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PREFACE 

This  document c o n s t i t u t e s  t h e  U.S. Fish  and W i l d l i f e  S e r v i c e ' s  ( S e r v i c e )  
f i n a l  r e p o r t  r egard ing  t h e  Bureau of Reclamation's (Reclamation) A l l  American 
Canal F e a s i b i l i t y  Study. It h a s  been prepared under t h e  a u t h o r i t y  of and i n  
accordance with p r o v i s i o n s  of t h e  Fish  and Wi ld l i fe  Coord ina t ion  Act, P u b l i c  
Law 85624 (48 S t a t .  401, a s  amended; 16 U.S.C. 661 e t  seq.). P r e p a r a t i o n  of 
t h i s  r e p o r t  is a l s o  i n  keeping with t h e  s p i r i t  and i n t e n t  of t h e  N a t i o n a l  
Environmental  Po l icy  Act, Pub l ic  Law 91190. 

A d r a f t  F i s h  and W i l d l i f e  Coordinat ion Act Report (Report)  on t h e  A l l  American 
Canal Re loca t ion  F e a s i b i l i t y  Study was i n i t i a l l y  prepared by t h e  S e r v i c e  i n  
A p r i l ,  1985. That Report analyzed t h e  impacts a s s o c i a t e d  w i t h  r e l o c a t i n g  t h e  
A l l  American Canal and c o n s t r u c t i n g  a  w e l l f i e l d  t o  r e c a p t u r e  seepage. A f i n a l  
Report was never i s s u e d  a l though t h e  Serv ice  and Reclamation e x t e n s i v e l y  
d i scussed  m i t i g a t i o n  f o r  p r o j e c t  impacts through both correspondence and 
meetings. 

I n  May, 1986, Serv ice  pe rsonne l  a t t ended  a  planning meeting a t  Reclamation's  
Lower Colorado Regional  O f f i c e  i n  Boulder Ci ty ,  Nevada. A t  t h i s  meeting,  
Reclamation personnel  from Denver, Colorado presented a  new p r o j e c t  a l t e r n a -  
t i v e .  Th i s  involved t h e  i n p l a c e  c o n c r e t e l i n i n g  of t h e  A l l  American Canal from 
P i l o t  Knob t o  Drop 4. Based upon t h e  v e r b a l  d e s c r i p t i o n  provided a t  t h a t  
meeting, Reclamation reques ted  t h e  Serv ice  t o  prepare  a  r e v i s e d  F i s h  and 
W i l d l i f e  Coordinat ion Act Report which included an a n a l y s i s  of t h i s  a l t e r n a -  
t i v e .  The a n a l y s i s  of t h e  new a l t e r n a t i v e  was based on t h i s  p r e s e n t a t i o n  and 
t h e  assumption t h a t  t h e  impacts of l o s t  seepage w i l l  be e s s e n t i a l l y  t h e  same 
a s  under t h e  r e l o c a t i o n  a l t e r n a t i v e .  Our a n a l y s i s  of t h e  in-place  l i n i n g  
a l t e r n a t i v e  and t h e  p r o j e c t  a l t e r n a t i v e  p rev ious ly  cons idered  was d i scussed  i n  
a  r e v i s e d  d r a f t  Report prepared by t h e  Serv ice  i n  January,  1987. Th is  f i n a l  
Report a t t empts  t o  respond t o  t h e  comments received by t h e  S e r v i c e  on b o t h  
d r a f t  r e p o r t s .  

Endangered s p e c i e s  i s s u e s  concerning t h e  o r i g i n a l  p r o j e c t  were addressed i n  a  
B i o l o g i c a l  Assessment, prepared by Reclamation (dated March 15, 1985), and i n  
a  B i o l o g i c a l  Opinion, prepared by t h e  S e r v i c e  (dated J u l y  3, 1985). Should 
Reclamation decide  t o  pursue t h e  i n p l a c e  l i n i n g  a l t e r n a t i v e ,  Reclamation 
should r e i n i t i a t e  fo rmal  S e c t i o n  7 c o n s u l t a t i o n ,  a s  r e q u i r e d  by t h e  Endangered 
Species  Act, t o  a d d r e s s  p o t e n t i a l  impacts of t h a t  a l t e r n a t i v e  on t h e  
endangered Yuma c l a p p e r  r a i l .  
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A. DESCRIPTION OF PROJECT AREA 

The A l l  American Canal (Canal) F e a s i b i l i t y  Study a r e a  i s  l o c a t e d  i n  I m p e r i a l  
County, C a l i f o r n i a ,  immediately n o r t h  of t h e  i n t e r n a t i o n a l  border  wi th  Mexico. 
The p r o j e c t  a r e a  extends  f o r  30 mi les  from t h e  v i c i n i t y  of P i l o t  Knob, n e a r  
t h e  Arizona border ,  t o  Drop 4, approximately  1 7  mi les  e a s t  of Calexico,  
C a l i f o r n i a .  

The Canal o r i g i n a t e s  a t  I m p e r i a l  Dam on t h e  Colorado River  and f lows  t o  t h e  
wes t ,  t e rmina t ing  i n  t h e  I m p e r i a l  Valley.  This  c a n a l  i s  t h e  primary convey- 
ance f o r  i r r i g a t i o n  waters  t o  t h e  I m p e r i a l  Valley. The main w a t e r  d i v e r s i o n s  
from t h e  Canal occur  a t  t h e  P i l o t  Knob h y d r o e l e c t r i c  p l a n t  and t h e  Coachel la ,  
E a s t  High l ine ,  C e n t r a l  Main, and Wests ide  Main Canals (F igure  1) .  Approxi- 
mate ly  5 m i l l i o n  acre-feet  of water  in tended  f o r  i r r i g a t i o n  e n t e r  t h e  Canal 
d u r i n g  an average year  (Engineering Sc ience  1980a). The Coachel la  Val ley 
r e c e i v e s  approximately 30% of t h i s  water  v i a  t h e  Coachella Canal and a n o t h e r  
approximately  10% i s  l o s t  through e v a p o r a t i o n  and seepage. Peak f low o c c u r s  
d u r i n g  J u l y  when a g r i c u l t u r a l  demand and evaporat ion a r e  high;  low flows i n  
t h e  December-February period a r e  caused by lower a g r i c u l t u r a l  demand and 
l e s s  evaporat ion (Engineering Science 1980a). 

Except f o r  s h o r t  s t r e t c h e s  of r i p r a p  and c o n c r e t e  l i n i n g  above and below t h e  
drop s t r u c t u r e s ,  t h e  Canal i s  unl ined.  Canal depths  a t  mid-stream vary  from 
9 t o  15 f e e t  (2.7 t o  4.6 meters) .  Canal wid ths  range from approximately  100 
t o  210 f e e t  (30.5 t o  64 meters)  a t  P i l o t  Knob and downstream from Drop 4, 
r e s p e c t i v e l y .  For most of t h e  s t r a i g h t  segments t h e  width  of t h e  Canal 
v a r i e s  between 175 and 185 f e e t  (53 t o  56.9 meters) .  Mid-stream f low veloc-  
i t i e s  depend on t h e  curva tu re ,  width,  dep th ,  and season; i n  g e n e r a l ,  veloc-  
i t i es  range from 0.38 t o  3.49 f e e t  per second (Engineering Sc ience  1980a). 

