 )  r ipar ian-aquat ic  
s p e c i e s  and ( 2 )  sand-dune ob l  l g a t e  
spec i es. 

Six r i p a r i a n  and aquat ic  species 
are  now rare, very ra re*  o r  e x t i r p a t e d  
a l o n g  t h e  r i v e r .  The southwestern 
toad repor ted ly  occurs i n  t h e  v i c i n i t y  
o f  F o r t  Mohave and sma l l a d j a c e n t  
a r e a s  i n  Ga l  i f o r n i a  and s o u t h e r n  
Nevada; t h e  p r e s e n t  s ta tus  o f  t h i s  
p o p u l a t i o n  i s  unknown. An i so la ted  
popu l a t  i o n  o f  t h e  Pac i f i c  t r e e f r o g  
occurs i n  the  extreme southern p a r t  o f  
C l a r k  Countyl  NVr  and I n  a d j a c e n t  
p o r t  ions o f  San Bernad i no County* CAI 
and Mohave County, AZ; t h e  present 
s ta tus  o f  t h i s  populat ion i s  unknown, 
a l t h o u g h  p r e d a t i o n  by bu i  l f r o g  and 
e x t e n s  i ve d e s t r u c t  i o n  o f  r i p a r  Fan 
h a b i t a t  i s  thought t o  have severely 
r e d u c e d  popu t a t  i o n  s i z e  o f  t h e  
species. The lowland leopard f r o g  has 
s u f f e r e d  d r a s t i c  dec l ines  s ince t h e  
1950fs along t h e  e n t i r e  system where 
they were abundant a t  t h e  t u r n  o f  t h e  
centurys w i t h  b u l l f r o g s  and r i p a r i a n  
h a b i t a t  des t ruc t i on  usua i l y  g iven as 
pr imary causes. The presence o f  R io  
Grande leopard f rog*  presumably i n t r o -  
duced as b a i t  i n  t h e  1980%p coinc lded 
w i t h  l a rge  b u l l f r o g  populat ions from 
t h e  G i  l a-Co l o r a d o  R i v e r  c o n f  iuence 
s o u t h  k o  t h e  I n te rna t  iona I Boundary 
( C l  arkson and Rorabaugh* unpub l . MS). 
R i p a r  i an hab i t a f  d e s t r u c t  i o n  and 
changes i n  aquat lc  h a b i t a t s  have a i s o  
a f fec ted  the  Sonoran mud t u r t l e .  The 

ex ten t  o f  popu la t ion  dec l ines  Is  pres- 
e n t l y  unknown along t h e  lower Colorado 
R i v e r *  bu t  steep decl ines have been 
noted elsewhere I n  Arizona where s imi-  
l a r  h a b i t a t  m o d i f i c a t i o n s  h a v e  
occurred (e.g., Lake Pleasant; Lowe 
1985 ;  S t e b b l n s  1985;  Rosen and 
Schwalbep pers. ccnnm.). F i n a l l y *  both 
Mexican and checkered g a r t e r  snakes 
a r e  now v e r y  r a r e  a l o n g  t h e  lower 
Colorado River, again* probably due t o  
e x t e n s i v e  m o d i f i c a t i o n  o f  r i p a r i a n  
hab i ta t .  Most h i s t o r i c a l  records were 
from B ly the  south t o  t h e  Yuma area f o r  
b o t h  species, al though t h e r e  i s  one 
specimen r e c o r d  f o r  Mexican g a r t e r  
snake f rom F o r t  Mohave (Rosen and 
Schwalbe 1988). Both g a r t e r  snake 
species a re  dec l i n ing  throughout t h e  
Southwest. Th is  dec l ine  i s  associated 
w i t h  r i p a r i a n  h a b i t a t  mod i f i ca t ionsr  
w i t h  t h e  M e x i c a n  g a r t e r  s n a k e  
i n c u r r i n g  t h e  most se r ious  decl ines 
(Rosen and Schwal be 1988). 

Three spec i es are  cons 1 dered sand- 
dune o b l i g a t e s  and a r e  p r i m a r i l y  
r e s t r i c t e d  w i t h i n  t h e  conf ines o f  t h e  
lower Co lorado R l v e r  and a d j a c e n t  
desert  habi tats.  The Colorado Desert 
and Mohave f r l nge-toed l i zards and 
f l a t - t a  f l e d  horned l i zard appear t o  
have s t a b l e  populat ions wherever s u l t -  
able hab I f a t  ex i s t s .  However# land- 
use prac t ices ,  p r  !mar i l y at i - t e r r a  in  
veh ic le  use and conversion o f  h a b i t a t  
i n t o  a g r i c u l t u r a l  p r o d u c t i o n *  may 
become ser ious  t h r e a t s  t o  these popu- 
l a t i o n s  I n  t h e  near future.  

Rep t i l es  and amphibians i n  need o f  
p r o i e c i l o n  b a s i c a l l y  f a l l  i n t o  Phe 
same groups as o the r  faunal groups, 
R i p a r i a n  and a q u a t i c  spec les  have 
s u f f e r e d  t h e  most severe populat ion 
d e c l  i n e s  and ext i rpa- t ions along t h e  
lower Colorado River. I n  add i t lonr  
l oca I 1 y x c u s r  9 ng sand dune-ob I !gate 
spec?es need Po be m o n l t o r & ~  espec- 
t a l l y  i n  areas where incompatibie land 
uses a re  expected t o  Increatse. 



ER11. A V I A N  NlTlES 

Each major aquat lc  and t e r r e s t r i a l  
h a b i t a t  supports a r e l a t i v e l y  d i s t i n c t  
assemblage o f  b i r d  species. These 
spec ies  occur a t  somewhat pred ic tab  l e  
numbers among h a b i t a t s  from year t o  
year and from season t o  season. A t  
present ,  about 400 species o f  b i r d s  
have been recorded on t h e  lower Colo- 
rado River  (Appendix B).  With i n  each 
hab i t a t ,  b i r d  spec i es compos l t ion and 
abundance var i es seasona l l y accord i ng 
t o  t h e  s p e c i f  f c  f o r a g i n g  and nes t  
s i t e s  avai l ab ie *  food resource levels,  
and t h e  seasonal s t a t u s  o f  t h e  b l  rds. 
Be low  we d i s c u s s  m a j o r  r i p a r i a n ,  
d e s e r t ,  a g r i c u i t u r a l . .  and a q u a t i c  
hab i t a t s  and t h e l  r assoc ia ted  av i -  
fauna. B i r d  community dynamics a r e  
t reated i n  de ta i  l i n  several repor ts ,  
many p a p e r s ~  and an upcoming book 
(Anderson and Qhmart 1 982ap b, 1984b; 
Hosenbery e t  a l . ,  I n  prep.) ,  A l l  
s ta temen ts  a r e  s u p p o r t e d  I n  t h e s e  
documants unless c i t e d  otherwise. 

The? cottonwood-wil law associat ion 
was characteristic o f  t h e  Colorado 
R i  vcsr Va l l e y  b e f o r e  se t t lement  and 
I n t o  the cdrly 1900Ps. Although t h i s  
hab i t&  I s  now s i g n i f i c a n t l y  reduced 
i n  a rear  i t  remains v i t a l  t o  a key 
segment of t h e  reg ion"  avvifauna. I n  
terms o f  b i r d  abundance and v a r i e t y #  
mature  cattonwoad-w l l f ow groves a r e  
among Phe r i c h e s t  h a b i t a t s  i n  North 
Amer i ca . 

Nun;erous m : g r a t o r y  b l  r d s  t h a t  
e i t h e r  breed or winSer i n  t h e  Colorado 
River  Vat ley p r e f e r  t h e  t a l  l w i l lows 

and c o t t o n w o o d s  o v e r  s h o r t e r  o r  
shrubby vegeta t ion .  These seasonal 
res iden ts  a r e  la rge ly  respons ib  l e  f o r  
t h e  h igh  d i v e r s i t y  o f  b i r d s  i n  t h i s  
h a b i t a t .  Summer breeding b i  rdsr  such 
a s  ye1 low-b i l l e d  cuckoos (GQGQZUS 
m e r  i c w ) r  w i  l low f 1 y c a t c h e r  
( h p i d o w  t r a i l l l i ) ,  ve rm i l i on  f l y -  
catcher  (Pvroc- cuhi.nus1, brown- 
c r e s t e d  f I y c a t c h e r  ( M v i a r c h u s  
tyrannulus) ,  ye1 low warb l e r  (m 
~atechia) P and summer t a n a g e r s  
( P i r a n w  r u b r a f ,  a r e  I a r g e l y  
r e s t r  i c ted  t o  na t  l ve cottonwood-w i l low 
stands; others, such as Bel l ' s  v I reos 
(W be1 I i L I 9  ye l  low-breasted chats 
(m y i  re&), and nor thern  o r  i o  les 

1) a t t a i n  t h e i r  h lgh-  
i n  t h e s e  h a b i t a t s .  

Three permanent res  i den t  p r  i mary cav- 
i t y - n e s t  l d r n 
f l i c k e r s  1, 
I adder-backed woodpeckers (P ica ides  

woodpecke rs  
I t  a l s o  r e i x h  
hroug hout t h e  

year i n  t h i s  h a b i t a t  t ype?  as does t h e  
round-dwel I i ng Abert ts  towhee ( ?  i ?  1 lo 

1. Today, t h i s  assemblage o f  
b i r d s  can be found together  o n l y  a t  
t h e  B i l l  W i i l i a m s  D e l t a ;  t h e  l a s t  
s i r o n g h o l d  fo r  what Gr innel l (1914) 
no t& as t h e  most conspicuous element 
o f  t h e  v a l l e y D s  avifauna. 

O u t s i d e  of t h e  breeding seasont 
t h e  B i l l  Williams~o"rtowood-willow 
groves cont inue t o  a t t r x t  a changing 
v a r i e t y  o f  abundant b i r d  species. As 
t h e  summer breeding species depart  i n  
Au~tds-! and Septe~iscr, casmr, m i gran? 
t a n a g e r s *  g rosbeaks*  f I yea tchess t  
v i reos,  and warbers take  t h e i r  place. 



By l a t e  f a l l ?  la rge  f l o c k s  o f  yel low- 
rumped warb i e r s  ( D e n d r m  coronata),  
orange-crowned w a r b l e r s  (Ve rm ivo ra  
ce I a t a ) ,  and ruby-crowned k i ng l e t s  
(ReguLs r;aieadula> move throughout  
t h e  f o r e s t  canopy consuming aphids, 
leafhoppers, and o ther  small insects.  
A t  t h e  same time, i n  t h e  understory 
composed o f  sa l tcedar ,  dead branches* 
a n d  w e t  l e a f  l i t t e r *  h o u s e  
( T r o g l o d y t e s  l ; e d o n I 1  B e w i c k ' s  
(Lbr\Loman.e.s b ._c;w 1, and marsh 
(C is to tho rus  p a l u s t r i q )  wrens occur i n  
abundance, along w i t h  lower numbers o f  
hermi  t t h r u s h e s  (Catharus gu t ta tus )  
and r u f o u s - s  i d e d  towhees ( f l i ~ i  la 

1. 

A l  I t h e s e  species remain common 
through t h e  winter,  unless an i n f r e -  
quent c o l d  snap causes t h e  t r e e s  t o  
shed t h e i r  leaves and insec t  popula- 
t i o n s  t o  decl ine.  I n  l a t e  January, 
when cottonwoods bloom, warblers and 
o t h e r  i n s e c t i v o r e s  f l o c k  t o  t h e s e  
t r e e s  t o  feed on nec tar  and insects 
a t t r a c t e d  t o  t h e  f lowers. They a r e  
jo ined by f l o c k s  o f  lesser  go ld f inches 
( p s a l t r i a ) ,  usua l l y  mixed 
w i t h  p ine  s i s k i n s  (C. pinuoi.nus), and low 
numbers o f  American 12. t r i s t i s )  o r  
Lawrencevs (12. b e n c e i )  goldf inches.  
A month l a t e r *  t h e  w i l lows begin t o  
bloom, and, accord ing ly*  t h e  feeding 
f l o c k s  move t o  wi l lows.  By mid-March, 
t r e e s  a r e  f u l l y  l e a f e d  as s p r i n g  

a s h - t h r o a t e d  f l y c a t c h e r  
-1, Lucy" war- 

W), and no r the rn  . Besides t h i s  progres- 
s i o n  o f  s e a s o n a l  r e s i d e n t s  and 
m ig ran tsP  several uncommon w i n t e r  i ng 
spec ies  a re  found r e g u l a r l y  o n l y  i n  
t h e  t a l l  co t tonwoods and w i l l o w s .  
T red-breasted sapsucker 
( -1 brown creeper 
( 1, and w in te r  wren >. 

Remaining i r a c f  s o f  w i i iows o r  
c o t t o n w o o d s  o u t s  i d e  s f  t h e  B i  l ! 
W i l  [ l ams  D e i t a  a t t r r a t  po r t i ons  o f  

these species assemblages depending on 
t h e  m a t u r i t y  o f  t h e  t rees,  s i z e  o f  t h e  
g r o v e *  and amount o f  sa l tcedar  and 
shrubs present. Even sparse and iso- 
l a t e d  w i l l o w  patches,  however? a r e  
b e t t e r  h a b i t a t s  f o r  b i r d s  than a r e  
p u r e  s a l t c e d a r  o r  sparse,  s t u n t e d  
mesqu i t e  stands. 

One important fea ture  t h a t  sepa- 
r a t e s  mature cottonwood-w i l low hab i- 
t a t s  from o the r  r i p a r i a n  vegeta t ion  i s  
t h e i r  s t r u c t u r a l  complexity, Cotton- 
woods and w i i lows t y p i c a l  l y grow t o  be 
t h e  t a l l e s t  t r ees  i n  t h e  va l ley ,  o f t e n  
up t o  21 t o  24 m (70 t o  80 f t ) ,  thus 
prov i d  i ng both v e r t  i c a  I and hor i zontal  
f o l i a g e  layers o f t e n  absent i n  o the r  
r i p a r i a n  hab i ta t s .  Fol  iage d i v e r s i t y  
has been shown repeatedly  t o  be corre-  
l a t e d  w i t h  h i g h e r  numbers o f  b i r d  
species. On t h e  lower Colorado R iver  
such s t r u c t u r a l  complexi ty  a l s o  a l  lows 
f o r  add i t i ona l  cover from t h e  extreme 
summer temperatures t h a t  may otherwise 
i n t e r f e r e  w i t h  t h e  nes t i ng  o f  many 
midsummer breed ing species (Hunter e t  
a l .  7985, 1987). 

Smal I  s t a n d s  o f  a I matu re  
cottonwood a re  important t o  roos t !  ng 
and nes t ing  heronsl egre ts*  and large 
rap tors .  Preseni-I y, no la rge  rap to rs  
a r e  known t o  nes t  i n  r i p a r i a n  habi- 
t a t s .  H i s t o r  i ca  t i y t  however* Harr i s v  
hawks ( P a r a b u t e ~  were 
known t o  nes t  on t R i  ver 
and may soon again w i t h  r e i n t r o d u c t i o n  
e f f o r t s .  Cooper's hawks 

nd zone-ta i l ed haw 
1 may have nested 

e a r l y  t w e n t i e t h  century b u t  probably 
were never c n 
black-hawk 1 
o c c u r s  o c c a s i o n a l  i y o n  t h e  B i  l l 
W i l l i ams R i vet- b u t  has never  been 
known t o  nest  w i f h i n  t h e  conf ines o f  
t h e  lower CoIorads River, even though 
a stab i e breed i ng popu l a t  ion ex i s t s  on 
-She nearby B i g  Sandy drainage. The 
few nes t  i ng egre t  and heran co lon  ies  
a r e  a I l threatenexf from d isl-urbaace 



and removal o f  n e s t i n g  t rees,  w i t h  
t i t t l e  hope o f  replacement. 

11.2 HONEY WEWlTE 

Honey mesquite h a b i t a t s  along t h e  
C o l o r a d o  R i v e r  r a n k  second  t o  
cottonwood-w I I low i n terms o f  b i r d  
abundance and v a r  l e t y .  Unl i k e  t h e  
seasonal progression o f  b i r d  species 
desc r  i bed above* t h e  honey msqu i t e  
community i s  dominated f o r  much o f  t h e  
yea r  by permanent  r e s i d e n t  insec-  
t l v o r e s  such as c r l s s a l  t h r a s h e r s  

1 c a c t u s  wrens 
( I c a p i  1 lu), 
v e r d i n s  C B u r i m  f i a v I a @ z ) ,  and 
b l a c k - t a i l e d  gnatcatchers ( P u p t i  l a  
g i & a w x l .  I n add it ion, ash-throated 
f i y c a t c h e r s  reach t h e i r  h ighes t  den- 
s  it i e s  I n honey mesqu i t e p  a1 though 
t h i s  species i s  genera l l y  absent from 
t h e  val  ley  i n  midwinter.  One notab le  
seasonal  r e s  i d e n t ,  Lucy 's  warb Ier .  
a r r l v e s  I n  numbers j u s t  as mesquites 
l e a f  o u t  and blossom i n  mld-March. 
Very h i g h  breeding dens i t i es  can be 
found I n  opt imum h a b i t a t s  f o r  t h i s  
w a r b l e r  d u r i n g  A p r i l  and Mayt w i t h  
each p a i r  a t t e m p t i n g  t o  r a i s e  one 
brood. fvlost t u c y l s  warblers depart by 
mld-July, Most a the r  b i r d s  i n  honey 
mesqu i te  a l s o  n e s t  e a r l  y s  b u t  per- 
manent res  {dents  general t y  r a i s e  mu l -  
t i p l e b roods  and con* i nue breed i ng 
through s a r t y  summer. 

G a m b e l v s  qua11 I 
1 main ta ln  t h e i r  h ighes t  wln- 
spr l ny breed i ng popu l a t  ions i n  

honey mesqu l t e  ha& l t aPs  where they  
feed on bath mcsquife zeeds and abun- 
dan t  d e s e r i  s r ~ n u a l s ,  A few o fhe r  
t y p  l ca  i deser t  
ga r  head shr  l ke 
and b l ack-throat 

t h r o u g h  s p a r s e  mesqer I I e  wood lands, 
w h i t e  avoiding denser r i p a r i a n  vegeta- 
4- ion. 

Two b o t a n i c a l  features found i n  
honey mesqu i t e  stands a t t r a c t  seasona I 
res iden ts  and add g r e a t l y  t o  t h e  aver- 
al t cornposit ion of t h e  b i r d  cmmun i t y .  
One fea ture  i s  mis t le toe ,  which para- 
s it i zes honey mesquite more than o the r  
t r e e  species i n  t h e  area. M is t  le toe  
c l u m p s  p r o d u c e  l a r g e  amounts o f  
b e r r i e s  t h a t  support  a huge w ln ter  ins 
p o p u l a t i o n  o f  p h a i n o p e p  l a s  
(Pha inooeDl1. The phainopepla 
i s  h i g h l y  adapted f o r  feeding a l m s t  
exc lus i ve l y  on m i s t l e t o e  b e r r i e s  dur- 
ing winter .  Th is  s i l k y  f l y c a t c h e r  i s  
un ique  among t h e  v a l  l e y f s  b i r d s  i n  
t h a t  it begins breeding i n  l a t e  w i n t e r  
and migrates ou t  o f  t h e  val ley  i n  May. 
Other f rug lvorous  b i r d s  a t t r a c t e d  t o  
t h e  mis t le toe- in fes ted  mesquite woods 
i n  w i n t e r  i n c l u d e  sma l l  f l o c k s  o f  
cedar  waxwing ( 

Amer 1 can rob i n  
and wes te rn  ( S i a l i a  
mounta in (S. w r i c o i d a )  b lueb i rds .  
I n add i t  ion, sma l l numbers o f  sage 
thrasher  ) a r r i v e  
i n  Februa ich  t ime 
lone  b Trds w i  i I t a k e  up temporary 
r e s i d e n c e  a t  i n d i v i d u a l  m i s t l e l - o e  
clumps. The n o r t h e r n  m o c k i n g b i r d  

1 i s  t h e  on l y  per- 
a t  feeds heavi l y on 

m i s t l e t o e l  a l t h o u g h  Gambelqs quailp 
ecker ,  and house f i n c h  

1 occas iona l ly  
consume ber r ies .  

The second important f ea tu re  o+ 
honey mesquite h a b i t a t s  i s  t h e  pres- 
ence o f  s e v e r a l  shrub species ihal. 
f o r m  l a r g e  p a t c h e s  i n  more open 
stands. Quai l bush and s a l t  bush are  
mos t  comrnon~ p r o v i d i n g  p e r e n n i a l  
f o l i a g e  fear s m a l l  w i n t e r i n g  insec- 
t i  v o r e s r  s u c h  as v e r d  i n s ,  g n a t -  
catchers, and orange-crowned warb i e rs  . 
These sh rubs  a I so p r o v  i de abundanl. 
f aad  and cover f o r  w in te r i ng  g ran i -  
vores. Large* rov ing  f I c c k s  af w n  i t e -  
c r o w n e L !  s p a r r ~ w s  ( 

1 p r e d m  i nate* 



w i t h  sma I l e r  numbers o f  dark-eyed 
juncos (u -1 and Brewer's 
( S p j r e l  l a  brews) and ch ipp ing (S. 
paqqer i na)  sparrows. Resident Gam- 
b e l %  qua i l  and Aber t t s  towhees feed 
and t a k e  r e f u g e  i n  t h e s e  shrubby 
p a t c h e s  as we1 I. Another  sh rub t  
inkweed, i s  found i n  on ly  a few pa r t s  
of t h e  va I  ley (no r th  o f  Ehrenberg and 
e a s t  o f  Poston) ,  b u t  sage sparrows 
(8mpb r sp I za . . be1 lli) are common dur I ng 
win ter  months where it grows. 

11.5 HONEY ESQUITE-SALTWAR MIX 

Honey mesqu i t e  general l y d m  i nates 
on upper f l oodp la in  terraces. Th is  
leguminous p l a n t  i s  f requent l  y t h e  
on ly  r i p a r i a n  t r e e  t o  form monotypic 
stands, i n  which sa l tcedar  i s  no t  an 
important component, Howevert a mix- 
t u r e  o f  honey mesquite and sa l tcedar  
occurs ra the r  local  l y  i n  t h e  v i c i n i t y  
of C ibo la  National W i l d l i f e  Refuge and 
on t h e  F o r t  Mohave lndian Reservation. 
T h i s  mixed t r e e  community supports 
avian specles not  found I n  pure s a l t -  
cedar o r  pure honey mesquite stands. 
Sal tcedar forms a dense understory I n  
these stands and adds s i g n i f i c a n t l y  t o  
summer insec t  product ion. Conversely* 
honey mesqu i t e  o f f e r s  access i b l e  fo r -  
a g i n g  s i t e s ,  a l o n g  w i t h  a w e l l -  
developed, b u t  patchy canopy layer. 

An i n t e r e s t i n g  b i r d  species n o t  
found i n  pure stands o f  honey mesquite 
o r  sa l t cedar  i s  B e l l %  vireo, which 
h i s t o r i c a l l y  was most h igh l y  ass=- 
ia ted  w i t h  w i l low-dominated hab i t a t s .  
Although B e l i v s  v i r e o  i s  now r a r e  on 
t h e  lower Colorado River and does n o t  
o c c u r  i n a I  l honey ( o r  even most) 
mesqu i te-sa I  tcedar stands, t h  i s  vege- 
t a t i o n  t ype  represents i t s  most impor- 
t a n t  h a b i t a t  ou ts ide  t h e  w i l  low stands 
o f  t h e  B i  1 l Wil l iams De l ta  and near 
Need I es. S i m i  jar  l y, ye! low-breasted 
chat, outside t h e  B i l l  W i l  liarns River l  
reaches i t s  h ighest  densities i n  these 
mixed communities on t h e  lower Ccrlo- 

rado River  and I s  r a r e l y  encountered 
i n  pure stands o f  e i t h e r  sa l tcedar  o r  
honey mesqu 1 te .  

Both t h e  cha t  and v i r e o  were once 
abundant a l o n g  t h e  lower Co lo rado  
River  and were two o f  t h e  f i v e  species 
t h a t  Gr innel l (1914) considered char- 
a c t e r  i s t  i c  o f  t h e  w i  l low-cottonwood 
a s s x i a t  ion. These two species seem 
t o  r e q u i r e  b o t h  a dense understory 
and, a t  least, a moderately t a l l  can- 
opy I ayer .  The f a c t  t h a t  a honey 
mesquite-saltcedar mix i s  apparent ly 
adequate f o r  these two summer v i s i t i n g  
1 n s e c t  i vo res  i l I  us t ra tes  t h e  impor- 
tance o f  vegetat ion s t r u c t u r e  alone i n  
determin ing t h e  h a b i t a t  preferences o f  
c e r t a i n  b i r d  species. 

On t h e  lower Colorado River, a l l  
screwbean mesqu i t e  stands a r e  m txed 
w i t h  saltcedar. I n  c o n t r a s t  t o  honey 
mesqu i t e r  screwbean mesqu i t e  i s  r a r e l  y 
paras it ized by m i s t l e t o e  and grows so 
dense t h a t  few shrubs become estab- 
! l shed. Screwbean mesqu i t e s  general l y 
grow t a l  l e r  than honey mesqu l tes, and 
because they accur c lose r  t o  t h e  r i v e r  
bank9 screwbean mesqu i t s  groves o f t e n  
coni-ain a few i so la ted  cottsnwoods and 
w i l lows. For much o f  t h e  year, t h e  
b i r d  community i n  screwbean mesquite 
hab i t a t s  i s  composed almost e n t i  re1 y 
o f  permanent res  ident  species. The 
genera l  l a c k  o f  p e r e n n i a l  fo l iage,  
f r u i t ,  o r  seeds makes t h e s e  areas 
among t h e  leas t  a t t r a c t i v e  o f  r i p a r i a n  
hab i t a t s  f o r  w in te r  res  i dent warb l e rs  r 
sparrows, and f rug ivores .  Howevert i n  
summerl some g l  lded northern f l ickersr  
G i l a  woodpeckers, ash- throated and 
brown-crested f lycatchers,  and a few 
Be1 l @ s  vireos, yel  low-breasted chats, 
a n d  y e l l o w - b i l l e d  c u c k o o s  a r e  
a t t r a c t e d  t o  t h e  t a l  l canopy and 
s c a t t e r e d  cottonwoods. Lucy t s  war- 
b l e r s  a r e  common i n  s c r e w b e a n  
mesqu i t -damina fd  stands. 



Perhaps t h e  most conspicuous avian 
fea tu re  o f  mature screwbean mesqu i t e -  
sa l tcedar  hab i ta t s  i s  t h e i r  t rmendous 
d e n s i t y  o f  n e s t  i ng wh i te -w  l nged 
(ZenaId.a a s l a t h )  and mourning (2. 
macoura) doves. These b i r d s  may p lace 
t h e i r  l o o s e l  y  c o n s t r u c t e d  nests as 
c lose  as 1 m ( 3  ft) from one another 
throughout t h e  dense canopy, and t h e  
d l n  o f  t h e i r  c a l l s  a t  f i r s t  l i g h t  i s  
deafening. In  addi t ion,  dur ing  l a t e  
summer and f a  l l t h e  seed pods o f  t h e  
screwbean mesqu i t e  r i p e n  and fa1 l r  
prov id ing  an abundant food source f o r  
many w i l d l i f e  species. I n  p a r t i c u l a r l  
l a r g e  coveys o f  Gambelvs qua i l  move 
i n t o  these woods from other  r i p a r i a n  
and d e s e r t  a reas  t o  f e e d  on these 
seeds. 

Screwbean mesqu i t e  hab i t a t s  have 
increased i n  area w i t h  t h e  stab I l f za- 
t l o n  and channe l iza t ion  o f  t h e  r i v e r .  
G r F n n e l I  ( 1 9 1 4 )  f o u n d  screwbean 
mesquite p r l m a r l l y  where t h e  r i v e r  bed 
was very o l d  o r  where backwaters had 
formed. A t  present, s ince cottonwoods 
and wi l lows a r e  no t  n a t u r a l l y  regener- 
a t  l ng, screwbean mesqu i te,  i n  assoc 1 a- 
t l o n  w i t h  saltcedar, i s  becoming more 
p r a v a  l e n t .  S t r u c t . u r a l  l y  wei  l -  
d e v e l o p e d  s t a n d s  o f  s c r e w b e a n  
mesqu l t e ,  however, a re  con* i nuous l y  
u n d e r  t h r e a t  o f  c l e a r i n g  o r  a s  
i nd l v  ! dua l screwbean t rees  d  i e  they 
a r e  rep iaced by sa t tcedar  t o  s lowly 
become monocuitures. 

Arrowweed i s  a  shrub, general l y  
1,8-2 m (6-8 f t )  t a t  l t h a t  f requent iy  
o c c u r s  I n  monatyp ie  stands. The i r  
s ing  l e t  v e r t  fcaf sterns grow very c  l ~ s e  
t o g e " r e r t  making t h e  stands almost 
Impenetrab t e, These stands a t t r a c t  
o n l y  a few ground-foraging r e s f d e n t s ~  
s u c h  as m o u r n i n g  doves* Garnbeivs 
quai f and Abert % Tkowheesr as we! I as 
a few verdfns, blue grosbeaks ( 

1, and w in t -e r ing  sparrows. 

Other species w i l l  occas iona l ly  forage 
I n  arrowweed I f  t r e e s  a r e  aval l ab le  
nearby. 

I n t e r e s t i n g l y ,  G r i n n e I 1  ( 1 9 7 4 )  
commnted on t h e  extensive t r a c t s  o f  
arrowweed t h a t  formed t h e  perimeters 
o f  many w i  l low groves and s ta ted t h a t  
they were t h e  f i r s t  p l a n t s  t o  co lon ize  
t h e  r e c e n t l y  c r e a t e d  s i  I t  beds and 
shoals. A t  t h a t  time, t h e  o n l y  r e s l -  
dent b i r d  reaching peak abundance i n  
arrowweed was t h e  desert  race o f  t h e  
song sparrow ( ~ ~ I o s D ~  m l o d  id .  
Today, r e s i d e n t  song spar rows a r e  
r a r e l y  found  o u t s i d e  o f  marshes* 
except i n  p a r t i a l l y  f looded wi l lows o r  
sa l tcedar. 

A t  a l l  t imes o f  t h e  year, monocul- 
t u res  o f  exo t i c  sal tcedar support t h e  
lowest dens i t i es  and v a r i e t i e s  o f  b i r d  
species o f  any r ?  par Ian hab i t a t  except 
arrowweed. Most sa I  tcedar stands are 
o f  s h o r t  s t a t u r e  ( c 4 . 6  m C<15 f t l  
t a  l I ) and a r e  v e r y  dense. B i r d  
species t h a t  =cur i n  these h a b i t a t s  
a r e  g e n e r a l l y  permanent  r e s i d e n t  
ground-foragers o r  srnai l insect ivores;  
cav  i t y - n e s t  i ng woodpeckers and f l y -  
catchers a r e  absent. Frug i vores a re  
v i r t u a l  l y  absent i n  sa l tcedar  habi- 
t a t s .  Among t h e  v a l l e y ' s  summer r e s i -  
dents, on l y  mourn i ng and wh ite-w i nged 
doves, Lucy ' s  warb le rs ,  b lue  gros- 
b e a k s t  and brown-headed cowb i rds  
( -1 do n o t  seem t o  avoid 
pure sa l tcedar  hab i ta t .  These habi- 
t a t s  a r e  l a rge ly  devoid o f  b i r d s  i n  
winter .  

Several  f ac to rs  probab l y  c o n t r i -  
bute t o  t h e  s c a r c i t y  o f  b i r d s  i n  s a l t -  
cedar.  A l though  insects  a re  o f t e n  
abundant I n  sa l tcedar  dur ing  surnmr, 
t h e  t rees  produce a  s t i c k y  and salt-y 
exudate  Phaf say i n h i b i t  b i r d s  from 
f o r a g i n g  e f f i c i e n t l y  i n  t h e  dense 
fo l i age ,  Since many insec t ivores  do 



nest  and feed i n  sal tcedar i n  o the r  
r i v e r  v a l  l e y s  f a r t h e r  e a s t ,  t h e  
absence o f  these b i r d s  i n  sa l tcedar  on 
t h e  lower Colorado River  may be more 
complex t h a n  t h e  mere i n a b i l i t y  t o  
cope w i t h  t h e  s t i c k y  exudate. Summer 
temperatures become more severe from 
east  t o  west across t h e  Southwestern 
deser t s ,  and c e r t a i n  migratory mid- 
summer b r e e d i n g  b i r d s  become more 
spec i a1 i zed i n  t h e i r  use o f  mu1 ti- 
layered h a b i t a t s  such as cottonwood- 
w i  l low (Hunter  e t  a l .  1985; Hunter 
1987). Perhaps f o r  these b i r d s ?  t h e  
sh rubby  s a l t c e d a r  canno t  m i t i g a t e  
aga i n s t  t h e  extreme summer heat ;  
f a r t h e r  east t h e  more moderate summer 
env i ronment a l lows these same species 
a greater  f l e x i b i i  i t y  i n  t h e i r  use o f  
lower-statured hab i ta ts .  

Notable exceptions t o  these gener- 
a l i z a t  l ons a re  t h e  occasional sa I t- 
cedar stands t h a t  a r e  spared from f i r e  
long enough t o  a t t a i n  heights 8 t o  9 m 
( 2 6  t o  30 f t l r  and a l s o  stands o f  
v e g e t a t i v e l y  reproducing a the l  tama- 
r i s k  (lamarix mvl la) >20 m (>66 f t ) .  
Although rare, these mature sa l tcedar  
groves can near ly  equal n a t i v e  vegeta- 
t i o n  i n  t h e i r  va lue t o  some breeding 
b i r d s .  White-winged and mourning 
doves nest  abundantly, and these areas 
a t t r a c t  such uncommon summer res idents  
a s  b l a c k - c h i n n e d  h u m m i n g b i r d s  
( & h i  i o c h u s  W r i  I ,  yef low- 
breasted chats, and summer tanagers. 
I r o n  i c a  l l y P a f t e r  a sa l tcedar stand 
burns, i t  i s  a l s o  temporar i l y  more 
a t t r a c t i v e  t o  b i rds .  Opening o f  t h e  
canopy and presence o f  numerous dead 
snagsl as we1 l as t h e  cont inua l  emer- 
gence o f  summer insects (such as t h e  
cicada), a t t r a c t  la rge numbers o f  many 
b i r d s  t h a t  a re  no t  normal l y found i n  
s a l  t c e d a r .  These b i r d s  i n c l u d e  
a e r  i a l - f  o rag  i ng wes te rn  k i ngb i r d s  
( 
n 
a s  we! I as 
indigo bunt ing ( 

As no ted  above, s a l t c e d a r  f re -  
q u e n t l y  o c c u r s  mixed w i t h  n a t i v e  
r i p a r i a n  v e g e t a t i o n ,  e s p e c i a l  l y  
w i I lows and screwbean mesqu i t e .  Bi rds  
found i n  t h e s e  areas a r e  genera! l y  
determined by t h e  dominant n a t i v e  t r e e  
species, and t h e  e f f e c t  o f  sa l tcedar  
i n  t h e  understory i s  usual l y negative. 
I n  contrast ,  even a few n a t i v e  t rees  
o r  pa tches  o f  n a t i v e  shrubs (e.g., 
s a l t  bush) scattered through a s a l t -  
cedar stand w i l I great1 y enhance t h e  
area's value t o  b i rds .  

11.7 DESERT 

The comb i n a t i o n  o f  t a l  l t rees  and 
low-growing v e g e t a t i o n  a t t r a c t s  a 
d iverse b lend o f  desert  and r ipa r  i an 
b i r d  species. The b i r d  community i s  
b a s i c a l l y  s i m i l a r  t o  t h a t  i n  honey 
mesquite habi tats,  inc lud ing a l  I t h e  
f r u g  i v o r e s  and w i n t e r  I n g  sparrow 
s p e c i e s .  However, a few d e s e r t  
s p e c i a l i s t s  such as Costa's humming- 
b i r d s  (LaL@x axdjxe) and b l a c k -  
t h r o a t e d  s p a r r o w s  (Wahis_giZg 
b i  Hneata)  a re  more numerous i n  these 
desert  washes. A few r i p a r i a n  species 
(Cr issa l thrasher and Aber t ts  towhee) 
a l so  use these washes. Where saguaros 
a r e  present, t h e  f u  l i comp lernent o f  
cav i t y - n e s t  i ng species may be found 
f a r  f r o m  t h e i r  more t y p i c a i  i u s h  
co t tonwood-wi  I Iow h a b i t a t s .  T h i s  
observat ion c lear  i y i l l us t ra tes  how a 
s i n g l e  c r i t i c a l  resource, such as nest  
c a v i t i e s *  w i i l determine t h e  d i s t r  ibu- 
t i o n  o f  a b i r d  species o r  group o f  
species. 

As no ted  e a r l i e r *  marshes and 
o the r  aquat ic  hab i t a t s  have became an 
i mpor tan t  componen* of t h e  val l e y t s  

w i ! d l  i f e  h a b i t a t s  a f t e r  t h e  
construe?- lan o f  f arge impoundmnf s. 
L i k e  t e r r e s t r i a l  r i p a r i a n  habitats3 



present -day  marshes v a r y  i n  p l a n t  
spec ies  c o m p o s i t f o n  and vege ta t i on  
s t r u c t u r e ,  as wel I as p rox lm l t y  t o  
a d j a c e n t  open wa te r  o r  t rees .  I n  
general, marshes# dominated by dense 
c a t t a i l s  o r  bulrushesr support la rge 
numbers o f  b r e e d l n g  insectivoresr 
r a i l s s  l e a s t  b i t t e r n s  ( U r v c U  
exilis)F and o the r  waders (Anderson e t  
a! .  1984) (Table 49). Most o f  these 
s p e c i e s F  however, can be  found i n  
almost any marshy situation along t h e  
r i v e r .  Marshes composed mostly o f  
cane o r  reed a t t r a c t  t he  fewest b i r d s  
o f  any marsh type. 

Nanbreeding b i rds,  p r imar l  l y  wln- 
t e r  l ng water fow I m i g r a t o r y  shore- 
birds, and dispersing waders, p re fe r  
more open marshesl especial  l y  those 
w h e r e  m u d f l a t s  and s a n d b a r s  a r e  
exposed (Anderson e t  a l .  1984). Where 
r f p a r i a n  t rees  a re  Interspersed w i t h  
marsh vegetation, a number o f  o the r  
b i r d s  a r e  added t o  t h e  community; 
these t r e e s  a l s o  a c t  as roos t l ng  o r  
nes t lng  places f o r  herons and egrets. 
Heron and egre t  nest lng co lon ies  are  
o f  spec l a I concern  t o  a l  l w l  Id  l l f e  
agencies. Water management a c t i v i t i e s  
are  o f t e n  proximal t o  those co lon ies  
and may seve re l y  i n h i b i t  successful 
bread i ng. 

A r t  I f l c i a l marshes behind back- 
wa-ter l e v e e s  and j e t t i e s  compare 
f a v o r a b l y  f o r  w i l d l i f e  w i t h  more 
n a t u r a l  marshes, Marshes t e n d  t o  
evolve e i t h e r  s lowly  o r  r a p i d l y  from 
h y d r l c  (i,e.r wet condf t ions)  t o  x e r i c  
( i  ,e.* d r y  conditions). Without man- 
agement toward h y d r f c  conditions these 
areas lose t h e !  r a t t r a c t l v e n e s s  t o  
b i r d s ,  increased channel I z a t i a n  a f  
t h e  rfver w l t l  r e s u l t  i n  a decrease I n  
marsh hab i ta t s  because higher, sw i f t e r  
f lows deepen t h e  r i v e r  channel and 
prevent t h e  growth of emergent p lants,  
Deepening o f  t h e  channel atso lowers 
the  adjacent wafer fabie,  effectivety 
dry ing  wet o r  marshy areas. f r a n i c a f -  
l y r  t h e  n?arsh b i r d  cammunfty, which 

has enjoyed more extensive and s tab le  
h a b i t a t s  s i n c e  h l s t o r f c a l  t imes# I s  
now perhaps t h e  most suscept ib le  t o  
immediate danger from r i v e r  management 
a c t t v l t f e s .  The fo l l ow ing  subsect ion 
covers two endemic marsh species found 
on t h e  lower Colorado Rlver. 

Two spec les o f  r a l  l s a r e  pa r t i cu -  
l a r l y  threatened by water management 
a c t i v i t i e s  on t h e  lower  Co lo rado  
River.  The b lack r a l l  i s  p resen t l y  a 
candidate f o r  Federal I I s t l n g  and t h e  
Colorado River  popu i a t i o n  I s  comp le te -  
l y Iso la ted from a1 l o the r  conspecl f l c  
popu la t ions .  The on ly  endemlc b i r d  
l i s ted  w l t h  Federal endangered s t a t u s  
on t h e  lower  Colorado River  I s  t h e  
Yuma c lapper r a i l .  These two specles 
a r e  o f  spec la1 concern t o  management 
agencies, and t h e i r  known b l o l o g i c a l  
a t t r i b u t e s  a r e  summarized below. 

U c k  rail.. B l a c k  r a i l s  were 
f i r s t  found dur ing  1969 i n  small num- 
b e r s  around t h e  imper la l  Dam area. 
Tota l  popu la t ion  s i z e  i s  now estimated 
a t  about 200 i n d i v i d u a l s  from M i t t r y  
Lake n o r t h  t o  lmper l a  I Nat ional W i  1 d- 
l i fe Refuge. More recent  l y r  up t o  10 
I nd l v  i d u a l s  have been found i n  t h e  
B i l l  Wi l l iams D e l t a  ( s lnce  19791, and 
about t h e  same number have been found 
s l n c e  The m i d - 1 9 7 0 f s  a l o n g  t h e  
Coachel l a  and H l g h l i n e  Canals near 
N i l and ,  GA. Status o f  t h e  specles 
along t h e  Colorado River  i n  Mexlco i s  
n o t  known present l y . 

V e r y  I l t t t e  s p e c i f i c  d a t a  i s  
a v a i l a b l e  on t h e  b io logy  o f  t h e  b lack 
r a f  l o n  t h e  lower Co lo rado  R ive r .  
T h i s  v e r y  s e c r e t i v e  s p e c i e s  i s  
detected almost exc lus i ve l y  i n  marshes 
m n f a i n l n g  la rge mats o f  three-square 
bulrush. Th i s  emergent p l a n t  r a r e !  y 
grows t a l  l e r  than 'I m ( 3  f t ) ,  and t h e  
Slack r a i  ! seems to p r e f e r  s+ab!e 
water l eve ls  o f  a few cent i w t e r s  o r  
iess (Repking and Ohmart 1977). 



Table 49. Seasonal breakdown o f  g u i i d s  i n  e x h  marsh type.  Typo i = nos r i y  
100% c a t t a i  l /bu i rush,  smal l amounts o f  cane anc apen wator; Type l i : near1 y 
75% c a t t a l l / b u l r u s h ,  many t rees  and grasses interspersed; Typo I ! I  = about 25%- 
50% c a t t a i  I /bu l rush, some cane, open water, some t r e e s  dnd grasses; Type I V = 
about 35%-50% c a t t a i  l /bu i  rush, many t r ees  and grasses I nTcrspersod; Typo V = 
about 50%-75% c a t t a i  l /bu i rush, few t r e e s  and grasses int@rspersod; l y p e  V I - 
nearly 109% cans, l i i t  le open water; Type V l  i .- open marsh (73% wdter) ,  
ad jacent  t o  sparse marsh vegetat  ionr inc I udes sandbars and mlrdf t a t s  when C b  io- 
rado R iver  I s  low; and Type V I  l l = Topmk Marsh, near New less C A P  vcgetat io r i  
s i m i l a r  t o  Type i t  but  w i t h  eben densor sl-ands o f  bulrushas. l y p e  V i D I  was 
kept  separate f o r  purposes o f  ana lys is  as i t  was c@nsur;od tor o n l y  f. i va  m>ntRs 
and i s  geograph lca l i y  Jsoiated tram the rest of t h e  s t u d y  dr-ea. L $%umnsr -- 
l a t e  summr. X = n o t  censused. Adapted f  r-om Andersnn EX? 31. ( 1984fe 

Permanan? 
Marsh Wad I ng Watcr- Shore- ros i dent V i s i t  ing 
type Season b i rds  b i r d s  b i r d s  1 nsect l varus i nsact i v o r m  Gran i vores 

I Winter 
Spr ing 
Sumrn r 
k summer 
Fal i 

I I Winter 
Syr  ing 
Summer 
L s u m n e r  
Fal l 

I I I  W l nter 
Spr l ny 
Summ r 
h summer 
Fat I 

I V W I n?er 
Spr i ng 
Summer 
L summer 
Fai l 

V Winter  
Spr ing 



Table 49. (Concluded) 

Bl rds/40 ha (100 acres) 

Permanent 
Marsh Wading Water- Shore- res iden t  V l s i t l n g  
type Season b i r d s  b i r d s  b i r d s  Insect ivores  insec t ivores  Gran ivores 

Summer 4 7 8 0 94 112 16 
L summer 44 10 0 44 1 1 1  2 3 
Fal I 2 0 \ 5 1 49 167 4 7 

V I W i n t e r  15 18 0 10 181 9 
Spr i ng 34 8 0 6 189 13 
Summer 3 6 6 0 6 8 2 45 
Lsummer 39 9 0 0 1 79 0 
Fal I 4 1 1  0 0 88 0 

V f  I W I n t e r  5 294 76 69 170 102 
Spr I ng 5 2 34 7 3 3 5 1 65 5 7 
Summer 18 38 8 7 7 5 9 33 
Lsummer 14 43 64 105 63 29 
Fal D 6 133 105 2 8 122 8 3 

V l l l  Winter X X X X X X 
Spr I ng 16 114 0 5 9 181 13 
Summer 43 5 3 0 4 2 38 1 1  
L summer X X X X X X 
Fa! D X X X X X X 

Black  r a l  ls are  ane o f  t h e  most 
d i f f i c u l t  b l r d s  t o  observe i n  North 
Americas b u t  l i k e  a l l  r a i t s ,  they a re  
quiBe vocal. Peak c a l  l Ing a c t l v i t y  i s  
In sp r ing  and ea r l y  summer* al though 
a t  leas? a few ind i v idua ls  are  found 
c a i  l f ng year-round, Very I i t t l e  i s  
know08 ttcswever, aboul- d-h i s  popu ia- 
t i o n f s  mlgra-t-ary h a b i t a t s  ( f f  t he re  
a r e  any). Recenl- popuiat lon expan- 
s lons n o r t h  i s  t h e  B i l l  Wit l lams RIver 
suggest $hat a t  leas t  some b i r d s  d i s -  
perse r e l a t l v e t y  f a r ,  

The Yuma c lap-  
p e r  r a  i l has exper  lenced an In te r -  
e s t i n g  h i s t o r y  on t h e  tower Colorado 
R l  v e r .  The f i r s i  spec  Imen was 
c a l  lect-ed i n  I902 near YumaP but  -She 
subspec l e s  was no? descr ibed u n t l  l 
a d d i t i o n a l  specimens were taken In 
7921 and '1924 (Swarth 1914; Dickey 
19231,  Marsh v e g e t a t i o n  was n o t  
extensive dur ing  t h i s  period, no r th  o f  
t h e  G f  l a  R i v e r  conf luence fGr innel  I 
1964). Thus, t r a c k  lng t h e  development 
of exfer is ive ~ i i j r s h e ~  behind ma jo r  dams 
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1920fsr  t h e  present populat ion s i ze  a m e r i c a )  a and redhead  ((Avthva 
remains low and i s  l im i t ed  by and has americaa),  i s  la rge ly  determined by 
come under t h e  t h r e a t  o f  reduct ion t he  local  d i s t r i b u t i o n  o f  Sago pond- 
f r o m  o t h e r  r i v e r  management ac- weed beds. Sago pondweed cannot with- 
t I v  it ies. Dredging* channel fzation, stand s w i f t  current, so it i s  adverse- 
and s t a b i  l i z i n g  banks by r ip rapp ing l y  af fected by channel izat ion o r  by 
are a l l  detr imentai t o  marsh hab i t a t  unusual ly  h igh water levels. River 
f o r m a t  i o n .  Recen t  f l o o d i n g  has segments least  used by b i r d s  are chan- 
resu 1 ted i n  greater pressure on water n e  l i zed s t  r e t c h e s  away f rom dams 
management agenc ies t o  i ncrease chan- (Anderson and Ohmart 1988). 
ne I i t a t  i o n  and bank s t a b  i l 1 z a t  i o n  
a c t i v i t i e s r  which w i l l  r e s u l t  i n  I n  summer, ve ry  few b i r d s  a r e  
fu r the r  reduct ions i n  avai lab l e  marsh found I n open water areas. Marsh- 
habi tat .  These actions, i n  turn, may nest ing coots and grebes w i  l I venture 
severely reduce the  Yuma clapper r a t  l o u t  o n t o  t h e  r l v e r  o r  1 akes, and 
population. herons use t h e  r i v e r  banks f o r  feeding 

year-round, Summer i s  t he  peak m igra- 
t i o n  t i m e  f o r  seve ra l  spec ies  o f  

11 -9 WAER shoreb 1 rds and te rns*  however. Post- 
b reed ing  d i s p e r s e r s  such as brown 

Surveys o f  open water  hab i t a t s  p e l  icans (Pelecanus ~ c c 1 d ~ ) ~  
confirmed the increased value o f  t h e  boobies, o r  magnif icent f r i ga teb i r ds  
lower Colorado River f o r  waterbirds (&eggh ggqp1ficens) a lso v i s i t  the 
s i nce r 1 ver  management began (Tab i e  Co lo rado  R i v e r  i n  summer. A l  I o f  
50) (Brown 1985; Anderson and Ohmart these species must compete f o r  space 
1988) .  Whereas G r i n n e l  1 (1914) w i t h  rec rea t ion ls ts  t h a t  a l so  f l ock  t o  
recorded only a few ducks and coots t h e  r i v e r  and lakes i n  summer t o  boat, 
a long  t h e  e n t i r e  r i v e r  i n  1910, a t  f ish,  and water sk i .  Increased devel- 
least  10 species o f  waterfowl# as wel l  opment o f  recreat ional  areas along the  
as Amerlcan coots (F&ljsa aw3mn.a) r i v e r  and t he  increased pressure t o  
and several species o f  grebesr can be channel lze more o f  t he  r l v e r  because 
considered common t o  abundant during o f  r e c e n t  f lood i ng w i l l adverse1 y 
w ln te r ,  Waterb i rds  t y p i c a l l y  as- a f fec tmany waterfowl species. 
soctated w i th  oceanfc o r  o ther  deep- 
water hab i fa ts  have probably benef i t ed  
t h e  most. We have recorded loons* 1 t.lQ I\GRICtlLT S 

n d  e a r e d  ( P o d i c e p s  
9 grebes ,  go ldeneye ,  O f  a l l  t h e  h a b i t a t  changes ex- 

r i ng-b I I I ed per ienced i n  the lower Co lorado R i  ver 
a - Val ley, the convers ion o f  vast  r ipar- 

( Lo Ian areas t o  ag r i cu l t u ra l  production 
large lakes I s  ce r t a i n l y  the  most dramatic. B i r d  

n t h e  deep channels Immediately species using ag r i cu l t u ra l  lands are 
below dams. On the  other hand, puddle genera l  l y  d i f f e r e n t  from those t h a t  

red-b i l I ed grebes ( use r f p a r  i a n  vegetat ion (Table 51 1. 
) and Amr ican coot  I n  f a c t 9  o f  a l l  r i p a r i a n  r e s i d e n t s ~  

numerous i n  unchannei ized stretches on t y doves, western k ingb i  rdso ye1 low- 
and I n  shal low backwaters t h a t  support rurnped warb lers, and wh ite-crowned and 
emergent and submerged vege ta t  Ion, Brewerts sparrows were regu tar !  y found 
The year-to-year abundance of  several more than 1.3 km (0.8 m i  1 from r ipar- 

es, Including gadwal I ( Ian t r a c i s  (Table 52) (Canine e t  a l .  
1 Amer lcan  w igeon  1978; Anderson and Ohmart 19t32a). 
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T a b l e  50,  Cmpnr l sms  of ws-lerfowh! s p s l e s  rean l a  1910 (Grinnet I !.?la1 s r ~ d  tr,  
1978 (Anderson and Ohm~rt 1988). Sclont. l t lc nams i n  Appendix 8.  ~~~- *--- , "- .----- 

Number O&SBTV& 

---1----------"- ---- - lX I -- - -- - -- 

Spec i es F tshr-uary-Way 1910 F obr uar y-Mdy I V dt$ 

C i n n s m n  ?@a l 
Green-winged teat 
lesser s c a u p  
Ma 1 9  a rd  
Narthsrn p i n t a l  l 
b r l . n e r n  shoveler 
Red-bressted mrganses 
Ruddy d u c k  
American rlgnsn 
Bar row15 g a I d e n ~ y ~  
H u f f  lehear: 
Canvasback 
G~mrs 90 t deneyda 
k m n  mryenser 
Gdduis l l 
Gsaater scgup 
Racdhead 
R i ng-ncxksd duck 
Surf scofer 

TcZ.6 I r u m b ~ r  ~ B ~ a r v u d  
rota l spw l eta observfdd 

Only T t~o  k i n g b i r d  b r a e d ~  i n  bo%h sgr i- 
c e s l t u r s i  ahid r i p a r i a n  .;lTuaZ.Fonr, 
Ibwerer? P% fcng  r $par  1an-agr icuf Pural  
adgo.;# r i par %an b l r d  pclpii t a t  ions ap- 
pmr TO t)@n@f l P  from  CUR^^^ lrsdt !an 
o f  i ncrsiibsed fsad ra5sur-cats d f rot% 
cb l t Y va tud  crops) and ascape3 an8 nab?- 
i ng csver pruv lded proxlmaf t y by t r & e ~  
and s h r u b s .  I n  p a r l . l c u l @ r ,  roadrun- 
ners, dsvr;s, &mbel'ra quailI cr l= l , a i  

thrcrrshears, Abert % Ttc*whaac,r and u !  n- 
.t"@ring sparraws and w e l r b l e r s  wefa 
fslarrd in h igh  d@nsl?lec, along fhese 
eCges, 

Near l y 8 l t b i r d s r & ~ r * c  lt**, u a ;  p 7 r j  

8 y r  $car f f u r d l  crag l a ~ d  to a n y  ahtorr? 
& T O  (riigr&1"~;8$yr and ~ s a n y  of ??.~ek*e *dtdy 

thraiuqb the r ~ ~ S B P  r ~ x x ~ P h ~ , ,  Aarairrg  PIP 
few p+jr nfinsrs9 rt-%a laen?*$ wufurctn ba-srd 

r n  mo&clr; .wl tark% 

fsw killdeer I 
s n d  b u r s  ow i lig 
mar 5 h-nssf i ng r sd-w l n q e d  B b ~ a l  l aus 



Table 51. Sta tus  summary of 41 t e r r e s t r i a l  b i r d  species i n  a g r i c u l t u r a l  areas. 
Status r e f e r s  t o  number o f  months presents n o t  density.  Species i n  each r i p a r -  
ian community t y p e  a r e  compared r e l a t i v e  t o  a g r i c u l t u r a l  areas. Numbers r e f e r  
t o  number o f  species t h a t  had increased* equal o r  decreased s ta tus  from t h e  
r l p a r  Ian community t o  a g r i c u  i t u r a l  areas. From Anderson and Ohmart (1982a). 

Status 

Lower Equal Higher 
tn  a g r i c u l t u r a l  i n  a g r i c u l t u r a l  i n  a g r i c u l t u r a l  

R ipa r ian  community areas areas areas 

Sa l t cedar  
Honey mesquite 
Cottonwood-wiI low 
A g r i c u l t u r a l - r i p a r i a n  edge 

Table 52. Densi ty  changes o f  r i p a r i a n  b i r d  species a t  t h e i r  maximum d lstance 
t rave led  i n t o  a g r i c u l t u r a l  areas from t h e l r  dens i t y  throughout a g r i c u l t u r a l  
areas. P = present and i s  ind ica ted by an Xs S = status,  D = a drop i n  dens i ty  
a t  maximum d l  stance from r l  par ian edge. Adapted from Con i ne e t  a I . (1978 1. 
S c i e n t i f i c  names I n  Appendix B. 

D is tance from r i par l an vegetat ion 

0.4 krn 0.8 km 1.2 km 2.0 km 2.4 km 

Spec I es P S P S P S P S P S 

Gambel vs quai l X D 
lulourning dove X X X X X D 
Wh i te-w l nged dove X X X X X D 
Common ground-dove X X X 
Greater roadrunner X D 
Lesser n l g hthawk X X 
Norkhern f l i c k e r  X X D 
Black phoebe X 
Say's phoebe X X X X X D 
Western k i n g b i r d  X X X D 
Marsh wren X X X D 

(Continued) 



Table 52. (Concluded) 

Dlstance from r i p a r i a n  vegetat ion 

Spec 1 es 

Northern mockingbird 
Cr lssal  thrasher 
Loggerhead shr i ke  
Orange-crowned warbler 
Yel low-rumped warb le r  
B l ue grosbeak 
Abertrs towhee 
Ch lpp i ng sparrow 
Brewer's sparrow 
Dark-eyed junco 
Sage sparrow 
Wh ite-crowned sparrow 
Lincoln 's sparrow 
Northern o r i o l e  
Brown-headed cowbird 
House f i nch  

f i e l d s  f o r  food and? occasional l y ,  
w i I I estab l Ish breeding cofonies I n  
marshy canals o r  even I n  t a l l  a l f a l f a  
and wheat f lelds. Where human res i -  
dences provide t a l l  t rees and other 
p lant ings? species such as Inca dove 

Lnca) ? western k l ngb i rd, 
ar l ing,  g rsa t - ta i l ed  g r x k -  
h o u s e  s p a r r o w  ( 

1 are added t o  compl 
agr icu l t u r a  l breed i ng b i r d  commun l t y  * 

During the nonbreedlng season, the  
number o f  spsc les  I n  a g r l c u l t u r a i  
areas can be qu i t e  large. The number 
and k i n d s  o f  b i r d s  a r e  d e f i n i t e l y  
greatest  where weedy margins and d l r t -  
I 1 ned cana l s a r e  I nterspersed w i t h  
c u l t i v a t e d  f i e l d s .  These margins 
af-tracf flocks of win ter ing sparrows 
and a r e  f a v o r i t e  feeding areas f o r  

Say % phoebes (- saga) ? logger- 
head shr ikes,  and Amerrcan kes t re l s  

1. I r r i g a t i o n  canals 
, cormorants, ducks, 

and herons, and I f  marsh vegeta-tlon 
becomes est  ab l i s 
backed herons ( 
r a l l s r  and marsh wrens may accur, 

Amng Phe cultivated crops* a l f a l -  
f a  Is mas? a t t r a c t i v e  t o  a variety o f  
b i rds,  Western madowlarks and savan- 

a lso  feeelfhere. I n c o n t r a s t t o a l -  
faifa fieldso plowed f i e l d s ?  cot.ban? 



and va r ious  t r u c k  crops (e.g., l e t -  
tuce, onions) c o n s i s t e n t l y  support t h e  
fewest b i rds .  However, plowed f i e l d s  
occasionally a t t r a c t  large f l o c k s  o f  
horned l a r k s  o r *  ~ c c a s i o n a l i y ~  moun- 
t a i n  p lovers  (Cbacadr ius -1. 

When f i e l d s  are  i r r i ga ted ,  a new 
h a b i t a t  dimension i s  added. A plowed 
and f looded f i e l d  I s  t h e  best  p lace t o  
f i nd  c o n c e n t r a t  i o n s  o f  m i g r a t o r y  
shorebirds, especial  l y  i n  l a t e  summer 
(Ohmart e t  a!. 1985) (Table 53). Here 
t o o ,  f l o c k s  o f  w h i t e - f a c e d  i b i s  
(P-ad c h i h i ) ,  c a t t l e  e g r e t  
( -1, pudd l e  ducks, gul l s, 
p l p i t s r  and b lackb i rds  congregate t o  
feed on t h e  insects f lushed out  by t h e  
i r r i g a t i o n  water. I n  add i t i onp  doves, 
s ta r l i ngs ,  and b lackb i rds  concentrate 
a t  f eed lo ts  o r  sheep pastures. F ina l -  
l y *  r e c e n t  1 y harvested g r a i n  f i e l d s  
may a t t r a c t  geese# cranes9 doves, 
b l a c k b i r d s t  s p a r r o w s  and house  
finches. 

The abundant  food  p r o v i d e d  by  
agr i c u  l t u r a  l hab i t a t s  c e r t a  1 n l y bene- 
f i t s  a wide v a r i e t y  o f  b i r d s  t h a t  use 
them o p p o r t u n i s t i c a l l y .  Numbers o f  
species and dens i t i es  may become q u i t e  
h lgh  i n  w ln ter  when t h e  b i r d s  a r e  n o t  
nesting. The f u t u r e  f o r  many r l p a r i a n  
b i r d  species i n  a g r i c u l t u r a l  va1 leys 
howeverl I s  not  o p t t m l s t l c ,  A mosalc 
o f  n a t i v e  hab l t a t s  among developed 
areas and a cessat ion  t o  t h e  removal 
o f  r e m a i n i n g  t a i l  t r e e s  and weedy 
marg ins  w i l l  be requ i red  t o  protecl- 
these spec ies, 

F i v e  Federa l ly  l l s t e d  b i r d  species 
are  found an t h e  l ~ w e r  k i o r a d s  River, 
bu t  on l y  one o f  these species i s  Eair-  

Bald eagles 
1 w l n t e r  i n  sma 

along t h e  e n t i r e  r l v e r  b u t  concentrate 
on Havasu and f mper i a l Nat isna l W i l d- 

l i f e  Refuges. Bald eagles a r e  known 
t o  nest  along t h e  B i t  f Wfll iams River  
near Alamo Dam. A p a i r  a l s o  attempted 
t o  nest  near Topock I n  1977 and again 
i n  1978. Recent expansion o f  nes t ing  
b a l d  e a g l e s  t h r o u g h o u t  Arizona may 
soon encompass t h e  lower Co lorado 
R i v e r .  P e r e g r i n e  f a l c o n s  ( F a i c ~  
w e a r l n u . s )  migra te  through t h e  r i v e r  
v a l l e y  i n  some numbers. Breeding 
p r e s e n t l y  i s  known o n l y  f rom t h e  
Parker Dam area, b u t  can be expected 
wherever steep c 1 l f fs  occur adjacent 
t o  t h e  r i v e r .  Two endangered species 
occur o n l y  as vagrants* brown pel icans 
a r e  found year l y  d ispers ing from t h e  
Gu l f o f  Ca l I f o r n  i a and leas t  t e r n s  
( S t e r n a  a J b i f r o n ~ )  o c c u r  casual  ly, 
usual l y dur ing  summer. 

The Yuma c lapper r a i l  i s  p resent ly  
t h e  on l y endangered (Federal 1 b 1 r d  
spec les  on t h e  lower Colorado River  
t h a t  I s  f a i r l y  common. The interna-  
t i o n a l  popu la t ion  i s  about frOOO In- 
d iv idua Is.  Major impacts t h a t  would 
a f f e c t  t h e  popu la t ion  would come from 
continuous water management a c t i v i t i e s  
1 nc 1 ud i ng channe I I z a t  ion, dredging# 
water leve l  f i uc tuat  ion dur i ng breed- 
ing, and levee  maintenance. Also* 
cont  i nued rec rea t  iona l and r e s  i dent i a l 
development along t h e  r i v e r  w i l l  have 
numerous loca l  impacts which cumula- 
t i v e l y  may negatively a f f e c t  t h e  whole 
popu l a t  ion. 

On t h e  S t a t e  l e v e l ?  C a l i f o r n i a  
es t h e  e l f  owl ( 

and yel low-bi l  led 
ed species and has proposed 

b 1 ack r a l  i gl tded nor thern  i I l c ke r  
(c. a. I $  G i  l a  woodpecker, and 
A r  i zona v i r e o  (IL. k. 
f o r  S t a t e  l ega l  pr0.l-ection 
1978; Serena 13861, Top p r i o r i t y  
spec fes o f  specia i concern i n  Ca l i f o r -  
n i a i nc l ude Harr i s f  hawks verrni I Ion 
f i y c a t c h e r ~  w i  l low f lyc 
ye! low warbler 6111. p* 
summer tanager, Many o f  t h e  above 
specles were widespread, comronr and 
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characteristic o f  t h e  w f  I l ow-  
c o t t o n w o o d  a s s o c i a t i o n  b u t  have 
decl ined and cont inue t o  do  so preclp- 
l t o u s l y  ( T a b l e  54)  ( G r i n n e l ~  1914; 
H u n t e r  1984) .  O t h e r  California 
s p e c i e s  o f  s p e c i a l  c o n c e r n  o n  t h e  
tower Go i orado River  no t  f n i mmed i a t e  
t r o u b l e  inc lude l e a s t  b i t t e r n ?  sand- 
h i l l  crane (a  w i n t e r i n g  spec les  o n l y l r  
b r o w n - c r e s t e d  f l y c a t c h e r ,  c r l s s a l  
t h r a s h e r y  Lucy ' s  w a r b l e r ,  y e l l o w -  
b r e a s t e d  c h a t ,  n o r t h e r n  c a r d  i n a  I 
( h c d h a L h  rd)? and Abertands 
towhee. The p o p u l a t i o n s  o f  t hese  
s p e c i e s  a r e  s t a b l e  a t  p r e s e n t  b u t  
shou ld  be  m o n i t o r e d  (Remsen 1978; 
Hunter 1984). 

Arizonavs l i s t  o f  th reatened na- 
t i v e  w i l d l i f e  i n c l u d e s  g r e a t  eg re t  
(C:a -1, snowy e g r e t  

f_huLal, b  I ack-crowned n  ight-  
heron f- n v c t i c o r a ~ ) ~  common 
black-hawk, ba ld  eag l el osprey 

(w hal i a e t u ) ,  peregr i ne f a  Icon, 
b l a c k  r a i l ,  b l a c k - n e c k e d  s t i l t  
(m mexlr;anus)r ye1 low-bi I led 
c u c k o o ,  w i  I low f l y c a t c h e r ,  and 
Sprague ls  p i p i t  ( h n t h  w e i  i )  
from t h e  lower Colorado River. A l l  o f  
these species* except peregr ine fa l con  
and Spraguers p i p i t y  a r e  c l o s e l y  as- 
s o c i a t e d  w i t h  emergent and r i p a r i a n  
h a b i t a t s .  H igh  p r i o r i t y  r e p o r t i n g  
s ta tus  i s  g iven t o  g r e a t  egret,  pere- 
g r i n e  fa lcon? and b lack r a i l .  

The number o f  I l s ted  species and 
those o f  concern i n  aquat ic  and r i p a r -  
i a n  h a b i t a t s  a t t e s t  t o  t h e  dramatic 
changes experienced on t h e  lower Co lo- 
rado River.  B i rds  have su f fe red more 
d r a m a t i c  d e c l i n e s  t h a n  any o t h e r  
faunal group? except f ish. Almost a l  l 
o f  t h e s e  b i r d  species would bene f i t  
from t h e  increase o f  r i p a r i a n  h a b i t a t  
qua l i t y ,  espec ia l l y  increases i n  t h e  
amount o f  cot~onwood-wi l low hab i ta ts .  

Table 54. Estimated p o p u l a t i o n  changes i n  seven r i p a r i a n  b i r d  species from 
1976 t o  1986 on t h e  lower Colorado Ri ver. A1  l these species were commn t o  
abundant a t  t h e  t u r n  o f  t h e  twen t ie th  century. Estimates a re  based on densi ty  
data from 1976-1979 and t o t a l  h a b i t a t  s i z e  i n  1976, 1984, and 1986 (see Chapter 
61, B i r d  dens i ty  data f rom Anderson and Ohmart (1984b). S c i e n t i f i c  names i n  
Appendlx B. 

Spec l ss 

Overal 1 
Popu ia t i on  sKze Percent change change 

Ye i low-$ I O led cuekao 45Q 353 26 1 -22 -26 -4 2  
G i l a  woodpmker 883 690 561 -22 -19 -37 
Gl 1 ded nor thern  

f f Fcker 298 272 188 -2 -3 1 -32 
Brown-crested 
f E ycatcher 886 714 437 - 1  1 -39 -46 

B a l l f s  v t r e o  203 191 8 8 -6 -5 4 -57 
Yel low-breasted chat  997 9-70 700 -3 -28 -30 
Summer tanager 21 6 198 138 -8 -3 0 -36 



l ron  i c a  l l yr  no Federal l y protected f o r  Federal and State agenc iesr a l -  
b i  r d  species represent these hab l ta ts .  though wet l ands a r e  recogn i zed on 
Preservation and res to ra t ion  o f  cot- paper  as i n  need o f  p r o t e c t i o n  
tonwood-willow habi ta ts  has not  been (Cowardin e t  a l .  1979; Hunter e t  a i .  
of  t he  highest p r l o r l t y ,  I n  pract icer 1987). 



Mammals a r e  v i s u a l l y  t h e  leas t  
o b v i o u s  o f  t h e  ver tebra te  groups on 
t h e  lower Co lorado River. Mammals 
range from t h e  most x e r i c  t o  t h e  most 
mes l c  hab i t a t s  w i t h i n  t h e  system 
(Table 55). Most specles a r e  a t  [ eas t  
p a r t  f a l  i y  nocturnal  and a re  there fore  
d l f f  l c u l t  t o  study. Much o f  t h e  ex- 
1 s t  i ng d a t a  on h a b i t a t  use, food 
h a b i t s ,  and behavlor o f  mammals are  
b a s e d  o n  t r a p p i n g ,  c o i l e c t l o n  o f  
scats, and radio-telemetry techniques. 
These data are  discussed I n  deta l  l I n  
address  1 ng ecological ,  evo lu t ionary t  
and conservat ion issues f o r  much o f  
t h e  lower Co lo rado  R i v e r  mammalian 
fauna. 

12.1 A W l G  HABITAT USE 

There a re  no t o t a l  I y  aquat ic  mam- 
mal Ian species on t h e  iower Colorado 
R i v e r .  Howeverr t h e r e  a r e  t h r e e  
species t h a t  a re  t o t a l l y  dependent and 
many specles t h a t  a re  semidependent on 
aquat ic  hab l ta ts .  One species t o t a i l y  
dependent on a q u a t i c  hab i ta ts ,  t h e  
r i v e r  o t t e r  ( 1, has 
become very r a r e  and poss ib ly  e x t l r -  
pated from t h e  lower Colorado River.  

aquat ic  h a b i t a t s *  esp@c la i l y  i n  q u i e t  
backwaters and i n  areas bordered by 
extenslve stands o f  emergent vegeta- 
t l o n .  Beaver are  m s t  common f n and 
around la rge stands sf young w i  l tows; 
d s n s i t l e s  f o r  t h i s  mammal a re  h ighest  
along t h e  Bill Wil l iams Def ta  and i n  
i m p e r i a l  Na* lonal  WIldfife Refuge 
where t h e  best-quality h a b l t a t  occurs, 

Musk ra ts  a r e  more w idespread t h a n  
beaver, o c c u r r  l ng wherever emergent 
v e g e t a t i o n  i s  p r e s e n t  ( e v e n  i n  
canals).  Both species a r e  econcmlcal- 
l y  important fo r  t h e i r  f u r .  Beaver 
can cause ex tens ive  damage t o  smal l 
stands of regenerat i ng w i i lows and t o  
co t tonwood-w i l l ow  r e v e g e t a t i o n  e f -  
f o r t s .  Both t h e  beaver and muskrat 
a re  p r  I mar i l y herbivorous. 

G r i n n e l i  (1914) found much s i g n  
b u t  few l l v e  muskrat and no beaver 
dur lng h i s  study. He speculated t h a t  
t h e  e x t e n s i v e  t r a p p i n g  d u r i n g  t h e  
n  i n e t e e n t h  c e n t u r y  severely reduced 
both species. Muskrats have now be- 
come qu l t e  common I n  marshes and along 
extensive canal systems throughout t h e  
va l l ey .  Beaver have a l so  recovered t o  
some e x t e n t .  Comp le t i on  o f  major  
c a n a l s  t o  i m p e r i a l  V a l l e y  i n  I911 
a l  lowed t h e  spread o f  beavers i n t o  
t h a t  a r e a  ( G r l n n e l  1 e t  a t .  1937). 
Subsequent decl ines have occurred i n  
t h e  Imperial Val ley popu la t ion  through 
c o n t i  nued t rapp  I ng and per  Iod i c  water 
shortages. Surveys on t h e  ma instream 
lower Colorado River  determined t h a t  
t he re  were 272 beavers i n  1940 (Tappe 
1942). Loss o f  r l p a r l a n  h a b i t a t  t o  
channel i za t  ionr phreatophyte c  !ear l ng, 
and c a n c r e t i n g  o f  c a n a l s  has been 
extensive s ince t h a t  t ime and has been 
detr imental  t o  beavers. Present papu- 
l a t i o n  s i z e  i s  unknown and should be 
w n i t o r e d  ( W i l  l iams 1986). 

R iver  o t t e r s  occurred on t h e  lower 
.Co lorado R i v e r  a t  l eas t  u n t i l  1933 
(61 - inne l  1 e t  a ! .  1937; Hoffmeist-er 
1986 ) . Apparent1 y, they were never 
connmn and disappeared from t h e  lower 



Table 55. Mammal d i s t r i b u t i o n  and h a b i t a t  use on t h e  lower Colorado River.  
D i s t r i b u t i o n :  N-S d i v i s i o n  = Parker Dam and t h e  B i l l  W i l  i iams confluence; E-W 
d i v i s i o n  = t h e  main channel of  t h e  lower Colorado R iver  (F igu re  1).  

Spec i es 

Hab i t a t  D i s t r  l b u t i o n  

Aquatic Ripar. Agr ic .  Desert  Resid. NW NE SWSE 

Gray shrew ( ~ i o s o r e x  

crawford i ) 

C a l i f o r n i a  leaf-nosed 

ba tS  ( 

cduQakE) 
Cave rnyotiss ( @ t i s  

y!auffx) 
A r  i zona myot i s S  (B. 

1 

C a l i f o r n i a  myot ls  

(Be -1 

Yuma myot i s  

1 X  

Western p l p e s t r e l l e  X 

( E . ) i g i q t r u  

B i g  brown ba t  

-1 

Southern ye1 low batS 

( L o  Z&Ja> 
Townsend s  b i g-eared 

Pal l i d  b a t  

x x x x  

X X X X  

X  

x x x x  

X  X X X X  

X  X X X X  

x x x x  

X X 

x x x x  

(Confi  nusd 

171 



T a b l e  55.  ( C a i n t l n u e d f  

Spec i es 

Hab i t a t  D i s t r  i b u t  ion 

Aquatic Ripar. A g r i c .  D e s e r t  R e s i d .  NW NE SW SE 

P o c k e t e d  f ree-ta i led b a t s  

1 

Raccoon (w -1 

Ringtail ( 

a+tlitus) 
R i v e r  o t t e r * S  ( I  u t r a  

1 

Wsstern s p o t t e d  skunk 

S t r i ped  skunk ( 

k u n j - a  l n  l (puma) 

1 

R a u n d - t a i l e d  ground 

Harr  if;' ainielope squlrrel 

Wh I t w t a  E 3 clsd anie I ope 

squirrel fi4, f 

X X X X  

X X X X  

X X X X  

X X X X  

X X X X  

X X X X  

X X X X  

X X X X  

X X X X  

X X X X  

X X X X  



Tab l e  55. (Continued) 

Mamma l 
spec 1 es 

Hab i t a t  D i s t r i b u t i o n  

Aquatic Ripar. Agric.  Desert Resid. NW NE SW SE 

&I t ta ls  pocket gopher 

(- l2QTAaB) 
L i t t l e  pocket mouse 

(- 

-I 
Arizona pocket mouse 

ce. amnlus) 
Desert pocket mouse 

Rock pocket mouse 

te. 
Spiny pocket mouse 

c e. I 

Long-tai led pocket 

mouse (£2 formosus) 

Desert kangaroo r a t  

( desart) 
Merriam's kangaroo r a t  

(Q* KtxLLad,  

Western harvest  mouse 

Cactus mouse ( 

Canyon mouse 

(E, frlnljxsl 

X  X X X X  

X  X  X  

X  X  

X X X X  

X X X X  

X ? X ?  

X  X  

X X X X  

X X X X  

X X X X  

X X X X  

X X X X  



Table 55. ( k n t l n u e d )  

Spec l es 

Hab i t a t  D l s t r  i bu t  i on  

Aquatic Ripar. Agr ic. Desert Res id. NW NE SW SE 

x x x x  

X  X  X X X X  

X  X X X X  

X  X  X X X X  

Deer mouse 

(E. m i c u I a t u s 1  X  X  

Southern grasshopper 

mouse (- 

tQtxuki) 

Desert woodrat ( 

1 

Wh i te - th roated woodratS 

( M* 1 

Ar izona co t ton  r a t s  

c itrlzaaas:) X  

H isp id  co t ton  r a t  X  

House mousa I&LS 

1 

Porcup Ine ( 

1 

B l x k - t a i l e d  

Deserf c o t t o n t a i  l 

Mule deer ( 

x x x x  

X  x x x x  

X  

x x x x  

X X X X  

X X X X  



Tab l e  55. (Concluded) 

Hab i t a t  D i s t r i b u t i o n  

Spec l es Aquatic Ripar. Agr ic. Desert Res id. NW NE SW SE 

Pronghorn ante lope* 

(- 

-I 
Bighorn sheep ( L k k  

-1 

Burro ( asinus) 

Horse (E, cabal lus) 

- 

* Ext i rpa ted ( ? I .  
S = Sta te- l i s ted l  species o f  specia l  concern. 

Colorado River  soon a f t e r  t h e  c losure  
of Hoover Dam. The exact causes o f  
d e c l i n i n g  p o p u l a t i o n s  o f  t h e  r i v e r  
o t t e r  along t h e  lower Colorado River  
a r e  unknown, b u t  r i p a r i a n  h a b i t a t  
d e t e r i o r a t i o n  and loss are  undoubtedly 
involved. River  o t t e r s  a r e  carnivores 
feeding on any smal l aquat ic  o r  semi- 
aquat ic  ver tebra te  o r  aquat ic  macroin- 
v e r t e b r a t e s .  A Imost  a l l p o t e n t i a l  
n a t i v e  prey species have been e x t i r -  
p a t e d  and r e p l a c e d  by i n t r o d u c e d  
species. Perhaps loss o f  t h e  n a t i v e  
aquat ic  fauna a lso  was involved i n  t h e  
d i sappearance o f  t h e  r i ver o t t e r  from 
the  lower Colorado River  fauna. 

Aqua t i c  and semiaquat i c  hab i t a t s  
a r e  used ex tens ive ly  by otherwise t e r -  
r e s t r i a l  species. Many ba t  species, 

1, s t r i p e d  skunk 

deer a re  among t h e  species most f re-  
quentl  y found near water. Bats o f f e n  

forage for  f l y i n g  insects j u s t  above 
t h e  w a t e r  s u r f  ace.  C a r n  i v o r o u s  
spec i es feed on macro i nve r teb ra tes  
(clamsp crayf  ish l ,  f i sh ,  frogs, semi- 
aquat  i c  b i r d s  ( r a i  Is, marsh-nesting 
passer  i nes 1 rodents ( p r  imar i l y both 
co t ton  r a t  species and muskrat), and 
c a r r i o n .  Arizona and h i s p i d  c o t t o n  
r a t s  and mu l e  deer forage along marsh 
edges on r i p a r i a n  and emergent vegeta- 
t ion. 

12.2 RIPARIAN W I T A T  USE 

Most t e r r e s t r i a l  mammalian species 
a l so  can be found i n  r i p a r i a n  vegeta- 
t i o n .  The most x e r i c  and open r l p a r -  
ian hab i ta ts ,  such as stands o f  honey 
mesqu i t e  w i t h  shrubst a r e  dominated 
m o s t l y  by bu r row ing  species, Fre- 
quent l y encountered species i n  x e r i c  
and open r i p a r i a n  h a b i t a t s  include 

coyoterr k i t  
round-ta i fed 



pen i c  i I I a t s )  , d e s e r t  
-1 and Merriamcs (L. 

kangaroo r a t s *  b l ack-tai  led 
j a c k r a b b i t  (Leguzi rralLfarnicusf, and 

c o t t o n t a i l  ( S y l v i i a q l h s  
1 The round-ta i led ground 

s q u i r r e l  i s  t h e  on iy  s t r i c t l y  d iu rna l  
species* w i t h  a l  l others  being crepus- 
c u  l a r  o r  nocturnal .  The ground squi r- 
re1 2 pocket mouse, and two species o f  
kangaroo r a t  h i bernate dur i ng a t  least  
p a r t  o f  t h e  w i n t e r  months. These 
r o d e n t s  and t h e  two lagomorphs are  
p r  imar i l y gran ivorous o r  herb i vorous, 
b u t  t a k e  some animal mat ter  ( p r i m a r i l y  
insects) .  Carnivores are  general is ts ,  
feeding on herbivorous mammals, small 
b l rds,  r e p t  i les, and la rge insects. 
Coyotes, t h e  most general o f  t h e  car- 
n l vores,  e a t  vegetable matter, in- 
c l ud i ng honey mesqu i t e  seeds. 

R i p a r  I a n  h a b i t a t s  c lose r  t o  t h e  
r i v e r ,  w i t h  greater  f o l i a g e  dens i ty  
and d i vers i t y  harbor a d i  f fe rent  se t  
o f  mammals, The most common species 
i n  c o t t o n w o o d - w i l l o w t  sc rewbean  
mesquitep dense honey mesquite* s a l t -  
cedar, and sa l t-cedar/honey msqu i t e  
mix h a b i t a t s  a r e  raccoon, s t r i p e d  

b c a t ,  d e e r  

e - t h r o a t e d  woodrat 
I n  addit ion, mule 

cur i n  a broad range 
o f  r i p a r i a n  hab i t a t s .  Other  less 

Eude spotted skunk 

1 Desert c o t t o n t a l i s  
a r e  abundant along r i p a r i a n  edges w i th  
desert  and agr Icu  l t u r a  I hab i i a t s ,  bu t  
become l e s s  consp icuous I n  denser 
r i p a r i a n  v e g e t a t  ion, The southern 
grasshopper mouse i s  p r  !mar i i y Insec- 
t ivorous* wh i l e  t h e  o ther  rodents are  
omnlvarous, Carnivores feed p r l m a r i i y  
on smaf l mammals* smal D birds,  rep- 
ti ies, and large insects. Bobcats a re  
t h e  most spec ia f ised carnivores, psey- 

ing on small endotherms. Small and 
d e c l i n i n g  p o p u l a t i o n s  o f  mule deer 
feed  p r i m a r i l y  on wi l low, mesquitel 
and A t r i ~ l u  spp., and are t rea ted 
l a t e r  i n  t h i s  chapter. Almost a1 l 
mammalian species i n  r i p a r i a n  h a b i t a t s  
feed, t o  one degree o r  another, on 
both screwbean and honey mesquite seed 
pods. 

12.3 AGRlGULTURAL HABITAT USE 

A g r i c u l t u r a l  areas prov ide  a t r e -  
mendous food suppl y f o r  grani  vorous 
and h e r b i v o r o u s  mammalian species. 
Thus, t h e  compar ison o f  agr icu  l t u r a  l 
ve rsus  r i p a r l a n  h a b i t a t  use i s  o f  
i n t e r e s t  t o  assess t h e  importance o f  
a l t e red  h a b i t a t s  t o  t h e  n a t i v e  fauna. 
Vegetation adjacent t o  f i e l d s  may have 
important in f luences on t h e  number and 
species o f  mammals occurr  lng i n  agr i- 
cu i tu re ,  

Weedy margins and adjacent r i p a r -  
i a n  v e g e t a t i o n ,  f o r  example, at low 
smal i rodent co lon ies  t o  use ag r i cu l -  
t u r a l  c r o p s  by  p r o v i d i n g  c o v e r  
(Anderson and Ohmart 1982a). Rodent 
numbers are  r e l a t i v e l y  low i n  areas 
where r i p a r l a n  edge i s  minimal and 
margins a r e  c l e a r e d  o f  weeds. I n  
contras-f-8 where f i e  l ds a r e  bordered by 
r i p a r  i an vege ia t  ion and margins a r e  
weedy, species d i v e r s i t y  and evenness 
a r e  r e l a t i v e l y  h i g h ,  The lack o f  
cover, t he re fo rep  serves t o  decrease 
use. Predat ion by raptors, r e p t i l e s t  
and coyotes may serve t o  reduce rodent  
numbers i n  such open s i tua t i ons .  

B a t t a 9 s  packet gophers ( 
1 a re  abundant as subterranean 

feeders i n  agr i cu  l t u r a i  areas b u t  a r e  
less eommn i n  r i p a r i a n  vegetat ion i n  
undisturbed areas, The deer mouse i s  
t h e  most common u r l p a r l a n f l  r o d e n t  
u s i n g  a g r i c u l t u r e .  O the r  r o d e n t s  
o c c u r r i n g  r e g u  l a s l y  i n  a g r i c u l t u r a l  
a reas i nc l ude d e s e r t  pocket. mouse, 
house meuse (near inhabi ted areas 1 r 



and A r i z o n a  and h i s p i d  co t ton  r a t s  
( w e t  f i e  I d s  and m a r s h - b o r d e r e d  
canal  s) .  Overal I, f i e l d  crops sup- 
p o r t i n g  t h e  most rodents are  cotton, 
m i  lor and wheat. Abundant weed and 
crop seeds and lack o f  extensive cu l- 
t i v a t i o n  may make m i l o  and wheat 
f i e l d s  especial  l y  favorable f o r  sma l l 
rodents. 