The p r o j e c t  a r e a  occurs  i n  t h e  Colorado Deser t  r eg ion  of t h e  Sonora Deser t .  
Mean temperatures  over  a 50-year p e r i o d  were 91.2OF f o r  J u l y  and 53.g°F f o r  
January (Engineering Science 1980b). R a i n f a l l ,  which averages  approximately  
3 inches  per year ,  i s  divided between t h e  win te r  and summer s e a s o n s  
(Engineering Sc ience  l98Ob). 

The a r e a  immediately ad jacen t  t o  t h e  Canal  i s  p r i m a r i l y  undeveloped. Four 
l a r g e  drop s t r u c t u r e s  and t h e i r  maintenance f a c i l i t i e s  occur a l o n g  t h e  cana l .  
The Algodones Dunes a r e  popular  wi th  off - road v e h i c l e  r e c r e a t i o n i s t s ,  who 
a l s o  encroach on surrounding c r e o s o t e  bush scrub a reas .  F i s h i n g  o c c u r s  a l o n g  
t h e  c a n a l s  and t h e  seep  wet lands  suppor t  t h e  hunt ing of doves, q u a i l ,  and 
waterfowl. A few abandoned a g r i c u l t u r a l  f i e l d s ,  t h e  Brock Research Center  
n o r t h  of Drop 2,  a San Diego Gas and E l e c t r i c  Company powerline s o u t h  of t h e  
Canal,  and some minor u t i l i t y  l i n e s  a r e  t h e  only o t h e r  developments w i t h i n  
t h e  immediate p r o j e c t  area .  

The Canal t r a n s v e r s e s  a number of topograph ic  f e a t u r e s  a s  i t  p a s s e s  through 
t h e  p r o j e c t  a r e a .  A t  t h e  e a s t e r n  end of t h e  Canal, i n  t h e  v i c i n i t y  of P i l o t  
Knob, the  t e r r a i n  is  rugged and rocky f o r  approximately 1.3 mi les .  To t h e  





w e s t ,  approximately 1.5 miles  of f l a t  land a r e  divided between d e s e r t  pave- 
ment and t h e  sandy substratum of a wash woodland. From the  wash woodland t o  
I n t e r s t a t e  8, t h e  Canal t ransverses  t he  e a s t e r n  edge of t h e  Algodones Dunes 
f o r  5.5 miles; low sand dunes a r e  the  primary topographic r e l i e f  i n  t h i s  
s t r e t c h .  North of I n t e r s t a t e  8, t he  Canal c u t s  a c r o s s  t h e  main a x i s  of t h e  
dunes. A 1 - m i l e  long by 800-foot wide, f l a t ,  g r ave l ly  a r ea  l i e s  about midway 
i n  t h e s e  dunes. The remaining approximately 16.5 mi l e s  of t h e  p r o j e c t  a r e a ,  
west t o  Drop 4, a r e  f l a t ,  with the  except ion of approximately 2 miles  of 
s m a l l  sand dunes between Drops 2 and 3. The substratum ranges from sand t o  
sma l l  cobbles .  

Sand dune-associated vege t a t i on  of t h e  Algodones Dunes comprises t h e  l a r g e s t  
v e g e t a t i o n a l  community within t he  p r o j e c t  a rea .  These dunes provide h a b i t a t  
f o r  many endemic spec ies ,  including a t  l e a s t  6 s e n s i t i v e  p l a n t  species .  The 
next  l a r g e s t  p l a n t  community, c reoso te  bush scrub,  covers  most of the remain- 
i n g  p r o j e c t  a r e a ,  except f o r  t he  wetland seeps.  Wetlands and microphyl l  
woodlands occupy smal le r  acreages;  however, t he  increased  p roduc t iv i t y  and 
t h e  presence of water i n  these  h a b i t a t s  make them extremely important t o  
w i l d l i f e  i n  t h e  d e s e r t .  

The p r o j e c t  a r e a  supports  a wide v a r i e t y  of animals,  most of which a r e  well-  
adapted f o r  l i f e  i n  extremely a r i d  condi t ions .  However, many b i r d  spec i e s  
no t  p a r t i c u l a r l y  adapted t o  d e s e r t  h a b i t a t s  occur i n  t h e  major seep wet lands 
between Drops 3 and 4. The presence of t he se  mesic a r e a s  g r e a t l y  i n c r e a s e s  
t h e  s p e c i e s  d i v e r s i t y  of t he  av ian  community. The wetlands s e rve  a s  impor- 
t a n t  s topover  p o i n t s  f o r  many spec i e s  of migrants and a l s o  provide breeding 
h a b i t a t  f o r  many water-associated spec i e s ,  inc lud ing  t h e  f e d e r a l l y  endan- 
gered Yuma c l appe r  r a i l  (Ral lus  l o n g i r o s t r i s  yumanensis) and t h e  S t a t e  r a r e  
C a l i f o r n i a  b l ack  r a i l  (La t e r a l l u s  -- jamaicensis  co turn icu lus) .  

The Algodones Dunes support many animal spec i e s ,  which, l i k e  t h e  p l a n t s  
i n h a b i t i n g  t h i s  unique h a b i t a t ,  a r e  endemic t o  t h e  dunes and extremely wel l -  
adapted t o  e x i s t  on a substratum of l oose  sand. The Andrew's dune sca rab  
b e e t l e  (Pseudocotalpa andrewsi),  a dune endemic, i s  a candida te  f o r  l i s t i n g  
a s  endangered under t h e  Endangered Species  Act. 

B. DESCRIPTION OF ALTERNATIVE PLANS - 

The unl ined A l l  American Canal l o s e s  water  t o  seepage along Its e n t i r e  l e n g t h ,  
with most of t h e  seepage occurr ing i n  t h e  e a s t e r n  40 miles.  Between I m p e r i a l  
Dam and P i l o t  Knob, water seeping from t h e  cana l  even tua l ly  r e e n t e r s  t h e  
Colorado River. However, between P i l o t  Knob and Drop 4, t h e  water  migra tes  
underground t o  Mexico and i s  l o s t  t o  t h e  United S t a t e s .  Approximately 87,000 
acre- fee t  of water  pe r  year  would be prevented from seeping i n t o  t h e  ground i f  
t h i s  30-mile s t r e t c h  of cana l  was made impervious t o  water. The reduc t ion  of  
seepage i n  t he  Algodones Dunes a lone  would be approximately 64,000 ac re - f ee t  
per year  [Bureau of Reclamation (Reclamation) 1984bI. 

The Imper ia l  I r r i g a t i o n  District ( D i s t r i c t )  is  t h e  sponsoring agency f o r  t h i s  
p ro jec t .  A s  p r o j e c t  sponsor,  t h e  District w i l l  r ece ive  water r i g h t s  t o  
approximately 2/3 of t he  water conserved o r  approximately 59,000 acre- fee t  p e r  
year. Reclamation would have r i g h t s  t o  t h e  remaining 28,000 acre- fee t .  