Desert c o t t o n t a i  I rabb i t s  a re  t h e  
most commonly observed mammal i n  ag r i -  
c u l t u r a i  areas and are  a l so  common i n  
r i p a r i a n  hab i ta ts .  Desert c o t t o n t a i l  
r a b b i t s  have s i m i l a r  r e p r o d u c t i v e  
s u c c e s s  i n  b o t h  a g r i c u l t u r a l  and 
r i p a r i a n  h a b i t a t s  as i n d i c a t e d  by  
gonadal  development (Anderson and 
Ohmart 1982a) .  However, o v e r a l l  
reproduct ive success o f  female cot ton-  
t a i l s  i s  g r e a t e r  i n  a g r i c u l t u r a l  
areas. Abundant and pred i c tab  l e  food 
fo r  c o t t o n t a i l s  may a l low females i n  
a g r i c u l t u r a l  areas t o  reach reproduc- 
t i v e  cond i t ions  more qu ick ly r  inves t  
more energy i n  young, and breed mare 
frequent I y  as compared t o  c o t t o n t a i  l s 
i n  r i p a r i a n  hab i ta ts .  Di f ferences i n  
reproduct ive success between t h e  two 
p o p u l a t i o n s  a r e  g r e a t e s t  a t  t h e  
b e g i n n i n g  and end o f  t h e  b reed ing  
season, i n d i c a t i n g  t h e  d i f f e r e n c e  I n  
ava i I ab l e  resources may be m s t  I mpor- 
t a n t  a t  these times. Greater repro- 
duc t i  ve success i s  balanced by greater  
m o r t a l i t y  on adu l t s  and young i n  ag r i -  
c u l t u r a l  areas. Greater mortal  % t y  i s  
caused p a r t l  y  by predators respond i ng 
t o  h igher v i s i b i i i t y  o f  c o t t o n t a i l s  i n  
agr icu  i t u r a  I areas, Overal l , cotton- 
t a l  l s  are heav i e r  i n  body weight and 
are more common per u n i t  area i n  agr i -  
c u l t u r a l  areas, apparent ly i n  response 
t o  a  p r e d i c t a b l e  food source. The 
desert c o t t o n t a i  i has d  i f f e ren t  pres- 
sures exerted on agr lcu  l t u r a  l popu I  a- 
t i o n s  (predat ion)  compared w i th  r i p a r -  
i an popu i a t  i o n s  ( unpred ic tab  l e  food 
supptyj. Whereas cover Is esseni lat  
t o  most rodents i n  a g r i c u l t u r a f  areas* 

it i s  n o t  essent ia l  f o r  mainta in ing 
heal thy c o t t o n t a i l  populat ions. 

L a r g e  mammals r a r e l y  s t r a y  f a r  
from r !par i an hab i t a t s  i n t o  agr icu  I - 
t u r a l  a r e a s ,  Mule deer  feed i n  
a l f a l f a  f i e l d s  bu t  qu i ck l y  escape t o  
a d j a c e n t  r i par ian vegetat ion a t  t he  
f i r s t  s ign  o f  danger. The o n l y  la rge 
mammal found regular1 y  i n  a g r i c u l t u r a l  
a reas i s  t h e  coyote .  Other la rge 
mammals observed i n  a g r i c u l t u r a l  areas 
inc lude beaver (canals),  b lack - ta i l ed  
jackrabb it, bobcat, f e r a l  horse ( 

1,  bur ro  (E. muskrat 
(canals),  raccoon, round-ta i led ground 
squ i r r e l  (margins and d i r t  canals), 
and s t r i p e d  skunk. 

12.4 DESERT W I T A T  USE 

D e s e r t  h a b i t a t s  adjacent t o  t h e  
r i p a r i a n  zone h a r b o r  a  number o f  
un ique  spec ies  w i t h i n  t h e  v a l l e y .  
Character i s t  i c  desert  spec ies are  k it 
f o x ,  r o c k  s q u i r r e l  
-13 

( a  Arizona 
s  a i i e d  antelope (& 
leucurus;  California s ide )  s q u i r r e l s  
and s e v e r a l  pocke t  mouse spec ies .  
Several mamma l species a re  r e s t r  ic tedr  
a t  l e a s t  seasonally, l a rge ly  t o  t h e  
d e s e r t  mountains wh l c h  b o r d e r  t h e  

deer and fe ra l  bu r ro  a re  found regu- 
i a r l y  I n  t h e  r i p a r i a n  zonel usua i iy  
dur ing t h e  warmer m n t h s  a f t e r  forbs 
have passed the1 r he ight  o f  p r o d u d  ion 
i n  t h e  d e s e r - t - u p l a n d s .  Several  
mammals o c c u r  commonly i n  canyons 
bo rde r  l ng b o t h  d e s s r f  and r i par l ass 
hab i t a t s :  cc~yoter deser-4- cot+toni-a i t P 
b  l ack- ta l  led jackrabbi t ,  deser"ikan- 
garoo r a t 8  deser t  pocket mouse, and 
c.xtus mouse. 



Rodents c o n s t i t u t e  t h e  l a r g e s t  
taxonomic g roup  o f  mammals i n  t e r -  
r e s t r  i a l  hab i ta t s .  Hab i ta t  use and 
i n t e r a c t  i ons among rodent spec i es are  
important t o p i c s  of  study i n  community 
ecology. Many rodent species, espe- 
c i a l l y  n o c t u r n a l  ones, a r e  e a s i l y  
t rapped,  and t h e r e f o r e  h a b i t a t  a f -  
f i n i t i e s  can be del ineated. Nocturnal 
smaf l rodent communities were s tud ied  
i n  a l  i r i p a r i a n  p l a n t  communities and 
most a g r i c u l t u r a l  f i e l d  types on t h e  
lower Colorado River  from 1974 t o  1979 
(Anderson e t  a i .  1977; Anderson and 
Ohmart 1982a, 1984b 1. General hab i t a t  
r e i a t  i onsh  ips fo r  these species are  
described above. Below we describe i n  
more d e t a i  l t h e  populat ion b io logy*  
h a b i t a t  se fec t l on  pat ternsr  and com- 
munity ecology o f  p r i m a r i l y  t h e  r i p a r -  
ian  community and t o  a lesser ex ten t  
ag r  i c u  l t u r a l  and desert  up1 and com- 
mun i t ies, 

Seasonal  and annual f l u c t u a t i o n s  
occur i n  rodent numbers o f  f i v e  common 
species (Anderson e t  a l .  1977) (F igure  
3 5 ) .  Seasonal $ luc tua t l ons  are  most 
p r o n o u n c e d  i rr heteromy i d  r o d e n t s  
(deser t '  pocke t  mouse and Merr iam's 
kangaroo r a t > ,  whlch h ibernate dur ing 
the winter .  Desert  pocket mice show 
t h e  s teepest  drop i n  numbers dur ing 
winter .  Annual f l u c t u a t i o n s  generalay 
were downward from 1974 t o  1979 f o r  
a!  k species and were most pronounced 
i n  c a c t u s  mouse, Merr iamfs kangaroo 
r a t I  a n d  desert  p o t k e l  mouse. There 
was a l s o  a t rend  f o r  hab l t a t  breadth 
t o  l ncrease as popu l a t  ions dec l i ned 
among c r  i c e t - i d  r o d e n t s :  w h i t e -  
t h r o a t e d  wood rat^ cactus mobse, and 
deer mouse. Conversely# deser t  pocket 
mouse and Merr lam" kangaroo r a t  
tended t o  decrease l n  h a b i t a t  breadkh 
along w i t h  s-teep dect lnes i n  paputa- 
+!on s ize.  

F igure  35. Rodent species d i v e r s i t i e s  
i n  four  community types i n  t h e  lower 
Colorado River  Val ley. Dens i t ies  a r e  
ca lcu la ted  from t h e  average dens i t i es  

wriamil and 
h t  i n  a given 

community t y p e  f o r  a g iven t ime o f  
year (Anderson e f  a l  . 19771, 

These t rends may be appl ied t o  two 
opposing ideas address i ng hab i t a t  use 
proposed by Fretwe l l ( 1  972). Species 
t h a t  increase i n  hab i t a t  breadth w it h 
increasing popu la t ion  s i z e  f o l l o w  an 
Idea l - f r e e  model r where reproduct i  ve 
success i s  equal even though dens i t i es  
may n o t  be equal  among h a b i t a f s .  
Heteromyid rodents f o i  lowed t h i s  pat- 
t e r n .  The second model, t h e  ideal -  
d e s p o t i c  madel, appl ies -to species* 
such as She c r i c e t i d s ,  where h a b i t a t  



b r e a d t h  decreases w l t h  I n c r e a s i n g  
p o p u l a t i o n  s i z e .  I n  t h i s  scheme? 
reproduct ive success i s  no t  equal i n  
a l l hab ! t a t s ?  and the re fo re  cos ts  a r e  
i n c u r r e d  by i nd i v idua ls  forced i n t o  
less opt lmal hab i ta ts .  

Reproductive a c t i v i t y  o f  a l l  ro- 
den t  spec ies  I s  between March and 
August (Anderson and Ohmart 1984b; 
Table 56). Desert pocket mouse repro- 
duct ion peaks l a t e r  (May) than o the r  
species. Di f ferences occur I n  l i t t e r  
s l z e  among spec ies .  Desert pocket 
mouse and deer mouse have la rger  I it- 
t e r s  (4.5 and 4 - 2  embryos, respect ive- 
l y )  than do Merrlam's kangaroo r a t ?  
cactus mouse? and wh i te- throated wood- 
r a t  (2.1? 3, and 2.3 embryos? respec- 
ti vel y )  (Anderson and Ohmart9 unpub I .  
data). 

Sex r a t i o s  a l s o  d l f  f e r  among t h e  
f i v e  most common roden ts .  Deser t  
pocket mouse and deer mouse? both w l t h  
h lgh l f t t e r  s lzer have a h igher pro- 
p o r t i o n  o f  males I n  t h e  population 
t h a n  spec l e s  p r o d u c l  ng fewer young 
(Anderson and Ohmart 1984b) (Table 
57) .  D e s e r t  pocket mouse and deer 
mouse a l s o  show g r e a t e r  average 
m o b i l i t y  t h a n  do spec ies  producing 
fewer  young p e r  l i t t e r .  H i g h e r  
n a t a  I l t y ?  skewed sex ratios, and a 
greater  movement may be i n d i c a t i v e  o f  
a h l g h  juven l le- to-adu I t  r a t i o  and 
h igh  d ispersa l  o r  mortal  l t y .  Excess 
J u v e n i l e  o r  f i r s t - y e a r  males have 
o f t e n  been recorded as d ispers ive  and 
'@f loa ters  ."Lower nata l  l t y ?  an equa l 
sex r a t i o ?  and g rea te r  s i t e  f i d e l i t y  
may be Ind fca t l ve  o f  populat ions w l t h  
few o r  no f l oa te rs ,  a h igh recru  Ii- 

Table 56. Percent o f  females pregnant fo r  four  rodent species dur ing  each 
m n t h  across f l v e  years ( 1974-1978). Samp i e  s l  ze I n  parentheses. Vegeiai lon 
and s t r u c t u r e  types combined. From Anderson and Ohmart (1984b1, 

Percent o f  females pregnant 

Month Cactus mouse Deer mouse Desert pocket mouse b r r i a m  kangaroo r a t  

January 
February 
March 
Apr l I 
May 
June 
July 
august 
September 
October 
November 
December 



Table 57. Percent o f  captured rodents t h a t  were female, by season, w l t h  years, 
vegetation, and s t r u c t u r e  types combined. F l ve  years o f  data used (1974-1978). 
Sample s i z e  i n  parentheses. From Anderson and Ohmart (1984b). 

Season 

Spec l es 

- 

Winter 

-- 

Summer 

Cactus mouse 
Deer mouse 
White-throated woadrat 
Merriam kangaroo r a t  
Desert pocket mouse 

ment-to-dlspersal r a t l o *  and perhaps a 
less d ispers ive  populat ion. 

The f i v e  m o s t  common r o d e n t  
spec les  were found tn a l l  r i p a r f a n  
h a b i t a t s  surveyed and co-occur red 
r e g u l a r l y  (Table 58). Slmi I a r i t l e s  
were observed i n  many c h a r a c t e r i s t i c s  
among these spec les, f nc lud lng onset 
o f  breeding,  peak o f  r e p r o d u c t t v e  
x t t v i t y t  and populat ion response t o  
s e a s o n a l i t y  a n d  p r e c l p l t a t i o n  
(Anderson and Ohmart 1984b). The 
d e s e r t  pocke t  mouse was usua l ly  an 
exception, Haweverr d i f fe rences among 
spec les occur i n  l l t t e r  s F ~ e r  d l s t r i -  
bu f i on  among hab i ta t s  i n  r e l a t i o n  t o  
changes I n popu la t ion  s t z e ~  hab l t a t  
assoc la t isn t  sex r a t l o r  and movement 
dis-tances. These fac-fors, mentloneel 
a b o v e t  FnCfuence h a b l t a +  use and 
asscrclat ions andt u l t ima te l y l  I n f l u -  
ence rodent community dynamics. 

The elgh-k r e g u l a r l y  trapped r e  
dents b a s l c a i l y  f e l l  i n t o  th ree  d l s -  
t f nct groups w l t h  regard 4.0 h a b i t a t  
ass% i a t  ions ( F  igure 361, The cactus 
mouse, wh l t e - t h r o a t e d  woadra?, and 
western harvest  mouse reach greates t  
dens i t i es  In areas w i t h  h igh  f o f l a g e  

d e n s i t y  and d i v e r s i t y .  The cactus 
mouse reached peak abundance I n  s a l t -  
cedar, t h e  wh l te- throated woodrat was 
m o s t  common i n  mesqui te,  and t h e  
western harvest mouse reached g r e a t e s t  
numbers In  stands w i th  a la rge a m u n t  
o f  vegetat ion above 4.6 m (15 it) i n  
height. 

The second group includes deser t  
pocke t  mouse, d e s e r t  kangaroo r a t l  
Merr lam's kangaroo ra t ,  and southern 
grasshopper mouse. These species were 
character  lzed by avo i d  i ng areas w i t h  
dense vegetat lon. The desert  pocket 
mouse and d e s e r t  kangaroo r a t  were 
associated w i t h  f a i r l y  open stands o f  
honey m e s q u i t e  where sh rubs  were 
moderately abundant. Merriam's kan- 
garoo r a t s  were caught most o f t e n  I n  
modera te l y  dense screwbean mesquite 
w l t h  reduced numbers i n a l l o t h e r  
hab I t a t s .  The southern grasshopper 
mouse occurred on l y w i t h  i n  moderatel y 
dense vegetat ion and apparent I y had no 
p i  an t  species preference. 

The t h i r d  grouping consis ied of 
t h e  remalnlng species, t h e  deer mouse. 
Th i s  spec fes seems t a  avoid mesqu i-fe 



Table 58. 
vegetat Ion 
Number o f  
the  tab le .  

Number o f  rodents caught i n  summer and w in te r  d u r i n g  t h e  r i p a r i a n  
study, 1974 t o  1979, I s  expressed I n  t h e  upper p o r t l o n  o f  t h e  table, 

t r a p  n igh ts  In  var ious  h a b i t a t s  I s  expressed I n  t h e  lower p o r t l o n  of 
From Anderson and Ohmart (1984b). 

Number caught 

Spec i es Summer Winter Tota I 

Cactus mouse 
Deer mouse 
White-throated woodrat 
Merriam kangaroo r a t  
Desert pocket mouse 
Southern grasshopper mouse 
Western harvest  mouse 
House mouse 
H isp id  co t ton  r a t  
Desert kangaroo r a t  
Round-tailed ground s q u i r r e l  
H a r r l s f  antelope s q u i r r e l  
Whi te- ta i led antelope s q u i r r e l  

S t r u c t u r a l  t ype  

Vegetation type I I I L I l I V V V I 

Cottonwood-wiI low 7290 4320 7290 12,350 2978 10,530 
Honey mesqu i t e  ---- ---- 7020 32,400 9990 IQo8Q0 
Screwbean mesqu I t e  ---- 4590 9450 20t790 13r770 2430 
Sa i tcedar 342O 2970 5130 11,690 16#740 675 0 



?reas ~11th honey screwbean mrsqute preference 

lttlle low level mt.5~ul le arid shrubs salt cedar 

Ae:xch grcate:;t mlmbers Avoid areas wtth grcal 
Av.ud honey arid screwbean 

~n areas wtth 5jrcat tollage densfly and rn~:!iliitte. sonlc lendency to 

foliiigt$ donslty and dtverstty. avo:d drnse vrgr:tatton 

drvers~ty. - 
r o t a  rod6:nt:. In rlparlan 

vt?gPtRtlOn. 

F igure 36. Summary o f  t h e  vegetat ion re la t i onsh ips  o f  e i g h t  species o f  rodents 
found i n  r i p a r i a n  vegetat ion along t h e  lower Colorado River.  From Anderson and 
Qhmart ( 1984b). 

andt t o  some ex ten t t  very dense vege- 
- tat  Ion. The deer mouse was always 
n u m e r i c a l  i y  dominant i n  disturbed 
areas such as burns and clearings. I t  
was a l s o  ?he most common r l p a r l a n  
species using agricultural areas, 

Other species were a l so  captured 
(Anderson and Ohmart 1984bl. Round- 
ta f  led ground s q u f r r e l  was f requent iy  
captured I n  open habi tats,  primarily 
honey mesqui te.  H a r r i s Q n i e l o p e  
squ i r re l l  a specles t y p l c a l  sf  upland 
desertsp was found i n  snal i numbers i n  
honey mesqu i te  and sai tcedar-honey 
mesqu i i te p f an t  assoc l a t  Ions. Wh ite- 
t a i l e d  antelope s q u l r r e i ~  a i so  t y p i c a l  
o f  up {and deserts*  was found only I n  
sa I ?cedar i n t h e  P a r k e r  D i v i s Ian. 
Cotton ra ts ,  bo th  A r  l znna and h f sp i d a  

were found mast commnly I n  marshes 
bu t  a lso  i n  cottonwocad-willows screw- 
bean mesqu l t e ~  salt cedar^ and sa t t -  
cedar-honey mesqu t i e  p !  ant  associa- 

t ions i n  sma i l numbers. Desert wood- 
r a t s  ( L ~ D  Ida) were occas ional-  
l y  found i n  cottonwood-willow hab i ta t s  
i n  t h e  northern h a l f  o f  t h e  v a l  ley. 
F i n a l l y ,  t h e  house mouse was found i n  
small numbers throughout t h e  v a l l e y  i n  
co f tonwood-w i I l on r  honey mesquite, 
s a l t c e d a r *  a n d  s a l t c e d a r - h o n e y  
mesquite p l a n t  a s s ~ l a t l o n s .  

Among p l a n t  assoc  1 a t  i o n s  and 
s t r u c t u r e  types, no p l a n t  msoc i  a t  ion 
appears t o  harbor more or iess rodent  
species o r  ind fv ldua ls  across s t ruc -  
T u r e  t y p e s  ( A n d e r s o n  and Ohmart 
4984b). Th i s  t rend  was r e f  l ected by 
t h e  f i v e  most commn species frequent- 
l y cxcurr  f ng together. Desert rodent 
communities are we! l known f o r  t h e i r  
commun i t y  s t r u c t u r e  be l  ng associated 
w l t k  r e l a t i v e  s i z e s  o f  t h e  member 
spec i es .  Erown (t973:324), i n  h i s  
cornpara t  i v e  d e s e r t  r o d e n t  s tudy,  
sir ated : 



One o f  t h e  most s t r i k i n g  char- 
a c t e r  1st  l c s  o f  deser t  rodent 
communltles I s  t h a t  component 
species d i f f e r  g r e a t l y  i n  body 
slze...the more d iverse  corn  
m u n i t l e s  c o n s i s t  o f  f l v e  o r  
s i x  specles t h a t  show remark- 
able regu la r  spacing I n  body 
slze. 

Brown*s observations, however, do n o t  
h o l d  f o r  rodents o f  desert  r i p a r i a n  
sys tems as on t h e  lower Co lorado 
River. O f  t h e  f i v e  common species, 
t h ree  (deer mouse, cactus mouser and 
d e s e r t  p o c k e t  mouse) fa1 I i n t o  t h e  
same s i z e  category. Spat ia l  over lap 
measures show t h a t  these t h r e e  specles 
co-occur frequenfly among a l l  r i p a r i a n  
hab i ta t s  (Anderson and Ohmart 1984b). 

Brown (1973) a l s o  reported a low 
hor lzonta !  ( s p a t i a l )  foraging over lap 
between deer mouse and desert  pocket 
mouse, t w o  o f  t h e  t h r e e  s l m l  l a r l y  
s l zed spec ies. Anderson and Ohmart 
(1984b9 reported a much higher over- 
lap. There i s  r e l a t i v e l y  h igh  s p a t l a l  
co-occurrence, w l t h  some separat ion by 
opt imal hab i ta t .  Optimal hab i ta t s  i n  
summer o r  winter, however, tend t o  be 
d l  f f e r e n t  among t h e  t h r e e  specles, 
Thus8 t h e r e  was a t  leas t  some separa- 
t ion-based hab f t a t  preferences I n some 
p o r t i o n  o f  t h e  annual cycle. 

Manag i ng f o r  max I mum r o d e n t  
species d i v e r s i t y  I n  r i p a r i a n  h a b i t a t s  
i s  no easy task. The wide over lap 
among spec i es but  d 1 f f e r e n t  hab I t a t  
p r e f  erences among spec 1 es prec l udes 
any s Imp l e  hab l t a t - r a n k  i ng scheme. 
The recommendation t h a t  I s  l i k e l y  t o  
benef f t most spec ies I s  t o  c rea te  an 
area t h a t  I s  h o r f  zontal l y d lverse and 
poss ib ly  inc lude sa l tcedar  as a com- 
ponent specles. The sandier t h e  s o i l  
t h e  more l l k e r y  t h a t  heteromyld and 
s c i u r i d  species wli i be present. 

Rodents were trapped i n  ag r l cu l -  
t u r a t  lands from July 1978 t o  August 
1980 (Anderson and Ohmart f982a). 
Deer mice accounted f o r  more than 80% 
o f  a1 1 captures, thus any d i f ferences 
among crop types o r  a g r i c u l t u r a l  areas 
were general l y accounted f o r  by d l  f-  
fe rences i n  numbers o f  t h i s  species 
(Table 59). Other species r e g u l a r l y  
found were house mouse, desert  pocket 
mouse, c a c t u s  mouse, h l s p l d  co t ton  
r a t ,  and M e r r i a m v s  kangaroo r a t .  
Western h a r v e s t  mouse and southern 
grasshopper mouse were each captured 
on1 y once. 

Rodent species d i v e r s i t y  values, 
averaged f o r  at  l t r a p p i n g  perlcds, 
were v e r y  low f o r  several reasons. 
Most  Impor tant ,  some t r a p  sessions 
caught on ly  one species o r  no rodents, 
l e a d i n g  t o  a z e r o  d i v e r s i t y  value. 
Low numbers o f  r o d e n t  s p e c i e s  and 
dominance by  deer  m ice  a l s o  con- 
t r l b u t e d  t o  low d i v e r s i t i e s .  

C o t t o n  and wheat f i e l d s  consis- 
t e n t l y  had h igh  rodent species r l c h -  
ness across a g r l c u l t u r a l  areas (Table 
60).  M i l o  f i e l d s  were r e i a t l v e i y  
important In s m  a g r i c u l t u r a l  areas, 
No s l n g l e  crop type had cons is ten t i y  
low r i c h n e s s  i n  a l  I a g r i c u l t u r a l  
areas. 

Agr i c u l t u r a f  areas apparent ly do 
n o t  conta in  t h e  essent ia l  elements f o r  
s u p p o r t  i ng a r l c h  rodent community* 
Some o p p s r t u n i s t i c  species such as t h e  
deer mouse w i l l be present  I n  mast 
a g r i c u I t u r a I  s i t u a t i o n s p  b u t  r i c h  
communities o f  rodents are unO ikely $0 
m c u r  and, I n  general, they a t e  n o t  
desired by farmers. 

Dlurnat rodents are represented i n  
agr l cu  l t u r e  by one s p e c  less t he  



Table 59. Average number o f  rodents caught per 100 t r a p  n i g h t s  i n  each a g r l -  
c u l t u r a l  f i e l d  type on t h e  Colorado River  Indian Reservation. Means w i t h  stan- 
da rd  devf a t i o n s  i n  parentheses. -- ind ica tes  (0.1 o r  no captures. From 
Anderson and Ohmart (1982a). 

F i e l d  t ype  

Spec i es Plowed Cotton M i l o  A l f a l f a  Grass Truck Wheat Tota l  

Cactus mouse -- 0.1 -- - - -- - - 0.1 0.2 
(0.3) (0.1 1 (0.1) 

Deer mouse 0.2 1.2 -- 0.2 0.3 1.6 0.9 4.4 
(0.4) (1.3) (0.4) (0.5) (2.6) ( 1  - 0 )  

House mouse 

Desert pocket mouse -- 0.2 0.5 0.1 -- 0.1 -- 0.9 
(0.41 (0.5) (0.7) (0.2) (0.2) (0.1) 

Merr i am kangaroo r a t  -- - - - - - - -- -- - - - - 
(0.1) 

Tota I 0.2 1.6 0.5 0.6 0.6 1.8 1.1 6.4 

Tota l  t r a p  n igh ts  3600 4400 200 4500 500 2800 1900 1 7 ~ 9 0 0  

round- ta  i l ed ground squ i r r e l  . This 
species i s  common along f i e l d  margins 
where t h e y  burrow. Burrowing owls 
o f t e n  nave i n t o  o l d  ground s q u i r r e l  
burrows. Round-tai led ground squir -  
r e l s  a l so  serve as food f o r  d iu rna l  
rap tors^ e x c e p t  d u r i n g  m i d w i n t e r  
h lbernat  ion, 

No f o rma l  community s t u d i e s  o f  
deser t  rodents on t h e  lower Cotorado 
R f ver have been undertaken s i nce G r  F n- 
nei f (19741, b u t  numrous independent 
$rapping e l f o r i t ?  have been conduetecj 
CMoffmeIster  69861, Desert  rodent 
communities a r e  rnss t l y  made up a f  

s p e c i e s  found i n f r e q u e n t l y  i n  t h e  
r i p a r i a n  zone. F i ve  o f  s i x  pocket 
muse species are found on1 y a tong t h e  
d e s e r t  f r i n g e  o f  t h e  lower Colorado 
River. The on1 y o ther  species found 
exc ius ive ly  i n  desert  uplands i s  t h e  
canyon mouse I .  
Species t h a t  p r i m a r i l y  occur i n  desert  
up lands  b u t  a l s o  can be found I n  
r i par i an hab l t a t s  l nc l ude Warr is and 
w h i t e - t a i l e d  a n t e l o p e  s q u i r r e l s ?  
d e s e r t  kangaroo r a t ,  cac tus  muse? 
desert  woodrat, and southern grasshop- 
per mouse, 

Bas i c a i  l y, t h e r e  a r e  two  major 
fauna l  a s s o c i a t i o n s  i n  t h e  d e s e r t  
hab i t a t s  among rodents, Species found 
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on level  and sandy ground are round- 
t a i l e d  ground squ i r re l ,  deser t  kan- 
garoo r a t ,  Merr iamls kangaroo r a t y  
c a c t u s  mouse* d e s e r t  pocket mouse, 
l i t t l e  p o c k e t  mouse ( P L Q  

; west s ide  and east  s ide  
south o f  t h e  B i l l  Wil l iams River) ,  and 
Ar izona pocket mouse (E. an&~L%; i n  
the  nor theast  p o r t  ion o f  t h e  val ley).  
The second main species group occurs 
on rccky, rough t e r r a i n ;  however# some 
species d i f f e r  on t h e  two sides o f  t h e  
r i v e r .  On t h e  east side, rocky t e r -  
r a i n  i s  occupied by Warrist antelope 
s q u i r r e l  and rock  pocket mouse (E. 
utermedilbs), whi l e  on t h e  west s ide  
wh i te - ta i led  antelope squ i r re l ,  long- 
t a  i led pocket mouse (C. farmosus) , and 
s p i n y  p o c k e t  mouse (E. soinatus) 
occur.  D e s e r t  woodrat and canyon 
mouse occu r  i n  rocky areas on both 
sides o f  t h e  r i v e r .  

Geograph ic, hab i t a t ,  and body-s i ze 
d i s t r i b u t i o n s  o f  t he  pocket mice along 
the  desert  f r i n g e  o f  t h e  lower Colo- 
rado R i v e r  r e v e a l  some i n t e r e s t i n g  
patterns. Among s i z e  classes, pocket 
mice species can be d iv ided i n t o  small 
and medium s i z e s .  The two smal l  
species a re  t h e  l i t t l e  pocket mouser 
which occurs on t h e  C a l i f o r n i a  s ide  
and soufh o f  t h e  B i  t l W i I l iams River 
on t h e  Arizona side, and t h e  Arizona 
pocket mouse, which occurs on ly  i n  t h e  
n o r t h e a s t  p o r t i o n  o f  t h e  v a l l e y .  
These two spec ies  are  d i f f i c u l t  t o  
s e p a r a t e  i n  t h e  f i e l d ,  w i t h  t h e  
A r i zona  pocke t  mouse tending t o  be 
l a r g e r ,  b u t  t h e y  a r e  no t  syrnpatrlc 
w i t h i n  t h e  v a l  l ey  (see Hof fmeister  
1986 f o r  d e t a i i s ) .  b t h  small pocket 
mice a r e  a s s o c i a t e d  w l t h  open and 
l e v e l  d e s e r t  h a b i t a t s  w i t h  a heavy 
sand o r  gravel component i n  t h e  sur- 
face s o i  i (Stamp and Ohmart 1979; 
Hof f me i s t e r  1986). Four spec les  o f  
med i um-s i zed pocket m i ce  can be found 
a long  t h e  lower Colorado River, o f  
which two are r e s t r i c t e d  t o  t h e  west 
s i d e  o f  t h e  r i v e r  w h i l e  o n e  i s  
r e s t  r icl-ed t o  t h e  e a s t  s ide. The 

f o u r t h  medium-sized species I s  t h e  
desert  pocket mousey wh i c h  i s  common l y 
found i n  sandy open desert  on both 
s ides o f  t h e  r l ver where vegetat ton I s  
sparse; t h i s  species i s  a l so  t h e  on ly  
pocket mouse t o  use r i p a r i a n  h a b i t a t s  
(Stamp and Ohmart 1979; Anderson and 
Ohmart 1982b). The splny pocket mouse 
o f  t h e  west s ide  and t h e  rcck pocket 
mouse o f  t h e  east s ide  are  ecological  
equivalents, w i th  both being found In 
rocky slopes and canyons. The o the r  
west side, medium-sized species i s  t h e  
long-tai  led pocket mouse, wh i c h  occurs 
on narrow s t r i p s  o f  loose sandy so i  l 
a long d e s e r t  washes separat ing e le-  
vated mesas; these h a b i t a t s  a r e  n o t  as 
f l a t  and sandy as those occupied by 
t h e  desert  pocket mouse nor as sloped 
o r  rocky as those o f  t h e  spiny pocket 
mouse ( G r i n n e l  l 1914). I t  appears 
t h e r e  i s  I i t t l e  o r  no geographical 
over lap among t h e  s i x  species o f  pock- 
e t  mice w i th  simi l a r  s i z e  o r  h a b i t a t  
preferences. I n add it iono t h e r e  ap- 
pears t o  be no h a b i t a t  over lap amng 
s i m i l a r l y  s i z e d  s y m p a t r i c  spec les  
( G r i n n e I I  19141; however, more fn- 
depth s tud ies  are needed. 

The existence o f  t h ree  s i m i  t a r !  y 
s i zed on t h e  west s ide  o f  
t h e  r i v e r  r a i s e s  some i n t e r e s t i n g  
q u e s t i o n s  concern ing  d i s t r i b u t i o n ,  
ecology, and systematic re1 at lonsh ips. 
The desert  pocket mouse and t h e  splny 
P a re  i n  t h e  same subgenus 
( 1 bu t  do n o t  over lap i n  
hab i t a t  use, The long-tai led pocket 
mouse 1s s i m i l a r  i n  h a b i t a t  use .to t h e  
spiny pocket mouse, but  has t h e  center 
o f  i t s  d i s t r i b u t i o n  nor th  and west o f  
t h e  lower Colorado River. The spiny 
pocke t  mouse i s  most c l o s e l y  asscc- 
i ated w i t h  bou f derss whereas t h e  long- 
t a  i led  pocke t  mouse i n  desert  wash 
h a b i t a t s  (Gslnnel 1 1944%. Grfnnei i 
11914) camment.ed t h a t  t h e  long-tai  t ed 
pocket  mou t a  a separate 
subgenus E ) than d i d  t h e  
s p i n y  and d e s e r t  pockef  mice. He 
observed fur-thes t h a t  t h e  species had 



d i f f e r e n t  morphologfcal s t ruc tu res  and 
d i f f e r e n t  d l e t s  t han  e i t h e r  o f  t h e  
o ther  species. 

The ma j o r  changes i n  rodent com- 
mun it i e s  documented f rom the  lower 
Colorado River  s ince  t h e  c losure  o f  
Hoover Dam i n  1936 have occurred i n  
t h e  f i r s t  boti-om. Grinnel t (19141 
repor ted deer mice as one o f  t h e  char- 
a c t e r I s t i c  r o d e n t s  i n  t h e  w l l l o w -  
c o t t o n w o o d  a s s o c i a t i o n  a long  w i t h  
wh i t e - t h r o a t e d  wood r a t  and western 
harvest  mouse. The deer mouse 15 a 
s u c c e s s i o n a l  s p e c i e s  t h a t  invades 
heav i l y  d is tu rbed hab i ta ts .  The f re -  
quent  l y f looded f  i r s t  bottom was a 
c l a s s i c  example o f  a dtsturbed habi- 
t a t .  Western harvest mice apparent l y 
were wel l  d i s t r i b u t e d  and swam r e a d i l y  
as they were o f t e n  found on ephemeral 
Is lands w i t h i n  t h e  malnsfream. White- 
throated woodrats foraged extensively  
I n  t h e  f i r s t  bottom; however* t h e i r  
nests were located o n l y  a t  t he  i n te r -  
face o f  t h s  f  i r s t  and second bottoms, 
dominated by honey mesquite. 

P r e s e n t l y ,  w i t h  t h e  s t a b i l i z e d  
r i v e r  and i n f r e q u e n t  f looding,  t h e  
deer mouse has been replaced by t h e  
c s c t u s  mouse as  t h e  most abundant 

species, The cactus mouse 
d u r i n g  G r l n n e l l v s  11914) study was 
wldsspread bu t  occurred in f requent ly  
~ I t h l n  t h e  f i r s t  bottom. The cactus 
mouse c u r r e n t l y  i s  abundant I n  e x o t i c  
sa l t c e d a r  screwbean mesqu l t e r  and 
cottonwood-wli law, as we1 l as i n  honey 
msqu  l t e  and deser t  upf ands. I n  addi- 
? i o n ,  Mer r i am"  kangaroo r a t  and 
deser t  pocket muse  have become mure 
widespread I n  t h e  f i r s t  bottoml where 
t h e  sur face so! l remains dry, Where 
hab i ta t s  a r e  burned a r  c leared i n  t h e  
f l r s t  botPmr t h e  deer mouse tends t o  
be propor t  lonate l y more carnmn~ and it 
i s  t h e  an l y rodent t o  occur- c m m n  I y 
In a r g r I c u l t u r a I  hab i ta ts .  GrinneI I 
(1914) ccrmmnted t h a t  t he  annual rush 

o f  f l o o d w a t e r s  must have exerted a 
heavy to1  l on deer mice populat ionsl 
b u t  t h e i r  h i g h  f e c u n d i t y  kept  pace 
w i t h  mortal  i t y .  Today$ t h i s  invading 
specles p e r s i s t s  w i t h i n  hab i ta t s  In- 
c u r r  i ng I onger-  I a s t  i ng d isturbances 
caused by burning, c lear ing ,  and farm- 
i n g ,  wh i  l e  t h e  c a c t u s  mouse has 
r e p  l a c e d  i t  as t h e  m a s t  common 
Per~myscuq i n  the  more s t a b l e  r i p a r i a n  
communi t ies o f  t h e  lower Co lorado 
River. 

Several  s p e c i e s  have not iceab l y  
changed In  absolute abundance on t h e  
lower Co lo rado  River .  The western 
harvest mouse, one o f  t h e  more common 
species i n  t h e  r i p a r i a n  f i r s t  bottcm, 
was uncommn and inf requent  I y  captured 
I n  r i p a r i a n  h a b i t a t s  ( G r i n n e l i  1914; 
Anderson and Ohmart 1984b). b t t a ' s  
pocket gopher has apparent ly increased 
w i t h i n  t h e  conf lnes of  t h e  vat ley w i t h  
t h e  advent o f  ag r i cu l t u re .  Er lnne l  l 
(1914) found on ly  two locat ions w i t h  
gopher s ign ,  nea r  Ehrenberg and a t  
PI l o t f s  Knob. The absence o f  gophers 
I n  the  greater  p o r t i o n  o f  t h e  va l  ley 
I s  e x p l a i n e d  b y  a n n u a l  f l o o d s .  
Colonies o f  gophers invaded t h e  r i v e r  
bottom on ly  i n  h a b i t a t s  ( sa i  t bush o r  
creosote bush f f a t s )  t h a t  occur back 
from t h e  r i v e r .  Beaver and muskrat 
have increased s ince  G r  innel l I s  (1314) 
study, when both species were heav i i y  
trapped fo r  t h e i r  furs.  F ina l  i y r  t h e  
two species o f  c o t t o n  r a t s  (Ar izona 
and h isp i d )  apparent1 y have increased 
i n  d l s t r l b u t i o n r  i f  n o t  abundance, 
w i t h  t h e  development o f  more emergent 
v e g e t a t i o n  a tong the  mainstream, i n  
backwaters, and i n  canals. 

Pat terns In  morpholog lca l char=- 
t e r  1st i c s  amng popu l a t  ions o f  spec ies 
and between c lose l y  r e f  ated species 
m c u r  i n  a north-south d i r e c t  ion and 
o n  eas t -wes t  s i d e s  a t  t h e  r i v e r .  
These p a t t e r n s  a r e  c l e a r e s t  among 



r o d e n t s  assoc  i a t e d  w i t h  deser t  up- 
lands. General 1 y, popu I a t  ions on t h e  
west s i d e  o f  t h e  lower Colorado River  
remain  s i m i l a r  from no r th  t o  south. 
Pat terns on t h e  eas t  s ide  o f  t h e  r i v e r  
are more complex, w l t h  some d i s t i n c t  
d i f  f  e rences between popu l a t i ans  and 
species p a i r s  n o r t h  and south o f  t h e  
B i l l  Williams R i v e r  ( a s  i n  d e s e r t  
woodrat popu la t ions  and between l i t t l e  
and Arizona pocket  mice; Hof fmeister  
1986). On t h e  west side, some species 
show a gradual p a l e r  pelage c o l o r  (as 
i n  t h e  round-ta i led ground squ i r r e  I ) .  
There i s  a l s o  a tendency f o r  popula- 
t ions  on t h e  e a s t  s ide  t o  be p a l e r  
f a r the r  south. 

S p e c i e s  t h a t  l i v e  w i t h i n  t h e  
r i p a r i a n  zone show very few d i f f e r e n -  
ces nor th  t o  south  and on e i t h e r  s i d e  
o f  t h e  r i v e r  as they  have f r e e  ex- 
change throughout  t h e  system. Specles 
t h a t  occur s p a r i n g l y  i n  t h e  r i p a r i a n  
zone are n o t  we l l d i f  f e r e n t i  ated, as 
w l t h  deser t  woodrat i n  t h e  nor thern 
p a r t  o f  t h e  v a l  ley, l i t t l e  pocket  
mouse i n  t h e  s o u t h e r n  p a r t  of t h e  
v a l  l e y ,  and d e s e r t  k a n g a r o o  r a t  
throughout t h e  v a l l e y  (Gr inne l l  1914; 
H o f f m e i s t e r  1986). Desert rodents, 
however, demonstrate no tab le  d i f f e ren -  
ces between t h e  two sides o f  t h e  r i v e r  
and from n o r t h  t o  south, especial  l y  on 
the  east  side. These species prov ide  
Important examp l es o f  t h e  i n t e r a c t  ion 
between geography and the  d i s t r i b u t i o n  
o f  popu I a t  ions and spec ies. 

There a r e  t h r e e  species p a i r s  t h a t  
are comp l e t e  l y separated geograp h i ca  l -  
l y. Species o n  t h e  east  s ide  o f  t h e  
r 1 v e r  ( H a r r  i s  a n t e  l ope  squ i r r e  l , 
Ar i zona  and r o c k  pocket mouse) have 
centers o f  d i s t r i b u t i o n  we l l  i n t o  t h e  
Sonoran Desert of cen t ra l  Arizona and 
reach  the  westernmost edge o f  t h e i r  
ranges a t  t h e  lower Colorado River.  
E c o l o g i c a l  equ iva len ts  (wh i te - ta i led  
a n t e i o p e  sqult-re!, ! i t t i e  and spIny 
pocke? mice) on  t h e  west s i d e  do n o t  
show s i m i l a r  cen te rs  o f  d i s t r i b u t i o n  

as do species on t h e  eas t  side. The 
range o f  wh i t e - t a  i led antelope squi r- 
re1 surrounds t h e  range o f  i t s  con- 
gener, t h e  H a r r i s '  antelope squ i r re l ,  
on t h e  west, north, and east, although 
t h e r e  I s  n o t  a t  p resent  a zone of  
over lap between t h e  two. The Cororado 
River  forms t h e  b a r r i e r  t o  over lap i n  
t h e  west (Hof fmeister  1986). L i t t l e  
pocket mouse has i t s  center  of d is- 
t r i b u t  i on  nor th  and west o f  t h e  lower 
Colorado River  and apparent1 y crossed 
t h e  r i v e r  o f t e n  enough i n  t h e  south t o  
have spread eas t  i n t o  cent ra  l Arizona 
where it occurs sympat r ica l l y  w i th  t h e  
A r i z o n a  pocke t  mouse ( H o f f m e i s t e r  
1986). The spiny pocket mouse has i t s  
center  o f  d i s t r  i b u t  ion i n  Ba j a  Gal i- 
f o r n i a  and extends i n t o  Nevada s t r i c t -  
l y  on t h e  west  s i d e  o f  t h e  r i v e r .  
There a r e  some repo r t s  o f  sp iny pccket 
mice on the  eas t  s ide  near Mart inez 
Lake and on t h e  B i l l  Wi l l iams River; 
however, spec i mens have been e i t h e r  
l o s t  o r  confused w i t h  t h e  morpholog i- 
c a l  l y  and e c o l o g i c a l l y  s imi  l a r  rock 
pocket mouse (Hoffmeister 1986). I n  
add l t lon ,  t h e  long-tai  led pocket mouse 
i s  a l so  found on ly  on t h e  west s ide  o f  
t h e  lower Colorado River, b u t  does n o t  
have an e c o l o g i c a l  equ iva len t  o r  a 
congener on t h e  eas t  side; t h e  center 
o f  t h i s  spec i e s f d  d is t r ibut ion i s  nor th  
and west of  t h e  r i v e r .  Overal l pat- 
t e r n s  o f  d i s t r i b u t i o n  i n d i c a t e  -that 
many o f  these species dispersed toward 
t h e  Co lorado R i v e r #  and t h e  r i v e r  
served as a b a r r i e r  t o  f u r t h e r  disper- 
sa l  eas t  o r  west, i t  i s  a l so  possib le 
t h a t  t h e  Co lo rado  R i v e r  se rved  t o  
separate prev ious ly  contiguous popula- 
t ions, wh i c h  eventual  l y led t o  t h e  
d i v e r g e n t  evo l u t  I o n  o f  t h e  present 
fauna lHof fmeis te r  1986). 

The most d e t a i l e d  study To da*e 
address i ng t h e  l awer Co icrado Hi ver as 
a genet ic  b a r r i e r  In $he s y s t m a t i c s  
o f  a s i n g l e  s p e c i e s  i n v o l v e s  T h e  
B0t-k-a s p a c k e t  gopher ! S m ! i h  and 
P a t t o n  1980 1. Two subspecies con- 
v e r g e ~  one from cen t ra l  Arizona and 



t h e  o t h e r  f rom southern Cal i fo rn  l a .  
T h i s  gopher i s  wel l  known as being 
e x t r e m e l y  d i v e r g e n t  i n  pheno typ ic  
c h a r a c t e r i s t i c s  from one population t o  
t h e  next  throughout i t s  range; adja- 
cent  populat ions may d i f f e r  as much as 
c i ose l y r e  l ated spec ies ( Se l ander and 
Johnson 1973; Pat ton e t  a l .  1979).  On 
t h e  lower Co lorado River*  t h e  high 
I e v e l  o f  i n te rpopu la t i on  genic d i f -  
f erences m 1 g h t  suggest reproduct i ve  
i so la t i on .  A l te rna t i ve l y ,  these d i f -  
f e rences  a l s o  c o u l d  be because o f  
h i s t o r  i c a  l processes invo lv ing  geo- 
g raph ica l l y  determined r e s t r i c t i o n s  t o  
gene f low. These r e s t r  i c t  ions cou l d 
inc lude e x t r i n s i c ,  phys ica lv  o r  h is -  
t o r i c a l  b a r r i e r s  t o  gene flow, n o t  
genet i c a i  l y based reproduct f ve iso la-  
t i o n  (Smith and Patton 1980). 

Gr inne l l  and H i I i  (1936:9) noted 
t h a t  

. , . t h e  e f f e c t  i veness o f  t h e  
Cotorado River  as a bar r ie r . .  . 
increases northward from I t s  
mouth. Near I t s  mouth, i n  t h e  
d e l t a  r e g i o n ,  t h e  r i v e r  
a p p a r e n t l y  I s  no permanent 
b a r r i e r  a t  a l  l P f o r  t h e  we1 1-  
known reason t h a t  It i s  prone 
frequent l y t o  sh 1 f t  I t s  chan- 
ne l . ,  ..Farther up t h e  r i v s r *  
d e s p i t e  simi l a r l t l e s  o f  c l  i- 
m a t e *  e d a p h i c ?  and f l o r a l  
cond i t ions  on t h e  two sides, 
we f l nd g r e a t e r  and greater  
a m o u n t s  of d i f f e r e n c e . .  . 
beyween t h e  separated popula- 
t i o n s  of  gophers. 

Palred poputaPions o f  pocket gophers 
along each s ide  o f  t h e  lower Colorado 
River  bwome progress lve iy  more d l f -  
f e r e n t  la ted morphalog l ca l  I y when pro- 
ceed  l n g  n o r t h  f r o m  i t s  mouth t o  
sou the rn  Nevada ( S m i t h  and Pai-ton 
69801. 

Gopher popuiat lons from sou-th f o  
no r th  are complefely isotated because 

va l l eys  are  separated by t h e  cons t r i c -  
t i o n s  o f  desert  c l i f f s  such as those 
t h a t  d i v i d e  Yuma from t h e  Palo Verde 
V a l l e y  and t h e  P a l o  Verde-Parker- 
Cibola Val leys from t h e  Mohave Val ley, 
Thus, gene f l o w  i s  r e s t r i c t e d  from 
south t o  no r th  on both s ides o f  t h e  
r i v e r .  Genet ica l ly ,  two major geo- 
graphic groupings o f  populat ions a r e  
evident:  ( 1  1 nor thern  lower Colorado 
River  w i t h  t h e  Mohave Desert i n  Ca l i -  
f o rn ia  and (2 )  southern lower Colorado 
River  w i t h  southern Arizona and south- 
eastern Ca l i f o rn ia ,  Thus, morphologl- 
c a l  l y  based d I f ferences suggest east  
versus west popula-t"ions, whi l e  genic 
v a r i a t i o n  suggest no r th  versus south 
popu I a t  ions. 

T o  e x p l a i n  t h e  c o n f l i c t i n g  
evidence, Smith and P a t t o n  (1980) 
proposed t h a t  gen i c  c h a r a = t e r i s t i c s  
a re  t h e  m s t  important i n  i nd i ca t i ng  
populat ion divergence, wh i l e  ecologi -  
c a l  i n f l u e n c e s  on phenotyplc d iver -  
gence a re  secondar I l y important among 
g e n e t i c a l  l y  c l o s e l y  a l  igned popula- 
t ions .  They argue t h a t  ex terna l  mor- 
pho 1 og i ca l  character i s t  i c s  o f  pocket 
gophers used i n  popu l a t  ion studies 
(e.g.r o v e r a I  I s i z e ,  pelage co ior l  
c r a n  i a t s i ze, and p ropor t i ona l  fea- 
tu res )  a r e  under i n tens i ve  selective 
p ressu res  imposed by t h e  loca l  en- 
v i  ronment. They a l s o  argue t h a t  much 
morpho log ica i  v a r l a t i o n  i s  probably 
phenotyp i c  r a t h e r  Phan genotypic i n  
express ion.  Fo r  i ns tance ,  pe lage  
c o l o r  o f ten  Is t i e d  t o  s a i l  co lor ,  and 
u p p e r  l nc i s o r  c h a r a c t e r s  a r e  as- 
sociated w i t h  r e l a t l  ve sot l hardness. 
Wh i l e  t h e  degree t o  which external  
i n f  l uences resu l t i n  p a r t  i cu  l a r  pheno- 
types remains unknown, environmental ly 
med i a t e d  ecotyp  1 c and ecophenotyp i c  
v a r i a t i o n  Is a strong component of t h e  
mrpho tog ica l  features t h a t  d i  f feren-  
t i a l l y  c h a r a c t e r i z e  gopher popula- 
t ions ,  i n   contrast^ t h e  genic data 
r e f : e c t  t h e  lo%--term !-tis-!"or!caf c r  
genealogicai r e l a t  lonsh ips  o f  popu la- 
t ions*  wh i l e t h e  morphological data 



r e f  l e c t  t h e  s h o r t - t e r m  h  i s t o r  l c a l  
p rocesses  t h a t  a r e  more under t h e  
in f luence o f  loca l  differential selec- 
t i v e  pressures. Thus, t h e  degree o f  
morphological d i f f e r e n c e  between popu- 
l a t i o n s  may be a poor i n d i c a t o r  o f  
both phylogenetic re la t i onsh ips  o f  t h e  
populat ions i n  quest ion and the  length 
o f  t ime  they have been separated. The 
opposi te i s  t r u e  f o r  genic data. 

The evo l u.t i o n  o f  pocke t  gopher 
p o p u l a t i o n s  i n  t h e  lower Co lorado 
R i  v e r  Val ley can on i y  be understood 
w i t h  thorough knowledge o f  t h e  geo- 
l og i c  h i s t o r y 8  land-use pat te rns*  and 
l i f e  h i s t o r y  o f  t h e  gophers themsel- 
ves. i n  deser t  regions, gophers a r e  
t y p i c a l l y  r e s t r i c t e d  t o  water courses 
and are  r a r e l y  found i n  a r i d  deser t  
s o i  I s .  Rlver  channels p rov ide  both 
I n i t i a l  access o f  gophers t o  deser t  
regions such as those adjacent t o  t h e  
lower Co lo rado  R l  v e r  and cont inued 
c o r r i d o r s  f o r  gene f low subsequent t o  
co lon iza t ion .  

The main r i v e r  drainages and as- 
soc  Fa ted  t o p o g r a p h  i c  f e a t u r e s  i n  
s o u t h e r n  A r i z o n a  and s o u t h e a s t e r n  
C a l i f o r n i a  were developed before  t h e  
end o f  t he  T e r t i a r y  Per iod (Kot t lowsk l  
e t  a l  . 19651. The geographic pa t te rn  
o f  gen i c  d i vergence i nd ica tes  t h a t  
& \ t t a %  pocket gopher I s  d iv ided i n t o  
two major geograph i c  un i t s  wh l ch  cur-  
r e n t l y  meet a t  t h e  Colorado River, 
The c u r r e n t  s p a t  i a I  r e i a t i o n s h i p  
between these two groups r e s u l t s  from 
a  secondary contact  o f  prev lousfy iso- 
la ted un i ts ,  which probably occurred 
f n  t h e  e a r i y  t o  m i d - P l e i s t o c e n e  
(Pat ton and Yang 19771, Pat$on and 
Yang (19771 suggest t h a t  the  ex t lnc-  
??on  sf Qther gopher genera led t o  t h e  
expans ion  o f  B o t i a g s  pocket gopher 
from both  cen t ra l  Ar izona and south- 
e a s t e r n  C a l i f o r n i a  t o  meet a t  t h e  
&torado R i v e r .  F luc tua t i ng  leve ls  i n  
t he  Sa l t o n  Sl nk area probab ? y st !owed 
fo r  wesiward mvernent and then easb- 
ward agsln* allowlng ca tcn l za t i on  from 

west t o  east instead o f  south t a  no r th  
f o r  p x k e t  gophers up t h e  fower b i o -  
r a d o  R i v e r .  This  pa t te rn  may have 
cont inued as recen t l y  as 7905 w i th  t h e  
f  l l l i ng o f  t h e  p r e s e n t  Sa l t o n  Sea 
(Sykes 1937; Smith and Pat ton 1980). 

The s t r o n g  g e n i c  a f  f  l n  i t i e s  o f  
b o t h  west and eas t  s ide  populat ions 
above Yuma w i t h  popu la t ions  i n  t h e  
Mohave Deserf supports t h e  view t h a t  
t h e  Palo Verde and Cibola-Parker Val- 
leys on both s ides o f  t h e  r 1 ver may 
have been colonized from t h e  northwest 
a t  t he  same time. Strong genic a f -  
f i n i t i e s  o f  gophers around Yuma w i t h  
populat ians I n  cen t ra l  Arizona i nd i -  
c a t e  a d ispersa l  c o r r i d o r  along t h e  
G i  l a  River.  Popu l a t  Ions then spread 
west i n t o  t h e  Imperial  Val ley and then 
eas t  again t o  va l l eys  n o r f h  o f  Yuma, 

The development o f  a g r i c u l t u r e  h a s  
apparen t  l y  a  l lowed increased gopher 
popu l a t  i ons  t h r o u g h o u t  t h e  vat iey. 
The con t ro l  o f  f l ood ing  has a l s o  a c t 4  
t o  sTab i l i z e  many popu t a t  ians t h a t  
o t h e r w i s e  would be impacted by h igh  
water. The comb i n a t  ion  o f  l rr igated 
agr i cu  l t u r e  and c o n t r o l  o f  r l ver f low 
has a l so  had dramatic e f f e c t s  on f h e  
g e o g r a p h i c  o r g a n i z a t - i o n  o f  gopher 
popula-Slons i n  t h e  genera l  regton. 
i rr i g a t  I on  cana f s and roads prov lde 
g o p h e r s  w i t h  c o n n e c t i n g  d i s p e r s a l  
r o u i e s ,  e v e n  a c r o s s  t h e  r l v e r .  
E30ttats pocket gopher i s  a l so  known t o  
swim fKennerly 19631, F lna i  l y r  ir- 
r !gat& f  ie  t ds prov I de abundant year- 
round food supp l i e s  permlt . i fng the  
e x i s t e n c e  o f  densep s t a b l e  popula- 
t ions. 

The lower Co lo rado  R i v e r ,  both 
h i stor  l c a  l f y  and today  presents a  
fo rmidab l e  b a r r i e r  t o  d ispersa l  f o r  
many t e r r e s t r  l a l  mammaIsr p r l m a r i i y  
rodents. Those species found w i t h i n  
I h e  f i r s t  b o t t o m  r i p a r i a n  zone a re  
o f t e n  t ransported t o  op~os l4-e  sldes of  
t h e  r l v e r  and, t h e r e f  o r e r  ma lnPa in  
widespread gene flow. Upland deser t  



spec i esr though no t  d 1 r e c t  l y depen- 
dent8 are Indeed af fected by t h e  lower 
Colorado River  i n  determining l i m i t s  
o f  geographical d i s t r i b u t i o n  by main- 
t a i n l n g  i s o l a t i o n  from c lose ly  re la ted  
spec i es th rough r e s t r i c t  ion o f  gene 
f low* and poss ib ly  I n  t h e  divergence 
o f  new species where previously on ly  
one occurred. Patterns o f  d l s t r i b u -  
t i o n  and r e l a t e d n e s s  among popula- 
t ionsr howeverr can be very complex as 
shown w i t h  t h e  Bot ta rs  pocket gopher* 
espec ia l l y  when a number o f  h i s t o r l -  
ca18 geo log ica l r  and ecologicat events 
come i n t o  play. 

Deer populat ions along the  lower 
Colorado River  are general ly  conf ined 
t o  areas where rnountalnous and rugged 
t e r r a i n  i s  proximal t o  r i p a r i a n  habi- 
t a t s ,  Areas such as these are local- 
ized I n  both C a i l f o r n i a  and Arizona. 

H is ta r l ca f  information r e l a t i v e  t o  
deer numbers I s  virtually nonaxlstent, 
a l though there  are scat tered accounts 
by d l a r l s t s  o f  deer stght ings. Since 
t h e r e  have been few major  h a b i t a t  
changes I n  t h e  a r i d  uplands adjacent 
i o  t h e  r f v a r  f t o o d p t a i n  It seems 
reasanab l e  t a  suggest t h a t  deer d is- 
t r  ? b u i l o n  pat te rns  tsday are  probab l y 
s l m l l a r  t o  what +hey were p r i o r  t o  
European sattlemrsnt, There i s  con- 
f roversy  an t h i s  p a i n t  i n  t h a t  several 
r e f  srences suggest t h a t  wh i te - ta t  led 
dear ( 1 oecurrsd 
on t h e  lover  &forado River i n t o  t h e  
e a r l y  t w s n t l e t h  c e n t u r y  ( B u r t  and 
Grassenhelder 1976; Rue 1978; Wil i iams 
19863. H ~ f f r n e l s i e r  (1986) s t a t e s  
wh l t e - t i l  l l ed deer never meur red as 
f a r  west ax t h e  lower Colorado River, 
The speclmn -that I s  o f t e n  re fe r red  t t o  

was a c t u a l l y  a m is fden t i f l ed  mute deer 
(Waf  fmeister  59621, 

Deer densll-les in  r i p a r i a n  hebi- 
Sats, however, have probab l y changed 

dramat t c a l  l y over t h e  past  100 years. 
European s e t t l e r s  may have caused 
decl ines i n  deer populat ions as they 
had more e f  f i c  1 e n t  hun t  ing methods 
than Nat ive Americans8 they were n o t  
l i m i t e d  t o  seasons o r  l i m i t s  on har- 
vest*  and they cleared r ipar  ian lands 
f o r  farmland. A f t e r  hunt ing laws were 
passed and enforced* concomitant w i t h  
extens l ve acreages be l ng p l anted f n t o  
g r a i n  crops* t h e r e  was an increase i n  
deer popu l a t  Ions. Water was proximal 
t o  escape cover t h a t  surrounded pro- 
d u c t  i ve  g r a  i n c r o p s  and frequent1 y 
f I e l d s  a b u t t e d  dense r ipar fan  com- 
munities. Th ls  combination o f  fac tors  
enhanced deer populat ions and f o r  a 
few years dens it i es probab l y exceeded 
h i s t o r i c a l  and cu r ren t  levels. 

Cont inu ing r i p a r i a n  h a b i t a t  con- 
ve rs ions  w i t h  estimates o f  1,200 ha 
(3*000 acres) l o s t  per year (Anderson 
e t  a l .  19781, combined w i t h  r a p i d  and 
v i r t u a l  e x t l  r p a t i o n  o f  t h e  cottonwood- 
wl l low community (Ohmart e t  a l .  197718 
has apparent I y d i r e c t  l y a f fec ted deer 
populat ions e i t h e r  through cover I f m i -  
t a t  Ions  o r  f o r a g e  ava i l ab  i l i t y  o r  
both. Concomitantly the re  has been a 
major s h i f t  from g ra in  crops t o  c o t t o n  
and t r u c k  crops. Only a l f a l f a  remains 
as one o f  t h e  favored food items f o r  
deer along t h e  r i v e r .  

Sparse b u t  in-depth data on deer 
h a b i t a l  use and t im ing  o f  use o f  up- 
land and r [ p a r  f an hab E t a t s  ex is ts .  
Information (Haywood et a/ .  1984) on 
four  radio-cot lared does provides some 
Ins igh t  i n t o  Indivlduaf va r ia t i ons  In  
deer behav lo r ;  t h e  smal l sample and 
individual v a r l a t l o n  a m p l i f i e s  t h e  
c a u t  Ion  o f  mak ing broad general i za- 
t ions. Weeki y focat ions from May 1981 
t o  June 1982 provided sample p o i n t s  
where hab i t a t  u t  i l t zat  ion data were 
col lected.  Two deer resided near Los t  
Lake (Lost  Lake b e s )  on  t h e  Ga I i for- 
n f a  sYde 56 km (35 r n l  f nor-th o f  
B i y t h e .  Another was i n  t h e  Cibota 
National W i l d l i f e  Refuge (Cibola doe) 



i n  A r i z o n a  61 km (38  m i )  south o f  
B l y t h e ,  and t h e  f o u r t h  was near  
Walter 's Camp, CA (Vlnagre Wash doe) 
70 km (43 m i )  south o f  Biythe. 

I n general does depended heav i l y 
on r i p a r i a n  h a b i t a t s  from l a t e  May- 
ear  l y June t o  l a t e  September-ear l y 
October. Does l i v i n g  i n  a r i d  upland 
h a b i t a t s  appear t o  move i n t o  lush, 
shaded r i par  i an hab i t a t s  as summer 
temperatures r i s e  and uplands become 
h o t  and dry. The Vinagre Wash doe 
i n t e r m i t t e n t  l y returned t o  t h e  r i par- 
I an  h a b i t a t s  [ n  f a l l ,  w i n t e r ,  and 
spring, b u t  t h e  Cibola doe res ided i n  
r i p a r i a n  h a b i t a t s  year-round, w i t h  
occasional t r i p s  i n t o  t h e  deser t  up- 

I and. 

The Cibola doe occurred i n  areas 
w i t h  s i g n i f i c a n t l y  less understory, 
shor te r  trees, and less f o l i a g e  than 
the o ther  deer. The Vinagre Wash doe 
used the  densest r l par ian hab i t a t s  a t  
the 1.5 t o  3.0 m ( 5  t o  10 f t )  leve l .  
One o f  t h e  Los t  Lake does used very 
l i t t l e  sa l tcedar  habl tat ,  whereas t h e  
o t h e r  t h r e e  used s a l t c e d a r .  The 
C i b o  I  a doe used  honey mesqu i te -  
dominated hab i ta t s  s i g n i f i c a n t l y  more 
than t h e  others. The o ther  t h r e e  does 
a lso  used screwbean mesquite h a b i t a t  
s i g n l f  i c a n t l y  more t h a n  t h e  C ibo la  
doe. Distance from a g r i c u l t u r e  was 
s i g n i f i c a n t l y  g rea tes t  by the  Vinagre 
Wash doe, and d is tance t o  water was 
significantly g rea tes t  by t h e  C ibo la  
doe, Many o f  these d i f f e rences  a re  
apparent as each radioed doe I s  d i s -  
cussed r e l a t i v e  t o  t h e  hab i ta t s  they  
used. 

The low value f o r  f o l i a g e  dens i t y  
o f  ground-level vegetat ion (0.15-0,6 m 
CQ.5-2 f t l )  f o r  t h e  Cibola doe was 
because t h e  ma jo r i t y  of t he  deer iosa- 
t i o n  p o l n t s  were i n  dense* mature 
s tands  o f  honey mesquite t r e e s  bor- 

der ing a g r i c u l t u r a l  f ie lds.  The t o t a l  
f o l i a g e  dens i ty  was lower than t h a t  of  
t h e  cont ro  I. Both o f  these occurren- 
ces a r e  unlque among t h e  t h r e e  deer 
compared w i t h  t h e i r  cont ro ls .  The 
Cibola doe used honey mesquite t r e e s  
t o  a much g rea te r  ex ten t  than d i d  the  
o the r  t h ree  does. There was no ev i -  
dence o f  fo rag lng  on honey mesquite 
pods, a l t h o u g h  heavy brows ing  was 
observed on a few selected young t rees  
i n  open hab i ta t .  Honey mesquite pods 
have a tough exocarp, and t h e  seeds 
may be large enough t o  make d i gest  ion 
d i f f i c u l t .  Seeds were as la rge  o r  
la rger  than most o f  t h e  deer pel l e t s  
observed. P e l l e t  groups observed i n  
t h e  honey mesquite border around t h e  
Cibola a g r i c u l t u r a l  f i e l d s  were from 
deer  f e e d i n g  i n  a l f a l f a  f i e l d s  and 
t h e n  moving i n t o  adjacent stands o f  
honey mesquite f o r  shade and escape 
cover. 

Seasonal data showed a h igher  use 
o f  screwbean mesquite and w i l low t rees  
dur ing the  fawning season and i n  f a l  I .  
The C i bo l a  doe apparent l y selected a 
s i t e  near a permanent water supply, 
Fawns were produced along t h e  r i v e r  on 
t h e  f i r s t  t e r r a c e  (Ohmart and Anderson 
1982) i n  stands o f  screwbean msqu i f e  
and w i l l ow  t rees.  During t h i s  t im  
t h e  doe was i n  dense vegetat ion? espe- 
c i a l l y  a t  t h e  1.5-3.0 m ( 5  t o  TO f t )  
l aye r ,  which o f f e r e d  t h e  g r e a t e s t  
amount o f  shade du r ing  t h e  h o t t e s t  
season. Screwbean mesquite and w i l low 
t rees  were nearby andr there fore? the  
doe d i d  no t  have t o  t r a v e l  f a r  from 
t h e  newborn fawn t o  ob ta in  wa-t-er and 
food. As t h e  fawn matured, t he  doe 
and fawn moved away Prom t h e  r i v e r  
toward the  agr icu t t u r a l  f gelds. Dur- 
i n g  l a t e  f a i l  and w i n t e r  a l f a i f a  
P i e l ds  were probably important -to t h e  
doe. Ava i lab le  a l f a l f a  could be p a r t  
o f  f h e  reason t h e  Cibola doe remained 
i n  .the r i p a r i a n  h a b i t a t  i n  October. 
The expanse sf r i p a r i a n  v@gefet!on was 
g r e a t  i n  t h i s  areaa where= t h e  Los t  
Lake and "8" does a n d  t h e  Vinagre 



Wash doe inhabi ted r e l a t f  ve iy  narrow 
s t r  Ips o f  r i par l an hab i t a t .  

V e r t  1ca I and hor  i zonta 1 f o  I i age 
d i v e r s i t y  o f  t h e  Cibola doe h a b i t a t  
were s i g n i f i c a n t l y  lower t h a n  f o r  
h a b i t a t s  o f  t h e  o t h e r  t h r e e  deer. 
Th 1s doe p re fe r red  a more open habi- 
t a t ,  w i t h  n o t  p a r t i c u l a r l y  t a l l  vege- 
t a t i o n  and w i t h  i i t t l e  understory. 

The seasonal f o l i a g e  height  d iver -  
s i t y  data i nd i ca te  t h a t  dur ing fawning 
t h e  Cibola doe moved i n t o  vegetat ion 
l e s s  vertically d iverse than it oc- 
c u p i e d  i n  summer. The wi l lows and 
screwbean mesqu i te  were n o t  t a l l ,  
mature t rees.  Th is  may be an impor- 
t a n t  cons idera t ionr  s ince areas w i t h  
t a l  I, mature  t rees  may no t  have as 
much f o r a g e  ava 1 lab l e  t o  deer; the  
bu lk  o f  t h e  food resource might be out  
o f  reach. 

D u r i n g  fawning, t h e  C i b o l a  doe 
moved l n t o  areas w i t h  s i g n i f i c a n t l y  
more s a l t c e d a r  than was present i n  
summer locat  ion po in ts .  The need fo r  
g reater  thermal cover dur ing the  hot- 
t e s t  per lod  of t h e  summer would ac- 
count- f o r  deer occupy ing areas w i t h  
more sal tcedar.  Dense skands o f  ma- 
t u r e  sal tcedar have l i t t l e  low-level 
vegetat ionl thus pe rm i t t i ng  increased 
vent i l a t  Ion and l i t t e r  xcumu l a t  ion i s  
genera  i l y v e r y  h igh. k i t t e r  t raps  
s o i l  lns is ture and, i f  v e n t l ! a t i o n  I s  
goods temperatures In these areas may 
b e  r e l a t i v e l y  m i i d  and t h u s  more 
favorable t o  a pregnant doe o r  newborn 
fawn, 

Because honey mesqu l-te t rees  were 
abundant i m d i a P e l y  adjacent t o  a l -  
f a l f a  f f e l d s r  t h e  l a r g e  number o f  
honey mesquite t rees present i n  loca- 
t i o n  pslnt-s dur ing t h e  summer season 
may ind i ca te  t h a t  t he  Clbof a doe was 
feeding fn  t h e  atfaifa f i e l d s  and then 
bedd l n g  i n  surrcurtd ing honey mesqii i t e  
a g r i c u i t u r a l - r i p a t f a n  edge. tlsney 
mesquite and wiI Iow "rrees were found 

s i g n i f i c a n t l y  more o f t e n  i n  deer bedd- 
i n g  s i t e s  t h a n  were  o t h e r  t r e e  
spec ies .  The C i b o l a  doe had more 
bedding s l t e s  i n  honey mesquite than 
t h e  o t h e r  t h r e e  deer, whereas t h e  
o the r  th ree  does seemed t o  p re fe r  t o  
bed I n  areas w i t h  numerous w i l low 
t rees.  

D i s t a n c e  o f  deer from t h e  r i v e r  
may be misleading dur ing  sumrrrer. A t  
t h i s  t lrne deer were found near ir- 
r i g a t e d  agricultural f le lds .  Thus 
water from flooded f i e l d s  and canals 
was c o n t i n u a l l y  avai lable,  i n  summer, 
h igh use o f  border ing honey mesquite 
f o r  thermal cover was observed. 

The L o s t  Lake "Aw and ""B' does 
were found i n  baslcal  f y t h e  same area; 
however, t h e y  appeared t o  use t h e  
r i p a r i a n  v e g e t a t i o n  d I f f e r e n t t y .  
Fo l iage helght  p ro f  l i e s  were s i m i l a r  
f o r  both deer, but  t r e e  species used 
were d i f  ferenk. Both deer were found 
i n  screwbean mesquite-willow communi- 
t i e s  near t h e  r i v e r  (unchannelized and 
not  r i p-rapped 1. 

Both  o f  t h e s e  deer used denser 
pa r t s  o f  t h e  hab i ta t .  The major d i f -  
ference i n  hab i t a t  use between these 
two deer was I n  t h e i r  use o f  wi l low. 
The L o s t  L a k e  ' 'AA'% doe used s t g -  
n l f i c a n t l y  less w i l low than was found 
i n  cont ro ls .  The Los t  Lake 81B" doe 
used wi l low t o  a s i g n i f i c a n t l y  g reater  
ex tent  than d i d  t h e  Vlnagre Wash and 
Cibola does, The Lost  Lake "BM doe 
used wi l low four  t l m s  as o f t e n  as t h e  
Lost  Lake "Atf  doe. The Lost  Lake '@BB"' 
doe was f o u n d  i n  s a l t c e d a r  s i g -  
n i f  i can t l  y less o f t e n  than any o f  t h e  
o t h e r  does. Screwbean mesqu i t e  was 
favored by t h e  Lost Lake F1Bt8 doe. The 
Lost  L a ~ e  "Afg doe used a l f a l f a  i n  i t s  
d i e t P  whereas t h e  Lost  Lake t%B"Vdoe 
war never located i n  sr near a l f a l f a  
f le lds .  The has$- Lake "'Ag" doe stayed 
c lose r  t o  t h e  r i v e r  than d i d  t h e  Last  



Lake "0" doe. The h igh  f o l i a g e  height  
d i v e r s i t y  o f  Lost  Lake "B" doe loca- 
t i o n  p o i n t s  r e f l e c t s  t h e  use o f  t a l  l 
w i l lows and screwbean mesqu i t e  stands 
e x t e n d i n g  i n t o  arrowweed. Thus i n  
L o s t  Lake "Bfl doe l o c a t i o n  points, 
vegetat ion was present a t  a l l  he igh t  
l e v e l s ,  r e s u l t i n g  i n  h i g h  f o l i a g e  
he ight  d i v e r s i t y .  

Th is  doe a l so  Inhabfted the  f i r s t  
t e r r a c e  v e g e t a t  i o n  near  t h e  r i v e r .  
Fo l iage dens i ty  a t  1.5-3.0 m ( 5  t o  10 
f t )  was s  i g n  i f i c a n t  l y  g rea te r  than 
t h a t  o f  t h e  Lost  Lake "AA" and ''BB"' doe 
s i tes,  and t h i s  cont r ibu ted t o  a  s ig -  
n  i f l can t  i y  greater  t o t a  s f o  I l age den- 
s i t y  than t h a t  o f  t h e  Lost  Lake "Aq' 
and Cibola deer s i t es .  The Vinagre 
Wash doe occupied t h e  densest area and 
was observed i n  areas f a r t h e s t  from 
agricultural f i e l d s .  

The f i r s t  t e r r a c e  had t h e  h ighest  
deer use. Many pel l e t  groups (up t o  
72 groups )  were found I n  a 929-m2 
( 1 0,000-ft2 1 p l o t  i n  dense screwbean 
mesqu I t e .  Screwbean mesqu i t e  seeds 
were f requent ly  observed i n  pe l l e t s .  
The h a b i t a t  c o n s i s t e d  o f  stands o f  
screwbean mesquite and wi l low bordered 
on both  s ides by sal tcedar and arrow- 
weed. Various t r a i l s  were observed 
leading t o  watering s i t e s  w i th  abun- 
dant cover. The Vinagre Wash doe had 
a  s tab le  food supply, p len ty  o f  ther -  
mal coverp and easy access (152 m C500 
f t 3  t o  water s i t es .  

The Vinagre Wash doe t rave led from 
an area n o r t h  o f  Walter % Camp t o  an 
a rea  s o u t h  o f  Wal te r 's  Camp before  
moving o u t  o f  r i p a r i a n  vegetat ion t o  
desert  uplands. The Lost  Lake "A" doe 
moved back and f o r t h  along *he r i v e r  
i n  a north-south d i rec t i on ,  The Lost 
Lake "£3" and C ibo la  does tended t o  
move i n  an east-west d l rwt  ion I n  the  
r i p a r i a n  hab i ta t ,  Possib ly  a f t e r  an 
area was used f o r  a per lodl The does 

moved t o  another area t o  feed, bedJ 
and water. 

Deer s e l e c t  t h e  most n u t r i t i o u s  
f o r a g e  a v a l  l a b l e  ( K l e l n  1962; S w i f t  
1948 1 .  Urness and McCu l loch (19731 
s t u d i e d  t h e  change o f  s i x  n u t r i e n t  
fac tors  (pro te in ,  phosphorus, calciumr 
ac i d  detergent f i ber, in vltrn d iges- 
t i b i l i t y ,  and phosphorus -ca lc ium 
r a t i o )  I n  wh i te - ta i led  and mule deer 
forage throughout t h e  year i n  Arizona 
chapar ra  I h a b i t a t .  T h e i r  ana lys is  
Indicated t h a t  I n  e a r l y  spr ing  n u t r i -  
t i o n  i s  a t  a  h i g h  p o i n t  f o r  deer. 
W in te r  r a  i n s  s t  imu i a t e  spr ing  fo rb  
p r o d u c t i o n  I n  d e s e r t  up lands and 
washes, prov l d l ng except ional l y  h lgh- 
q u a l i t y  f o r a g e .  U r n e s s  e t  a ! .  
(1971 :474) s ta ted  that ,  I@.. . the i m -  
p o r t a n c e  o f  herbaceous fo rages  i n  
suppl y i ng phosphorus and p r o t e i n  can- 
n o t  b e  overs ta ted. ' '  D u r l n g  e a r l y  
spring, calc ium i s  a t  desired levels, 
ac id  detergent  i s  low, d i g e s t i b i i i t y  
I s  h i g h t  and the  phosphorus-calcium 
r a t i o  i s  between 2:1 and ? : 2 .  Ac- 
c o r d i n g  t o  D i e t z  e t  a ! .  (1962), a  
phosphorus-calcium r a t i o  smal l e r  than 
1:5 leads t o  an i n h i b i t o r y  e f f e c t  t h a t  
calcium has on t h e  a b i l i t y  o f  deer t s  
u t l  l i z e  phosphorus. 

i n  d e s e r t  washes and a d j a c e n i  
up l a n d s  a f o n g  t h e  lower Co lo rado  
R i v e r ,  h e r b a c e o u s  f o r a g e  becomes 
a v a i  lab  l e  f a l  lowing l a t e  summer and 
w ln te r  ra ins,  A f t e r  these r a i n s  - the  
Ciboia and Vinagre Wash does may make 
s h o r t  t r i p s  away from f h e  r i p a r i a n  
hab I t a t ,  Browse species such as w i  f - 
lows i n  r i p a r i a n  h a b i t a t  a re  n o t  a t  an 
a c t i v e  growth stage i n  fa1 l and e a r l y  
w in ter8  and poss lb l y  l eve ls  o f  phos- 
phorus  and p r o t e i n  a r e  Inadequate 
(Urness and McCu l l u c h  19731, Deer 
w i i l t a k e  green herbaceous m t e r  i a f 
whenever it be~onses ava i D ab le t o  i u  l -  
f  i l l phssp horus needs (Swank 1958 I .  
The ios-f  Lake B f A P b ~ d  t%8'"does in- 



habissd desst-4 uplands I n  f a !  i r  u l r -  
tsr l  a n d  cg r  isrg, M y  C G V Q F  Ing ? h a  
t ~ p o g ~ ~ p h i ~ a i  e x f r t m t ~  4 9-6.t ?s loper 
a24 l tus%ar  and +3xpol;ajx'el of % h e  doser Q 
t-areges r thrs dear wer e essent I e l i y 
pr~to-rnglng $ h a  growlrag seesopi of r t i g h -  
qusli%y forage, On atte Arizona chq4-  
a r r a l ,  %prin$ forb:? mtura  i n  Let& MB+~ 
a~rd t!!0 t t u t r  l t ion&! quai 1 Q y  0 6  $.+au:Fe 
h a r f ~ ~ ~ : @ ~ ~ s  p l & a r t $  dwsaalred; T h u s  7 h$? 
deer Bncluded gp?c~p.a brow~o l n  *tledp. 
61t+.i. hUrrr@.;s mt:. &,Cui !&~r;lLt 2 9 1 3 % .  

%~$>dy t r a r i t s  of  I egu~~ inous  sahrut)** 
a~av@ becrn r~esa;.gua$~@*b 8% 8 v~!ua$!b 
*iorls ea of @ae4a%u~ atrd ~ E X V ~ @ P ~ S U %  f u r  

d@@f gPbr~;c~J l 0 ~ 6 1  a Y b $ r  \ % ? I ,  
A l csnq R$$ &10 4 06 ad0 FC i v@r $cr tawbe&st 
mcsquSta i)iuC$% d r o p  f r t m  atit? t~nos", 
y @ a r  - r  rsurid t t t i I  pej@k i R w t r  f y J u l y  
C Ot.ta~~.ls 'f asrd Andar s,srn 1987 1, Num3a~ut, 
Q & w a  y o  i t @ f  i a a  @ l y h  ~ 2 %  32 
J I l r U p b  i r i  n Q J ~ J - ~  t ~ ~ , ~ ~ ; r i r - t ~ J i  p i u t ,  
We.8 f* ftexur~d 1 fk Ge $.71ndu, 6 . f  $4 t E k t ~ ~ b f 3  

rfwasyc~i?rr, lam g ~ e d J r % %  cnrctn$rua*G *$any 
:.c,s swtaf3an w4sqa~ 4 ds ssraadsc l ed  3caP in$# 
l h a  a lt !ley w%rr r,( I E%$Jc~~  t arl t for t%q8$, I n 
r r r n f r  el A t  fslatb~nr oxcss~sdy f r a a % % %  frum 
I eyitrer k r.aeaj9, 41P1J t i&** i.om$yulie*t:! ~ O B T  t y f %)- 

6 b t  I r $5 ~f flak$ l e Xg~v 4 t t * i k  6%:'~ F W , E * ~  li, and 
Fx":L"ngr f t r  ts t Q f 5 1 ,  

kd l ! l a > *  i c u s r v ~ ~  wtrr D utraka bdbefi 8$ 
*It%*t i n  r t p h a  i & r r  fibLI.tnf7 @ l  ! lew:, 
R r ~ % r d  lfs lc~at s" try i?art its 1 r a t s  ua$c y at34 da a ~ p  
I !but  i r f r-avt**, T a1 ire*< t%ttkr;r , O J . S ~ * ~  e,*5bf4- 

r: i nl i y eta f ~ I C W  ; i t ~ ' ~ t %  f t  ~367-1 f h 4  t B i~#bk 
ts*, urr l l B*J 4 e"& ' \ r~% rnt~tf t w f  Q % .  @ W1 8 0 ~ r r r  

"d f c * ~ b b * i $ i l  P R ' b t j U  1 fe i r  r;4t)%l t i t  f ti%\rl*fjrG B f  4.: 

d i  tsnd i:i i Itssaw p r c j 4 i v i I y  p;;, E ~ ~ I S *  

n f r r h t  f *?a ~ I D I  iio t D I r &< ~ " r  nlxin-ia 
$v > arax y s i [ant !,.sf$ d f  ca, i xsn<hjktg, {i,ilaru&r 0 grid 

Arrdg-r *-rtn ! V & , * ~ f ,  61 964%: 4 9903% r @y$;r 9w.j 
? 4a f E a1 fiil;~tty #a)*+ t e?r~ \  *-trppekf r ~fi.p**, 
u i  f f t * w  yrovldee f f \ @  :lba*sf sr;.i4irr,ap ur 
~ ' P o , I $ x ~ ~  b"f J < t f  +Jt,t%t I t $ ~ * + r  c f ~ 1 9 1  1 ' ~ ' s  I%$ BY?:: 
un Si u awbesn FR3r;,r4u i -t e pix!<, gszd br OW%- 

Zng On w $  $ 20uc. rrauid taata* & t k Z < ; b  :P- 

4 ski% ~ > f  y ro t 1 rt 8nG p : IG~L%P?K>P U% a I I E ~1 

*% % - 4  s> F r c ; + x $ s $ $ * j  $;; 3 :& i22gr #*$ef 
%, 3 -4 9- tz 

*+Cut-cer  an tmput 9 on? I n c Y ~ r  d u r  iny  
L U r n $ f  m>flTb**< 

The bob* LC&@ NA'* mij ABf C t t 3 0  ( a 
and VInsgre Wash Ceer re**uanad  fa 
riparian h B b 1 t a t  i n  J u m  wrrien h : g b % Y  
n u t r  B t Eaus forage was a t e /  beS Se soQ 
pass i b i  y txigll i n  @t+o:,~hog.bis~ P W s C  
p b r i a s  E?% Imor$snt la ,  $be  B~prvat 
6 6  B ~ @ R O S ; ~ O  balphosph&fer w h i c h  15 
s d s b s ~ e  of t i JqR-~ne?r t~y  ~ + F < ~ % ~ , " * , Q I C *  b c ) d  5 - 
E-.maryy ane g;r&lgiru ~3c"rr~ ts$ce59aay far 
~ + r  oduc  t i o n  ~ " r ~ s w a ) : , ,  I t ~ % ; " t +  !urlF and  
a n T l s r  d s v a k c p m ~ ? .  A b s t i c i e ~ y  .ha"* 
p%aag.hoav",dlifr?~,bx, . a $ ~ r  i n  tb:@ fr;I BOW- 

ing  : 1 1  sa; .~ap* j% s r ~ ~ t i " i r  6 2  3 
dcepreets*p;.i.ta t % p g @ t i t t k r  ( 5 :  c;reaP 8 V 
r@dtecc?.c, m: l k  giruduc? 1 6 n t  i d  1 c & a S @ s  
Irtaoj~laiaq l t y  I n  orsl lat  and  4 3 3  
r e $ r , u  l $ b  i t 7  ~ F I " P X Q ~ ~ $  e !par\  t n j  
famales .uBrsan : ~ : v i n r . ;  b i r t h  to y o u n g  
i%warria 14"sBI, Somaev 11841 Qk S w a n k  
19381 f ~ j ~ u p 9 t k t &  ? t ia t  ~ B ~ E ~ ~ * * ~ B I w ~ u * ~  T h e  
@~[uflm.nz9 mx,?" l l k e i  y $ 9 )  be* d ~ b  lc i n n *  8 n 
r l ~ a i ~ t 4  A T  i f ta t?& Y&~S.(JQI plu?galt%. 



low and then t rave led  south 3.2 km (2 
m i ) ,  u s i n g  t h i s  r i p a r i a n  a rea  f o r  
t h r e e  months (December-FebruaryIr  
poss ib ly  f i n d i n g  Iso la ted  pockets o f  
screwbean mesqu l t e  pods and w l  l lows 
t h a t  were s t i l l  a v a i l a b l e  as forage. 
However9 t h e  doe d i d  move i n t o  deser t  
washes f o r  sho r t  i n te rva l s l  perhaps i n  
response t o  w in te r  r a i n s  and ava i la -  
b i l i t y  o f  fo rbs  and ironwood browse. 

I n  general, deer along the  lower 
Colorado River  used screwbean mesquite 
and w l l low stands i n  t h e  f i r s t  t e r r a c e  
where t h e y  were a v a i l a b l e *  e x c e p t  
along areas where the  r iverbanks had 
been riprapped. The woody f r u i t s  o f  
screwbean mesquite may be an important 
source o f  p r o t e i n  f o r  pregnant does i n  
August and September. Presence o f  
r i p r a p  may prevent o r  l i m i t  deer ac- 
cess t o  water. 

Deer need cover t o  move from moun- 
ta inous t e r r a i n  t o  the  r i p a r i a n  vege- 
t a t  ion i n  t h e  f i r s t  ter race,  bu t  ex- 
t e n s i v e  removal o f  honey mesqu i te  
along ?he second i e r r a c e  may eventual- 
l y  e l im ina te  most o f  t h e  t r a v e l  cover. 
i f  SOr deer populat ions may eventua l ly  
disappear along t h e  r i v e r .  

We have observed consistent deer 
use o f  one o f  our experimental revege- 
t a t i o n  p l o t s  dur ing  summer. I n  t h i s  
p f o t ,  we have p l an ted  co t tonwoodF 
wi l low, honey mesquite9 and b lue  pa lo  
verde t rees  i n  r a t i o  o f  5:4:2:1. When 
f i r s t  used by dee r r  t h e  area was 
three-years old, w l t h  t rees  up t o  10 m 
(33  f t )  t a l  l .  Fo i  iage d i v e r s i t y  was 
h i g h ,  and d e n s i t y  o f  t r e e s  was 
moderate. Bermuda grass and quai l 
bush (h igh  i n  p ro te !n  content)  were 
moderately abundant. A l f a l f a  i s  i m -  
med i a t e f y  adjacent  -to t he  area, and 
t h e  r i v e r  i s  w i t h i n  100 m (328 f a ) .  
The r i v e r  has been st ra ightened and 
t h e  bank has been rip-rapped, bu t  t he  
deer  c o u l d  be o b t a i n i n g  water from 
i r r i g a t e d  f i e i d s  and unsip-rapped 
drainage canals. 