Reclamation in t ends  f o r  t h i s  water a l lo tment  t o  be used t o  r e p l a c e  waste b r i n e  
water  from i t s  desa l t i ng  p l a n t  a t  Yuma, Arizona. The remaining unused water  
could be u t i l i z e d  i n  t he  Imper i a l  Val ley o r  by municipal o r  i n d u s t r i a l  u s e r s  
elsewhere i n  southern Ca l i fo rn i a .  It has  been pro jec ted  by Reclamation t h a t  
t h e  est imated cos t  of conserved water  may be $123 per  acre-foot  which i s  
c u r r e n t l y  considered unaf fordable  by a g r i c u l t u r e  i n t e r e s t s .  Hence, t he  most 
l o g i c a l  c u r r e n t  use of t h e  conserved water  is f o r  municipal o r  i n d u s t r i a l  
u s e r s  (Reclamation 1987a). The Metropol i tan Water D i s t r i c t  h a s  a l s o  expressed 
i n t e r e s t  i n  shar ing  the  c o s t  of t h i s  p r o j e c t  i n  r e t u r n  f o r  a  s h a r e  of t h e  
water  which would be conserved. 

Curren t ly ,  Reclamation is  examining 4 major a l t e r n a t i v e s  a s  p a r t  of t he  A l l  
American Relocat ion Study. Reclamation has  i d e n t i f i e d  in-place l i n i n g  as i t s  
p re fe r r ed  a l t e r n a t i v e .  The a l t e r n a t i v e s  being s tud ied  a r e  summarized below. 

1. A Relocated Concrete-lined Canal from P i l o t  Knob t o  Drop 4 
Th i s  a l t e r n a t i v e  involves  l i n i n g  30 m i l e s  of cana l  wi th  conc re t e  i n  a  new 
alignment which would p a r a l l e l  the  e x i s t i n g  canal.  The new c a n a l  would be 
l oca t ed  on t h e  nor th  s i d e  of t h e  p re sen t  cana l  from the  Fort  Yuma Indian  
Reservat ion near  P i l o t  Knob t o  Drop 1. From the  I n t e r s t a t e  8 b r idge  west of 
Drop 1 t o  Drop 4, the  conc re t e  cana l  would be re loca ted  south  of t h e  e x i s t -  
i n g  Canal. The sho r t  s e c t i o n  of c a n a l  between Drop 1 and t h e  I n t e r s t a t e  8 
b r idge  t o  t h e  west would remain unlined. This  a l t e r n a t i v e  would prevent  
approximately 87,000 acre- fee t  of water  per  year from seeping from the  Canal 
(Reclamation l985b). 

The concrete- l ined cana l  would have a  bottom width of 50 f e e t  and would be con- 
s t r u c t e d  of 4.5-inch unreinforced conc re t e  l in ing .  Twenty-foot ope ra t i on  and 
maintenance roads on both s i d e s  of t h e  c a n a l  a r e  included i n  t h e  p r o j e c t  
design. No borrow o r  f i l l  would be requi red  fo r  t h i s  cons t ruc t ion .  Gravel  
f o r  sur fac ing ,  concre te  aggregate ,  and r i p r a p  can be obtained l o c a l l y  
(Reclamation 1984a). 

2. Placement of Wel l f ie ld  Between P i l o t  Knob and Drop 1 
This  a l t e r n a t i v e  would eva lua t e  the  cons t ruc t ion  of  25 we l l s  a long  the  banks 
of t h e  presen t  cana l  a t  0.5-mile i n t e r v a l s  between P i l o t  Knob and Drop 1. 
The wel l s  would pump 70,400 ac re - f ee t  per  year  from t h e  groundwater. The 
recovered water  would be pumped d i r e c t l y  back i n t o  t h e  Canal (Reclamation 
l985b). 

3. In-place Concrete- l ining from P i l o t  Knob t o  Drop 4 
Reclamation is c u r r e n t l y  i n v e s t i g a t i n g  the  f e a s i b i l i t y  of l i n i n g  t h e  Canal 
in-place without t ak ing  i t  ou t  of service. The i n i t i a l  s t e p  i n  t h i s  p rocess  
would be t o  c u t  and f i l l  t h e  e x i s t i n g  channel  u n t i l  t he  s i d e s  and bottom a r e  
smooth. The s i d e s  and bottom would t hen  be covered by s h e e t s  of impermeable 
p l a s t i c  t h a t  would be topped by 3 t o  5  inches  of concre te  immedlately a f t e r  t h e  
p l a s t i c  is l a i d .  Because of i t s  s i z e ,  t h e  Canal would be l i n e d  i n  3 o r  4  
l o n g i t u d i n a l  s ec t i ons .  The p l a s t i c  and concrete  placement would be accom- 
p l i shed  by a  s i n g l e  machine, t he  des ign  of which would be developed by p r i v a t e  
en t e rp r i s e .  This  machine would be a  se l f -prope l led  t racked v e h i c l e  t h a t  would 
t r a v e l  on s p e c i a l l y  cons t ruc ted  t r a c k s  o r  roadways on each s i d e  of t h e  cana l .  



The l i ned  Canal would be approximately the  same dimensions a s  t h e  e x i s t i n g  
unl ined Canal and would conserve an estimated 70,000 t o  75,000 acre-feet  of 
water annual ly (Reclamation 1987a.). The d e t a i l s  of t h i s  a l t e r n a t i v e  were 
presented t o  ~ e c l a m a t i o n ' s  Lower Colorado Region o f f i c e  i n  Boulder City,  
Nevada on May 28, 1986 by Reclamation's Denver, Colorado o f f i ce .  This  meeting 
was at tended by Ray Bransf ield,  a  s t a f f  b i o l o g i s t ,  from the  Fish and Wi ld l i f e  
Serv ice ' s  ( s e rv i ce )  Laguna Niguel F ie ld  Office.  

Since the meeting, Reclamation has provided a  br ie f  desc r ip t ion  of a  proto- 
type in-place l i n i n g  pro jec t  t h a t  they plan t o  implement between Siphon 14 
and 15 of t he  Coachella Canal. This 1.25 mile reach of t he  Coachella Canal 
would be l i ned  p r i o r  t o  any in-place l i n i n g  work being conducted i n  the  A l l  
American Canal i n  order  t h a t  cos t  es t imates  can be r e f ined ,  design da t a  
requirements can be determined and machinery operat ions can be assessed before 
embarking upon a  fu l l - s ca l e  cana l  l i n i n g  pro jec t .  Estimated cos t  of the pro- 
totype pro jec t  i s  $4 t o  $6 mi l l ion  (Reclamation 1987a.). 

4. No Action -- 
This a l t e r n a t i v e  would evaluate  no modif icat ions by Reclamation t o  the  present  
Canal. The Imper ia l  I r r i g a t i o n  D i s t r i c t  may, i n  the  absence of a  ~ e d e r i l  
p ro j ec t ,  undertake l i n i n g  of t he  Canal with a t  l e a s t  a  por t ion  of t he  funding 
being provided through the s a l e  of previously conserved water t o  t h e  Metropol- 
i t a n  Water D i s t r i c t .  The D i s t r i c t ' s  plans c a l l  f o r  a  l i ned  c a n a l  between Drop 
1 and P i l o t  Knob ( D i s t r i c t  1986). Spec i f i c  proposals a r e  not cu r r en t ly  ava i l -  
a b l e ,  but i t  can be assumed any r e loca t ion  o r  In-place l i n i n g  a l t e r n a t i v e  se lec-  
ted by the  D i s t r t c t  would c lose ly  resemble the  Reclamation proposals .  

C. qqUATIC RESOURCES 

1. Exist ing Conditions 
A s i zeab le  freshwater  f i she ry  e x i s t s  i n  t h e  Canal 
marilv recruitment s tock  f r o b  the  Colorado River. 

and i s  thought t o  be p r i -  
Engineering Science (1980a) 

specuiated t h a t  some f i s h ,  p a r t i c u l a r l y  juveni les ,  may pass  through the sedi-  
mentation s t r u c t u r e s  a t  Imperial  Dam. Another source of f i s h  i n  t h e  Canal 
e x i s t s  from pe r iod ic  s tocking of f i s h  by the  Ca l i fo rn i a  Department of Fish 
and Game (Department). 

Introduct ions of f i s h  species  by the  Department t o  t h e  Canal has  pr imar i ly  
been l imited t o  channel c a t f i s h  ( I c t a l u r u s  punctatus).  The D i s t r i c t  has  
never stocked t h e  Canal ( D i s t r i c t  1985). Fish populat ion l e v e l s  a r e  a l s o  
undoubtedly maintained through reproduction of f i s h  i n  the  cana l  where 
appropr ia te  v e l o c i t y ,  cover, and s u b s t r a t e  condit ions can be found. 

Fish sampling e f f o r t s  i n  t h e  Canal have been extremely l imited.  The f i r s t  
documented aqua t i c  survey was conducted by Engineering Science (1980a) during 
the period of December 1978 through A p r i l  1979. Numerous sampling d i f f i c u l -  
t i e s  were encountered by Engineering Science i n  i ts f i s h  c o l l e c t i n g  e f f o r t s  
i n  t he  Canal. Most sampling d i f f i c u l t i e s  were a  r e s u l t  of t h e  phys ica l  config- 
u ra t ion  of the Canal and i t s  assoc ia ted  high water v e l o c i t i e s .  The most severe  



l i m i t a t i o n  i n  the  e f f o r t  t o  c o l l e c t  f i s h  was the  i n a b i l i t y  of Engineering 
Science t o  launch an electroshocking boat i n  t h e  Canal due t o  i ts extremely 
s t e e p  s ides .  F ish  c o l l e c t i n g  was l imi ted  t o  va r ious  n e t t i n g  techniques. Due 
t o  t hese  d i f f i c u l t i e s  Reclamation recommended, during f e a s i b i l i t y  planning, 
t h a t  an e v a l u a t i o n  of the  f i she ry  resource of t h e  l i n e d  and unlined s e c t i o n s  
of t h e  Coachella Canal be made. This  eva lua t ion ,  i t  was argued, would be t h e  
b e s t  methodology a v a i l a b l e  i n  p red ic t ing  aqua t i c  impacts assoc ia ted  with t h e  
proposed l i n i n g  of the  A l l  American Canal. The Fish  and Wi ld l i f e  Serv ice  
agreed wi th  t h i s  approach, provided a d d i t i o n a l  f i s h  sampling was conducted i n  
t h e  A l l  American Canal a s  well. 

F ish  sampling e f f o r t s  i n  the  2 cana ls  by Engineering Science, Reclamation, t h e  
Department, t h e  Service,  and D r .  Paul Beaty of t h e  Coachella Valley Water D i s -  
t r i c t  a r e  d iscussed  below. Resul ts  of t he  sampling e f f o r t s  i n  t h e  A l l  
American Canal a r e  discussed f i r s t .  

Engineering Science es tab l i shed  4 f i s h  sampling s t a t i o n s  i n  t he  A l l  American 
Canal (1980a). These s t a t i o n s  included a  s i t e  0.5 mile  south of P i l o t  Knob 
and s i t e s  below Drops 1, 3, and 4. Through the  use of hoop n e t s  with winged 
l e a d s ,  experimental  g i l l  ne t s ,  and d i p  ne t s ,  a  t o t a l  of 142 f i s h  was co l l ec t ed .  
These f i s h  represented  11 d i f f e r e n t  spec i e s  (Table 1). On December 4 and 5, 
1984, another  f i s h  sampling e f f o r t  was made with personnel  from t h e  Department, 
Reclamation, and the  Serv ice  i n  t h e  s e c t i o n  of t h e  Canal below Drop 1. F ish  
sampling gear  used during the survey included monofilament and nylon g i l l  
n e t s ,  t r o t l i n e s ,  and a  tramel net.  This  r e s u l t e d  i n  t h e  cap tu re  of 27 f i s h  
r ep re sen t ing  5 spec i e s  (Table 1). 

A previously uncol lec ted  f i s h  spec ies  was observed a t  Drop 3 by Ca l i fo rn i a  
Department of F ish  and Game and Service b i o l o g i s t s  on August 26, 1986. This  
f i s h  was the  s t r i p e d  bass  (Roccus s a x a t i l i s ) .  

Three a d d i t i o n a l  f i s h  spec ies  were co l l ec t ed  by t h e  Service dur ing  i ts inves-  
t i g a t i o n  of t h e  A l l  American Canal. These f i s h  were co l l ec t ed  i n  t h e  recap- 
t u r e  d i t ches  which p a r a l l e l  the  Canal i n  t h e  seep wetlands between Drops 3 
and 4. Fish c o l l e c t e d  inc lude  t i l a p i a  (T i l ap i a  z i l l i ) ,  mosquitof ish 
(Gambusia -- a f f i n i s ) ,  s a i l f i n  molly (Poec i l i a  l a t i p i n n a ) ,  and t h e  Mexican molly 
(2. mexicana). 

F i s h  inven to r i e s  i n  t h e  Coachella Canal have been f a r  more extensive.  The 
Department (1974) published a  r epo r t  which summarized e l e c t r o f i s h i n g  e f f o r t s  
f o r  ten  0.5-mile s e c t i o n s  of unlined c a n a l  h a b i t a t .  A t o t a l  of 688 f i s h  was 
captured,  i nc lud ing  557 largemouth bass  (Micropterus salmoides) ,  78 ca rp  
(Cyprinus c a r p i o ) ,  28 f l a thead  c a t f i s h  ( P y l o d i c t i s  o l i v a r i s ) ,  11 channel  ca t -  
f i s h ,  and 10 s u n f i s h  (i.e. b l u e g i l l  (Lepomis macrochirus) ,  green sun f i sh  
(Chaenobryt - t u s  ~ y a n e l l u s )  , crappie (Pomoxis sp. ) , r edea r  sun f i sh  (Lepomis 
microlophus,) and warmouth bass (Chaenobryttus gulosus) )  (Table 2). Based 
upon its e l e c t r o f i s h i n g  r e s u l t s ,  t h e  Department es t imated  t h a t  t h e r e  w a s  a 
minimum populat ion of 1,500 f i s h  per  mile. Maximum f i s h  populat ion of t h e  
c a n a l  was est imated t o  be 3,000 f i s h  per  mile. 