12.7 BI SHEEP 

historic ally^ t h i s  species was 
found I n  a l l  mountaln ranges adjacent 
t o  t h e  Co lo rado  River .  Populat ion 
leve ls  have suf fered from a number o f  
causes, b u t  reasons most f requent ly  
g i v e n  a r e  o v e r g r a z i n g  b y  domest ic  
l ivestcck, diseases o f  domestic I l ve -  
stock, compet i t ion w i t h  f e r a l  burros, 
market hunting, p o x h i n g *  and lack of  
r l v e r  access. Each mountain range has 
been subjected t o  a t  l eas t  one o r  a 
concer t  o f  these a c t i v i t l e s .  Though 
n o t  a1 l sheep populat lons have been 
e x t i r p a t e d *  some have been o r  a r e  
p r e c a r  i o u s  i y  close. Further,  sheep 
are  I n t r  Ins i ca l  1 y sedentary, especl a l -  
l y  ewes and lambsF consequently they  
a r e  c o n s  i d e r e d  p o o r  p i o n e e r  ing 
species. This behavior and t h e  above 
decimating f a c t o r s  may have led t o  t h e  
e x t  l r p a t  i o n  o r  near  e x t  Jrpat ion of  
sheep i n  mountain ranges adjacent 4-0 
t h e  Colorado R iver  and throughoui t h e  
Southwest.  Recent conservat ion e f -  
f o r t s  by State, Federalr and p r i v a t e  
groups have begun t o  reverse downward 
t r e n d s  i n selected mountafn ranges. 
Management must inc lude such e f f o r t s  
as reducing o r  e l im ina t i ng  graz ing of  
domest ic  l i v e s t o c k t  elimination o f  
domestic sheep use I n  mountain ranges, 
and r e i n t r o d u c l  ng new herds o r  addlng 
sheep from o ther  ranges t o  decf l n l n g  
o r  r e l i c k  populat ions. 

The Colorado River  and I t s  r i p a r -  
ian resources may n o t  be v i t a i  t o  t h e  
sheep popu l a t  i ons  under d lscusslonr 
bu t  t h e  animals frequent i h e  r l v e r  in 
the  summer months f o r  water. R lpar ian  
communities may a l so  prov ide verdant 
forage and shade dur ing These mn ths .  
L i m i fed s tudy  has demonstrated 4haP 
sheep popu Eations use r ipar fan resour- 
ces dur ing  t h e  t a t t e r  and d r i e r  summr 
months (Seegml l t e r  and Ohmart 1981 9 .  

D e s e r t  bighorn sheep a r e  n o t  on 
the  Federal threatened and endangered 
species I l s t ~  bu t  do occur on Skate 



l l s t s  I n  Nevada, Arizona, and Ca l i for -  
n la.  i n  Arizona* they are  c l a s s i f i e d  
as a Group 3 species, which i s  defined 
as "Species o r  subspecies whose con- 
t l nued  presence i n  Arizona could be I n  
j eopardy  I n  the  foreseeable future. 
Ser ious th rea ts  t o  t h e  occup ied hab i- 
t a t s  have been ident  1 f i ed and popu I a- 
t i o n s  ( a )  have decl ined o r  (b) are 
l i m i t e d  t o  few i n d i v i d u a l s  i n  few 
l o c a t i o n s f V A r i z o n a  Game and F i s h  
Commission, 1982:lZ). I n  California, 
a l l  subspecies are  recognized as f u l l y  
p r o t e c t e d  by  l e g  I s I a t  Ion, w i th  the  
C a l i f o r n i a  and races as 
t h r e a t e n e d  (Wehausen e t  a l  . 1987). 
T h l s  means t h a t  I f  h a b i t a t  losses 
cont fnue these races face ex t i rpa t i on .  
Two populat ions o f  t h e  race nelson[ 
a r e  allowed t o  be hunted. The popula- 
t i o n s  occur I n  t h e  Marble Mountains 
and on Old Dad Peak, 

Arizona has had a very conserva- 
t i v e  hunt ing program f o r  a number o f  
years  and t h i s  has genera ted both 
I n t e r e s t  and funds t o  be t te r  manage 
sheep papulatlons. It has a l s o  stlmu- 
la ted  hunter organizat ions t o  a c t i v e l y  
procure funds f o r  t he  development o f  
more permanent waters  and t o  fund 
r e i n t r o d u c t  ton e f f o r t s .  Two hunting 
permi ts  have been set  as i de annual I y, 
one t o  be r a f  f t ed and one auctioned. 
These e f f o r t s  have produced i n  excess 
o f  $ f 3 0 s 0 0 0  each year f o r  impraved 
sheep management activities. 

Recent iy ,  C a l t f o r n l a  i n i t i a t e d  a 
similar programt and t h e  f i r s t  legal 
sheep hunt ing permi t  was auctioned i n  
I987 f o r  $70,000, and t h e  1988 permit 
earned 959r000, kt only  wil l t he  
funds generated by t h e  permit help i n  
s u p p o r t  i ng bet$-er sheep managemnt, 
b u t  also, as I n  Arizona, it w i l l  gen- 
era-fe more p u b l i c  i n t e r e s t  i n  the  
s p e c i e s  and p r o v f d e  i n c e n t i v e  f o r  
b e t t e r  management, 

T h i s  s e c t i o n  provides a general 
assessment o f  popu [ a t  ion numbers and 
genera l pop u l a t  ion t rends o f  desert 
b ighorn sheep i n  mountain ranges prox- 
imal o r  adjacent t o  t h e  r i v e r .  Moun- 
t a i n  ranges a few m i  les from t h e  r i v e r  
and areas along t h e  r i v e r  t h a t  t h e  
sheep a r e  p r o b a b l y  n o t  u s i n g  as a 
water source o r  forage base were n o t  
I nc l uded. Mounta i n  ranges cons i dered 
begln a t  Davis Dam a t  t h e  n o r t h  and 
te rminate  a t  t h e  l n t e r n a t  iona l Boun- 
dary w i t h  Mexico. 

~ ~ J Q M .  Need les  Peak n o r t h  o f  
Lake Havasu C i t y  has an e s t  [mated 
p o p u l a t i o n  o f  15-30 sheep and t h e  
t rend  I s  down. A t r a n s p l a n t  i s  pro- 
posed I n  t h i s  range i n  1988. Aubrey 
W i l l s cur rent  l y supports 30-45 head; 
t h e  t rend I s  down and a t r a n s p l a n t  i s  
proposed i n  1988. The B i  I l W f  l l lams 
Mountains c u r r e n t l y  have an estimated 
40-50 head f o l  low1 ng a t r a n s p  ! a n t  o f  
22 head i n  1986. The Buckskin Moun- 
t a i n s  conta in 30-45 head a f t e r  8 sheep 
were Introduced i n  1985 and 14 more 
released i n  1986. The Dome Rock Moun- 
t a i n s  c u r r e n t l y  conta in 45-65 sheep, 
and t h e  populat ion I s  s tab le .  Laguna 
H l l  I s  nea r  C ibo la  Nat ional  W i l d l i f e  
Refuge has p r l m a r l l y  a t r a n s i e n t  popu- 
l a t i o n  ranging from 0-5 sheep. A l l  
data were suppl ied by Mr.  Raymond Lee* 
B ig  Gamcs Superv lsor l  Ar izona Depart- 
ment o f  Game and F ish t  Phoenix. 

. E s t i m a t e s  i n  -the 
Chemhuevi Mountains are 20 sheep o r  
less and t h e  popu1a-t-ion I s  s t a b l e  o r  
decl in ing.  Sheep were e x t i r p a t e d  Prom 
t h e  W h i p p l e  Maun- fa lns t  b u t  have 
recent1 y been r e  i n i r d u c e d  and numbers 
now are estimated a t  100 animals and 
i ncreas i ng. Sheep have been ex t  i r- 
pated from t h e  B i g  Maria Mounts ins bu t  
r e i n t r d u c t  ion e f f o r t s  a r e  be; ng 



p l anned. The Ju l l i an Wash area (eas t  
Choco la te  Mounta ins)  conta ins about 
100 sheep and the  populat ion i s  s tab le  
o r  I nc reas ing .  The above data a re  
f r o m  M r .  Vern  B l e i c h ,  Cat i f o r n i a  
Department o f  F ish  and Game. 

T h i s  s e c t i o n  I s  drawn p r i m a r i l y  
from data pub/ fshed by Seegmlt l e r  and 
Ohmart (1981) f o r  t he  B i l l  Wll l iams 
P.iounl-a i ns and Aubrey W i l l s area south 
o f  take Havasu C i t y .  About 17 ewes* 
yearlings, and Iambs inhabi ted the  
a r e a t  and t h e  p o p u i a t  i o n  was con- 
s idered remnant o r  essent ia l  t y gone by 
t h e  A r l z o n a  Department o f  Game and 
F l s h .  Annual r e c r u i t m e n t  was low 
d u r i n g  Phe study pertod and, subse- 
quen t  l y , add it Jona l sheep were 1 n t ro -  
duced t o  the  area. 

General ly8 bighorns extended t h e i r  
movements fa r the r  from the  r i v e r  dur- 
ing  coo ler  months (November-April) and 
had reduced home ranges i n  warmsr 
months (May-October). They p r i m a r i l y  
u s  od f o o P h  1 I I hab i t a t s  i n  warmer 
months and long steop slopes i n  w ln ter  
and e a r l y  spr ing. The mean d is tance 
from t h e  r i vsr  o r  permanent water i n  
summer writ-hs was 0.5 t o  1.0 km (0.3 
t o  0.6 m i  1. They watered a t  at l hours 
of ?he day and l nd i v ldua ls  as f r s -  
quentiy as every o ther  day. 

D i e t  consisted o f  81 grasses* 31% 
f a rbs ,  54% browser and 7% unknown. 
Bighorn sheep used 58 p l a n t  speclesr 
w i t h  t h e  annual f o r b  I n d i a n  wheat 

being pre fer red  
. The next mast 

i m p o r t a n t  species (based on percent o f  

; 5 % ) .  These 90 

species made up 67% o f  t h e  annual d i e t  
o f  sheep. b rmuda grass was t h e  on1 y 
gramino ld  spec ies  appear ing a t  any 
s l g n i f l c a n t  level ,  and it was pr imar i -  
l y  taken I n  the  f ioodplafn dur ing  hot8 
dry months. Sheep a l so  watered from 
the  r i v e r  dur ing  t h i s  period. 

Breeding a c t i v i t i e s  began In  e a r l y  
Ju l  y t  and by e a r l y  August t he  four 
rams had jolned the  ewes and year l -  
ings.  Rams remained w i t h  t h e  hard 
unt  i 1 Apr i I .  Lambs were born dur ing 
January and February. 

Burros occupied a la rge  propor t ion  
o f  b ighorn range dur l ng June through 
October (65%) Novombar through March 
(100%18 and Apri  l through June ( 8 5 % ) .  
B u r r o s  used foo th i  l i h a b i t a t  dur ing 
a1 l seasons, whi l e  bighorns p r l m a r l i y  
used t h e s e  h a b i t a t s  i n  t h e  warnier 
months. i n  areas o f  sympatry, great- 
e s t  over lap Fn h a b i t a t  use mcur red  
d u r i n g  November t h r o u g h  March and 
A p r i l  t h r o u g h  June on long s teep 
slopes and f o o t h i l l s ,  respec t f ve l y .  

B u r r o s  used 49 p l a n t  spec les l  
which incluclt;d 64% o f  The  58 p l a n t  
species eaten by bighorns, The annual 
f o r b  i n d l a n  wheat was p re fe r red  by 
burros (26%) and bighorn sheep (16%). 
V e g e t a t i o n  proxima9 t o  t h e  r l v e r  
showed d e f i n i t e  signs of heavy use by 
burros. Palo verde t rees  were f re-  
quent ly devastated by burros# w i t h  a i l  
i lmbs being broken from t h e  maln  S r u n k  
and l e f t  l y i n g  dead around t h e  2 t o  3- 
f t  (0.6 t o  1 m l  h igh t runk .  

In te rspee i f  ic cont l lc-ts a t  water- 
ing s i t e s  I n  the summr and a t  bighorn 
lamb l ng graunds were n o t  observed, 
The two species were frequent-ty ob- 
served In c l o s e  p r o x l m i - t y  Fn bo-bh 
spr ing  ( a f t e r  lambing1 and surnmrt b u t  
ne i the r  species appeared t o  pay par- 
i l c u l a r  atteniton t o  t h e  other. 



The h igh  degree o f  over lap i n  both 
d i e t  and h a b i t a t  u t i l i z a t i o n  i n  t h e  
above study d i d  no t  demonstrate burro- 
bighorn compet i t ion  i n  t h e  s t r i c t e s t  
sense,  b u t  Seegmi l l e r  and Ohmart 
(1981) concluded from both empi r ica l  
data and compet i t ion  theory t h a t  t h e  
two species were l im i ted  by t h e  f rac-  
t l o n  o f  t h e  t o t a l  vegeta t ive  biomass 
o f  s u f f i c i e n t  n u t r i t i v e  v a l u e  and 
d iges t  i b  l l i t y  f o r  growth and reproduc- 
t i o n .  The l a r g e r  b u r r o  populat ion 
size, more r a p i d  r a t e  o f  increasel and 
ceca l d i g e s t  i on  i nd icates t h a t  t h  i s  
species would be a  super io r  competi tor 
over b ighorn sheep. They concluded: 

. . . d e s e r t  b i g h o r n  a r e  t o o  
v a l u a b l e  a  n a t u r a l  resource 
and t o o  l i m i t e d  i n  numbers and 
d i s t r i b u t i o n  t o  accep t  t h e  
r i s k s  o f  c o e x i s t e n c e  w i t h  
b u r r o s .  We recommend t h e  
removal o f  burros from areas 
where they are  sympatric w i t h  
deser t  blghorn sheep and from 
areas t h a t  have t h e  p o t e n t i a l  
f o r  f u t u r e  b i g h o r n  sheep 
t r a n s p l a n t s  (Seegmi l  l e r  and 
Ohmart 1981r54). 

12.8 FERAL S 

This species was introduced i n t o  
t h e  New Warld i n  t he  s ix teenth  century 
by t h e  Spanish. Although some may 
have escaped from t h e i r  owners dur ing  
t h i s  t imeP free-roaming f e r a l  burros 
d i d  no t  become a s i g n i f i c a n t  p a r t  o f  
t h e  deser t  Southwest u n t i l  l a t e  i n  She 
n ineteenth century. Widespread f e r a l  - 
izaPlon occurred dur ing  t h e  dec l ine  o f  
mining a c t i v i t i e s  and improvement o f  
t h e  road and r a i  l systems iMcKnight 
19581, 

Domestic I l ves tcck  must have begun 
spread ing  norSh and westward t o  t h e  
G i i a  and Gcriorado Rivers by the early 
1700's CForbes 19651, Father Klno 
crossed t h e  Colorado River near Yuma 

I n  October 1700 (Mar t in  19541, and h i s  
pa r t y  was we1 l stocked w i t h  horses and 
mules so t h a t  he cou ld  leave some f o r  
r e l a y s  (Bol ton 1932). Mule r a i s i n g  
was one o f  t h e  func t i ons  o f  t h e  two 
A r i z o n a  miss ions ,  Guevavi and San 
Xavier  del Bac, es tab l ished by Kino. 
Though they apparentl y  conta ined on1 y  
a  few animals, they  were t o  supply 
mount and pack a n i m a l s  f o r  K l n o ' s  
e x p e d i t i o n s .  The Guevavi M i s s i o n  
c o n t a i n e d  a  s m a l l  h e r d  o f  mule- 
breeding mares and a  bu r ro  when t rans-  
fe r red  t o  P fe f fe rko rn  i n  1737. The 
v i s i t a  a t  Sonoita contained a  "...new 
he rd  o f  13 males w i t h  I t s  l i t t l e  
burro," wh i l e  San Xavier  possessed 100 
mares, 4  s t a l  I Ionsr and 2 jacks i n  
1765 (Kesse I l 1970 1. 

Horses were a  commn t rade  item t o  
t h e  Colorado River  t r i b e s  by t h e  mld- 
1700's. When Anza crossed t h e  Colo- 
r a d o  R i v e r  i n  1774 as he blazed a  
t r a i l  f rom New S p a i n ' s  c a p i t a l  a t  
At- ispe t o  t h e  Cai i f o r n l a  miss Ions, t h e  
Quechan t r i b e s  had "an abundance o f  
h o r s e s  and mulesH (Forbes  1965). 
Mules and burros were apparent l  y  s t1  l I 
r a r e ,  as t h e  lndians had great  fun 
t r y i n g  t o  i m i t a t e  t h e s e  an lma ls  
(Forbes 1965). 

The two miss ions  establ ished by 
Father Garces t o  p r o t e c t  t he  s t r a t e g i c  
Yuma C r o s s i n g  a long  t h e  Anza t r a j  I 
were shor t -  l i ved. They l asted on l y  a  
few years and were destroyed by t h e  
lndians i n  1781 (Mat t ison 7948). Th is  
e f f e c t i v e l y  c l o s e d  t h e  C a l i f o r n i a  
t r a i l  t o  non- Ind ians  f o r  almost 45 
years,  s i n c e  t h e r e  were no Spanish 
se t t l e~nen ts  no r th  o f  Yuma on t h e  Colo- 
rado River.  

This  i s o l a t i o n  ended i n  1849 when 
g o l d  was d i s c o v e r e d  I n  C a l i f o r n i a .  
Some 6t000 t o  9 P  000 Ang tos and f j *  000 
t o  15r000 Mexlcans passed over t h e  
fuma robte in tha-1- oaf: year  (Fortes 
19651, Indians helped t h e  gold-crazed 
p r o s p e c f u r s  sw i m  t h e i r  r e 1  u c t a n t  



horses across t h e  s w l f t  r l v e r  cross- 
ing. Unfortunate animals t h a t  d i d  n o t  
s u r v i v e  t h e  c r o s s i n g  e f f o r t s  were 
q u i c k l y  dismembered by t h e  Indians. 
Willlam A. Chamber la in had a mule 
drown as he crossed t h e  r i v e r  i n  1849 
and he wrote: 

The I n d i a n s  b r o u g h t  I t  on  
s h o r e  and i n  a s h o r t  t i m e  
every p a r t  o f  it was c a r r i e d  
away. The f i r s t  butcher c u t  
o u t  t h e  e n t r a i  I s  and lugged 
them o f f ,  as the  most d e l i c a t e  
p a r t  and t h e  l a s t  took  t h e  
head...and trudged away, wel l 
s a t i s f i e d  w i t h  h i s  s h a r e  
(Chamberlain 1945). 

D e s p i t e  t h e  number o f  horses, 
mules, and burros t h a t  funneled i n t o  
t h e  Co lorado R i v e r  env i rons  dur ing  
t h i s  p e r i o d ,  it i s  h i g h l y  doubt fu l  
t h a t  any became res idents  because o f  
t h e i r  value f o r  food and work. Burros 
were introduced t o  t h e  h i l l s  and moun- 
t a i n s  a l o n g  t h e  r l v e r  beginning i n  
1858, when g o l d  p l a c e r s  were d i s -  
covered I n  G i l a  C i t y .  Four years 
la ter ,  Captain Weaver discovered gold 
In  an arroyo nor theas t  o f  t h e  soon-to- 
be town o f  La Paz. The b i g  go ld  rush 
was onr  and La Par supported 1,500 
m ine rs  w i t h i n  a few months o f  i t s  
founding (Browne 1887). 

Ore was loaded i n t o  baskets o r  
socks on t h e  backs o f  these hardy and 
sure-footed animals t o  be c a r r i e d  o u t  
o f  t h e  dry*  ho t  h i  1 l s t o  stamp m i  i l s  
an t h e  r i v e r .  On t h e  r e t u r n  t r i p  they 
c a r r  i e d  water ,  supp 1 ies, and mach- 
i ne ry .  The min ing boom e s s e n t i a l l y  
ended i n  1880, b u t  la rger  mines were 
a c t i v e  t o  as l a t e  as t h e  193OVss. With 
rn in lng v i r t u a l l y  over  and t h e  r a i l -  
roads i n  p l a c e  i n  t h e  [ a t e  1800 ' s~  
b u r r o s  were excess baggage. The 
worthless pack animals were f reed t o  
wander and s u p p o r t  thernseives. A t  
leas? 38 mines ex is ted  along t h e  r i v e r  
and mountains i n  C a l i f o r n i a  and 49 i n  

Arizona from Davis Dam south t o  t h e  
I n t e r n a t i o n a l  Boundary (Sherman and 
Sherman 1969; Love 19741. The wide- 
spread re lease o f  t h i s  exot ic ,  pre- 
a d a p t e d  t o  d e s e r t  e n v  i ronrnents l  
produced f l o u r i s h i n g  popu la t ions  i n  
mountain ranges a1 l along t h e  r i v e r .  

The burro, n a t i v e  from t h e  severe 
d e s e r t s  o f  nor theas tern  A f r i ca ,  was 
we1 l -adapted p r  i o r  t o  i t s  i n t roduc t  ion 
i n t o  N o r t h  American deser ts .  As a 
large successful  he rb i vo re  it was i n  
conf ! i c t  w i t h  ranch lng i n t e r e s t s  and 
was c o n s i d e r e d  a t h r e a t  t o  n a t i v e  
species* espec ia l l y  t h e  dese r t  bighorn 
sheep. Large numbers o f  bur ros  were 
s h o t  a n n u a l l y  by ranchers, hunterst 
and w i l d l i f e  p e r s o n n e l .  Numerous 
o thers  were captured and s o l d  as pack 
a n i m a l s ,  p e t s ,  o r  f o r  p e t  f o o d  
( M c K n i g h t  1958). A l t h o u g h  t h e s e  
r e d u c t i o n s  k e p t  d e n s i t i e s  a t  low 
l eve l s and, poss l b l y~ d ls4-r {bu t  ions 
reduced# t h e i r  f e r a l  ex i s tence  was n o t  
threatened. 

Cal i fo rn  i a  passed a b u r r o  protec- 
t i o n  law i n  1953 and a Federal law 
p r o t e c t i n g  f ree-roam i ng b u r r o s  on 
p u b l i c  lands was passed i n  1974. Both 
laws emanated from an emotional and 
poor ly  informed p u b t i c  and a lack o f  
concern among ranchers and b i o  log i s t s .  
These l aws have c u r t a l  l ed abusi ve and 
inhumane t r e a h e n t  o f  burros l  bu t  w i t h  
t h e  absence o f  predators)  management* 
and con t ro l  many popu la t i ons  a r e  in- 
c r e a s i n g  t o  t h e  deg ree  T h a t  some 
d e s e r t  r a n g e s  t h a t  s u p p o r t  t h e s e  

I i v i ng monuments t o  t h e  Westts co l o r -  
f u  l pastg1 are  threatened, 

Though much remains t o  be learned 
about t h e  burros i n t e n s i v e  s tud ies  i n  
t h e  Chmehuevi Mountains i n  Cai  l forn l a  
(Woodward and Ohmart 19761 and t h e  
B t  l t W i  l ! lams Moun ta fns  i n  Arlzona 
(Seegrnil ler and Ohm8rf 1987) prov ide  a 
~ o o d  u n d e r s t a n d  ! ng of t h e i  r general 
ecoiogy. The Arizona st-udy area a l so  
canfalned a deser t  b ighorn sheep popu- 



l a t  i o n  and t h e  p o t e n t i a l  f o r  i n t e r -  
spec1 f lc: compet it i o n  was d  iscussed i n  
t h e  sec t  ion. 

These m o u n t a l n s  a b u t  t h e  r i v e r  
near Blankenship Bend a t  t h e  no r th  end 
o f  Lake Havasu. I n  w in te r  and a f t e r  
r a i n s  t h i s  b u r r o  population disperses 
up t o  10 40 13 krn ( 6  t o  8 mi)  in land 
f rom t h e  r i v e r .  I n  summer months 
i nd i v idua ls  and herds  seldom venture 
more than 3 km (2  m i l  inland. During 
t h e s e  h o t *  d r y  months i n d l v i d u a i s  
usua l ly  watered eve ry  24-hour period, 
general i y  d r i n k i n g  i n  e a r l y  morning o r  
l a t e  afternoon (Woodward 1976). 

B u r r o s  p r e f e r r e d  d e s e r t  ba jada 
hab l t a t  whenever c u r e d  annua Is were 
ava I l ab  t e  and amb i e n t  temperatures 
were m l  l d. i n summer they  foraged 
p r i m a r i l y  on shrubs and sought shade 
i n  t h e  sa l teedar  and masquite t h i c k e t s  
near the  r i v e r .  Honey mesquite beans 
were heavi  l y  used i n  l a t e  June and 
July as pods r l'pened and $el l t o  t h e  
ground. 

F e c a l  d le l -  a n a l y s i s  showed an 
a n n u a l  i n t a k e  o f  4% grasses, 3QX 
$orbsp and 61% shrubs (5% unknowns). 
Woai iy  I n d i a n  wheat  and b i u e  pa lo  
verde were t h e  -two most iniportant food 
Items, Annual home range s l z e  was 30 
km2 (12  m i 2 ) $  w l i - h  no s i g n i f i c a n t  
d  i fference between jacks  and jennies. 
Only one jack d i s p l a y e d  * @ r r l t o r i a l i t y  
d u r  l n g  June  t h r o ; u g h  A u g u s t ;  he  
d e f e n d e d  0,5 km2 (0.2' m i 2 ;  Woodward 
19761, 

@o I t s  formed 23% of. fhe pogu la- 
$ i o n .  I f  t h l s  v a l u e  r e p r e s e n t s  
recru l fment  every  16 $0 18 mnfhs, t h e  
popu t a t  ion cou l d daub i e  every 5 years, 
A young-herd age s t r u c t u r e  combined 
w i?h  v i r - t u a i i y  rto p r @ d a j i o n  aiiows 
cond i t ions  f o r  a sap ld tY growing pogu- 
la t ion .  I f  f h e  popula* lon i s  l e f t  Pa 

grow unchecked, it i s  a t h r e a t  t o  t h e  
f r a g i l e  desert envlronnrent. 

These mounta ins  a b u t  t h e  B i  l I 
W i l l i a m s  R i v e r  j u s t  e a s t  of Parker 
Darn* which Is a t  t h e  lower end o f  Lake 
Havasu. Th is  bur ro  popu f a t  ion showed 
s imi  I a r  movement p a t t e r n s  as those in  
t h e  Chemehuevi Mountains dur ing w in ter  
and summer months. A sharp con t ras t  
was t h a t  t h e y  watered p r i m a r i l y  a t  
night,  which was thought  t o  be a  prod- 
u c t  o f  p e r s e c u t i o n  b y  l o c a l  ranch 
hands (Seegmi l l e r  1977). 

B u r r o s  predominant1 y  used foo t -  
h i  l I s  dur ing  a i  l seasons, bu t  washes 
were f requent ly  used f r o m  June through 
October.  D u r i n g  t h e  summer months 
b u r r o s  r e t r e a t e d  t o  t h e  f o o t h i l l s  
dur ing  t h e  day and used t h e  r i p a r i a n  
vegetat ion and c u l t i v a t e d  f i e l d s  along 
t h e  B i l l  Wil l iams R ive r  a t  n ight .  

F e c a l  d i e t  a n a l y s i s  showed an 
a n n u a l  i n t a k e  o f  23% grasses and 
sedges* 33% forbs, and 4G% browse (4% 
unknowns) ,  A t o t a l  o f  49 p l a n t  
spec l s s  were ea ten  b y  b u r r o s  w i t h  
w o o l l y  I n d i a n  wheat and pa lo  verde 
being t h e  primary forage. 

Mean month ly  h e r d  s i z e  v a r i e d  
l il-t l e  from t h e  annual average of 4.7 
anlmals. The most s t a b l e  r e l a t i o n s h i p  
was jenny/foal r wh l c h  o f t e n  pers i s ted  
f o r  2 years unfess t h e  o lde r  c o l t  was 
a  Jack. Young jacks f requent  l y banded 
i n t o  smal les bachelor groups. 

Mean annual home ran  e  s i ze  fo r  
adu l t  burros was 19.2 kmq (7.4 m i 2 ) ,  
which was s i g n i f i c a n t l y  srnal l e r  than 
t h a t  i n  t h e  Chemehuevi Mountains. The 
presence o f  c u l t i v a t e d  f l e l ds  I n  t h e  
B i  1 l irii l liams a /  l u v i a l  f loodplaln may 
have reduced $rave l requ l rernen-f s t o  
secure Furage, The re  was no s i g -  
n  i f i c a n t  d i f fe rence  between home 
range s i z e s  o f  j a c k s  and jenn ies ,  



Five jacks showed reduced home range 
s i z e s  i n  summer, b u t  territorial 
defense was not  observed. 

Co l ts  a l s o  formed 20% t o  23% o f  
t h e  popu la t i on  i n  t h e  B i l l  W i !  l lams 
Mountains. Dead palo verde t rees  from 
heavy f o r a g  l n g  by burros were more 
not iceable i n  t h e  B i l l  Wil l iams Moun- 
t a i n s  than I n  t h e  former study area. 
Again, unless populat ions a re  managed 
and cont ro l led ,  I nd i ca t i ons  are t h a t  
these f r a g i l e  deser t  ecosystems w i l l  
be destroyed. 

The above examp les i n  h a b i t a t  use 
and populat ion dynamics are probably a 
good general representa t ion  o f  what i s  
o c c u r r i n g  i n  a i l  b u r r o  populat ions 
along the  lower r i v e r .  I n  these frag- 
I l e d e s e r t  mountain ranges (average 
annual r a i n f a l l  i s  about 7.5 cm C3 
inches1 and h i g h l y  va r i ab le  from year 
t o  yea r ) ,  t h e  annual p l a n t  produc- 
t i v i t y  i s  low. When win ter  r a i n f a l l  
i s  average o r  b e t t e r  t h e r e  i s  h igh  
forb p roduc t i v i t y ,  lessen i ng the  for-  
age removal and damage t o  shrubs, 
espec ia l l y  pa lo  verdes. When t h e r e  I s  
l i t t l e  o r  no w i n t e r  r a l n f a l l  pa lo  
verdes g e t  I  i tt l e resp i te .  Unfor- 
tunately,  these t rees  a re  very b r i t t l e  
and appear no t  t o  have evol ved w i t h  a 
l arge herb i vore possess i ng both upper 
and 1 ower I nc i so rs .  Consequent i yr 
when they a re  browsed by burros whole 
limbs may be broken o f f  and on ly  small 
amounts consumed. 

A number o f  carn ivores occupy the  
r i p a r i a n  hab i ta t s  along t h e  Colorado 
River. These range i n  s i z e  from t h e  
Yuma puma (u 1 t o  
the  spotted skunk, ln termedlate s izes  
Include t h e  coyoter bobcat, gray foxr  
k  it fox, raccoonr badger, and s t r  i ped 
sku~k. ! n  generalr  I l t t ! e  i s    PO MI o f  
the  b io logy  s f  many o f  these species 
along the  lower Colorado River.  The 

dense vege ta t i on  and expense i n  study- 
I ng i nd i v i dua I spec i es has prevented 
e x t e n s  i v e  d a t a  c o i  l e c t i o n .  Some 
r a d  i o i e  I e m e t r y  was a t t e m p t e d  on  
coyotesr bu t  t h i s  proved t o  b e  d i f -  
f i c u l t  a t  best. 

Other  study approaches were used 
and proved va luab le  t o  a degree, b u t  
a l l  had t h e i r  l i m i t a t i o n s  w i thou t  t h e  
added d i m e n s i o n  o f  r a d i o - t r a c k i n g  
l oca t  ions. Month l y  sca t  co l l e c t  ions  
I n  m a j o r  community and s t r u c t u r a l  
t y p e s  p r o v i d e d  v a l u a b l e  b i o l o g i c a l  
i n f ormat- i on on r e  1 a t  l ve coyote den- 
s i t i e s  i n  s p e c i f i c  h a b i t a t  types and 
seasonal food hab i t s .  These  then^ i n  
turn, c o u l d  be co r re la ted  w i t h  smal I 
mamma 1 numbers, av i an numbers* and 
p l a n t  food a v a i l a b i l i t y  i n  e x h  habl- 
t a t  t y p e .  However, t h i s  approach 
p r o v i d e d  I I t t l e  i n fo rma t ion  r e l a t i v e  
t o  smal l e r  carn ivoresr  and t h e  p a u c i t y  
o f  o b s e r v a t i o n a l  r e c o r d s  p r o v i d e s  
l i t t l e  i n s i g h t  I n t o  t h e i r  b io logy .  

Th is  large f e l  i d  has an i n t e r e s t -  
ing taxonomic and h i s t o r i c a l  record  on 
t h e  lower Colorado River .  The f i r s t  
r e c o r d e d  s c l e n t l f i c  specimen was an 
adu I t  male co  l lected by Herber t  Brown 
i n  19019 19 km (12 m i )  sout-h o f  Yuma, 
AZ. T h i s  type specimen was o r i g i n a l  l y  
descr ibed by Nerriam 11901) as a race 
o f  m o u n t a i n  l i o n  (U 

a f t e r  the  o r i g i n a l  co 
Nelson and Gol dman (1929) rev lsed t h e  

one species known as 
puma be f ng 

Though t h e  species Itas o f f i c i a l  
recogn i t i o n  and has spec l a l Federa i 
status, i t s  t a x o n m i c  va l  i d i t y  rernalns 
quesf ionab te, Between 1903 and 1929 a 
t o t 2 6  of nFne specimens were c o l -  
lected, f i ve t n  A r  E zonal t h r e e  i n  Ba j a  
Ca! i f o r 0  I a, and one in Ca f i f o r n  la. 
The p a u c i t y  of speeimns along w i t h  
t h e  var l a b  i 6 j t y  of t h e  T ~ X O ~ W  Yc char- 



a c t e r s  makes s u b s p e c i f l c  c e r t a i n t y  
d l f f  l c u l t  a t  best.  

n.Lstributl.on. Ha i l  (1981) shows 
t h e  d i s t r  i bu t  ion o f  t h  i s  race extend- 
I n g  sou th  f r o m  Las Vegast NVI o n  
e i t h e r  s ide  o f  t h e  Colorado River t o  
t h e  Gulf  o f  C a l i f o r n i a ,  The east  and 
nest  boundaries range from a few mi les  
from t h e  r 1 ver a t  t h e  northern l i m i t s  
t o  about 161 km (100 mi) east o f  t h e  
r l v e r  i n  Sonora, Mexico. Only s i x  o f  
n ine  specimens recorded were co l l ec ted  
near  t h e  r i v e r  and t h e  other  th ree 
came f rom t h e  Hualapai Mountains I n  
nor theastern A r  1 zona. Reports o f  t h e  
specles sfnce 1969 ind i ca te  37 records 
of t r a c k s  and actual  s lgh t i ngs t  w i t h  
the  ma jo r i t y  o f  these being along t h e  
r i v e r  (Duke e t  a l .  1987). 

. This 
subspecies i s  on t h e  l i s t  o f  Arizona 
threatened n a t i v e  w l  l d l i f e  and became 
a candidate f o r  endangered s ta tus  I n  
December 1982 (Federal Register 1982). 
I t  was i l s ted  as a Category 2 species, 
f nd l c a t  l ng t h a t  t he  l 1st l ng I s  poss i b- 
l y  appropriate, but  t h a t  mare b io log  i- 
c a l  research i s  needed t o  va l i da te  t h e  
s ta tus  o f  t h e  Caxon. 

. Ripar ian hab i ta t s  along 
t h e  lower Colorado R l  ver appear t o  be 
essen t  l a  l t o  t h e  existence o f  t h i s  
la rge carnivore. The fauna l ly  depaup- 
ssate deserts, t h a t  a re  extensive and 
l a t e r a i  Cs t h e  r i v e r *  do not  harbor 
enough prey to susta in  a predator o f  
9h l s  size. The exceptions a re  habl- 
t a f s  o f  l a r g e  mauntaln masses t h a t  
have enough e l  and r a i n f a l l  t o  
support oaks spp, 1 and con- 
f fers, Even t h e  lush and once exten- 
s l v e  r l p a r  l an cornsnun it i e s  probably 
never  suppor ted  h i g h  dens if  i e s  o f  
pumas, Conversion of: r i p a r i a n  habi- 
.gats t o  urban and agr icu  i t u r a f  lands 
has s l g r t f f i e a n t l y  reduced ava i l ab ie  
habl%aP f o r  t h i s  species. 

E x a c t l y  what h a b i t a t s  were used 
can o n l y  be surmisedr b u t  t h e  cot ton-  
wood-~ i i low ga l  l e r y  fo res ts  must have 
been i m p o r t a n t  t o  these animals as 
cover i n  t h e  capture o f  deer and o t h e r  
f arge vertebrates. A I l hab i t a t s  were 
p r o b a b l y  used as hunt ing areas and 
space t o  roam. Grinnel I (1914) l isted 
t h i s  species as having maximum abun- 
dance i n t h e  cottonwood-w l l low as- 
sociat ion.  

I n d i v i d u a l  b o b c a t s  and t h e i r  
t racks  are  frequent l y observed in  a l  I 
community and s t r u c t u r a l  h a b i t a t s  i n  
r i p a r i a n  hab i ta ts .  A number o f  in-  
d i v idua ls  have been trapped by profes-  
s ional  t rappers Involved i n  reducing 
predat ion on domestic sheep. Gr innel  l 
(1914) and h i s  pa r t y  trapped two near 
Needles dur ing t h e i r  survey. 

Many s t u d i e s  have shown t h a t  
coyotes  have a d iverse  d i e t  (Sperry 
1941; Murle 1945; Gier 1957; Korschgen 
1957; Gipson 3974; Andrews and Boggess 
1978; Berg and Chesness 1978; Kleinman 
and Brady 1978). The p ropor t i on  o f  
foods i n  t h e  d i e t  var ies  i n  re la l - i on  
t o  l o c a l  and seasonal a v a i f a b i t i t y  
( S p e r r y  1941; F i t c h  1948; Fe r re l  e t  
a!. 1953; F Ich te r  e t  a l .  1955; Gipson 
1972). Food hab i t s  da ta  f o r  5 years 
p r e s e n t e d  by Anderson and Ohmart 
(19844) support t h e  above consensus. 

The f o l  lowlng ltems were reported 
i n  coyote  scats cot lected along t h e  
tower Co lorado R ive r  over a 5-year 
p e r i o d :  19 mammal i a n  spec ies ,  20 
pian? species, 2 b i r d  species, 2 rep- 
t i l i an spec les, eggshel I remainsr 9 
o r d e r s  o f  a r th ropods ,  u n i d e n t i f i e d  
f i sh ,  and miscel laneous ltems such as 
trash, leatherl  charcoal r grave! r and 
sbt. 



Compared w i t h  food frequencies i n  
o t h e r  food hab ? t s t u d  l es r p e r c e n t  
f requency o f  occurrence o f  rabbi ts ,  
rodents? deer, and l i ves tock  was lower 
i n  t h e  p r e s e n t  s tudy .  Howevert a  
ma jo r i t y  o f  o ther  s tud ies  I d e n t i f i e d  
a  1 l mammal Ian  species. During t h e  
r i v e r  s tudy,  u n i d e n t i f i e d  mammals 
composed t h e  la rgest  category o f  mam- 
malian foods (33%). Rabbits and ro- 
dents were t h e  most f requent ly  iden- 
t i f i e d  mammals? bu t  were low compared 
t o  o ther  s tudies.  I t  i s  l i k e l y  t h a t  
rabb i t s  and rodents were most frequent 
i n  t h e  u n i d e n t i f i e d  mammalian group.. 
Deer and l i v e s t o c k  were much less 
frequent. P lan ts  were more frequent 
i n  t h i s  s tudy  compared w i t h  o t h e r  
stud i es. 

P lan t  mater ia ls  cons is ten t l y  were 
impor tan t  i n  t h e  d i e t ,  e s p e c i a l l y  
honey and screwbean mesquite. Sa l t -  
cedar was f requent iy  found i n  scats, 
bu t  it apparent ly was a  by-product o f  
coyo tes  consuming it i n  animal fu r .  
Ag r i cu l tu ra l  crops a i s o  were important 
I n  some years. S ix ty -e igh t  items were 
i d e n t i f i e d  I n  t h e  t o t a l  d i e t ;  o f  
these, 24 were cons ide red  t y p i c a l  
foods, The d i v e r s i t y  o f  food ranged 
f rom r o d e n t s  and r a b b i t s  t o  honey 
mesqui te and melons t o  c r a y f i s h  and 
beet les (Anderson and Ohmart 1984b). 
P r i n c i p a l  foods, (vo lume/ f requency 
r a t i o s )  w e r e  mamma I s r  screwbean 
mesqu i te ,  and honey mesqu i t e .  Among 
mamma l s t h e  wh i te - th roated woodrat, 
r a b b i t ,  and u n i d e n t i f i e d  rodent  a l l  
had h igh  r a t i o s .  

Feak cor~surr,ption o f  mammals and 
b i r d s  by coyotes corresponded t o  t h e  
seasonal p o p u l a t i o n  peaks o f  these 
prey.  I t  a l s o  corresponded t o  t h e  
coyo te  b r e e d i n g  season. From t h e  
examination o f  reproduct ive  t r a c t s  o f  
c o y o t e s  c o  l l e c t e d  i n  1 3  Western 
S t a t e s ?  i n c l u d i n g  A r i z o n a ?  Hamleft 
t1938) found t h a t  t h e  coyote breed ins 
season was under way by February. 
Observations of a  smal i cap t i ve  coyote 

p o p u l a t i o n  i n  a  d e s e r t - v e g e t a t e d  
enc losure a t  Arizona S ta te  lJn l vers l t y  
indicated t h a t  breeding begins i n  t a f e  
January o r  ear l y February. Gestat ion 
I s  60-63 days ( G i e r  1957; Kennel l y  
1978). L i t t e r s  were born t o  t h e  cap- 
t i v e  coyotes I n  e a r l y  A p r i l .  

C o y o t e  r e p r o d u c t i v e  s u c c e s s  
depends on f a v o r a b l e  envi ronmental  
cond i t ions? inc lud ing  food a v a i l a b i l -  
i t y  ( M u r i e  1940; G i e r  1957, 1975; 
C l a r k  1972; Nel l i s  and K e i t h  1976). 
C l a r k  (1972) found t h a t  t h e  coyote 
reproduct ive r a t e  was cor re la ted w i t h  
jackrabb it dens i t y r  a major food item 
f o r  t h o s e  coyotes, He suggested a  
poss ib le  e f f e c t  o f  food a v a i l a b i l i t y  
on o v u l a t i o n .  Rodents and r a b b i t s  
were mainstay foods f o r  coyotes on t h e  
lower Colorado River. Peak abundance 
and consumption o f  mammals (and b l r d s )  
corresponded t o  t h e  coyote breed ing 
season when food a v a i l a b i l i t y  was o f  
c r  i t i c a  I  importance t o  reproduct ive 
success. 

Coyote h a b i t a t  assoc i a t i o n s  were 
determined by exam i n i ng t h e  number af 
scats/km o f  each p  l an t  commun i t y  Sam- 
p t ed. Scats  were most abundant i n  
honey mesquite hab i ta t s  i n  1975s bu t  
i n  1976 and 1977 were mcst abundant i n  
screwbean mesquite hab i t a t s .  