In  add i t i on  t o  t h e  f i s h  noted above, t h e  Department (1974) electroshocked 
yellow bullhead ( I c t a l u r u s  --- -- n a t a l i s )  and observed schools  of golden s h i n e r  



Table  1. F i s h e s  and The i r  Numbers Found i n  t h e  A l l  American Canal 

T o t a l  Number o f  
E ch S p e c i  s Co l e c t e d  

Common Name S c i e n t i f i c  Name ES 
f 5 3 CDFG , BR and FWS 4 

B l u e g i l l  Lepomis macrochirus  4 1 

Redear s u n f i s h  

Warmouth 

B l u e g i l l - g r e e n  
s u n f i s h  (hybr id )  

Largemouth b a s s  

Smallmouth b a s s  

White c r a p p i e  

Channel c a t f i s h  

F la thead  c a t f i s h  

Carp 

Mosqui to f i sh  

S t r i p e d  b a s s  

T o t a l  

Engineer ing  Sc ience  

C a l i f o r n i a  Department 

Bureau of Reclamation 

Lepomis microlophus 

C h a e n o b r y t ~  g u l o s u s  

Lepomis macrochirus  x 
Chaenobryttus cyamel lus  hybr id  1 

Micropterus  s a l m o i d e s  1 4  

Micropterus  do lomieu i  

Pomoxis a n n u l a r i s  1 

I c t a l u r u s  p u n c t a t u s  

P y l o d i c t i s  o l i v a r i s  2 

Gambusia a f f i n i s  

Roccus s a x a t i l i s  -- 
142 

of F i s h  and Game 

F i s h  and W i l d l i f e  S e r v i c e  

A s i n g l e  i n d i v i d u a l  of t h i s  s p e c i e s  observed a t  Drop 3 on August 26, 1986 b y  

b i o l o g i s t s  from C a l i f o r n i a  Department o f  F i s h  and Game and F i s h  and W i l d l i f e  

Serv ice .  



Table  2. Common and S c i e n t i f i c  Names of F i s h e s  C o l l e c t e d  from t h e  Coachel la  Canal  
(Beaty et a l .  1981 and Minckley et  a l .  1983) 

Beaty ,  Minckley 
CDFG' e t  a l .  e t  al;  

Common Name 
Threadf in  shad 
Carp 
Red s h i n e r  
Golden s h i n e r  
Channel c a t f i s h  
Yellow bu l lhead  
F la thead  c a t f i s h  
Mosqui tof ish  
S a i l f  i n  molly 
S t r i p e d  bass  
Largemouth b a s s  
Green s u n f i s h  
B l u e g i l l  
Redear s u n f i s h  
Warmouth 
Black c r a p p i e  
T i l a p i a  
Bigmouth b u f f a l o  
Goldf i sh  

S c i e n t i f i c  Name 
Dorosoma pe tenense  
Cyprinus c a r p i o  
Not rop i s  l u t r e n s i s  
Notemigonus c r y s o l e u c a s  
I c t a l u r u s  p u n c t a t u s  
I c t a l u r u s  n a t a l i s  ---- 
P y l o d i c t i s  o l i v a r i s  
Gambusia a f f i n i s  ---- 
P o e c i l i a  l a t i ~ i n n a  
Morone s a x a t i l i s  
Mic rop te rus  sa lmoides  
Chaenobryt tus  c y a n e l l u s  
Le omis macrochirus  -EL--- 
Lepomis microlophus  
Chaenobryt  t u s  g u l o s u s  
- - -  - 

Pomoxis n ig romacu la tus  
T i l a p i a  z i l l i i  -- 
I c t i o b u s  c y p r i n e l l u s  
C a r a s s i u s  a u r a t u s  

C a l i f o r n i a  Department of  F i s h  and G a m e  

* C a l i f o r n i a  Department o f  F i s h  and Game and Beaty on ly  i d e n t i f i e d  
t h e  f i s h  cap tu red  as b e i n g  Promoxis sp.  



(Notemigonus -- cryso leucas )  and mosqui tof ish .  The Department a l s o  specu la ted  
t h a t  s i n c e t h e  water wi th in  t h e  Coachel la  Canal was from t h e  Colorado River ,  
t h e  f o l l o w i n g  f i s h  s p e c i e s  could a l s o  be p o t e n t i a l l y  found i n  t h e  cana l :  
t h r e a d f i n  shad  (Dorosoma ~ e t e n e n s e ) ,  rainbow t r o u t  (Salmo -- ~ a i r d n e r i ) ,  b l a c k  
c r a p p i e  (Pornoxis n igromaculatus) ,  t i l a p i a  ( T i l a p i a  mossambica and T. --- z i l l i i ) ,  
r e d  s h i n e r  (Not rop i s  l u t r e n s i s ) ,  r o u n d t a i l  chub (Gi la  r o b u s t a ) ,  b o n y t a i l  - --- (c. e l e g a n s ) ,  f a thead  minnow (Pimephales p romelas ) ,  Colorado squawfish  
( P t y c h o c h e i l u s  l u c i u s ) ,  razorback sucker  (Xyrauchen t exanus) ,  b l a c k  bu l lhead  
( I c t a l u r u s  m e l a s ) ,  d e s e r t  pupf ish  (Cyprinodon macula r ius  s sp . ) ,  smallmouth -- -- ----- 
b a s s  (Microp te rus  - dolomieui) ,  s a i l f i n  molly,  s t r i p e d  bass ,  and whi te  b a s s  --- 
(Morone c h r y s o p s )  . 
Another major  f i s h  inventory of t h e  Coachel la  Canal  was conducted i n  1980 by 
Aquat ic  Research Group, Coachella Val ley Water D i s t r i c t  (Beaty e t  a l .  1981). 
F i s h  sampling was performed with  a  boat-mounted e l e c t r o f i s h i n g  system i n  a n  
a r e a  l o c a t e d  approximately  5 mi les  n o r t h e a s t  of t h e  S a l t o n  Sea (North Shore) ,  
C a l i f o r n i a .  E l e c t r o f i s h i n g  e f f o r t s  were concen t ra ted  below s i p h o n s  25, 26, 
27, and 28 i n  t h e  canal .  The 4  c a n a l  r eaches  sampled ranged from 0.45 t o  1.47 
m i l e s  i n  l e n g t h .  A l l  reaches  were un l ined  and had emergent and t e r r e s t r i a l  

Twelve s p e c i e s  of f i s h  were c o l l e c t e d  from t h e  Coachel la  Canal (Table 2). 
The bigmouth b u f f a l o  ( I c t i o b u s  -- z r i n e l l u s )  --- was t h e  on ly  f i s h  s p e c i e s  cap- 
t u r e d  t h a t  was p rev ious ly  not recorded by t h e  Department (1974). From t h e i r  
e l e c t r o f i s h i n g  e f f o r t s ,  Beaty e t  a l .  (1981) recorded t o t a l  numbers of f i s h  
cap tured ,  i n c l u d i n g  largemouth b a s s  (286),  common c a r p  (107),  b l u e g i l l  (123) ,  
channe l  c a t f i s h  (144), and f l a t h e a d  c a t f i s h  (10). Percent  of c a t c h  f o r  t h e s e  
5  s p e c i e s  i s  42.7, 16.0, 18.4, 21.5, and 1.5, r e s p e c t i v e l y .  

During November 1980, water  was t r a n s f e r r e d  from a n  un l ined  48.5-mile s e c t i o n  
of t h e  Coachel la  Canal t o  a  newly concre te - l ined  s e c t i o n .  During t h i s  dewa- 
t e r i n g ,  a  major e f f o r t  was made t o  c o l l e c t  a  l a r g e  sample s i z e  o f  t h e  v a r i o u s  
f i s h  s p e c i e s  which u t i l i z e  t h e  c a n a l  s o  t h a t  r e f i n e d  f i s h  composi t ion,  r e l a -  
t i v e  abundance, and s tand ing  crop e s t i m a t e s  could  be  made (Minckley e t  a l .  
1983). Three  s e p a r a t e  a r e a s  of t h e  c a n a l  were sampled. Sample s t a t i o n s  (A, 
B,  and C) i n c l u d e d  one s e c t i o n  approximately  5 m i l e s  and 2  s e c t i o n s  approxi-  
mately  42.3 m i l e s  downstream of t h e  A l l  American Canal. Sample a r e a  (A) 
which was c l o s e s t  t o  t h e  A l l  American Canal i n c l u d e d  a  poo l - l ike  a r e a  below 
Check Drop 5. Emergent v e g e t a t i o n  was s p a r s e  and submergent v e g e t a t i o n  was 
a b s e n t  i n  t h i s  reach.  Sample a r e a  (B)  c o n s i s t e d  o f  a  s t r a i g h t  r each  of c a n a l  
wi th  no wate r  c o n t r o l  s t r u c t u r e s .  Common reed  was s c a t t e r e d  a l o n g  t h e  banks ,  
and s p a r s e  s a g e  pondweed (Potamogeton p e c t i n a t u s )  and water  m i l f o i l  
(Myriophyllum sp.)  occupied t h e  sandy bottom. Sample a r e a  (C) was a  double- 
b a r r e l e d ,  c o n c r e t e  box s iphon (Siphon 21). Siphons have been c o n s t r u c t e d  
w i t h i n  t h e  Coache l la  Canal t o  handle  runof f  from f l a s h  f loods .  The s i p h o n  
w a l l s  were found t o  be encrus ted  w i t h  pe r iphy ton  and i n v e r t e b r a t e s ,  and t h e  
bottom was l i t t e r e d  with d e b r i s .  

P r i o r  t o  t h e  w a t e r  outage r e s u l t i n g  from t h e  t r a n s f e r  of wa te r  from t h e  
unl ined t o  t h e  newly cons t ruc ted  c o n c r e t e - l i n e d  Coachel la  Canal ,  each of t h e  



sample r e a c h e s  was blocked wi th  2.5-centimeter mesh n e t s  t o  r e s t r i c t  f i s h  
movement. I n  a d d i t i o n ,  immediately b e f o r e  sampling, earthmoving equipment 
was used t o  i s o l a t e  S e c t i o n s  A and B from r e s i d u a l  c a n a l  f l o w  w i t h  e a r t h e n  
d i k e s .  S e c t i o n  C was mechanically pumped t o  lower water  l e v e l s  f o r  sampl ing 
purposes.  

Unl ike  p r e v i o u s  f i s h  c o l l e c t i n g  methods on t h e  Coachella Canal ,  t h e s e  i s o -  
l a t e d  sample reaches were rotenoned. F i sh  were then c o l l e c t e d  by use  of d i p  
n e t s  and s e i n e s .  A t o t a l  of 9,093 f i s h  was recovered r e p r e s e n t i n g  16 d i f f e r -  
e n t  s p e c i e s  (Table 2).  

Threadf in  shad and c h a n n e l ' c a t f i s h  dominated t h e  c a t c h  i n  S e c t i o n  A w i t h  
2,919 and 962 f i s h  c o l l e c t e d ,  r e s p e c t i v e l y .  These 2 s p e c i e s  r e p r e s e n t e d  
65.5 and 21.6%, r e s p e c t i v e l y ,  of t h e  t o t a l  c a t c h  from t h i s  s e c t i o n .  

I n  S e c t i o n  B, channel c a t f i s h ,  r e d  s h i n e r ,  and redear  s u n f i s h  r e p r e s e n t e d  
t h e  bu lk  of t h e  f i s h  s p e c i e s  caught.  T o t a l  numbers and p e r c e n t a g e s  of t h e  
t o t a l  c a t c h  from t h i s  s e c t i o n  f o r  channe l  c a t f i s h ,  r ed  s h i n e r ,  and r e d e a r  
s u n f i s h  were 2,787 (78.8%), 407 (11.5%), and 178 (5.1%). r e s p e c t i v e l y .  I n  
S e c t i o n  C, channel  c a t f i s h  was t h e  dominant s p e c i e s  wi th  925 be ing  c a p t u r e d  
r e p r e s e n t i n g  83.3% of t h e  t o t a l  c a t c h .  . 

I n  revtewing t h e  d a t a  concerning f i s h  cap tured  a t  a l l  3 s e c t i o n s ,  c h a n n e l  c a t -  
f i s h  was t h e  main s p e c i e s  found i n  t h e  Coachel la  Canal wi th  a t o t a l  of 4,674 
captured.  Th is  represen ted  51.4% of  t h e  t o t a l  ca tch  f o r  a l l  s e c t i o n s .  T o t a l  
numbers and percentage composit ion o f  o t h e r  major f i s h  s p e c i e s  o r  group of  
s p e c i e s  cap tured  were: t h r e a d f i n  s h a d ,  2,927 (32.2%); s u n f i s h e s  ( i . e .  b lue-  
g i l l ,  warmouth, b lack  c r a p p i e ,  largemouth b a s s ,  and r e d e a r  s u n f i s h ) ,  702 
(7.7%); r e d  s h i n e r ,  564 (6.2%); c a r p ,  233 (2.6%); and f l a t h e a d  c a t f i s h ,  94  
( 1 % )  Although t h r e a d f i n  shad was second h i g h e s t  i n  t o t a l  numbers c o l l e c t e d ,  
i t  was p r i m a r i l y  c o l l e c t e d  i n  on ly  one s e c t i o n  of t h e  canal .  T h i s  a r e a  was 
below Check Drop 5 (Sec t ion  A) where 99.7% of t h e  t o t a l  c a t c h  f o r  t h i s  one  
s p e c i e s  w a s  c o l l e c t e d .  

T o t a l  biomass of t h e  f i s h e s  c o l l e c t e d  was a l s o  c a l c u l a t e d .  Channel c a t f i s h ,  
common ca rp ,  and f l a t h e a d  c a t f i s h  c o l l e c t i v e l y  represen ted  approx imate ly  96% 
of t h e  t o t a l  biomass of a l l  f i s h  cap tured .  Respect ively ,  c h a n n e l  c a t f i s h  and 
common c a r p  comprised 42.4% and 33.9% of t h e  t o t a l  biomass f o r  a l l  3 s e c t i o n s  
sampled. 