Coyotes consumed l i v e s t o c k  and 
agr icu l t u r a l  crops, bu t  these appeared 
as Items adding t o  t h e  d i v e r s i t y  o f  
foods consumed and d i d  no t  rank as 
p r i n c i p a l  food Iterris. OSher s tud ies  
have reported t h a t  coyotes r e s o r t  t o  
l i vesl-ock consumption when abundanees 
o f  o ther  major foods8 such as r a b b i t s  
and/or  rodents* a r e  low. Livest-ock 
consumpt ion by coyotes i n  t h  i s  reg ion 
d i d  not  correspond t o  (and t h e r e f o r e  
d i d  no? o f f s e t )  decreased rodent con- 
sumpt ion .  Dur i ng decreased rodent  
abundance coyotes a t e  more mesqufi-e 
p d s r  preyed sore hem i l y an rabbifsc 
and consumed a  greater  d i v e r s i t y  o f  
foods, such as art-hropadsr r e p i i  l e s ~  



and p lants,  These data suggest t h a t  
coyotes i n  t h i s  reg ion  d i d  no t  prey 
heav i l y  on l ivestock,  t h a t  i s *  sheep 
t h a t  grazed i n  t h e  va l  ley dur ing  win- 
t e r  months, Th i s  i s  no t  t o  say t h a t  
some c o y o t e s  d l d n o t  k i l l and ea t  
sheep, bu t  general l y t h e  coyote popu- 
l a t i o n  r e l i e d  most heav i ly  on na tura l  
foods * 

C o t t o n t a i l  r a b b i t s t  small rodentsl 
and mesqu i te  f r u i t s  were t h e  most 
i mpor tan t  components I n t h e  coyote 
d i e t .  Rabbits and rodents are  1-0 some 
degree p e s t s  t o  agr  l c u  l t u r e  (Ead i e  
1954; Gier  1957 1. Coyote dependence 
on r a b b i t s  and rodents  may b e n e f i t  
farmers. Although rodent densi t ies,  
o the r  than pocket gophers, were small 
i n  a g r i c u l t u r a l  land, r a b b i t  popula- 
t i o n s  were la rge  (Anderson and Ohmart 
7982a 1. 

Major food items f a r  coyotes were 
abundant1 g, avai tab le i n  t h e  region. 
Stands o f  honey mesquite were p r o l i f i c  
( m i  I t i ons  o f  pods pe r  40 ha f l U 0  
a c r e s ] )  i n  t h e  lower Colorado River 
Val I ey, and sma l i rodents and cot ton-  
t a i  i r a b b i t s  showed an extended breed- 
ing per iod  (due probably t o  I h e  m i  I d  
r e g i o n a l  c i Ima te ) .  Nat ive  r i p a r i a n  
hab iSats harbor These foods. There- 
f o r e P  i f  adequate n a i i v e  h a b i t a t  Is 
preserved, coyote popu l a t i o n s  cou l d be 
s u s t a i n e d  I n  t h o s e  areas and would 
p r e s e n t  f l t t l e  t h r e a t  t o  farms o r  
i i vestock, 

T h i s  fox  is seidorn* i f  ever, seen 
I n t h e  r l p a r  ian  hab i l -a ts r  buf dense 
v e g e i a t  i o n  riiay prevent  obr;ervation. 
Grinnel i 111914b s ta ted  "...no evidence 
a t  a l l  was forthcoming t o  show t h a t  
k l t  f oxes  e v e r  v i s i t  t h e  r i v e r  o r  
bottom1 ands." Me ct-iarac-t-erlzed t h i s  
species as an elernen? s f  t h e  upland 
deser? f a u n 6  i n  sandy so l  f s 2ear Aan- 
garoo r a t  co lonies.  i f  kangaroo raPs 
h a v e  r e c e n i i  y rnovec i n  t o  occupy 

mesquite te r racesr  perhaps k i t  foxes 
have f o l  lowed. They a r e  known t o  
occupy d e s e r t  washes e l sewhere  i n  
A r  lzona. 

The gray fox i s  a r e l a t i v e l y  com- 
mon but r a r e l y  seen res iden t  o f  dense 
r i p a r i a n  hab i ta t .  Some scat  samples 
of t h  i s  species were c o l  lected along 
samp i e  l i nes, bu t  these were t o o  few 
t o  p r o v i d e  n l e a n i n g f u l  r e s u l t s .  
G r i r i n e i l  ( 7 9 1 4 )  and h i s  p a r t y  
cot lected n ine  specimens du r ing  t h e i r  
s t u d i e s  and repor ted t h e  species as 
widespread. 

The raccoon was considered common 
and even a tlnulsance" t o  beaver t rap -  
pers along t h e  lower Colorado R iver  i n  
t h e  l a t e  1 8 0 0 1 ~ ~  e a r l y  1900%, and 
i n t o  t h e  1 9 5 0 t s  ( G r i n n e l  1 1914; 
H o f f m e i s t e r  1 9 8 6 ) .  P r e s e n t l y ,  
raccoons occur throughout t h e  system 
bu t  a re  rare1 y observed. Hof f me i s t e r  
(1986) comments t h a t  raccoons do n o t  
a p p e a r  t o  b e  n e a r l y  as numerous 
throughout Arizona as they were h i s -  
l o r i c a l l y .  Raccoon f o o t p r i n t s  i n d i -  
c a t e  t h e i  r presence, especia l  l y i n  t h e  
B i  I 1  W l  l l iams D e l t a  and d i r e c t l y  
a d j a c e n t  t o  t h e  main r i v e r  channel 
where  e x t e n s s i v e  mudf l a t s  o c c u r .  
A q u a t i c  i n v e r t e b r a t e s ,  e s p e c i a l l y  
c ray f ish ,  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
t h e  r a c c o o n ~ s  d i e t  as do l a rge  t e r -  
r e s t r i a  I I n v e r t e b r a i e s  and smal I 
aquat  i c  and t e r r e s t r  i a  t vertebrates. 
The raccoon i s  most f requent ly  en- 
countered a t  watervs  edge i n  emergent 
o r  t e r r e s t r  i a l  r i p a r i a n  p l a n t  com- 
munit ies. 

Thls common res iden t  o f  r i p a r i a n  
hab l Ta ts  i s f faquai i t  i y observed ir i  
l a t e  eveningt n i g h t *  and e a r i y  morning 
i n  dense hab i t a t s  near water. Casual 



observat ions away from human habi ta-  
t i o n s  ind ica ted  a s t rong r e l i a n c e  on 
insects and o ther  inver tebrates,  a l -  
though smaI1 mammals a r e  p r o b a b l y  
read i l y ea ten  when captured. Near 
human hab i ta t i ons  t h e  species searches 
through and feeds heav i l y on garbage 
and puss i b l y rodents J n garbage p l t es 
(Ohmarts pers, obs. 1. E igh t  specimens 
were taken by G r  innel  l (1914) and h i s  
party.  Those caught were i n  mesquite, 
sc rewbean$  w i l I  OW, and arrowweed 
t rac ts ,  

T h i s  s m a l l  n o c t u r n a l  skunk i s  
seldom seen i n  t h e  study areap bu t  may 
be more abundant than records i n d i -  
ca te ,  Three d i f f e r e n t  i n d i v i d u a l s  
were observed i n  t h e  C ibo la  Reach on 
t h e  C a l i f o r n i a  s i d e  i n  May 1972 
(Ohmartr pers. obs.), These animals 
were h u n t i n g  i n s e c t s  I n  open ings  
around dense arrowweed and qua i l  bush 
stands. Gr inne i l  (19141 wrote they 
were " n o t  commonu aas i nd  i c a t e d  by 
t r a p p i n g  e f f o r t s .  T r a c k s  were  
observed near Needles and a specimen 
was taken i n  t h e  arrowweed b e l t  w i t h i n  
91 m (100 yd) o f  t he  r i v e r  c l o s e  t o  
P i l o t  Knob i n  Ca l i f o rn ia .  

Most s i g h t i n g s  o f  t h i s  species 
have been i n  honey mesquite o r  s i m i l a r  
h a b i t a t  t h a t  I s  sparsely  vegetated. 
Specimen r e c o r d s  ( G r i n n e l l  1914; 
H o f f m e i s t e r  1986) Ind i c a t e  t h a t  t he  
species occurs throughout t h e  r i p a r i a n  
s tudy  a rea  i n  r e l a t i v e l y  low den- 
s i t i e s .  

12.10 LlSTm SPEGBES AlaE9 SPECIES OF 
SPECIAL IMTEW1Eg 

A t  present, t h e r e  a re  no Federal- 
or  State- i i s iea endangered mamma i s on 
the  lower Colorado River.  There aret  
however, several  species o f  spec gal 

concern monitored by both Cal i fo rn  i a  
and A r i zona .  The r i v e r   otter^ o f  
i n t e r e s t  t o  Arizona, and t h e  Yuma puma 
and deser t  bighorn sheep, o f  i n t e r e s t  
t o  both StaSes, have been discussed i n  
depth prev ious ly  i n  t h i s  chapter.  

I n  a d d i t i o n  t o  t h e  above species, 
C a i i f o r n i a  l i s t s  Arizona cave myot is  
(&US y e l  i f e r ) ,  Cal i f o r n  i a  leaf-  
nosed ba t  ( k r o t u s  ca l i fo rn  icus)  r and 
Co lorado R ive r  co t ton  r a t  ( 

gleus) as species o f  spec ia l  
( W i l  1iams 1986). Sonoran 

beaver  (W r e p e n t i n u  
o r  . . frondator;  see Ho f f l r e i s te r  
1986) and the  Colorado Val ley white- 
t h r o a t  e6 woodrat  ( K e o t m  a I b i &  
y g n u s t a )  a r e  I i s t e d  as c a n d i d a t e  
spec ies  o f  specia l  concern, b u t  these 
spec ies  appear t o  have few imminent 
t h r e a t s  t o  t h e i r  popu la t ion  levels .  
A r i z o n a  c o l  l e c t s  da ta  on threatened 
n a t i v e  w i  l d l  i f e  I n c l u d i n g  southern 
y e  l low b a t  ( I  a s i u r u  &&a). B o t h  
States consider  Arizona myot is  ( M v o t k  

c o t t o n  r 
-) as spec i es t o  m n  i t o r .  

Bo th  A r i z o n a  myot is  and Arizona 
cave myot ls  co lon ies  have been severe- 
l y reduced dur lng t h e  l a s t  few decades 
(Wi l l lams 1986). Both species feed i n  
and over r i p a r i a n  vegeta t ion  and t h e  
r i v e r  proper. The Arizona myot is  has 
i t s  co lon ies  located under bridges, i n  
o l d  cottonwoodsr and i n  o l d  al- i ics, 
The Arizona cave myotis most commniy 
roos ts  I n  caves and mine sha f t s  i n  t h e  
up land d e s e r t ,  b u t  fo rages n i g h t l y  
over t h e  same o r  s imi  tar  h a b i t a t s  as 
t h e  A r  i zona myot i s  (Vaugkan SS59). 
Bat-h spec i es have s u f f e r e d  ser ious  
d e c l i n e s  i n  number of co lon ies  and 
average co lony  size; these dee l ines 
are  p a r t l y  due t o  intense human dis-  
t-urbance dWi l l iams 99861. I n  addi- 
t i o n ~  heavy Insec-fieiZe use has bee2 
impl icated i n  causing declines i n  both 
species9 as t h e y  both forage d i  rec-fi y 



over sprayed areas on the  lower Coio- 
rado River  (Geluso e t  a l .  9976; Fenton 
and B a r c i a y  1980; W i l l i a m s  1986). 
B o t h  myot i s  spec ies  are  o f  h ighest  
p r i o r i t y  f o r  d e s i g n a t i o n  as State- 
l i sted endangered spec ies i n  Ca l i for-  
n ia .  The Arizona myotis populat ion on 
t h e  lower Colorado R iver  i s  t h e  on ly  
known p o p u l a t i o n  I n  C a l i f o r n i a  and 
appears t o  be separated by a t  leas t  
322 km (200 m i  1 from the  next known 
c o l o n l e s  t o  t h e  e a s t  ( f - io f fme is te r  
1986). 

Three species o f  bats asscciated 
more w i t h  upland deserts a r e  o f  i n te r -  
e s t  t o  Cal  i f o r n i a  o r  Arizona. The 
pocketed f  ree- ta i i ed ba t  i s  a  l i tt l e- 
known species and has a  spot ty  d is -  
1-r 1 b u t  i o n  th roughou t  t h e  Southwest. 
Ph is  species i nhab i t s  rocky c l i f f s  and 
slopesr w i t h  a  colony known along t h e  
c l i f f s  adjacent t o  t h e  B i l l  Wil l iams 
River  (Hoffmeister 19861. I t  a l so  has 
been taken near t he  mouth o f  the  Colo- 
rado RIver (Wi l l lams 1986). C a l i f o r -  
n  i a  iaaf-nosed bad I s  a  low-desert 
spw l es and i s  apparent l y  very sensl- 
t l v e  t o  d i s t u r b a n c e  o f  m a t e r n i t y  
r o o s t s .  T h i s  species has decl ined 
p r i n c i p a l l y  from the  coasta l  basins o f  
sou"t-hern Gal l f o r n i a  bu t  may be s tab le  
eisewhere?; few d a t a  e x i s t  on  t h e  
sta-1-us o f  t h e  Cat i f o r n l a  leaf-nosed 
b a t  a i ong ?he lower Colorado R i  ver. 
The western yet low b a t  i s  known on ly  
from r-esident la1 areas i n  and around 
Yuma w h e r e  W a s h i n g t o n  p a l m s  
t 1 a r e  c u l t i -  
v a t e d .  T h e r e  i s  a t  p r e s e n t  no 
apparen t  t h r u a t  -to t h e  population., 
st haugh i-t-s s ta tus  I s  no t  we l f under- 
stood, Nane o f  these species are  o f  
h igh p r i o r  i t y  i s  managemerr? agenc less 
nor  a r e  these spec ies we1 i known along 
t h e  l awer  C o l s r a d o  R i v e r ,  Whi le  
changes i n  r i p a r i a n  hab i ta t s  a r e  un- 
l i k e l  y  t o  a f  f w l  themr i ncreasl ng use 
s f  deser t  areas may d i s r u p t  matern i t y  
colonies. 

Two spec ies  o f  c o t t o n  ra-ts a r e  
rep resen ted  on t h e  lower  Co lo rado  
R i v e r  by  i s o l a t e d  p o p u l a t i o n s  ( f o r  
taxonomic t r e a t m e n t  see Hof fme is te r  
1986). C a l i f o r n i a  l i s t s  t h e  Arizona 
co t ton  ra t ,  as it i s  apparent ly  near- 
i n g  e x t i r p a t l o n  on t h e  C a l i f o r n i a  
s ide ,  t hough  it i s  s t i l l  common I n  
a p p r o p r i a t e  hab i t a t  on  t h e  Arizona 
side. Th is  popu la t ion  was known t o  
occur from near Needles south t o  near 
Bard, CA, b u t  i t  i s  p r e s e n t l y  n o t  
known from any loca l i t y  on t h e  Cal i- 
f o r n  i a s  l de. However, Anderson and 
Ohmart (1982b) r e p o r t  c o t t o n  r a t s  
( s p e c i e s  unknown, b u t  p r o b a b l y  
Arizona) as commn on t h e i r  revegeta- 
t i o n  s i t e  near Cibola Nat ional  W i  ld- 
l i f e  Refuge. Arizona c o l l e c t s  da ta  on 
t h e  h i s p i d  co t ton  ra t ,  as it i s  con- 
f ined t o  the  Colorado R iver  from t h e  
G i l a  R i v e r  con f l uence  south, Th i s  
species i s  comnron and poss ib l y  expand- 
i n g  as a g r i c u l t u r e  and a s s o c i a t e d  
un l l ned cana I  s  support emergent vege- 
t a t  ion. The h isp i d  co t ton  r a t  a l so  
has recen t l y  spread i n t o  the  Imperial  
Vai ley o f  southern C a l i f o r n i a  and i s  
conlmon near marshes and i n  a g r i c u l -  
t u r a l  f i e l d s ,  espec ia l l y  m i l o  and corn 
(Anderson and Ohmart 1982a; W i I I i ams 
19861. Bath these species have ap- 
pa ren t l y  Increased$ a t  leas t  i n  d i s -  
tr i b u t  ion, s ince  t h e  t u r n  o f  t h e  cen- 
t u r y ,  b u t  t h e y  r e p r e s e n t  i s o l a t e d  
populat ions and should be monitored. 
T h e i r  r e l a t i o n s h i p  and d i s t r i b u t i o n  
a r e  o f  i n t e r e s t  t o  systemat is ts  and 
e c o l o g i s t s  ( s e e  k i o f f m e i s t e r  1986; 
compare w i th  B o t t a g s  pocket gopher i n  
t h i s  chapter).  

Ripar ;an hab i t a t s  a r e  import an t  t o  
a large number o f  mammal species as 
r e p o r t e d  f o r  a l l  o t h e r  v e r t e b r a t e  
groups. E x t e n s i v e  man ipu la t i on  o f  
r i p a r i a n  and aquat ic h a b i t a t s  i s  as- 
soc l a t e d  w i t h  dramatic decl ines f o r  
most o f  these species. Fu fure  r i p a r -  
i an ha5 i i a t  degradat Ion w i l l con* i nue 



a f f e c t  Shese populations. 01-her b a t  maternity roosts and various im- 
threats include disturbance of desert pac ts  affecting desert bighorn sheep. 



ER 13. NT PRAGT ICES AW RE M A T  I OMS 

The many laws t h a t  govern t h e  
operat ions of  t h e  lower Colorado River  
mandate e f  f i c  i e n t  water t ranspor t  and 
d e l i v e r y  t o  users, f l o o d  c o n t r o l *  
navigat ion, and recreat fon  ( Inc lud ing  
s p o r t s  fisheries). P r o t e c t i o n  o f  
wildlife* n a t i v e  f i sher ies ,  and na t i ve  
r l par  i an vegeta t ion  were ra re ly ,  I f  
ever ,  cons i dered i n  manag i ng opera- 
t i o n s  on the  r i v e r  u n t l  l passage o f  
t he  National Environmental P ro tec t i on  
Act o f  1969 (NEPA), F l sh  and W i l d l i f e  
Coordinat ion Act of 1958 (FWCAfr t h e  
Endangered Spec les Act o f  1973 (ESA) , 
and Clean Water Act  o f  1977 (CWA), 
C o n s e r v a t i o n  agencies and p r i v a t e  
env i ronmen ta l  g roups have e f f e c t e d  
some minor changes i n  operat ions and 
have been able t o  commit water manage- 
ment agencles t o  o f f s e t  some Impacts 
w l t h  mi-t- igation, Despite these e f -  
f o r t s *  it i s  c lea r  t h a t  conservai ion 
issues w i i l cont inue t o  be low on t h e  
management p r i o r i i y  l i s t  on t h e  lower 
Colorado River.  

The U.S. Bureau o f  Reclamation 
( B H )  i s  responsib i s  f o r  water manage- 
men? o f  t h e  lower Co lorado R ive r .  
BRBs pr imary func t i on  I s  t o  t ranspor t  
and d i s t r  i bute water as e f f  i c  i e n t  1 y  as 
passiblep at  l too off-en w i th  l i t t l e  
costsYderatian o f  environmenPai conse- 
quences. Past wa-ter management ac- 
t i v i t i e s ,  such as construc-9- ion o f  
damst channel  i z a t i o n  (straigh-t-ening) 
o f  t h e  r i v e r p  and add i t i on  o f  r i p r a p  
$ 0  a r m o r  p o r $ i i o n s  o f  m o d i f i e d  
s t re tches  have a l l  had h i g h l y  negat ive 
e f f e c t s  on t h e  n a f i v e  fauna and f j o r a  
o f  t h e  system (Mlnckley 1979; Anderson 

and Ohmart 1984b). C lear ing  extensive 
f loodways a l s o  has had severe adverse 
I mpacts on r l p a r  i an vege ta t  ion and 
assoc ia ted  w i l d l i f e .  I n  addi t ion,  
most backwater areas a r e  i n  danger o f  
almost t o t a l  l y  los ing  water c i r c u l a -  
t ion from t h e  mainstream. These i m -  
pacts w f  l l have t o  be m i t i ga ted  f o r  t o  
a v o i d  f u r t h e r  d e g r a d a t i o n  o f  t e r -  
r e s t r i a l  and aquat ic hab i ta ts .  F i n a l -  
l y ,  p o s i t i v e  ~ a n a g e m e n t  a c t i v i t i e s  
w l  1 l have t o  be undertaken t o  improve 
o r  p ro tec t  t h e  remnants o f  t h e  lower 
Colorado R iver 's  na tura l  environment. 

Sixty-n i ne ve r teb ra te  spec les have 
been recognized as needing some s o r t  
o f  p ro tec t i on  along t h e  lower Colorado 
River (Table 61). Varying l eve l s  o f  
p ro tec- t ion  f o r  some species a r e  a f -  
forded through endangered o r  t h rea t -  
ened s t a t u s  by Federal, Cal i f o r n  ial 
and Nevada laws. Lower l e v e l s  o f  
l e g a l  p r o t e c t i o n  a r e  p r o v i d e d  t o  
species I  i s ted  as exper i mental rare,  
and protected i n  Federal, Cal i f o rn  l a r  
and Nevada s t a t u t e s *  r e s p e c t i v e l y .  
Such l e g i s l a i i o n  may prov ide  t h e  lrrr 
pe tus  needed f o r  h a b i t a t  p r o t e c t i o n  
and improvement. 

The Federal Government mainta ins a  
l i s t  o f  c a n d i d a t e  s p e c i e s  i n  t h e  
Not ice o f  Review, publ ished pe r iod i -  
ca i  I y i n  t h e  Federa i Reg i s t e r .  Can- 
d lda te  species a r e  af forded no legal 
p r o t e c t i o n ,  b u t  arel o r  have been, 
considered f o r  Federal Endangered o r  
Threatened s ta tus .  Category 1 is f o r  
species w l t h  enouah s ta tus  in fo rmai ion  
-f-s war-rant l i s t i n g .  Category 2 i nd i -  
c a t e s  t h a t  n o t  enough i n f o r m a t i o n  
e x i s t s  t o  warrant l i s t i n g  and s t a i u s  
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Table 61. (Continued) 

Category 

Class/species Federal Arizona Cai i f o r n i  a  Nevada Po ten t i a l  and/or actual  t h r e a t  

G i l a  monster 
Mexican g a r t e r  snake 

B i r d s  (N = 4 1 )  

Western grebe 

C i a r k t s  grebe 
r 
w 

Drsub I e-cresi,ed cormorant 

American hi-ktern 

Least  b l tPer-n 

Great eg re t  

Snowy eg re t  

Black-crowned nlght-heron 

Fuivous w h i s t i  ing-duck 
Osprey 
Bald eagle 
Northern h a r r i e r  

Cat-3C R Col l e c t i n g  
?.22&2 !2=4 - - Depredation o f  young by 

bul  I f r o g  
6 5 4 2 

Ca t -2  SC- 1 
SC-2 

E G-2 E 
SC-2 

Recreat ional d is turbance t o  
breed T ng 
Recreat ional d is turbance t o  
b r e d  i ng 
Toxins i n  food; d is turbance of 
nest  i ng colony 
No immediate t h r e a t s  

F looding r e s u l t i n g  i n  nes t  
d is turbance 
D isturbances t o  nes t  i ng; t o x  ins 
i n  food 
D isturbances t o  nest i ng; t a x  ins  
i n  food 
Disturbances t o  nest ing;  t o x i n s  
i n  food 
D isturbance t o  breed i ng hab i t a t  
Toxins i n  food 

E Toxins i n  food 
Pest ic ides  i n  a g r i c u l t u r e  

(Continued) 
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o f  t h e s e  s p e c i e s  I s  under  s tudy .  
Category 3 i s  f o r  specles no longer 
cons idered f o r  l i s t i n g  and includes 
e x t i n c t  s p e c i e s  (3A), s p e c i e s  no 
longer v a l i d  taxonomicai ty  (3B1, and 
species t h a t  a r e  n o t  p r e s e n t l y  con- 
sidered threatened n a t i o n a l l y  ( 3 6 ) .  

C a l i f o r n i a  a l so  has i n s t i t u t e d  a 
program o f  Species o f  Special  Concern, 
a f f o r d i n g  no l e g a l  s t a t u s ?  b u t  a t -  
t empt ing  t o  p r o t e c t  spec ies  before 
they requ l r e  legal p ro tec t i on .  Four 
levels f o r  Species o f  Special  Concern 
were recognized: ( 1  1 h ighes t  p r l o r -  
i t y ,  ( 2 )  second p r i o r i t y ,  ( 3 )  t h i r d  
pr I o r  i t y ,  and ( 4 )  cand idate  s e n s i t i v e  
species. Highest p r i o r i t y  species may 
soon face e x t i r p a t i o n  i n  C a l i f o r n i a .  
Second p r  l o r  i t y  species have su f fe red  
dec l i nes through a la rge p o r t  ion o f  
t h e i r  d i s t r i b u t i o n  i n  C a l i f o r n i a .  
Thi rd p r i o r i t y  species a r e  those t h a t  
occur l o c a l l y  w i t h i n  t h e  S t a t e  and a r e  
not present ly  decl i n  f ng b u t  shou Id be 
mon 1 t o r e d .  Cand i d a t e  s e n s  i t  i v e  
species inc lude those f o r  which data 
may suggest l i s t  i ng, bu t  requ i r e  add i- 
t i o n a l  study. 

Arizona provides no lega l  protec-  
t i o n  f o r  species, b u t  mainta ins a L i s t  
o f  Threatened N a t i v e  W i l d l i f e  f o r  
s e t t i n g  management p r f o r i t l e s  i n  
coopera t  i o n  w i t h  Federa l  and o ther  
government agencies. Group 1 includes 
spec ies  e x t i r p a t e d  f rom Arizona i n  
recent h i s to ry .  Group 2 a r e  species 
or  subspecies whose continued presence 
in Arizona i s  now i n  jeopardy. Group 
3 includes specles whose s t a t u s  couid 
be i n  jeopardy  i n  t h e  f o r e s e e a b l e  
f u t u r e .  F i n a l  l y p  Group 4 includes 
species w i t h  moderate t h r e a t s  e x i s t i n g  
t o  important h a b i t a t s t  b u t  no substan- 
i i a l  d e c l i n e s  have been documenfed. 
Arizonars l i s t  w i  1 l be rev i sed  dur ing  
1988 and w i  I  l i n v o l v e  changes Fn 
s t a t u s  d e f i n i t i o n s  and some species 
f i s t e d ;  this i?ew i i s t  was not  ava i l -  
able f o r  inc lusron here (Ar izona Game 
and F ish  Commission 1988). 

F i f t y - t w o  o f  t h e  69 species are  
a f f e c t e d  by disturbance t o  aquaticl  
emergent, and r i p a r i a n  hab i ta ts .  The 
importance o f  these hab i t a t s  i s  une- 
qu i v o c a l  g iven t h e  large number o f  
species i n  need o f  some protection by 
a t  l e a s t  one S t a t e  o r  t h e  Federal 
Government. The f u t u r e  f o r  aquat ic  
and n a t i v e  t e r r e s t r i a l  r i p a r i a n  habi- 
t a t s  Ts b leak* unless present manage- 
ment p rac t i ces  a re  d r a s t i c a l  l y a l te red  
by  t h e  S t a t e  and Federa l  agencies 
respons i b I  e f o r  manag i ng t h e  lower 
Co lo rado  R i v e r  and i t s  a s s o c i a t e d  
aquatl  c  and r i p a r i a n  resources. Na- 
t i v e  f i shes  have v i r t u a l l y  been e l i m i -  
nated, some spor ts  f  i s  hes a r e  dec l ln- 
ing ,  and many n a t l v e  r i p a r i a n  p l a n t  
and animal species have been e x t i r -  
pated, o r  near ly  so, w i t h  l i t t l e  hope 
o f  r e t u r n  t o  s t a b l e  p o p u l a t i o n s .  
F u t u r e  management p rac t i ces  f o r  t h e  
r e m a i n i n g  n a t i v e  f l o r a  and fauna 
s hou I d i nc l ude s t r o n g  conserva t ion  
p r a c t i c e s  f o r  r e m a i n i n g  h a b i t a t s .  
Such conserva t ion  i s  unl  ikeDyr how- 
ever ,  u n l e s s  t h e r e  a r e  changes i n  
c u r r e n t  a t t i t u d e s  and p o l i c i e s  govern- 
ing r i v e r  management. 

A t  present, t h e r e  a r e  few a t t m p t s  
t o  r e s t o r e  a q u a t i c  h a b i t a t s  w i t h  
respect t o  t h e  n a t i v e  ichthyofauna on 
t h e  lower Colorado R l  ver. Re introduc- 
t i o n  o f  razorback sucker i s  $he prim- 
ary  a c t  ion now be i ng undertaken, w i t h  
t h e  poss i b i l i t y  o f  r e i  n t roduc t  ion o f  
Cotorado squawfish In t h e  near fu ture .  
Successful  reestab l i s h w n f  of n a t i v e  
f i s h e s  w l l i  no t  be poss ib le  wiPhout 
some l e v e l  o f  restoration o f  t h e  
na tu ra l  aquat ic  environment and con- 
t r o l  o f  introduced f i s h  species, 

One p o s s i b i i l t y  f o r  aquat ic  habi-  
t a t  r e s t o r a t i o n  i s  t h e  es tab l  ishrnent 
of semiartificial ponds and lakes t h a t  
may serve as permanent hot d i ng ponds 
f o r  n a t i v e  f i s h e s  (M inck ley8  pers, 



comm. 1. Present l y, razorback suckers 
a re  being held i n  ponds near B ly the  
and Niland, CA, t o  a l low s i z e  increase 
before  being released i n t o  the  Colo- 
rado River  fLanghorst 1987b). Prece- 
d e n t s  f o r  s e n i i a r t l f i c i a l  h ~ b i t a t s  
ex i s t ,  w i t h  one pond support ing desert  
pupf i sh  and G l  l a topmi  nnow a t  t he  
Doyce-Thompson Southwestern Arboretum, 
Super ior ,  AZ, and another pond pro- 
posed t o  support many of  t h e  na t i ve  
f i s h  species on the  Hassayampa River 
N a t u r e  C o n s e r v a n c y  P r e s e r v e r  
Wickenburgt AZ, 

The b u i l d i n g  o f  s e m i a r t i f i c i a I  
ponds and lakes may e n t a l l  s o i l  ex- 
cavat ion  t o  the  water table,  a l fowlng 
s u b s u r f a c e  water  seepage. Several 
n a t l v e  s p e c i e s  may a c t u a l l y  breed 
success fu l l y  i n  such s i t ua t i ons l  espe- 
c i a l l y  i f  n u t r i e n t s  a r e  added and 
s t a b l e  phytoplankton and zoo plankton^ 
b s n t h  i c  Inver tebra te*  and macrophy-i e 
crops are al lowed t o  develop. 

I n t e n s i v e  monitoring w i l l  be 
needed* however, t o  keep exo t i c  f i s h  
ou t  o f  these hab i ta t s  and t o  determine 
i f such s i t u a t i o n s  can actual l y bene- 
f i t  ?he many na. t ive f i s h  involved. 
Matnta ln lng an exot ic - f ree  environment 
may be near ly  impossible i f  b a i f  f l sh -  
ermen a r e  a t  iowed access t o  such 
s t ruc tures .  I n  addi t ion,  e x o t i c  f i s h  
sgys are  o f t e n  dispersed by waterb i rds 
f i ov ing  f rom one aqua t i c  h a b i t a t  t o  
anoi-har, Solut ions t o  these problems 
may be f5und through research t o  con- 
t r o t  o t o t i c s ,  There remain many op- 
g o r t u n l t f e r j  t o  r e s t o r e  na$ive f i s h  
commun i i  i es, desp i t e  t h e  prob iems 
assocf'ated w i i h  semia r t i f  ic la l  ponds. 
Such er ' fo rSs  nlay e v e n t u a l  I y a l low 
bet-be;r understanding o f  how t o  suc- 
c e s s f u l  l y  re in t roduce na-tive species 
i n t o  r l v o r i n e  environments. 

With care fu l  planning, revegeTat- 
i ny areas  f o r  w i i d  l i f e  can be ac- 
complished i n  a r e l a t i v e l y  s h o r t  ti@ 
(Anderson and Ohmart 1982b; Figs. 37, 
38, 39, 40r 41).  W i th in  f i v e  years a 
gal le ry  f o r e s t  w l th  canopy he igh t  >I5  
m (>50 f t )  can be created along t h e  
lower Co lorado R i v e r  th rough know- 
ledgeable and aggressive management. 
Dams have v i r t u a l  l y  e l im ina ted f lood-  
ing, which i s  essent ia l  t o  cottonwood 
and w l l  low germinat ion. Therefore, 
revegetat ion w i t h  n a t i v e  p l a n t  species 
soon may be t h e  on l y  way t o  ensure t h e  
s u r v i v a l  o f  w i l d l i f e  dependent on 
mature stands o f  cottonwoods and w i  i -  
lows. 

Many Federa l  and S ta fe  agencies 
have proposed revegetat  ion, dur i ng t h e  
l a s t  15 years,  t o  m i t i g a t e  aga ins t  
u n a v o i d ~ b l e  h a b i t a t  losses t o  w i l d -  
I i fe. Most o f  these e f f o r t s  have been 
unsuccess fu l  because o f  inadequate 
fund ing and lack o f  know ledge, p lann- 
ing, and l o g i s t i c a l  support. I n  gen- 
era l ,  agenc ies w i t h  adequate budgets 
and logistical support have repeatedly  
dernonstraled a l ack  o f  concern f o r  
success, wh i l e those agenc ies advocat- 
ing revegetat ion have r e l a t i v e l y  smal l 
budgets. 

Revegetati onr i f c a r r  ied ou t  prop- 
s r  Eyl c a n  b e  q u i t e  s u c c e s s f u l .  
Anderson and Ohmart's ( 1982br 1984a) 
e f f o r t s  on a 30-ha (75 acres) produced 
high-qua1 i t y  w i  l d l  i f e  h a b i t a t  a t  a 
c o s t  o f  $9p000 t o  $10,000 p e r  ha 
(53,600-$4,00Odacre). No o the r  reveg- 
e t a t  ion e f f o r t s  begin t o  approach the  
success o f  t h i s  p ro jec t ,  e i t h e r  i n  
g rowth  r a t e  o f  t r e e s  o r  s u r v i v a l .  
Srnal t e r  (515 ha C 9 5  acres]) revegeta- 
t i o n  e f f o r t s  have provided some low- 



Fisure 37. Clearing a s i t e  of plant competitors (especially Bermuda grass and 
saltcedar) i s  essential for a successful revegetation project as at Cibola 
NatIonal Wildlife Refuge. Photo by J. Disano. 

Figure 38. 
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F i s u r e  39A. Above-ground d r i p  i r r i g a t i o n  i s  t h e  l eas t  expensive and most e f f i -  
c i e n t  means for water ing t rees .  Special  care I s  needed f o r  t r a c k i n g  d u r a t i o n  
and amount o f  i r r i g a t i o n  on t r e e s  and shrubs i n  accordance w i t h  phys i ca l  para- 
meters. Photo from C lbo la  Nat ional  W i l d l i f e  Refuge (1979) by  J. Disano. 

F i g u r e  39B, S a m  area  as i n  ( A )  1 year a f t e r  p lanSing (1981) o f  shrubs ( r o s i l y  
quai  l bush and inkweed). Photo by J. Disano, 



Figure 40A. Aer ia l  obi ique of Cibola National Wi Id! l fe  Refuge revegetation 
s i t e  a f t e r  c lear ing b u t  before planting (1979). Photo by W .  Deason. 

F Igure 400. Aer i a  l ob l ique of same s i t e  1 year a f t e r  p l anti  ng ( 1  981 1. Photo 
b y  R.D, Ohmart, 
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Figure 41A.  Rovegetation of cottonwaods on dredge spoil 4 months after p l a n + -  
inq. tioles were auger-ed to water table. Photo (1979) b y  R.J. Dummer. 

F i g u r e  410. Same trees 1 .5  years a f ie r  planl- ing. irrigation f o r  most trees 
was terminated afi-er 1 year, Phoin  I13801 by J .  Disanc. 



Figure 41C. Same t rees  3.5 years a f t e r  planting. Photo (1982) by J. Disano, 

F i g u r e  41D. Same frees 5 years a f t e r  planting. Photo (19831 by J 
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. Disano. 



Figure 41E. Same t rees  8 years a f t e r  p lant ing.  Photo (1986) by T.R. McMahon, 

qua I l t y  cottonwood-w i l low h a b  i t a t  f o r  
same dec l i n ing  b i r d  species. Howeverl 
sma 1 I s i t e s  do n o t  p rov  i de enough 
cor~J i nuaus hab i t a t  necessary for  t h e  
recovery of a l l  the  w i l d i l f e  species 
of  concern. Both hab i t a t  qua l Y t y  and 
q u a n t i t y  appear t o  p l a y  I rnpss tan t  
r o l e s  i n  a t t r a c t i n g  and h o l d i n g  
species. Wldely separated smail p l a t s  
a r e  no t  adequate t o  accanipl i s h  t he  
g o a l s  f o r  which t h e y  were planned. 
On I y I arge-sca i e, we I i -p I anned pro j- 
cc ts  w i l t prov ide t h e  greatesl- bene- 
f i t s  f o  w i l d l i f e  (F igu re  421, 

Mast revege-tad i o n  e f f u r t s  have 
been imp l en~ented as rn i t i g a t  ion fo r  
hab i ta t  iosses due t o  water management 
C O ~ S ~ ~ U C ~  ion ac t  i v it i es. Revegef a% ion 
done s o l e l y  f o r  bene f i t  t o  w i l d t i f e  i s  
usua f 1 y Cons i dered f os cost l y except 
when a speciest sb,-vival i s  c r i t l e a i ,  
Unquest ionablys we have reached t h e  
c s i * i c a l  stage i n  t h e  s t a t u s  af many 

Figure 42. Mule deer using dredge- 
s p c ~ i  I revegeTation s i t e  f o r  forag i ng 
and bedding. Photo (January 1983) by 
J. Dlsana. 

species a i o n g  ?tie iGker C o i o r a d ~  
Rives, E f f e c t i v e  revegetat fon (gauged 
by achieving 90% o r  more o f  po ten t l  a l 



biomass product ion a t  t h e  end o f  t h r e e  
growing seasons; Anderson and Ohmart, 
unpubl, data) must be t h e  c r i t e r i o n  i n  
f u t u r e  r e v e y e t a t  i o n  e f f o r t s .  Th is  
w i l l  o n l y  come about  i f  agenc ies  
se l e c t  c a n t r r - a c t o r s  who have denon- 
s t r a t e d  c a p a b i l i t i e s  t o  succeed i n  
revegetat  ion work. BR i s  t h e  f  inan- 
c i a l  leader i n  these m i t i g a t i o n  e f -  
f o r t s  as they are  responsib le f o r  most 
o f  t h e  h a b i t a t  des t ruc t ion .  However, 
BR has been a  poor leader i n  these 
e f f o r t s .  The o r i g i n a l  h a b i t a t s  have 
been destroyed i n  cons t ruc t  ion a c t  i v  i- 
t i e s 9  wh i l e  t h e  revegeta t ion  e f f o r t s  
can on l y  be c l a s s i f i e d  as m i t i g a t i o n  
d i sas te rs  w i t h  t rees  dead o r  dy ing and 
t a x  d o l l a r s  wasted. 

A m u l t i t u d e  o f  p o t e n t i a l  revegeta- 
t i o n  s i t - e s  a r e  a v a i l a b l e  along t h e  
lower Colorado River .  These inc lude 
d redge-spo i l  s i t e s  and areas where 
sa l  tcedar  can be c leared and rep i  aced 
w l t h  na-t i ve vegetat ion. Government 
agencies overseeing water and w i l d l i f e  
rranagement a re  l a rge l y  support ive o f  
revegetat  ion proposa l s  and t h e  poten- 
t i a l  f o r  rec la in i ing n a t i v e  hab i ta ts ,  
b u t  t h e s e  b u r e a u c r a c i e s  have been 
extremely slow i n  adopt ing and demand- 
ing proven revegetat ion methods. 

Two major management p r e s c r i p t  Ions 
cou l d  great  l y  enhance w i  I d  l i f e  use o f  
a g r i c u l t u r a l  areas, These are  ( 1 )  
mainta in ing o r  increasing t h e  mosaic 
o f  r i p a r i a n  edge w i t h  a g r i c u l t u r e  and 
( 2 )  weedy margins as cover and food 
r e s o u r c e s  f o r  w i  l d l  Tfe away f ron i  
r i p a r i a n  edge s i t u a t i o n s .  U n f o r -  
tunate ly ,  nei-fher o f  these p resc r lp -  
t l o n s  i s  l i k e l y  t o  be c a r r i e d  ou t  i n  
t h e  near future,  unless farmers under- 
stand t h e  econonIc value o f  hedgerows 
i n  c o n t r o i i i n g  soil erczslon, c u r t a l l -  
Ing evaporat ive wafer losss  and redue- 
Ing p e s t i c i d e  use, Generally, farmers 

a r e  r e s i s - t a n t  t o  i n c r e a s i n g  weed# 
shrub? and t r e e  hedgerows as they fear  
invading pests and increased water use 
f rom such h a b i t a t s  would negate any 
benef it s provided. 

There cont  inues t o  be a  need f o r  
r e s e a r c h  i n  ijl l e a s t  t w o  areas t o  
f  u r t  her  fac  i l i t a t e  management of  agr i- 
c u l t u r a l  a reas  f o r  w i l d l i f e .  The 
f i r s t  area concerns use o f  cherriicais 
versus t h e  p o s s i b i l i t y  o f  b i o l o g i c a l  
c o n t r o l  o f  pests. Use o f  pes t i c i des  
i s  expens i ve n o t  on l y  i n  app l i c a t  ion 
b u t  a  I so t h r o u g h  hea I t hck.re. The 
feas  i b i  l i t y  o f  surrounding ag r i cu l -  
t u r a l  areas w i t h  narrow c o r r i d o r s  of  
n a t i v e  t rees  and shrubs as an a l te rna-  
T ive t o  p e s t i c i d e  use should be ex- 
p l o r e d .  These c o r r i d o r s  have h igh  
value i n  a t t r a c t i n g  n a t i v e  w i  l d l  i f e ,  
most wh ich  p r i m a r i l y  f eed  on crop 
pests and weed seeds. Hedgerows o f  
n a t i v e  t r e e s  and shrubs could reduce 
o r  e l  i m i n a t e  t h e  use  o f  expensive 
p e s t i c i d e  appl Ica t ions .  This  would 
enhance a g r i c u l t u r a l  areas f o r  wi ld-  
l i f e  and a t  t h e  same t ime  reduce evap- 
o r a t  i ve wa te r  l o s s  and w fnd-eroded 
s o i l s .  Co r r i do rs  o f  n a t i v e  t r e e s  and 
shrubs i n  agr icc i l tu ra l  areas on l y  need 
t o  be 1.2 t o  1.8 m ( 4  t o  6 f t )  wide t o  
be e f  feci- i ue (Con i ne e t  a  i . 1978) and 
would r e q u i r e  l i t t l e  water and main- 
tenance. I n  add i t i on  t o  t h e  p o t e n t i a l  
f o r  reducing pes t ic ides ,  f e r t i  I izers, 
and top-so i l eros ion, such c o r r  i dors 
could provide p r i v a t e  landowners w i f h  
r e c r e a t i o n a l  a n d  economic oppor-  
t u n i t  ies (e.g., hunt ing) .  

P o s s i b i ~ i t i e s  f o r  t he  reduct ion  o f  
p e s t i c i d e  use leads t o  the  second area 
neet i ins research. Some f i e l d  types 
s u p p o r t  more w i l d  l i f e  species than 
o t h e r s .  A l t h o u g h  p e s l l c i d e  use I s  
heaviest  on some crops t h a t  a re  n o t  
used ex tens ive fy  by w i  t d l l f e $  it is  
n o t  c l e a r  t h a t  pes t i c i des  a r e  t o t a l l y  
responsib le Tor d i f fe rences i n  wild- 
l i f e  use anong f ;e I d types; vegetat ion 
s t r u c t u r a  l c h a r e c t e r  i s - f r l csP f o o d  



resourcesl o r  ad jaceni. vegetat ion may 
a l s o  be involved. B i o l o g i c a l  con t ro l  
o f  p e s t s  may p r o v i d e  equai o r  in- 
c reased y i e l d s  whi l e  simultaneously 
reducing t h e  need f o r  expensive pes- 
t i c i d e  app l i ca t i ons .  