During November 1980 when t h e  Coache l la  Canal was be ing  dewatered,  a n o t h e r  
independent sampling e f f o r t  was made by Beaty e t  a l .  (1981). Beaty reexam- 
i n e d  a reach  of t h e  Coachel la  Canal below s iphon 25 t h a t  h e  had sampled 
through e l e c t r o f i s h i n g  e a r l i e r  i n  t h e  year .  Ins tead  of r e - e l e c t r o f i s h i n g  
t h e  a r e a ,  Beaty took advantage of t h e  low wate r  c o n d i t i o n s  t o  make a n  a c t u a l  
coun t  of t h e  f i s h  found i n  t h i s  reach.  A comparison was t h e n  made between 
popula t ion  e s t i m a t e s  d e r i v e d  by e l e c t r o f i s h i n g  and a c t u a l  numbers of f i s h  
counted f o r  5 spec ies .  These f i s h  s p e c i e s  included largemouth b a s s ,  common 
c a r p ,  b l u e g i l l ,  channel  c a t f i s h  and f l a t h e a d  c a t f i s h .  The comparison showed 
a d ramat ic  d i f f e r e n c e  between e l e c t r o f i s h i n g  estimates and a c t u a l  f i s h  coun ts .  
A t o t a l  of 1,749 f i s h  was es t imated  compared t o  4,388 f i s h  a c t u a l l y  c o l l e c t e d  



dur ing  the  dewater ing of t h e  cana l  (Table 3). Thus, t h e  f i s h  populat ion f o r  
t h i s  one reach  was 2.5 t imes g r e a t e r  than had been p rev ious ly  est imated by 
e l e c t r o f i s h i n g  s tud i e s .  

Actua l  f i s h  counts  a l s o  revealed t h a t  t h e  determinat ion of s p e c i e s  composi- 
t i o n  and r e l a t i v e  d e n s i t i e s ,  based t o t a l l y  upon e l e c t r o f i s h i n g  information,  
appears  t o  be h igh ly  suspec t  (Table 4). The b i a s  of e l e c t r o f i s h i n g  toward 
cen t r a r ch ids ,  a s  pointed ou t  i n  ~ e a t y ' s  s t u d i e s ,  was confirmed i n  informa- 
t i o n  obtained from ~ i n c k l e y ' s  (1983) sampling e f f o r t s  us ing  rotenone. 
Minckley found t h a t  ou t  of 9,093 f i s h  captured,  51.4% were channel  c a t f i s h  
and only 6.6% were from t h e  sun f i sh  family (Centrarchidae) .  

Based upon l a r g e  amounts of f i s h e r y  information t h a t  had been co l l ec t ed  on 
t h e  Coachella Canal by Beaty e t  a l .  (1981). Minckley e t  a l .  (1983) and Reclam- 
a t i o n  (1985a), Reclamation developed a methodology whereby t h i s  information 
could be app l i ed  t o  t h e  A l l  American Canal t o  p r e d i c t  popu la t i on  l e v e l s  i n  
t h e  unlined cana l  (Reclamation 1985a). Three major assumptions were made by 
Reclamatton i n  t h e i r  e x t r a p o l a t i o n  of Coachella Canal f i s h e r y  da t a  t o  t h e  A l l  
American Canal. These assumptions were: (1) t h e  h a b i t a t  and a s soc i a t ed  
f i s h e r y  community of t h e  Coachella Canal is s i m i l a r  t o  t h a t  found i n  t h e  A l l  
American Canal,  (2) t h e  ca r ry ing  capac i ty  of a su r f ace  u n i t  of p a r t i c u l a r  
h a b i t a t  ( sho re l i ne ,  drop and channel) i s  genera l ly  t h e  same f o r  both cana l s ,  
and (3) t he  a v a i l a b l e  d a t a  represented normal va lues  o r  ave rage  condi t ions .  

A c a l c u l a t i o n  of f i s h  popula t ion  l e v e l s  on t h e  A l l  American Canal from 
Coachella Canal da ta  involved s e v e r a l  s teps .  Species  composition, biomass, 
and numbers of f i s h  taken  from t h e  Coachella Canal were computed i n t o  u n i t s  
per  su r f ace  a r e a  f o r  3 h a b i t a t  types inc luding  s h o r e l i n e ,  d rop  and channel  
h a b i t a t  (Table 5). 

The su r f ace  a r e a s  of t h e  corresponding h a b i t a t  types  i n  t h e  A l l  A m e r  can 3 
Canal were then  determined (Table 6). The t o t a l  su r f ace  a r e a  (meter ) of 
each h a b i t a t  was converted t o  hec t a r e s  and mul t ip l ied  by t h e  d e n s i t y  ( f i s h /  
hec t a r e )  f o r  s i m i l a r  h a b i t a t  types found i n  t h e  Coachella Canal. The sums of 
those va lues  represen t  t h e  t o t a l  numbers of each spec i e s  (Table  7). Calcula- 
t i o n s  were a l s o  made f o r  spec i e s  composition and biomass (Table  7). Based 
upon t h i s  methodology, channel  c a t f i s h  a r e  es t imated t o  be t h e  dominant f i s h  
spec i e s  found i n  t h e  A l l  American Canal, comprising 91.6% of  a l l  f i s h  found 
i n  t he  canal. 

Based upon t h i s  a n a l y s i s ,  Reclamation (1985a) ca l cu l a t ed  t h a t  t h e  A l l  
American Canal would be  expected t o  support approximately 945 f i s h  per 
hectare .  The e n t i r e  p r o j e c t  a r e a  is  expected t o  support  approximate y t 
268,000 f i s h .  Fish biomass is es t imated  t o  average 11.3 gramslmeter o r  
approximately 30,200 ki lograms of f i s h  i n  t he  p r o j e c t  a r ea .  

Angler use of t he  p r o j e c t  a r e a  i s  unknown a s  no c r e e l  census  o r  ang le r  use 
surveys were conducted a s  p a r t  of t h e  f e a s i b i l i t y  s tudy  f o r  t h e  pro jec t .  
However, ang le r s  were observed f i s h i n g  the  Canal dur ing  S e r v i c e  f i e l d  t r i p s  
of Ju ly  23-25 and December 4-5, 1984. The major i ty  of t h e  f ishermen were 
concentrated along t h e  s h o r e l i n e  below the  power drops. B r i e f  in te rv iews  



Table 3. A Comparison of Population Est imates  Derived from E lec t ro f i sh ing  
(Estimated) and Draining (Actual) Reach 25 of t he  Coactel la  Canal. 
Confidence In t e rva l s  (95%) a r e  Enclosed i n  Parentheses 

Spec ies  

Largemouth Bass 

Common Carp 

B lueg i l l  

Channel Ca t f i sh  

Number of F ish  
Elec t rof  i s h i n g  - Draining 

Flathead Ca t f i sh  No e s t ima te  5 3 

To ta l  

Table from Beaty e t  a l .  1981. 

Table 4. Re la t ive  Abundance of F ishes  i n  Reach 25 of t h e  Coachella Can 1 
Derived from Elec t rof i sh ing  (Estimated) and Draining (Actual) 

f 

Species  

Largemouth Bass 

Common Carp 

B l u e g i l l  

Channel Ca t f i sh  

Flathead Ca t f i sh  

Method 
E lec t ro f i sh ing  Draining 

Table from Beaty e t  a l .  1981. 