Economics appear t o  be t h e  on l y  
way farmers w i l l  adopt nlore h o l i s t i c  
approaches i n  a g r i c u l t u r a l  p rac t ices .  
H o l i s t i c  approaches are  more ecologi -  
c a l  l y ba l  anced and cal  1 f o r  less ap- 
p l i c a t i o n  o f  i n s e c t i c i d e s  and her- 
b i c ides .  Thusr f u t u r e  research should 
be  centered on a l  te rna l - i ves  t o  her- 
b i c i d e  and i n s e c t i c i d e  use. 

Only as t h e  general pub1 l c  b e c o ~ c s  
more aware o f  "re value o f  na tura l  
resources t o  our mental and physical  
health, e s p e c i a l l y  t o  f u t u r e  genera- 
t i ons ,  w i l l  t r u e  progress i n  conserva- 
t i o n  o f  n a t u r a l  resources become a 
r e a  I  i t y ,  P rog ress  has been made 
b e g i n n i n g  i n  t h e  45;50fs as t h e  
An~er ican pub 1 i c  has become more aware 
o f  t h e  r a p i d  d isappearance o f  our 
na-tural resources. I n  part ,  t h i s  has 
been a lesson learned by watching the  
p l i g h t  o f  O l d  World countr ies t h a t  
have, i n  t h e  name o f  progress, des- 
t r o y e d  -i. t l @  i r natura l  resources, and 
from t h e  sobering r e a l i z a t i o n  t h a t  our 
own n a t u r a l  resou rces  a r e  f i n i t e .  
Education i s  a slow process, b u t  by 
concent ra t ing  on our  n a t l o n t s  youthr 
we csn i n s t i l l  a g rea ter  environmental 
awareness r e  l at- i ve t o  t h e  importance 
o f  conserving our na tura l  resources. 

There i s  s t  i l l t ime  1-0 recover a 
small p o r t i o n  o f  those natura l  resour- 
ces which remain along t h e  lower Colo- 
rado River.  i t  w i l l  on l y  come about 
through i n tens i ve  pressure from s ta te ,  
local, and p r i v a t c  grouras. Leg is la -  
t i o n  t o  support -this e f f o r t  has been 
t i n ie t y  (e,g.# NEPHI ESA)P b u t  Federal 
agencies have no t  responded as these 

1 aws d i c ta te .  Examp les i nc l  ude t h e  
prolonged f l ood ing  o f  t h e  best  remain- 
i ng cottonkc;od-w i l low stands by t h e  
Army Corps o f  Engineers i n  t h e  B i l l  
W i  l l iams R iver  Del ta.  I t s  w l  l d l  i f e  
v a l u e  (Rosenberg e t  a l .  19821 was 
und isputed and i t s  demise documented 
(Hunter e t  a l e  1987). Much o f  t h i s  
h a b i t a t  was on t h e  Havasu Nat ional  
W i l d l i f e  Refuge, ye t  t h e  U.S. F i sh  and 
W i  Id  i i f e  Serv ice d i d  no t  prevent  t h e  
U.S. Army Corps o f  Eng ineers  from 
sub jec t ing  t h i s  h a b i t a t  t o  prolonged 
f lood ing  when it could have been saved 
and improved w i t h  p I anned releases. 

Another  example i s  6R9s (1983) 
f i l  i ng o f  an Env i ronmenta l Assessment 
Report t o  do quarrying, s t o c k p i l  ing, 
r ii;rapping, and dredging a t  numerous 
l o c a t i o n s  a l o n g  t h e  r i v e r  under o 
F i n d i n g  o f  No S i g n i f  ican- t  Impact .  
G b j e c t i o n s  and conce rns  r a i s e d  by  
o ther  Federal and S ta te  agencies were 
n o t  s u f f i c i e n t  t o  prevent o r  adequate- 
l y m i t i g a t e  t h e  adverse impacts o f  
these a c t i v i t i e s .  Subsequentlyr areas 
t o  b e  armored were overcleared and 
va l  uab l e h s t  i t a t s  destroyed w i thout  
proper documentation o r  adequate m i t  i -  
gat  ion. 

I t  wou I d  seen) t h a t  ayy ress  i v ~  
adherence t o  ex i s t  i ng env i ronmnta  l 
l e g i s l a t i o n  would p r e v e n t  f u r t h e r  
degradat ion o f  t h e  Colorado R iver  and 
i t s  a s s o c i a l e d  r i p z r i a n  ecosystem. 
New l e g i s l a t i o n  t h a t  could be e f fec-  
t ive, i f  enforced, would be Federal 
c l a s s i f i c a t i o n  o f  p l a n t  communities as 
endangered. Examina t i on  o f  t h o s e  
t e r r e s t r i a l  a n i ~ a l  species whose ex is-  
t e n c e  i s  i n  danger aiorig t he  lower 
Colorado River  quick1 y s o r t s  i n t o  two 
groups:  cotton\wood-w i I low h a b i t a t  
s p e c i a l i s t s  and a smal l  group o f  o the r  
h a b i t a t  spec ia l  i s t s .  The once t h r  iv- 
ing f o r e s t  of cottonwood-wiliow t h a t  
covered thousands o f  hectares (acres)  
along the  r i v e r  has been reduced t o  a 
few hundred hectares (acres)  i n  less 
t h a n  50 years.  The l a s t  remaining 



con-t  i g u o u s  s-tanci o f  c o t t o n w o o d -  
d o m i n a t e d  h a b i t a t  i s  28  h a  ( 7 0  
acres)--a revegetated area on an o l d  
dredge-spoi l s i t e  t h a t  was devoid  o f  
vege ta t i on  f o r  over  20 years, T h i s  
smal l  i s l a n d  o f  h a b i t a t  i s  c u r r e n t l y  
n o t  l a r g e  e n o u g h  t o  suppor- i  a i  I 
dec l i n  i ng spec ies, b u t  t h e r e  a r e  hun- 
d r e d s  o f  hectares (ac res )  o f  ba r ren  
dredge spo i l ad j acen t  t o  it t h a t  have 
r e v e g e t a l l o n  p o t e n t i a l .  Since revege- 
t a t i o n  e f f o r t s  on s i m i l a r  s i t e s  have 
proven f eas ib l e ,  one can on l y  wonder 
why Federa 1 and S t a t e  agenc ies  a r e  not 
suppo r t i ng  t h e  expansion o f  t h i s  s i t e .  
The c u r r e n t  cotj-onwood-wii low s tand i s  
about a t  t h r e s h o l d  f o r  a t t r a c f  i ng  and 
h o l d i n g  many s p e c i e s  t h a t  a r e  near  
e x t  i rpa t  ior ,  a long t h e  r i v e r ,  and ex- 
pansion o f  t h i s  s i t e  would be h i g h l y  
b e n e f i c i a l  t o  t hese  species.  

13.6 PWOSPECTS FOW THE FWUE 

Anyone, a f t e r  v iew ing  t h e  r a p i d  
and a l m o s t  c o m p l e t e  demise o f  t h e  
a q u a t  i c  and r [pa r  i an  h a b l t a t s  a long 
?he Colorado R i v e r  and i t s  d e l t a  i n  
j u s t  50 years  would be  hard pressed t o  
be o p t i m i s t i c  about t h e  n e x t  50 years. 
Were it n o t  f o r  t h e  Mexican water 

t r e a t y ,  t h e  Colorado R i v e r  would be 
dewate r~c l  f rom 1  he More l os  Dam south; 
j u s t  as  t h e  R l o  Grande i s  f rom E l  
Paso, TX, sou th  443 krn (275 mi )  t o  
Pres id io ,  TXI and t h e  S a l t  R i v e r  and 
G i l a  R i v e r  a r e  f rom Phoenix t o  t he  
C o l o r a d o  R i v e r .  However, t h e r e  i s  
s t i l  l an o p p o r t u n i t y  f o r  improving t h e  
env i ronn!eni-a 1 qua i i t y  o f  t h e  lower 
Colorado R i v e r  ecosystem through t h e  
comb i ned aggress ive a c t  i on  o f  Federal  
and S t a t e  agenc ies .  W i t h o u t  such 
a c t i o n  t h e  Colorado R i v e r  may s imp ly  
become a  ba r ren  d i t c h  ( p o s s i b l y  con- 
c r e t e -  I i ned)  f o r  convey ing c o n t a l i -  
n a t e d  w a t e r  f r o m  r e s e r v o i r  t o  
r e s e r v o i r  a n d 9  u f i i n t a t e l y ,  t o  t h e  
desa i i n  i za t  i o n  p l a n t  near  Yurr~a. 

Th i s  downward t r end  i n  t h e  lower 
Colorado R i v e r  ecosystem w i  l l con t inue  
u n t i l  p r i v a t e  c i t i z e n s  and environmen- 
t a l  groups e x e r t  enough pressure on 
S t a t e  and Fedcra l  agencies and e l ec ted  
o f f i c i a l s  t o  address t h e  problem. To 
da te  t h a t  concern has been sca t t e red  
and unorgan i zed. Lip l ess  pressure f rom 
env i r onmen ta l i s t s  becomes focused and 
argan i zed  i t?  "re near f u t u r e  I t  w i  l l 
b e  t o o  l a t e  f o r  t h e  fcw rema in ing  
n a t u r a l  r e s o u r c e s  a l o n g  t h e  l o w e r  
Coiorado R iver .  
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APPEWIX A, (=LASSLIFIGATIOPI W WFhUaWS Am DEW-WATER W l T A T S  

A.1 WmLAW CLASSiFhGWTiQM SYSTEM 

Three wetland systems are repre- 
sen ted  on I he l o w e r  Colorado R iver  
(Cowardin e t  a l .  197911 (F igure  A-1) .  
The R ive r ine  System includes nonper- 
s i s t e n t  emergent a e t  lands and deep- 
water hab i t a t  s (except  dammed reser -  
v o i r s )  contained w i t h i n  a f ree- f low ing 
channel  . The Lacus t r  i ne System in-  
c ludes wetlands and deep-water habf-  
t a t s  ( i n c  l ud i t l ~  d e n , r , t u  r e s e r v o i r s )  
s i t u a t e d  i n  topographic depress ions o r  
dentmed r i ver  channe l s l ack i ng t rees,  
shrubs, o r  pers i s t c n t  emergents. The 
P a l u s t r i n e  System* includes wetlands 
dominated by t r e e s *  shrubs, o r  pe rs i s -  
t e n t  emeryents; t h i s  system inc ludes 
h a b i t a t s  $ h a t  a r e  r e f e r r e d  t o  as  
r i p a r i a n .  The Cowardin e t  a i .  (1979) 
c l a s s i f i c a t i o r r  i s  h i e r a r c t r i c a l  b y  
zubsysiem, class, subclass, dominant 
b io ta,  and mod i f  i e r .  

Many b i a l o g i s t s  b e l i e v e  t h a t  a !  l 
w e t l a n d s  a s s o c i a t e d  w i t h  a r i v e r  
f loodpl a i  n shou l d be incorporated i n t o  
t h e  River I n e  Sys tem because "Illese 
N C E : ~  I ands a r e  formed due i-cr r i v e r  
Piooding. Although r i v e r  f looding i s  
an important component i n  developing 
many P a l c s t r i n c -  and LacusPrine wet- 
l andsr t h o  r e  i n i  enance o f  most o f  
i hese  hab i t a t s  i s  usua i l y determined 
by subsu r face  wa te r .  Lake sur face 
e leva t i on  ( n o t  including reservo i rs19 
stream f l ow, and I h e  area l ex-f-ent of 
r i p a r i a n  h a b i t a t s  a r e  con-i.rol led, i n  
p a r t r  by p r o x i m i S y  and amount o f  
g roundwafer  [Fie i d 2nd &ood ; 9761, 
Wetland systems o n  T h e  iawer Colorado 
R i v e r  a r e  i n f  iuenced by groundwater 
Ieve ts  and n o t  by t h e  R ive r ine  System 

alone. Each o f  these th ree  wetland 
systc?ms i s  described below i n  ccn tex t  
o f  t h e  Cowardin e t  a! .  (7979) c las-  
s i f i c a t i o n .  

6- ---A L , 
LACUSTRINE  R lVERlNE  PALUSTRINE  

PALUSTRINE PALUSTRINE 

Figure  A-1. Semidiagrammatic repre- 
s e n t a t i o n  o f  wetland systerr~s on the 
lower Colorado River  and t h e i r  desig- 
n a t  i o n  as r i v e r  i ner l acus t r  ine, o r  
pa lus t r i ne .  Adapted from Minckley and 
Brown (1982). 

The R ive r ine  System i s  bounded by 
deser t  upland, t h e  channel bank ( i n -  
c lud ing  na tu ra l  and manmade levees), 
o r  by we t land  dominated by t rees ,  
s h r u b s 9  and p e r s i s l e r ? t  c r~ ,e rs&r~qs .  
Water i n  t h e  River ine Sysfem i s  usual- 
l y  f lowing.  Lower Perennial  i s  t he  
pr imary subsystem present on the  lower 
GoIi)ra:3 Riverl w i t h i n  She U n i t e d  
States, and i s  charac ter ized by a low 
grad l e n t a n d  s tow-mov i ng water. Sub- 
s t r a t e s  o f  Lower Perennjal  Subsystems 

l~itatlons are Incfuded i n  t he  t e x t  L i t e r a t u r e  C i t e d .  



are ma in1 y sand and mud. Other char- 
a c t e r i s t i c s  i n c l u d e  an i nve r teb ra te  
fauna and f l o r a  composed main ly  o f  
species t h a t  reach maximum abundance 
i n  s low-m~ving waterr w i t h  t r u e  plank- 
t on  i c  organ isms being common. 

Some Upper Perenn i a  l Subsystem- 
I ikr  ~ l i a r r ; c - i e r i s t i c s  may be  found 
in;meciialely b ~ l o w  dams where water 
temperatures remain cool t o  c o l d  and 
water ve loc i  i y r  bu t  n o t  t h e  grad ient, 
i s  high. The subs t ra te  cons i s t s  o f  
rocks ,  cobb le ,  and gravel  w i t h  oc- 
casional  patches o f  sand, The fauna 
anti f  l o r a  i n  C;ppc;r. F e r - e n n i a l - l  i k e  
s i t u a t i o n s  i s  c h a r a c t e r i s t i c  o f  runn- 
ing water w i t h  few p lank ton ic  forms. 

Subclasses and c lasses represented 
i n  t h e  R ive r ine  System inc lude Cobble 
Rock Bottom, Cobble-Gravel ,  Uncon- 
so l ide ted  6ottom, Sand Unconsolidateci 
Bottom, Mud U n c o n s o l i d a t e d  Bottomr 
Organic Unconsot ldated 5ottorr1, Rooted 
and F l o a t  i ng Vascu l a r  Aquatic Beds, 
and Nonpersistent Emergent bietiand. 

L i k e  R ive r ine  wet;ands, t h e  Lacus- 
t r i n e  System i s  bounded by uplands o r  
by  w e t l a n d s  dcmi n a t e d  by  t r e e s ?  
s h r u b s ,  o r  p e r s  i s i ~ : n I -  e r i~eryents .  
Un l i ke  the  R i  ver  i ne wetlands, Lacus- 
i r  i r?c s e t  l ands are  charac ter ized by 
e x t r e m e l y  slow-moving c r  s t a g n a n t  
water .  Most Lacus t r ine  wetlands on 
t h e  lower Colorado River  a re  reser-  
v c i r s  and are bound by a contour ap- 
prox imat ing t h e  normal sp i l lway  eleva- 
t i o n  o r  normal pool e levat ion,  except 
where P a l u s t r i n e  wetlands extend lake- 
ward o f  t h a t  boundary. Besides reser-  
vo i rs ,  backwaters ( o r  oxbow lakes) and 
la rge  a r t i f i c i a l  ponds are representa- 
t i v e  o f  L a c u s t r i n e  wetlands on t h e  
lower Co lo rado  R i v e r .  T y p i c a l l y ,  
where extensive areas o f  deep water 

e x i s t  t he re  may be considerabfe wave 
ac t ion .  

The L imnetic and L i t t o r . a l  subsys- 
tems o f  Lacustr ine wetlands both  =cur 
on t h e  lower Colorado River.  L imnet ic  
r e f e r s  t o  a l l deep-water r e s e r v o i r s  
and backwaters, The L i t t o r a  I Subsys- 
tem i s represented by t h e  shal lower 
backwater o r  a r t i f i c i a l  impoundments 
t o  a depth o f  2 m ( 7  f t )  below low- 
water l l ne and t h e  shoreward boundary 
o f  L imnet lc  waters. 

Water movement i s  t y p  i ca  l l y very 
s  low i n  a l I L a c u s t r  i n e  wet lands .  
Oxygen content, f l o r a t  and fauna a r e  
v a r i a b l e  t o  c l a s s  and subclass. Clas- 
ses and subclasses on t h e  lower Colo- 
rado R iver  a r e  t h e  same as l i s ted  i n  
t h e  R iver ine  System. 

The P a l u s t r i n e  System includes a l  i 
wetlands dominated by t rees,  shrubs, 
and p e r s i s t e n t  emergents. P a l u s t r i n e  
wetlands a re  bounded by upland habi- 
T a t s  o r  by nonpers  i s t e n t  wet lands. 
Pa l u s t r  i ne wetlands may be s i t ua ted  
shoreward o f  lakes o r  r i v e r  channel sp 
on r i v e r  f I o o d p i a i n s ,  i n  i s o l a t e d  
catchments, o r  on slopes. They may 
a l s o  occu r  as i s l a n d s  i n  lakes o r  
r i vers . Pal u s t r  i ne wet 1 ands a r e  more 
popu la r l y  known as r i p a r i a n  hab i ta t s .  

Emergent vey e t  a i  ion jacenk t o  
r i v e r s  and lakes i s  sometimes sepa- 
ra ted  from t h e  r i v e r  o r  i a ~ e  i t s e l f  
and i s  t h e r e f o r e  i r e a t e d  under the  
P a l u s t r i n e  System. Ciasses and sub- 
classes are  The same as those i l s ted  
under R ive r ine  System w i t h  t h e  addi- 
t i o n  o f  Pa lus r r i ne  Pers i s ten t  Emergent 
Wet lands,  Swamp-scrub, and Braad- 
leaved Dec iduous Forest  Wet l and. The 
l a t t e r  two subc lasses  a r e  f u r t h e r  
c l a s s i f i e d  i n  t he  fo l l ow ing  sect ions.  



A - 2  METHODS FOR CLASSDFlGAVlON OF 
PNUmINIE (RIPM(IBPII1 NABITATS ON THE 
LOWER OOL R l  WER 

The purpose o f  t h i s  and t h e  f o l -  
l ow ing  s e c t i o n s  i s  t o  descr ibe a t -  
t r i b u t e s  o f  r i p a r i a n  p l a n t  communities 
t h a t  have been found t o  be usefu l  i n  
eva l u a t  i ng hab l t a t  va I ues f o r  ver- 
t e b r a t e  w i l d l i f e  on t h e  lower Colorado 
R i v e r .  We d e s c r i b e  a method f o r  
measur ing t h e s e  a t t r  i butes and how 
t h e s e  measurements may be usefu l  i n  
p r e d i c t i n g  presence o r  absence o f  
w i l d I I f e  species and t h e i r  abundance. 
T h i s  y resen t ' a t i on  i s  n o t  t h e  o n l y  
p o s s i b l e  c l a s s i f i c a t i o n  methodology. 
Th is  sec t ion  i s  no t  intended* there- 
fore, t o  be an exhaust ive review o f  
a l  I ,  o r  e v e n  a m a j o r i t y ,  o f  t h e  
methods ava i lab le .  For a more general 
r e v i e w  o f  c l a s s i f i c a t i o n  o f  vegeta- 
t i on ,  t h e  reader should consu l t  r e f e r -  
e n c e s  s u c h  a s  K u c h l e r  ( 1 9 6 7 1 9  
Daubenmire (19681, Whit faker (1975), 
and Brown and Lowe (1974). 

I n  c l a s s i f y i n g  v e g e t a t i o n  com- 
muni t ies a two- o r  th ree -d in~ns iona  l 
approach s h o u l d  be  considered. I n  
general , t h e  physiognomy o r  s t r u c t u r e  
o f  t h e  v e g e t a t i o n  r e p r e s e n t s  t w o  
d imensions.  Fo r  example, a g i ven  
stand o f  vegetat ion var ies  i n  v e r t i c a l  
and horizontal space. Var ia t i on  i n  
t h e  v e r t i c a l  dimension, whether it i s  
s i n g l e  o r  mul t i layered9 i s  p a r t i c u l a r -  
l y  u s e f u i  i n  d e s c r i b i n g  t h e  stand. 
S l m l l a r l y *  t h e  f l o r i s t i c s 9  i r e . *  
s p e c i e s  cor;iposll ion c4 a stand, i s  
of1 en i ~r ipor t  a n t  I n desc r  i b i ng t h a t  
cland. The s t r u c t u r e  and f l o r i s t i c s  
can be q u a n t i f i e d  r e l a t i v e l y  qu ick l y  
and e a s i l y  and l i m i t s  t o  a vegeta t ion  
t y p e  c a n  b e  t h e n  unambiguously 
de f t  ned. 

The same c h a r a c t e r i s t i c s  used t o  
quant  i t a t  l ve t y descr  i be a stand o f  
vegeta i ion  can be used i n  developing 
p r e d l c t l v e  c a p a b i l i t i e s  r e l a t i v e  t o  
t h e  r e s i d e n t  w i l d l  l f e .  it i s  our 

p u r p o s e  h e r e  t o  d e s c r i b e  f i e l d  
ntethods, which a re  reasonably f a s t  and 
accuratel t h a t  can be used f o r  quan- 
t i t a t i v e l y  c l a s s i f y i n g  vegetat ion and 
quan t i f y ing  w i ld1  i f e  asscc ia t ions  w i th  
var ious a t t r i b u t e s  o f  vegetat ion corn- 
muni t ies.  

F o l  i age  d e n s i t y  and t h e  species 
composition are r e f e r r e d  t o  as simple 
b a s i c  v a r i a b l e s  because they  a r e  
usual l y var i ab les t h a t  are measured in  
t h e  f le ld .  

Fo 1 l a a e  dens i t y  and s t ruc ture ,  
Fo l iage densi ty  r e f e r s  t o  t h e  amount 
o f  g reen f o l  iage present o r  t o  t h e  
amount  o f  l e a f - b e a r i n g  stems and 
leaves per u n i t  area. Usual ly  f o l i a g e  
dens i ty  i s  measured a t  various v e r t i -  
c a l  increments t h a t  r e f l e c t  con~ponents 
o f  unders to ry ,  m idstory,  and canopy 
(Figures A-2 and A-3). Fo l iage den- 
s i t y  measurements taken i n  summer may 
b e  u s e f u l  i n  descr ib ing  t h e  f o l i a g e  
d e n s i t y  i n  winter,  i n  terms o f  the  
r e l a t i v e  amounts o f  leaf-bearing stems 
and leaves present; thus, negating the  
need f o r  measurements i n  winter.  This 
procedure i s  most v a l i d  i n  areas where 
t rees  o r  annuals predominzte (Anderson 
and Ohmart 1982b). Data c o l l e c t e d  t o  
determine f o  l i age dens i ty  a I  so can be 
used t o  determine s t r u c t u r a l  charac- 
t e i - i s t i c s  i n  both v e r t i c a l  and ho r i -  
zonta l  space. 

The species 
compos it ion o f  an area can be deter- 
mined by count ing Ind i v idua ls  o f  each 
t ree ishrub species present. Th is  i s  
n o t  as simple as I t  sounds; s i z e  c las-  
ses must be considered. Even then* 
t w o  t r e e s  o f  t h e  sans h e i g h t  and 
species can be qu i t e  d i f f e r e n t .  Tree 
h e a l t h  or  f r e e  d e n s i t y  cer, a f f e c t  
general s t ruc tu re .  

I n  stands o f  
vegetat ion t h a t  produce f r u i t ,  espe- 



I- i gu re  A-2. Se lec t  ion o f  vege ta t i on  
f o r  f o l i a g e  d e n s i t y  measurements.  
From Anderson and Ohmart (1984b). 

c i a l l y  f r u i t s  t h a t  a r e  sought by wi ld-  
l i f e ,  it may be  use fu l  t o  o b t a i n  some 
i dea  o f  t h e  t o t a l  f r u i t  produced.  
Th is  i s  impor tant  when t h e  c o r r e l a t i o n  
between number o f  t r e e s  p resen t  and 
f r u i t  p roduc t ion  i s  r a t h e r  poor. For  
examp l e y  m i s t  l e t o e  a l o n g  t h e  lower 
C o l o r a d o  R i v e r  p a r a s i t i z e s  honey 
mesqu i t e  more frequent1 y than  o t h e r  
t r e e  species ( F i g u r e  A-41, Howevery 

t h e  p r o p o r t  ion o f  t r e e s  paras it ized 
v a r i e s  w i d e l y  f r o m  s tand  t o  stand. 
Est imates can be obta ined o f  t h e  num- 
b e r  o f  m i s t l e t o e  clumps i n  a g i v e n  
stand by coun t ing  t r e e s  p a r a s i t i z e d  i n  
sample p l o t s  and c a l c u l a i i n g  an aver-  
age o f  clumps per  t r e e .  S i m i l a r l y *  
pod product  i on  by i nd i v i dua l mesqu i t e  
t r e e s  v a r i e s  w ide ly  between s tands*  
r e s u l t i n g  i n  a poor c o r r e l a t i o n  be t -  
ween number o f  t r e e s  p resen t  and pro- 
duc t  ion o f  pods. 

ad-a Co 1 I e c t  urn 

F i e l d  methods  f o r  q u a n t i f y i n g  
vege ta t i on  a r e  t h e  same as those  
developed and discussed I n  d e t a i l  by 
Anderson e t  a l .  (19831 and Anderson 
and Ohmart (1984c, 1986cr. We des- 
c r  i be these techn i ques herel b u t  r e f e r  
t h e  reader  t o  t hese  r e p o r t s  f o r  jus-  
t i f i c a t i o n  and background data. 

Transects  were estab l ished through 
l a rge  s tands o f  r e l a t i v e l y  homogeneous 
vege ta t ion .  These t r a n s e c t s  were used 

F i gu re  A-3. Samp l i ng po i n i s  f o r  fa i i age dens i i y  measurements. From Anderson 
and Ohmari ( 1984b3. 



F i g u r e  A-4. M is t le toe- in fes ted  honey mesquites prov ide  important food sources 
f o r  f rug I vorous b i r d  spec ies, especial  l y Pha inopep l a. Photo i s  from near Eh- 
renberg, AZ by W.C. Hunter. 

t o  samp l e vegetat  ion s t r u c t u r e t  p l an t  
composi t iont  and t o  census b i r d s  and 
o ther  w i  I d l i f e .  Transects were usual- 
I y 760 m (2,500 f t )  i n  length b u t  
ranged from 456 t o  Is672 rn ( 1  r 5 0 0  t o  
5,500 f t ) .  

V e g e t a t i o r i  c i t r i s i l l  x L J  v e r t i c a l  
and her i zonfa l d i vers i t y  were samp led 
a long each t r a n s e c i  us ing  t h e  board 
i - e c h n i q u e  of  MacArthur and MacArthur 
( 1901 1. Fol l cge dens l t y  was measured 
a t  i n t e r v a l s  o f  61 rn (200 f t )  along 
t r a n s e c t s  ( l a t e r a l  d ls tance from t ran -  
sec t  ts where fo l  iage ccvers a t  Eeast 
ha I t o f  a 21-X-29-cm L8.5-X-11-in1 
board) a-t- v e r i i c a l  heigh-ts o f  0.15 m 
(0.5 f t ) #  0 ,6  m ( 2  f t l ,  and every 
subseq~enf  1.5 m i f  f f )  ts t h e  top o f  
She canopy- F s l l a g e  he igh t  d i v e r s i t y  
(FWD) and ho r i zon ta l  patchiness (HD13 

values were ca lcu la ted  from t h e  above 
data as described below. 

T ree  and shrub counts were con- 
duc ted  t o  da-t-ermine p l a n t  spec ies  
composi l  ion. Young t rees  t h a t  were 
shrub s i z e  ( < 3  m C10 f t3 )  were still 
counted as t rees.  Cer ta in  shrubs and 
patches o f  young t rees  i n  dense clumps 
were counted by I. iceesuriny f o l i a g e  
d iameter  and f o l  iage height  o f  each 
c l  ump and then converted t o  counts o f  
l n d i v l d u a l s .  Thus, calculating the  
minimum number o f  shrubs i n  an area 
was poss ib le  b y  es t imat ing  t h e  percent 
ground cover I n  each 75-X-158-m (50-X- 
5 0 0 - f t )  s t r i p  o f  dense shrub cover. 
Tofat numbers o f  t r ees  and shrubs o f  
each species wi t ' h in  a 15-m (50- i i - j  
s t r i p  on each s i d e  o f  t h e  f ransec t  
were recorded, Tree and shrub counts 



were cor iver ted  i n i o  dens i t y  o f  a i  l 
t r e e s  and shrubs per ha (acres)  o f  
each species f o r  each t ransec t .  

Vegetat ion data were analyzed b y  
t r a n s e c t  and b y  g roup i ng transeclfs 
( s t a n d s )  i n t o  h a b i t a t s  a s  d e f  ined 
below, Analys is  on a  habi ta? scalr ;  
was done by averag lng the  values from 
each t ransec t  f o r  a1 1 vegetat ion com- 
ponen-ts. These data prov ide a  base- 
1 i:;e f r o n  & h ic ! i  conipar Isons can be 
n i a d ~  b e t w e ~ n  s iml  i a r  stands o f  vegeta- 
t i o n  on o t h e r  r i v e r  systems i n  t h e  
Souihwest. 

Foi lage dens i ty  a t  each he igh t  is 
based on t h e  amount o f  d is tance from 
t h e  o b s e r v e r  i r t  vdh i c h  Sol lage w i  l l 
cover ha! f a  board. The f a r t h e r  t h e  
vegat a t  ion from the  observer I he less 
dense vegetal-ion a t  t h a t  height  w i l l  
be. A I t e r n a t i v e I  y, t h e  c loser  t h e  
vegetat ion i s  t o  t he  observer t h e  more 
dense v e ~ e t a l f i o n  a t  t h a t  height  w i l l  
be. Because o f  mathematical problems 
assoc i a-ted w it h e s t  i mat i ng d  i stances 
<G,3 m ( < I  f t )  away fron$ t h e  observer, 
a l l  d is tances >0 b u t  (0.3 m ( (1  f i )  
are recorded a5 0.3 m ( 1  f t ) .  A l l  
d i s t a n c e s  Gver 0.3 m ( 1  f i )  a r e  
measured t o  the  nearest 0.3 m ( 1  f t ) .  
The fo l l ow ing  formula i s  used t o  con- 
v e r t  the  measurement l o  sur face area 
o f  vegetation per cub ic  u n i t  o f  space 
( i .e.* f o l i a g e  dens i t y ) :  

P i o t ' p i o t  O u l e i  b o u n d a r y  

/ 

E 
---  

I 

T r a n s e c t  p a t h  

Figure  A-5. Typ ica l  t r ansec t  showing 
i nd i v idua l  p l o t s  and outer  boundaries. 
From Anderson and Ohmari (1984b1, 

(63 m [ZOO f J 3  apar t )  i n  each subplot  
a r e  t a k e n  t o  de termine t h e  average 
f o l i a g e  dens i ty  o f  each height  w i t h i n  
t h e  p l o t .  No more ihan th ree  p o i n t s  
a r e  necessary t o  a r r i v e  a t  t h i s  value 
f o r  each p l o t  (Anderson and Ohmart 
1986~3.  For examp lea  fo l iage dens i ty  
a t  a he igh t  levei  o f  1,s m ( 5  I.?) i n  
one p lo t ,  f o r  which d is tances were 3r 
4.51 and 0.6 RI ( 9 r  75$ and 2 f t t  res-  
p e c t i v e l y )  wcu ld  be c a l c u l a t e d  as 
$ 0 1  laws: 

D C For t h e  762-on (2,500-St) transect,  the  
average o f  tk,e 20 p l o t s  i s  used t o  

where K = $ 0 1  {age dens i t y  and D = determine t h e  fsl Yage dens l ty  a t  t h a t  
rrieasured d istance, height .  

Transects were d i v ided  i n t o  p l o t s  The vegeirzrt i o n  s t r u c t u r e  o f  a 
each 152 tn 1500 f t )  iong and 122 rn -4-ransect. i s  based on -the fo l  {age den- 
(4C3 ff-! wlc'e. A t rensec . t  762 nb s i t y  a-t ecsh l a y e r  d i v i d e d  by *he 
129500 fS .1  long would have 10 p l s t . 5  tcrtal  f o l i a g e  densi ty .  Three iayers 
CF igure A-51, Data f r o m  t h ree  p o i n t s  a r e  de f  ined which correspond t o  the  



herbal  end shrub understory (0-1.5 rn 
[Q-5 ftll, the  midstory (1.5-4.6 m C5- 
15 f-f-11, and t h e  canopy (>4.6 rn [>I5 
f t l ) .  These d e f i n i t i o n s  a r e  a r b i t r a r y  
i n  t h a t  t h e  purpose was t o  assess 
v e g e t ~ i  i c l t ~  s-trructure In t e r m s  o f  
devs lopn,snt ( I .ear  success ion) and use 
by w i l d l i f e ;  however, an i nves t i ga to r  
w i t h  d i f f e r e n t  goa l s  c o u l d  e a s i l y  
d e v e i ~ p  n s t t b / ~ + y e r ~ v  ~ 5 1 1 ~ h  a s  t ipper 
r n i d s b r y ,  lower canopy, and upper 
canopy i f  desired. A sample o f  vege- 
J a i  i c.n rr e ~ ~ ~ u r e w e n t s ~  as t h e y  were 
* i tken i n  t h e  f i e l d ,  i s  g iven i n  Table 
A-1 w i t h  f o l i a g e  dens i ty  ca l cu la t i ons .  
Although fa1 iage dens i ty  serves as t h e  
bas i s  f o r  vegeta t ion  type n~appiny o f  
s t r u c t u r e  as described below, t h e r e  
a r e  t w o  o t h e r  impor tan t  ind ices  t o  
discuss, v e r t i c a l  d i v e r s i t y  and h o r i -  
zonta l  d f v e r s i t y  ( o r  patchiness).  

F o l l a g e  height  ( v e r t i c a l )  d iver -  
s i t y  I s  s lmply a way o f  determining 
t h e  complex i ty  04 s t r u c t u r e  w i t h i n  any 
p a r t i c u l a r  stand and can serve as a 
comparat ive measure among stands (F ig-  
u re  A-6). Fol iage he igh t  d i v e r s i t y  Is 
calcw lated f o r  each t ransec t  accord i ng 
t o  1 i ~ f o r m s t  i o n  t h e o r y  (Shannon and 
Weaver 1949) as fo l lows:  

n  
FWD = Z ( P ; )  ( lognpi) 

I 

where p i  i s  t h e  p ropo r t i on  o f  t o t a l  
f o  l l age dens l t y  c o n t r i b u t e d  by t h e  
dens i t y  a t  leve l  i. (Sarnplecalcula- 
t i o n s  a r e  shown i n  Tabie A-11. 

b i t r a r y  but. i s  c o n s i s t e n t  w i t h  
Anderson and Ohmart (1984cP 1 9 8 6 ~ ) .  
Each t r a n s e c t  i s  t h e n  compared t o  
nex in \un i  p o s s i t , i c  t i i v c r s i t y  ( w h i c h  
equals, i n  t h i s  cases 1.39; Tabie A- 
1 ) .  Percent o f  maximum diversity thus 
serves as t h e  gauge t o  compare t ran-  
sects. 

There i s  one caveat i n  i n te rp re t -  
i ng FHD among t ransec ts  wh i l e  ignor i ng 
o the r  parameters, A s i m i l a r  FHD value 
may be obta ined from stands o f  vegeta- 
t i o n  t h a t  d i f f e r  s t r u c t u r a l l y .  A 
t r ansec t  w i t h  a  well-developed under- 
s t o r y  b u t  l i t t l e  mldstory o r  canopy 
w i l l  have a  s i m i l a r  va lue t o  a  t ran-  
s e c t  w i t h  a  we l l -deve lop~d  v:ic!story 
b u t  no understory nor canopy. Even 
though FHD i s  a  convenient index t o  
compare stands, it should n o t  be used 
w i thout  knowledge o f  t h e  s t r u c t u r e  o f  
stands being compared. 

Hor izonta l  d i v e r s i t y  i s  slmply e 
measure of s t r u c t u r e  determining the  
r e g u l a r i t y  o f  vegeta t ion  d i s t r i b u t l o n  
w i t h  i n  a  ho r i zon ta l  plane. An orchard 
w i t h  r e g u l a r l y  spaced t rees  o r  a  gras- 
sy f i e l d  w i l l  have l i t t l e  o r  no varici- 
t i o n  i n  h o r l r o n t a l  d i v e r s i t y .  The 
rrlore holes, gaps, and d i f f e rences  in  
growth form t h e r e  are  w i t h i n  a  stand 
t h e  more  v a r i a t i o n  I n  h o r i z o n t a l  
d  l v e r s  i t y  t h e r e  w 1 l l be, A stand 
e x h i b i t i n g  much variation i n  t h e  h o r i -  
zontal  p lane i s  o f t e n  re fe r red  t o  as 
being "patchy" ( i  .e., t h e r e  a re  many 
d i f f e r e n t  patches o f  vegeta t ion  w i t h i n  
t h e  stand; F igu re  A-7). 

A maximum FHD v a l u e  i s  reached Hor izonta l  d i v e r s i t y  i s  t h e  v a r i -  
when each l a y e r  c o n t a i n s  an equal ance associafed w i t h  t h e  mean t o t a l  
propcarHan o f  f a t  iays. FHD i s  calcu- f o l  i age dens i ty .  Qar iance o r  standard 
la fed  from f o l  [age dens i ty  values as dev ia t i on  squared (52)  i s  defined as: 
g iven i n  t h e  unders-tory and midstory 
l aye rs  bu* the  cainopy layer  here i s  
d i v i d e d  i n t o  two subiayers (4.6-7.6 m 
and 7,6-18 m 616-25 ft and 25-60 f f l  I ,  n K? - ( Z K ~  )z /n  
Therefcret on the Icwer &!orado R i v e r  HDI = s2 = s 
f ou r  possi  b le layers a re  used i n  c a l -  j= 1 
c u i a t f n g  FMO. Th is  breakdown i s  ar- n - 1  



Tab le A-1 . Samp le fol i age dens i f y e5t  irnal-es used f o r  ca l cu  I a t i  ng patchiness and 
foliage h e i g h t  d i v e r s i t y .  Table  from Anderson and Ohmart (1984c1, 

F c l  lase dens l t y  ( f ~ ~ ~ f 3 - 3 1  

0.5 f t  2 f t  5 f t  10 f t  15 C t  
Plo t  (0.15 m) (0 .6  m3 (1 .5  rn) (3.0 rn) (4.6 m) 

Patch l ness i ndex 

0.5-2 f t  5-10 f t  15-20 f t  Q 5 f t  
(0.15-0.6 rn) (1.5-3.0 m) (4.6-6.0 rn) (L7.5 m )  To ta l  

Mean t c i a l  dens i ty  0.35 0,28 0.00 -- 
P I  ( 5 2 )  0.01 0.01 0.00 -- 0.02 

Calculat . ion o f  f o l  iage height  d i v e r s i t y  

0.5-2 f t  5-10 f t  15-20 i t  Q5 f t  
(0.15-0.6 m )  (1.5-3.0 m) (4.6-6.0 rn) (27.5 m )  To ta l  

Mean t o t a l  densi ty  0.35 0.28 0.00 0 0,63 
Proport ion ( p i )  0.55 0.44 0.01 0 
log1 OF' I -0.26 -0.36 -2.20 0 
P i 0P i -0.14 -0.16 -0.01 0 F H l ) = O , J i  



F i g u r e  A-6. 
p lane.  The 
Anderson and 

D lagrammat i c  r ep resen ta t i on  of f o  i 1 age d i v e r s  i t y  I n  the v e r t i c a l  
s tand shown d e p i c t s  an area of a4 l e a s t  10 ha ( 2 5  acres) .  From 

F Ig~s re  P-7. D iagranmat ! c  rrtpt-escnteti=r, sf fo !  i zge d i:.ers i-t-y (pafcFl iiiossf i n  
t h e  h o r i  r o n t a i  plane a l  each of  t h r e e  v e r f  i ca  l layers .  The b locks represent  
patches of roughly 2 ha ( 5  acres).  From Anderson and Ohmart ( 1 9 8 4 ~ ) .  



#here K l  = f o l l a g e  dens i ty  a t  t h e  I t h  
amp l e; (CKt I 2 /n  = t h e  mean f o l  iage 
e n s i t y  f o r  t h e  sample; n  = sample 
ize; and HDI = hor izonta l  d i v e r s i t y  

index.  Thls  var iance i s  ca l cu la ted  
f o r  each v e r t i c a l  layer. To ta l  ho r i -  
z o n t a l  d i v e r s i t y  I s  t he  sum o f  t h e  
variances f o r  a11 layers. See Table 
A-1 f o r  sample ca l cu la t i ons ,  

The var iance associated w i t h  t h e  
mean t o t a l  dens i ty  f o r  each v e r t i c a l  
layer across e l  l p l o t s  can be used as 
a  measure o f  hor izonta l  patchiness, 
S ince  0.00 and 0.69 r e p r e s e n t  The 
extremes o f  poss ib le  f o l l a g e  dens i ty  
va lues,  maximum ho r i zon ta l  d  l vers  i t y  
f o r  a  given layer  i s  0.238. Since we 
have a l r e a d y  i d e n t i f i e d  f o u r  layers 
f o r  FWD, t h e  maximum hor izonta l  d iver-  
s i t y  f o r  any stand i s  0.952. This  
value I s  c lose  t o  l . G  so t h e  sum o f  
t h e  variance f o r  any stand represents 
thr .  pe rcen tage  o f  t he  nlaximum pos- 
s ib le .  

Another method f o r  calculating FHD 
and p a t c h i n e s s  m i g h t  be  t o  s imp ly  
r e c o r d  -the presence o r  absence o f  
vegetat ion a t  var ious v e r t i c a l  posi-  
t i ons .  Th is  could be done w i t h  a long 
po le  and/or a rangef inder.  More stops 
wou i d  have t o  be made, bu t  FWD, re la -  
t i v e  d e n s i t y  values, and patchiness 
estimates cou Id  be made on t h e  bas i s  
o f  t h e  propor t  ion  o f  t o t a l  po in t s  a t  
whlch f o l i a g e  occurred. This  method 
m i g h t  be  q u i c k e r ,  would reduce t h e  
amount o f  requ i red  c a l c u l a t i o n s r  and 
might be equa l ly  as accurate. 

As s ta ted  by 
Anderson and Ohmart (1986~1, there  I s  
of tep a short i jge of time, money* and 
personnel t o  accomplish a s a t i s f a c t o r y  
type-mapp ing  ef for t  over a large area 

wh ich  has tremendous v a r  l a t  lop  i i t  

compos i t ion  and s t r u c t u r e  type--such 
as i s  found i n  r i p a r i a n  vegetat ion. A 
sys tem must be r e l a t i v e l y  s lmple i n  
i d e n t  i f y  i ng poss i b  i e  types, be com- 
p a t i b l e  w i th  f i e l d  l im i ta t i ons ,  and be 
ab l e  t o  imply o the r  p l a n t  desc r ip to rs  
(I.e., f o l i a g e  density,  FHD, and HDI). 
Also, t h e  methodologies must be able 
t o  accomplish t h e  goals s e t  f o r  t h e  
mapping e f f o r t ,  whether it t o  be t o  
assess ( i  .e., hea l th  o f  the  systemll 
management p rac t i ces  o r  w i l d l i f e  use. 

The Brown and Lowe (1974) system 
i s  exce l l en t  f o r  i d e n t i f y i n g  biornes, 
format ions, ser  iesr and p l a n t  assoc ia- 
t ions. This  system i s  h ie ra rch i ca l  i n  
nature, d i g i t a l  (and, thus, computer 
compatible), and a l lows simple iden- 
t i f i c a t i o n  o f  types from a e r i a l  photo- 
g r a p h s  o r  f r o m  g r o u n d  t r u t h i n g .  
Another system t h e  National Wetlands 
I n v e n t o r y  system (Coward i n  e t  a i  . 
19791., i s  most su i t ed  f o r  i d e n t i f y i n g  
physical  f a c t o r s  ( e .g . ,  s o i l ,  stream 
cond i t ion ,  s lope)  and i s  a l s o  widely 
used and i s  na t i ona l  i n  scope. These 
systems are  cornpatib l e  w i t h  each o the r  
and a r e  open-ended I n  d e s c r i b i n g  
r l p a r l a n  habi tats .  

S t ruc ture  types i s  n o t  s p e c i f i c a l -  
l y  i n c l u d e d  i n  e i t h e r  o f  t h e  abovr: 
systemsp but would be included as a 
qDphaseu i n  e i t h e r  s y s t e m .  The 
Anderson and Ohmart ( 1 9 8 6 ~ 1  system 
a l lows f o r  quan t  ? f  i c a t  ion and easy 
i den t i  f i c a t i o n  o f  s l x  basic struc-i-ure 
t y p e s  i n  t h e  f l e l d .  The number o f  
s t r u c t u r e  types i s  based on t h e  rela- 
t i ve importance o f  understory P m l d- 
s to ry ,  and canopy (F igure A-8). These 
a r e  based on f o l l a g e  measurements i n  
each layer  (F lgu re  A-9). Anderson and 
Ohmart ( 1 9 8 6 ~ 1  and Anderson e t  a l .  
i1983) provided a d e t a i l e d  analys is  o f  
v e g e t a t i o n  c h a r a c t e r  i s t i c s  ( t r e e  
countsl f o i l a g e  densi tyr  SHOP a n d  HDI  1 
f o r  each type i n  each i d e n t l f  led p I ant 
community (=assa iaS ionI .  



Height  

Figure  A-8. Proport lonaf  d i s t r i b u t i o n  
o f  t h e  vegetat ion i n  th ree  v e r t i c a l  
layers among subplots w i t h i n  various 
s tands  o f  v e g e t a t  l on wh ich  overs1 l 
were c l a s s i f i e d  as belonging t o  one 
v e r t i c a l  s t r u c t u r a l  t y p e  ( I - V l ) .  
H o r i z o n t a l  l i n e s  r e p r e s e n t  mean 
values; la rge rectangles represent one 
s tandard  deviat ion;  smal I rectangles 
represent two standard errors.  A = 
0.0-0.6 m (0-2 f t ) ;  B = 0.6-4.5 m (2- 
15 f t ) ;  and C = 24.5 m (215 f t ) .  From 
Anderson and Ohmart ( 1 9 8 4 ~ ) .  

H e i g h t  

F i g u r e  A-9, V a r i a t i o n  I n  f o l i a g e  
density bel-ween p l o t s  w i t h i n  a l  l 
s t r u c t u r a i  t y p e s  a t  each o f  t h r e e  
v e r t I c a I  ievels. Note t h a t  t h e  pro- 
po r t i ona l  d i s t r i b u t i o n  leads t o  c l e a r  
d i f f e r e n t i a t i o n  sf t h e  v e g e t a t i o n  
types8 b u t  t h a t  f o i  !age dens i ty  does 
not. Symbols arrd abbrevlat lans as i n  
F igure  8-8. From Andersan and Ohn~art 
4 1984~1, 

The concept o f  s t r u c t u r e  t y p i n g  i s  
n o t  d i f f i c u l t  t o  understand i f  an area 
i s  envisioned as progressing from bare 
s o i l  t o  support ing a mature cottonwood 
f o r e s t  (F igure A-10). Type VI i s  t h e  
b e g l n n l n g  community o f  regenerated 
vegetation. As t h e  stand develops it 
passes through types V y  I V Y  and then 
l I l u n t i l  it becomes type I which i s  
t h e  mature community. I n  type V I  t h e  
v a s t  m a j o r i t y  o f  f o l  iage i s  i n  t h e  
unders to ry .  Type l a t  t h e  other  
extreme, has we l l -developed under- 
s t o r y y  m i dstory,  and canopy layers; 
such h a b i t a t s  a l so  tend t o  be very 
h igh  i n  FHD and HDI (Anderson e t  a l .  
1983). As t h e  s tand  cont inues t o  
mature and a closed canopy develops, 
t h e  understory tends t o  be shaded out t  
and t h e  stands becomes type I I .  As 
t h e  mature cottonwood o r  w l I low t rees  
d i e  and t h e  canopy opens, t h e  midstory 
develops w i t h  newly regenerated cot- 
tonwood o r  w i  l low o r  o t h e r  p l a n t  
spec i e s  (sa l tcedar and/or mesqu i t e ) ,  
Eventuallyp given no e x t r i n s i c  fac to rs  
(i.e.8 c lear ing,  f looding, f i r e ) ,  t h e  
stand w i l  l undergo succession i n t o  a 
d isc l imax stand dominated by mesqu i t o  
o r  o t h e r  p l a n t  species. Present! y, 
mesquite and sal tcedar r a r e l y  develop 
beyond t y p e  l l i I n  t h e  Southwest. 
T y p i c a l  l y, t t i e  lower t h e  s t r u c t u r e  
type t h e  more xer ic ,  sal ine, o r  other- 
wise unfavorable t h e  s i t e  is, 

Other l n fo rn~a t ion  can be q u i c k l y  
generated such as r e  l a t i  ve age o f  the  
stand. On t h e  lowor Colorado River  we 
def ined four  age classes. Age c l a s s  1 
rep resen ted  a r e c e n t  l y regenoratcd 
s tandp  2 a young stand, 3 a mature 
stand, and 4 a stand tending toward 
decadence. These age c l a s s e s  are  
i m p o r t a n t  t o  z s s c . 5 ~  r eyenera t  i on  
po ten t i  a l and possl b l e  f u t u r e  succes- 
s Ion f o r  each standb g iven no dramatic 
e x t r i n s i c  events. 

f d e n t i f i c a i i o n  o f  s t r u c t u r e  t y p ~ s ~  
age c lassp and dornlnant p lan t  species 
can be f ac i I i t a t &  by prev ious 



Figure  A-10. Examples of  v e r t i c a l  con f i gu ra t i ons  f o r  t h e  vegeta t ion  s t r u c t u r a l  
types def ined i n  F igure  A-8 i n  t h e  lower Colorado River  V ~ l l e y .  From Anderscn 
and Ohmart ( 1 9 8 4 ~ ) .  

experience on o ther  r i v e r  systems o r  
in-depth f a m i l i a r i t y  w i t h  t h e  system 
under study. Type mapping an e n t i r e  
system can be done from a e r i a l  photog- 
raphy  o r  f rom h i g h  van taye  po l r? t s  
adjacent t o  t h e  r i v e r .  Both l -echni-  
ques were used on t h e  lower Colorado 
R iver  dc r l ng  our  study. Besides iden- 
t i f y i n g  h a b i t a t s  (=cornposit ion/struc- 
t u r e  type),  I t  i s  a l s o  necessary t o  
de l i neal-e a rea  l e x t e n t  and borders 
between d i f f e r e n t  hab i ta ts .  

Tt;e A ~ d e r s c n  and Ohmart 11986~1 
s y s t e n ~  i s  s e n s i t i v e  t o  t h e  a r e a  
covered by each stand. Th i s  system 
becomes rmre s u i t a b l e  as stand s i z e  
approaches 10 ha (25 acres). Sma i i e r  
stands can be typed, bu t  they do n o t  
mean much i n  terms o f  assessing t h e  
hea li-h o f  r i ps r  ian vegeta i  ion  o r  use 
by w i  l d l  i f e ,  CIoudiness begiris t o  

appear a t  a sca le  c f  abcui PO ha :50 
acres), and a l l  p r e d i c t a b i l i t y  i s  l o s t  
a t  t h e  s c a l e  o f  2 h a  ( 5  acres;  
Rosenberg 1980; Wiens and b f e n b e r r y  
1981arb; Engel-W i lson 1982). I n  addi- 
t i o n ,  t h e  amount o f  t i m e  requ i red  t o  
d e l  l neatc stands o f  (1  0 ha ( c 2 5  acres) 
reduces t h e  e f  f i c  iency of  t h e  techn i- 
q u e  w f i b  no obvious henef it - As an 
aside, i f  t h e  techniques a r e  appl l ed  
t o  very sma l l r l par  i an s y s t ~ s r  where 
def inab l e hab i t a t s  rare1 y exceed 2 ha 
( 5  ac res I t  then p r e l  i n l na ry  da ta  col- 
l e c t  ion needs t a  be scaled down ac- 
cord ing ly .  I n  l a rge  r i v e r l n e  systemsl 
it i s  sinlply in,prec.i icai t o  t ype  map 
s t a n d s  < I 0  h a  ( 2 5  a c r e s )  i n  size, 
alttlcuylt sme very i so la ted  and Impor- 
t a n t  stands may stili be del ineated. 

Much o f  t h e  f i e l d  t ype  mapping 
rrlis-f re1 y cn t h e  t r a i n i n g  and ex- 



per ience o f  t h e  observer, w i t h  ground 
t r u t h i n g  conducted t o  v e r i f y  impres- 
s i o n s .  Mis takes  w i l l  be made, b u t  
most e r r o r s  a re  minor. A recent  f i e l d  
t e s t  on the  lower Colorado R iver  by 
o b s e r v e r s  new t o  t h e  system, a f l -e r  
I n d o c t r i n a t i o n ,  revealed about a 6% 
e r r o r  on t h e  t o t a l  polygons del i n -  
eated.  About  50% o f  t h e s e  e r r o r s  
involveci m i s i d e n t i f i c a t i o n  o f  species 
c o i ~ p o s i t i o n  i n  m i x e d  s a l t c e d a r -  
mesquite (screwbean vs. honey) stands, 
30% i nvo l ved r r ~  i stak i ng emergent and 
t e r r e s t r i a l  r i p a r i a n  hab i ta t s  from one 
another ,  and 20% involvecl mis tak ing  
one s t r u c t u r e  t ype  f o r  one immediately 
above o r  below it (1.e.r c a l l i n g  a  
stand t ype  1 V  when it i s  a c t u a l l y  t ype  
I I l ;  Younker  and Andersen 1986). 
Decis ions t o  incorporate two o r  nlore 
sma I 1 ( (4 ha C<l 0 acres11 adjacent 
stands i n t o  one la rger  one may resu it 
i n  sorrle e r r o r *  bu t  a  general r u l e  i s  
t h a t  t h e  l a r g e r  t h e  stand t h e  more 
accurate t h e  maps w i l I  be f o r  f u t u r e  
rev  i s  ions and present use. Prcb lems 
w i t h  the  system and data a p p l i c a t i o n  
a re  discussed i n  g reater  d e t a i l  below. 

I f  t h e  goal o f  a  f i e l d  p r o j e c t  i s  
t o  determi ne h a b i t a t  assoc ia t ions  f o r  
a  wi i d l i f e  group, such as b i rds ,  over  
a  r e l a t i v e l y  l a rge  area (e.g.p 40,000 
ha ClO0,OOO acres f ) ,  t he  area must be 
sampled s u f f i c i e n t l y  so t h a t  a l l  habi- 
t a t s  a re  represented by a t  i eas t  one 
;amp l e p l o t  ( t ransec - led  crca ) ,  and 
r e p i  i c a t l o n  i s  desi rable.  I f  sampling 
i s  done random! y, t h e  number o f  t r an -  
sects per h a b i t a t  w i l l  be p ropo r i i ona l  
$0 t h e  abundance o f  t h a t  h a b i t a t  i n  
t h e  study area, A6 I  t ransec ts  should 
be about t h e  same length and should be 
within a relatively homogeneous stand. 
A t  t h i s  p o i n t t  some a r b i t r a r y  
decis ions may have t o  be made because 
of  the amb 'igu i i y  associated w i t h  t h e  
i ~ r  rr " r  t t r t  i \  E l y l~cir,,ogerreous,~ A 
f i r  l d  t i o i o g  i s ?  r e l a t i v e l y  fami I i a r  
w l t h  an area w i  i t generai i y  know how 
t o  de f i ne  h a b i t a t  types (Table A-2). 

Inc lud ing  several t ransec ts  i n  one 
hab i t a t  can i nc rease  w i th  in-hab i t a t  
va r i a t i on .  The advantage o f  us ing t h e  
h a b i t a t  concept i s  t h a t  h a b i t a t s  can 
be mapped, data a r e  less cumbersori~e t o  
dea I  w i -I tt, and commun i c a t  ion about 
h a b i t a t s  i s  eas i e r  than communication 
about t ransects.  Furthermore, manage- 
ment i s  usua l ly  done w i t h  h a b i t a t  as a  
concept .  However, i f m f crohab i t a t  
v a r i a t i o n  i s  ex tens ive ,  use o f  t h e  
heb i t  a-i concep t  s h o i ~  l d o c c u r  o n l y  
a f t e r  one i s  thoroughly f a m i l i a r  w1th 
t h e  var  i a t  ion t h a t  w i l l be concealed 
and t h e  I i n t i  ta-t ion t h i s  v a r i a b i  l i t y  
w i  l I  p  l a c e  on subsequent data ana- 
l yses. 

dens i t v .  I n  separat ing 
t r a n s e c t s  i n t c  s t r u c t u r a l  types it 
wou I d  be w i s e  t o  have t h e  var ious  
s t r u c t u r a l  t y p e s  s t a t i s t i c a l  l y  d i f -  
f e r e n t  (P<0.05) from each o ther  f o r  a t  
leas t  one o f  t h e  r eccgn i zed v e r t  i ca  l 
layers. Data from Anderson and Ohmart 
(1984a) and Anderson e t  al .  (1983) a re  
shown for- f o l i a g e  dens i ty  i n  F igu re  
A-9 and t h e  propor t  ion  o f  f o l  iage i n  
each o f  t h r e e  v e r t i c a l  layers i s  shown 
i n  F igure  A-8. These f i gu res  i l l us- 
t r a t e ;  t h e  range  o f  v a r i a t i o n  found 
among t r a n s e c t s  fa6 l i n g  i n t o  each 
category; they a l s o  show t h e  mean and 
two standard e r r o r s  o f  t h e  mean f o r  
each type. Note t h a t  when using f o l -  
iage dens i t y  measures, types V and V I  
d i f f e r e d  l i t t l e  from each o the r *  bu t  
when t h e  p ropo r t i on  o f  t he  t o t a l  f o l i -  
age found i n  each o f  t h r e e  layers i s  
considered type V I  had a  s l g n i f l c a n t l y  
g rea te r  p ropo r t i on  o f  i t s  t o t a l  f o l -  
iage i n  t h e  lower layer  and s i g n i f i -  
c a n t l y  l e s s  I n  t h e  m i d d l e  l a y e r  
(F igu re  A-81. Transects can be d  is- 
t lngu ished from each o the r  and grouped 
s t a t i s t i c a l  l y  i n t c  s t r u c t u r e  types by 
us ing c l u s t e r  ana lys is  (F igure  A - 1 1 9 .  

The 
meari number of t r e e s  of a par-tictiiar 
species can a l s o  vary considerab l y  



Table A-2. User 's guide t o  c l a s s i f y i n g  vegetat ion by dowinant t r e e  o r  shrub 
species present.  Th is  key can be used t o  c l a s s i f y  about 95% of  t h e  r i p a r i a n  
vegetat ion found along t h e  lower Colorado River. By apply ing t h e  same general 
p r i n c i p l e s  used t o  const ruc t  t h e  key and a l itt l e imag l n a t  ionr r a r e  vegetat ion 
types can a l so  be c l a s s i f i e d .  Table from Anderson and Ohmart (1984~1.  

1. A. Stand I n  which v i r t u a l  l y  100% o f  t h e  t rees  present are o f  one species 
o r  v i r t u a l l y  100% arrow weed.....................................^ t o  2 

B. Trees w i t h i n  stand o f  c l e a r l y  mixed species. The d i f f e r e n t  species may ................. occur as mixed ind i v idua ls  o r  as small clumps.. Go t o  3 

2. A. Stand I n  which t rees  a re  composed o f  near ly  100% o f  some species (may 
be occasional9 widely scat te red ind i v idua ls  o f  one o r  more species). 
Many l a r g e  stands have arrowweed i n  patches encompassing 2 ha ( 5  ac) o r  
more. Honey mesquite stands I n  add it ion to, o r  instead o f  , arrowweed 
may have quai I bush, four-w i nged s a l t  bush (btr  ID k x  -19 wol f-  
berry, or inkweed...............Saltcedar I-1V o r  Honey Mesquite I l l - 1V  

5. Stand composed o f  near ly  100% arrowweed, may be an occas iona l t r e e  o r  
widely scat te red clump o f  some o ther  shrub..............,.....Arrowweed 

3. A. Stand of vegetat ion i s  s t r u c t u r a l  type I and t rees  are primar i l y  s a l t -  
cedar, cottonwood, and/or w i l low w i t h  an occasional widely scat tered 
screwbean o r  honey mesquite t r e e  o r  clumps o f  trees. Arrowweed or  some 
o the r  shrub may occur i n  r e l a t i v e l y  widely scat tered clumps,.. ......... 
......ICI............................... Satcedar-Cottonwoodwi low Mix 

B. Vegetat ion n o t  s t r u c t u r a l  t ype  I................,...............Go t o  4 

4. A. Stand of vegetat ion i s  s t r u c t u r a l  type I 1  or  ill................Go t o  5 
8. Stand n o t  s t r u c t u r a l  type 1 1  o r  lJ1......,......................Go t o  6 

5 ,  A. Stand i n  which t rees  a re  sa l tcedar  w i th  large numbers o f  cottonwood 
and/or w i l l o w  present; may be widely scat tered ind i v idua ls  o r  clumps o f  
screwbean o r  honey mesquite ............. S a l t c e d a r - C ~ t t o n w o o d w i o w  Mix 

5. Stand i n  which t rees  a re  mainly sal tcedar and screwbean inesqu i te ;  may 
be an occasional9 widely scat tered clump o r  i n d i v i d u a l  co-tton~cjc;ci 
and/or n i l  low o r  honey mesquite ........ Saltcedar-Screwbean Mesquite Iriik 

6. A. Stand o f  vegetat ion i s  s t r u c t u r a l  i y p e  I V . . . . . . . . . . . . . . . . . . . . . c , G o  t o  7 
5. Stand n o t  s t r u c t u r a l  type iV . . . . . . . . . . . . . . . . . . e . . . ( I ee . . . s . * . .O .eGo t o  8 

7. A. Stand composed mainly o f  sa l tcedar  bu t  w i t h  s i g n i f i c a n t  numbers o f  
cottonwood and/or w i t low present; may be w i de l y scat te red i nd i v i d u a  I s 
o r  clumps of screwbean o r  honey mesquite, Shrubs, mainly arrowweedr 
abundant and cccur r ing  i n  moderate t o  r e l a t i v e l y  large patches some- 
t imes encompassing 2 ha ( 5  ac) more,........,.,.,...**.eeeeeeean.e*mIel 
. ~ * . . . * e . . . e . ~ . e . . . . . . . . . ~ . . . . . . . ~ . . ~ t ~ ~ ~ ~ d  N IX 

B. Stand much as above b u t  w i t h  screwbean mesqu i t e  or  honey rnesqu t t e  In- 
stead o f  cottonwood and/or w f l l s ~ . . . . , . , . . . . . . * ~ ~ . ~ ~ ~ ~ . ~ ~ ~ ~ . ~ ~ . . ~ ~ ~ ~ ~ ~ ~  

.*...Saffcedar-fc6e#bean gesquike Mix or Saltcedar-Honey Mesquite Mix .. 



Tab ie A-2. (Concluded) 

8. A. Stand o f  vegetation i s  s t r u c t u r a l  t ype  V o r  Vl..................Go t o  9 . B. Stand n o t  s t r u c t u r a l  t ype  V o r  VI...............................Go t o  3 
9. A. Stand coinposed main ly  of  sal tcedar ,  b u t  w i t h  s i g n i f i c a n t  numbers o f  

cottonwood and/or w i l  Icw occur r ing  as sca t te red  I n d i v i d u a l s  o r  clumps. 
Arrowweed i s  usual i y  abundant (occas iona l ly  some other shrub species 
such as qua1 l bush a l so  present)  and occurr  l ng i n  patches encompass i ng 
several  hectares (acres)................Saltcedar-Col-tonwo/wilow Mix 

B. Stand cotr~posed p r i m a r i l y  o f  sa l tcedar  b u t  w i t h  s i g n i f i c a n t  numbers o f  
i n d i v i d u a l s  o r  clumps o f  screwbean o r  honey mesquite. May be widely  
sce t te red  i n d t v l d u a l s  o r  clumps of  screwbean o r  honey nssqui ts .  Arrow- 
weed present  as i n  9.A........................................e... ....... Saltcedar-Screwbean Mesquite Mix c r  Saltcedar-Honey mesquite Mix 

V e g e t a t i o n  T y p e  

one species present o the r  than s a l t -  
cedar (Table A-3). Thus, w h i l e  s a l t -  
c e d p r  i s  v  i r t u s  l I  y t he on l y t r e e  
species present  i n  sa i tcedar  habi tats ,  
t h e  t r e e s  w i t h  i n  such hab i t a t s  may be 
t a  l I  and r e l a t  ive.1 y hcn,ogeneous l y 
d i s t r i b u t e d  ( type I )  o r  scrubby w i t h  
patches o f  shrubs i r~ te rm ing led  among 
t h e  sal tcedar .  

Within-habitat.  v a r i a t i o n  can a l s o  
be caused by h i g h l y  loca l  ized edaph i c  
features. For  exampler t h e  s o i l  mois- 
t u r e  l eve l  i n  an o l d  oxbow t h a t  i s  
inier-sectod by t h e  t ransect ,  may a l low 
a few i n d i v i d u a l s  o f  a t r e e  species 
no t  found t o  occur elsewhere. 

F igu re  A-11. Dendrogram showlny r e i a -  
t i o n s h i p s  between a l l  t ransec ts  based 
o n  o v e r l a p t  f o l i a g e  d e n s i t y *  and 
s t r u c t u r e .  From Anderson e t  a l .  
(15677 1. 

antony patches. For examp lei t h e  mean 
number of s a l i c ~ d a r  p e r  s a l t c e d a r  
t h i c k e t  w i t h  patches of shrubs was 16: 
t r e e s  w i t h  a v e r y  l a r g e  sdandard 
r j ~ v i a a i o n  (1Q5; T a b l e  A-31,  T h i s  
v a r i a t i o n  I s  t o  be expected i n  patchy 
hab i ta ts .  Sf w i l l  be nat.edp however8 
i h a t  ha, !%a t  s  c i ass  i S i ~ : c ,  2 5 t c:ney 
rrresquiie woceiand rxea very few f r e e  
s p e c  i e s  p r e s e n t  o-t her l-han honey 
mesqu if e; sa i tcedar  t h  i ckef s had on l y 

The d i s t r  i b u t  i o n  o f  so i I types 
w i t h i r ,  a  f I o o d p l a i n  i s  t y p i c a l  i y  
heterogeneous. Local heterogenei ty  i n  
so i  1 layer  i ng and s t r u c t u r e  can cause 
heterogenei ty  i n  p l an l  s l  ructure.  A 
h i g h l y  l oca i i zed  dense c l a y  s o i l  t ype  
cou Id cause a very loca l  concentrel- ion 
c i  z c i i  c i r c - i t - o l y t e s .  V e g e t a t i o n  
r i  i r :  c k c h  so !  l c f t e n  a t t a i n s  
less s t a t u r e  and biomass (Anderson and 
Ohmart 1982a; Anderson e i  a  I., unpub I .  
Q1S)r a n d ,  -i t i t - re fore,  v e r t i c a l  d i f -  
Fat c t , t  i a t i o n  i s  s impler  than t h a t  o f  
adjacent  vegetat ion. Such var i a t  ion 
may b e  s o  f r e q u e n t  t h a t  it i s  n o t  
f e a s i b l e  o r  dec i rab ie  t o  de l ineate  it, 



Table A-3. Average number o f  t rees  (Ll SD) per subplot  i n  each o f  23 recognized 
r i p a r i a n  h a b i t a t  types along t h e  lower Colorado River. N r e f e r s  t o  t h e  number 
o f  subplots. SC = saltcedar, C = cottonwood, W = w i l low,  St4 = screwbean 
mesqu i te, HM = honey mesqu 1 t e .  From Anderson and Ohmart ( 1 9 8 4 ~ ) .  

Number o f  t rees  per 150-X-15-m (492-X-49-ft) 
subplots 

Percent o f  
subplots 

SC C W SM HM w i t h  no 
t rees  o f  
dom i nant 

Vegetation type N 2 SD R SD X SD X SD 2 SD species 

Sa l tcedar 
I 18 95 20 0 0 0  0 0  0 2 2 0  0 
I 1  8 47 19 0 0 0  0 0  0 0  0 0 
I l l  28 74 25 0 0 0  0 7 1 3 0  0 0 
1 V 32 163 105 0 0 0 0 0 0 0 0 0 
V 109 133 146 0 0 0 0 1 3 0  0 1 
V 1 20 31 50 0 0 0  0 0  0 0  0 0 

Sa l tcedar- 
cottonwood/ 
w i l low 

I 18 52 13 59 27 87 23 0 0 0 0 0-0 
I I 10 129 46 38 22 49 34 0 0 0 O 0-0 
I I I  62 130 147 19 44 54 66 13 23 6 7 0-6 
I V 52 38 53 0 0 2 9  17 7 15 0 0 3-8 
V 30 44 49 0 0 1 7  21 0 0 0 0 0-0 
V 1 22 19 32 1 1 1 2 6  0 0 0 0 0-50 

Sa l tcedar- 
screwbean 
mesqu i t e  

I I 10 63 24 2 4 1 1 9 6  17 0 0 0-0 
I i 1 40 49 43 0 0 0 0 1 8  15 0  0 0-8 
I V 78 60 58 0 Q 4 25 39 31 0 0 1-6 
V 84 45 39 0 0 0 0 44 62 0 0 0-8 
V I 18 45 55 0 0 0 0 6 6 0 0 0-22 

Saltcedar- 
honey 
mesqu I t e  

I V 38 41 53 0 0 0  0 0  0 3 5 6 8  2-5 
Honey nlesqu i t e  

I l l  24 0 0 0 O 0 0 < l a  93 50 0 
i V 122 0 0 0 0 0  0 0  0 3 1 4 2  4 
V 56 0 0 0 0 0  0 0  0 1 2  7 2 
V I 52 0 0 0 0 0  0 < l a  9 7 2 

-- 
"Standard dev ia t i on  not calculaled where X < I .  



Ano the r  source o f  v a r i a t i o n  in- 
c l u d e s  widely d i s t r i b u t e d  ind i v idua l  
t r e e s  o f  f o r m e r l y  more widely d is -  
t r i b u t e d  species. For  example.. i n  our 
s t u d y  a r e a  co t tonwood anti w i l l o w  
t rees,  o f t e n  occu r r i ng  as widely scat- 
t e red  ind i v idua ls  o r  as small clumps 
(20 X 20 m C66 X 66 f t l )  o f  trees, a re  
r e 1  i c t s  o f  a  gradua l ly  disappearing 
h a b i t a t  (Ohmart e t  a l .  1977). 

F i r e r  ano the r  cause o f  w i t h i n -  
s t a n d  h e t e r o y e r ~ e i  t y ,  t-es a f  fecteed 
near ly  every stand o f  vegetat ion along 
t h e  lower  Co lo rado  R ive r .  When a  
stand i s  burned not  a l  l par t s  o f  it 
burn w i th  equal i n tens i t y ,  a t  t h e  same 
frequency.. o r  redevelop a t  p r e c i s e l y  
t h e  same r a t e .  Thus, considerable 
heterogeneity can be found w l t h  i n  any 
fundamentally homogeneous stand. 

Some de l l neat ion o f  p I ant spec ies 
heterogene l t y  may be  important  f o r  
u n d e r s t a n d i n g  t h e  d i s t r i b u t i o n  o f  
vegetat ion o r  w i l d l i f e r  bu t  complete 
d e l i n e a t i o n  could r e q u i r e  more t ime 
and mney than i s  ava i lab le ,  Avai la- 
b i l  i t y  o f  funding and cons idera t ion  o f  
t h e  d e s i r e d  s c a l e  are f a c t o r s  t h a t  
must be considered when decid ing how 
much e d a p h i c  v a r i a t i o n  shou ld  be  
d e l  imi i -ed.  A c l a s s i f i c a t i o n  a t  a 
smal ler  sca le  w i l l  r e s u l t  i n  p r o l i f e r -  
a t i o n  o f  r e c o g n i z a b l e  v e g e t a t i o r ~  
types. 

A, 4 BINALVZ B MG HETEROGENE D TY 
w B TATS 

Al?houyh many o f  t h e  d i f fe rences 
between two hab i ta t s  may be obvious t o  
the  observer Ca patchy sal tcedar scrub 
t h i c k e t  i s  obviousfy d i f f e r e n t  i n  many 
ways from a cottanwood-willow g a l l e r y  
f o r e s t l r  i i  i s  o f t s n  necessary  t o  
quant I f y  these d  i f  ferences, A I though 
one may b e  dbie $0 adequatei y descr  i b e  
t h e  d i f  f  erences between two hab i t a t s p  
such a  desc r ip t i on  may requ l re  several 

pages and cannot be used i n  s t a t i s t i -  
c a l  treatments. Therefore, d i f f e ren -  
ces must be expressed quant i t a t  i ve l y. 
Among t h e  commun i t y  a t t r i b u t e s  
 measured^ several may be in tercor re-  
i a t e d ;  i . e . ,  es t h e  values f o r  one 
increase t h e  values f o r  another a l so  
increase ( o r  decrease). Col inear i t y  
genera  I l p r e c  I  udes determining the  
e x t e n t  t o  which e i t h e r  va r iab le  i s  
a s s o c l a t e d  w i t h  v ~ i l d l i f s .  I n  such 
s i t u a t i o n s  it i s  poss ib le  f o r  t h e  data 
Po show t h a t  a  species o r  group o f  
spec i es a re  s ign  i f  i cant  l y  associated 
w i t h  both var iables.  I n  reality, one 
o f  t h e  var iab les  may be a t t r a c t i n g  the  
specles wh i l e t h e  other  one I s  o f  no 
va l ue. 

On I y  c a r e f  u  l l y designed exper i- 
ments w 1 l l del ineate wh ich a t t r  i butes 
among t h e  c o n s t e l l a t i o n  o f  f ac to rs  are  
r e a l l y  a t t r a c t i n g  w i l d l i f e .  P r inc ipa l  
corrtponents ana lys is  (PCA) i s  a s t a t i s -  
t i c a l  t o o !  t h a t  combines in tercor re-  
la ted var iab les  i n t o  new derived va r i -  
ab les .  The d e r i v e d  v a r i a b l e s  can 
usua l  I y  be i n t e r p r e t e d  and can be 
t r e a t e d  as i ndependent var i ab l es i n  
subsequent anal  ysc.5. Each h a b i t a t  
receives a  score from roughly -3 t o  +3 
on each derived var iab le .  PCA o f  t h e  
lower Colorado R i  ver r I par I an vegefa- 
i ion y i e l d e d  four  der ived var lab les  
(Table A-4). For example, t h e  f i r s t  
included f o l i a g e  densi ty  and d i v e r s i t y  
measures above t h e  lowest layer  and 
FHD. W i l d l i f e  assecla-i-ed w i t h  such a  
derived var iab le  i s  most abundant i n  
h a b i t a t s  w i t h  dense f o i l a g e  t h a t  i s  
h o r i z o n t a l l y  and v e r t i c a l l y  diverse. 
The second d e r i v e d  v z r i a t  l e s  as a  
second example, was bipolar.. I.e.* t he  
number o f  honey mesquite per u n i t  area 
was p c s i f l v e i y  associated w i th  t h i s  
corriponent, and t h e  number o f  sal tcedar 
r.r;;s neya t  l vet y  associated. Species 
p o s i t i v e i y  a s s o c i a t e d  w i t h  t h i s  
der i ved vat- i ab i e were ass= i a l  ed w i i  h 
honey mesqu i t e  b u t  n e g a t i v e l y  w i th  
sal tcedar.  



Table A-4. Loadings o f  16 vegeta t ion  var iab les  on t h e  VARtMAX ro ta ted axes f o r  
each o f  4 p r i n c  i p a l  components. Data are from 23 r i p a r  fan hab i ta t s  m c u r r i  ng 
along t h e  lower Colorado River. The explained var iance f o r  each v a r i a b l e  i s  a t  
t h e  r i g h t  and t h e  percent o f  t h e  t o t a l  variance fo r  a l  l va r iab les  explained by 
each p r i n c i p a l  component i s  g iven a t  t h e  bottom. Var iab les  c o n t r i b u t i n g  LP.05 
t o  a p r  inc ipa l  component a r e  under l ined. From Anderson and Ohmart (1984~) .  

Variables 

P r i n c i p a l  component 

Percent var I ance 
I I I I I 1  1 V explained 

Patch l ness 0.0-0.6 m 
Patchiness 0.6-4.5 m 
Patchiness 24.5 m 
Patch i ness sum 
Fo l iage densi ty  0.0-0.6 m 
Fo l iage dens l ty  0.6-4.5 m 
Fo l iage dens i ty  24.5 m 
Fo l iage densi ty  sum 
Fol iage height  d i v e r s i t y  
Shrubs 
Honey mesquite 
Mis-fletoe 
Sa l tcedar 
Screwbean mesqu i t e  
Cottonwood-willow 
Proport ion o f  t r e e s  t h a t  a re  

sal tcedar 
Percent o f  t o t a l  variance 

explained 

PCA can be  used t o  compress a 
large and complex s e t  o f  measurements 
(vegetat ion community a t t r i b u t e s )  i n t o  
a small s e t  o f  der ived var iab les  t h a t  
can be used as independent var iabies.  
Associat ions between w i l d l i f e  and t h e  
a t t r i b u t e s  o f  t h e  h a b i t a t s  can be 
determined by us ing  t h e  w i l d l i f e  popu- 
l a t i o n s  associated w i t h  var ious habf- 
t a t s  i n  con junc t ion  w i th  t h e  score sf 
t h a t  h a b i t a t  f o r  each o f  t h e  der ived 
var labies.  Techniques s u c h  as anal- 
y s l s  of variance, slmple linear cor -  
r e l a t i o n l  and m u l t l p l e  regression a r e  

appropr ia te  for quan t i f y ing  the ex ten t  
o f  such ass% 1 a t  ions. 

I n  summary, c l u s t e r  anaiyses can 
be used t o  group t ransects  w l t h  s l m l -  
l a r  v e r t  i c a  l ccrtf fgurations, These 
c l u s t e r s  c a n  be f u r t h e r  subdlvidad 
according t o  t h e  n u m r i c a i  l y  dsmlnant 
v e y e t a t  i o n  present.  Ey recogniz ing 
r e l a t i v e l y  few v e r t i c a l  configurations 
(s t ress  r i m !  l a r l k l e s  r a t h e r  than d i f -  
ferer?cer)c for example s t x s  and rela- 
t i v e l y  few subd tv l s ions  by dmfnan t  
v e g e t a t i o n  (again ,  s i x ) ,  one cars 



d e f i n e  up t o  36 d i f f e r e n t  h a b i t a t s  a1 l 
o f  wh lch  d i f f e r  f r o m  each o the r  by 
v e r t i c a l  con f igu ra t i on ,  dominant vege- 
t a t i o n ,  o r  both. Thusr when looking 
a t  a stand o f  vegetat ion,  t h e  manager 
needs t o  answer on1 y two quest ions t o  
c l a s s i f y  t h e  stand: (1 )  What i s  t h e  
verl- i ca  l conf i g u r a t  ion o f  t he  vegeta- 
t i on ,  lee., it i s  four-layered, three-  
layered,  etc., and ( 2 )  what p l a n t  
species appear t o  be numer ica l ly  domi- 
nant i n  t h e  stand? Thus, i n  a s h o r t  
pe r iod  o f  t ime  w i t h  a classification 
scheme such as t h e  o n e  described herer 
t h e  manager can a c q u i r e  enough general 
1 n fo rmat ion  about t h e  stand t o  des- 
c r i b e  it i n  d e t a i l .  

Tree/shrub coun ts  o f  i nd i v idua ls  
were p a r t i c u l a r l y  use fu l  I n  p r e d l c t i n g  
t h e  presence and d e n s i t i e s  o f  many 
r o d e n t  and b i r d  s p e c i e s  (e.g., 
Anderson and Ohmart 1984bJ f985b; Rice 
e t  a ! .  1983, 19841. We found t h a t  
patchiness and FHD have usefu l  pred ic- 
4-ive valuer bu t  they a r e  n o t  as good a 
p r e d  l c t o r  a s  t r e e l s h r u b  c o u n t s  
(Anderson and Ohmart  1984bt 1985b; 
Rlce e t  a l ,  1983, 1984) .  b l i s t l e toe  
counts were assoc ia ted w1th t h e  pres- 
ence o f  f r u g  ivorous b i r d s  (Anderson 
and Ohmart 1978). 

The h a b i t a t  b r e a d t h  o f  e a c h  
species can be used To c f assi f y  them 
as habiPat s p e c l a l i s t s  (narrow h a b i t a t  
breadths) o r  h a b i t a t  genera l i s t s .  For 
examplet data f o r  B B i i 1 s  vireo, summer 
t a n a g e r ,  and y e l l o w - b l  I l e d  cuckoo 
I d e n H f y  t h e s e  s p a c l e s  as h a b i t a t  
specla6 lsts and t h a t  coftonwood-w! l low 
woad lands a re  -the! r * 'preferredw hab i- 
t a t s  (Meenfs e t  a l .  19841. General l y r  
t h e r e  are relatJsnshlps betweep each 
species and vege ta t i on  a t t r i bu tes ,  bu t  
t h e  manager may choC2S@ PO emphasize 

t h e  r e l a t i o n s h i p  o f  one o r  a few 
specles.  Another examplel t h e  Yuma 
c lapper r a i l r  an endangered species, 
i s  o f  greed i n t e r e s t  and would be 
I n v o l v e d  i n  any a n a l y s i s  invo lv ing  
h a b i t a t  impacts (Anderson and Ohmart 
1985a) . 

Deer use o f  h a b i t a t s  was quan- 
t i f i e d  by i d e n t i f y i n g  deer-use areas 
(foraging, res t ing ,  fawning, etc.1 and 
analyzing t h e  vegetat ion i n  four sub- 
p l o t s  w i t h i n  p l o t s  30 X 30 m (98 X 98 
f t  1. Vegetation measurements and t r e e  
c o u n t s  were taken w i t h i n  these sub- 
p l o t s  I n  t h e  manner described above. 
I n  add it ion, measurements were taken 
i n  a s e r i e s  o f  randomly s e l e c t e d  
p lo ts ,  A t t r i b u t e s  o f  t h e  vegetat ion 
i n  t h e  deer-use p l o t s  were then corn- 
pared s t a t i s t i c a l  l y  w i t h  t h o s e  i n  
r a n d o m l y  s e l e c t e d  c o n t r o l  p l o t s  
(Haywood e t  a i .  1984). 

L l za rd  use o f  a heterogeneous 30- 
ha (75-acre) area was determined by 
s e t t i n g  p i t-l r a p  s r r a y s  s c a t t e r e d  
w i t h i n  p l o t s  measuring 3 X 3 m (10 X 
10 f t ) .  Atl.ributes o f  t h e  vegetat ion 
were then  determined by t h e  methods 
described above. The nature o f  t h e  
s u b s t r a t e  (sand, hardpan, etc.)  was 
a l s o  noted. These p l o t s  were v i s i t e d  
da i l y a t  t h e  t ime o f  peak I i zard ac- 
t l v i t y ~  and t h e  number o f  each species 
de tec ted  was recorded. The charac- 
t e r  i s t i c s  o f  t h e  landscape could then 
be associated w i t h  t h e  greates t  num- 
bers o f  de tec t  ions o f  various I i zard 
species (Anderson and Qhmart 19826). 
Data obtained f rorn bucket t raps  were 
used t o  corroborate o r  r e f u t e  observa- 
t t o n a l  data. 

Rodent assoc i a t  i o n  w i t h  various 
h a b i t a t s  was determined using n ru l t i p le  
r e g r e s s  Ion  a n a l y s i s  where r e i a t i v e  
dens l t i es of each rodent  spec i es were 
t h e  dependent var iab les  and t h e  vege- 
t a t  fan f ac to r  scores for each h a b i t a t  
(de te rm ined  f roni  FCA) were t h e  in- 
dependent  v a r i a b l e s .  C u r v i l i n e a r  



r e l a t i o n s h i p s  were a l s o  considered 
(Anderson and Ohmart 1984b 1. 

F i n a l l y ,  t h e  e f f e c t  o f  c lea r ing  
vegetation was determined by obtain ing 
vegetation a t t r i bu tes  o f  cont ro l  and 
experimental areas (those t o  be c lear-  
ed) before c lear ing.  The e f f e c t  o f  
c l ear i ng, accord l ng t o  d i f ferent  pat- 
terns and amounts, was determined f o r  
each vegetat ion a t t r i b u t e  separate1 y 
(FHD, fo l i age  denslty, etc.). Con- 
t r o l s  Indicated the extent- o f  change 
when no c lear ing  was done. We a lso 
noted change i n  p r  i nc I pa l component 
fac tor  scores f o r  each o f  the a f fec ted 
h a b i t a t s .  B i r d  and rodent numbers 
were obta i ned before and a f t e r  c lear- 
ing i n  exper imsntal and cont ro l  areas 
t o  assess the e f f e c t  on w i l d l i f e  i n  
var lous hab i ta ts  (Anderson and Ohmart 
1986a ) . 

A1 I o f  t h e  vegetat ion var iables 
g i ven  above may be Important t o  a t  
l e a s t  some s p e c i e s  o f  w I I d I I f e .  
Cons i derab 1 e seasona l var  i a t  ion In  
hab l ta t  se lec t ion may occur w i th in  a 
group, 1.e.r b i r d s  (Anderson and 
Ohmart 1984b; Rice e t  a!. 1981 1. I n  
add It ion, rodents used the vegetat ion 
differently i n  any given season than 
t he  major l ty  o f  b i r d  specles. There 
i s  no a p r i o r i  means o f  se lec t ing a 
s i n g l e  a t t r i b u t e ,  o r  even a few 
at t r ibutes,  t h a t  w i  l l be adequate f o r  
p r e d i c t  1 ng t h e  occurrence o f  a1 I 
w i  l d l i f e  i n  a habitat.  Use o f  any o r  
a i  l o f  t h e  above data  appl i ca t  ions 
r e q u i r e s  t h a t  a manager have wel l -  
de f i ned  questions and goals, whi le 
a lso having a c l ea r  understanding o f  
i i m l t a t l o n s  I n  us i ng  one o r  a few 
indices i n  def in ing an e n t i r e  system. 
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