Table 5. Species  Composition, Biomass, and Densi ty of a  Canal F ishery  by Habi ta t  Type 1 

2 - Drop Habi ta t  
Species  

Composition Biomap Density 
X d m  f  i sh /ha  

Threadin shad 65.5 16.46 3,636.9 
Carp 3.2 59.51 175.7 
Channel c a t f i s h  21.6 23.75 1,198.6 
Flathead c a t f i s h  0.3 0.43 15.0 
Sunf ish  3. 8  0.55 220.5 
Largemouth bass  2.4 1.15 132.1 
S t r iped  bas s  0 0 0 

3 --- Shore l ine  Habi ta t  - 
Species  

Composition Biomay Density 
% d m  f i sh /ha  

Channel Hab i t a t  
4 

Species  
Composition Biomay Densi ty 

% d m  f i sh /ha  

+ 
w Table from Bureau of Reclamatton 1985a. 

Data from Minckley e t  a l .  (1983) f o r  an  unl ined s e c t i o n  of t he  Coachella Canal. This  h a b i t a t  was des igna ted  a s  a  
r e s u l t  of Minckley's sampling e f f o r t s  below a drop s t r u c t u r e  i n  which he  found s i g n i f i c a n t  d i f f e r e n c e  i n  s p e c i e s  
composition compared t o  s e c t i o n s  of t h e  canal.  

Data from Minckley e t  a l .  (1983). Beaty e t  a l .  (1981), and Beaty (1984) f o r  an  unl ined s e c t i o n  of t h e  Coachel la  
Canal. This  h a b i t a t  suppor ts  a q u a t i c  vege ta t ion  and provides cover f o r  spawning, i n v e r t e b r a t e s  and sma l l  f i s h .  
Shore l ine  h a b i t a t  was defined a s  an  a r e a  which extended from t h e  c a n a l ' s  s h o r e l i n e  ou t  towards t h e  A l l  American 
Canal 's  c e n t e r  f o r  a  d i s t a n c e  of 15 meters. 

Data from Reclamation (1985a) f o r  a  concre te  l i n e d  s e c t l o n  of t h e  Coachella Canal. This  h a b i t a t  was def ined  a s  
a n  a r e a  i n  t h e  c e n t e r  o r  thalweg of t h e  canal .  It i s  represented  by deep water (4m), s w i f t  c u r r e n t s ,  l i t t l e  
cover ,  and a  sandy s h i f t i n g  s u b s t r a t e .  These condi t ions  were represented  i n  t h e  unl ined a s  w e l l  a s  t h e  l i n e d  
s e c t i o n  of t h e  Coachella Canal. 



Table 6, Surface Area of Habi ta t  Components of t he  Unlined A l l  America1 Canal 
1 

Sect ion  

T o t a l  

2 
Surface Area (m ) of Hab i t a t  Component 

Drop- Shore l ine  Channel -- 

Table from Bureau of Reclamation 1985a. 

Table 7, Estimated Numbers, Biomass, and Species  Composition of t he  9 j o r  
F ishes  Found i n  the  A l l  American Canal Relocat ion Study Area 

Species Estimated Numbers Biomass Spec ies  Composition 
2 

- (kg) (XI 

Channel c a t f i s h  245,793 18,600 
Threadf i n  shad 11,132 465 
Carp 3,866 9,050 
Sunfish 3,543 429 
Largemouth bas s  2,659 82 2 
Flathead c a t f i s h  1,331 775 
St r iped  bass  

To ta l  

Table from Bureau of Reclamation 1985a. 

Calculated from es t imated  numbers shown i n  column 1 of t h e  t a b l e  

Tr = l e s s  than 0.05% 



conducted by t h e  S e r v i c e  with approximately  10 f ishermen r e v e a l e d  t h a t  
a n g l e r s  f i s h i n g  t h e  deep pool h a b i t a t  below t h e  drop s t r u c t u r e s  were t r y i n g  
t o  c a t c h  l a r g e  channel  o r  f l a t h e a d  c a t f i s h .  Other  a n g l e r s  encountered by t h e  
S e r v i c e  were s h o r e l i n e  fishermen who were i n t e r e s t e d  i n  c a t c h i n g  largemouth 
b a s s  and v a r i o u s  o t h e r  sunf ishes .  These a n g l e r s  c o n c e n t r a t e d  t h e i r  e f f o r t s  
i n  t h e  s h a l l o w  s h o r e l i n e  a r e a s  of t h e  c a n a l ,  p a r t i c u l a r l y  where heavy emergent 
v e g e t a t i o n  was p resen t .  

Although good a n g l e r  use  informat ion is  l a c k i n g  f o r  t h e  A l l  American Canal,  
t h e  Department p r e v i o u s l y  made an a n g l e r  use-day e s t i m a t e  f o r  t h e  Coachel la  
Canal. Average t o t a l  es t imated a n g l e r  use  expended on t h e  Coachel la  Canal 
was computed t o  be 6,100 angler  use-days pe r  y e a r  based on a 4-hour a n g l e r  
day (Department 1974). This t o t a l - u s e  f i g u r e  was p r o j e c t e d  from d a t a  e x t r a c -  
t e d  from Department c r e e l  censuses completed on D i s t r i c t  waters .  While t h e  
a l ignment  of t h e  Coachel la  Canal does n o t  go through t h e  I m p e r i a l  Va l ley ,  i t  
i s  a d j a c e n t  t o  t h e  D i s t r i c t ' s  boundaries.  

More r e c e n t  c r e e l  census  da ta  have been c o l l e c t e d  i n  t h e  I m p e r i a l  Va l ley  by 
t h e  ~ i s t r i c t ' s  H y d r i l l a  Control  Research Program. Data were c o l l e c t e d  from 
November 1985 t o  May 1986 pr imar i ly  from t h e  E a s t  High l ine ,  All American, 
C e n t r a l  Main and Westwide Main Canals. During t h i s  seven month per iod ,  t h e r e  
was a t o t a l  of 49,028 hours  of f i s h i n g  e f f o r t  w i t h  17,664 hours  recorded f o r  
t h e  East  H i g h l i n e  Canal,  16,236 hours  recorded f o r  t h e  A l l  American Canal ,  
12,572 hours  recorded f o r  the  C e n t r a l  Main Canal  and 2,556 hours  recorded f o r  
t h e  Westside Main Canal. It should be noted t h a t  t h e  c r e e l  census s t u d y  
boundar ies  f o r  t h e  A l l  American Canal included on ly  t h a t  p o r t i o n  of t h e  Canal  
west  of Drop 4. 

A t o t a l  of 5,616 f i s h  a r e  es t imated t o  have been caught  i n  t h e  censused a r e a  
w i t h  l a r g e  numbers of t h e  f i s h  being largemouth b a s s  (2,234) and channe l  c a t -  
f i s h  (3,362) (Stocker  e t  a l .  1986). 

2. Fu ture  Without t h e  Pro jec t  
P 

I f  no p r o j e c t  is implemented, t h e  e x i s t i n g  f i s h e r y  r e s o u r c e s  of t h e  Canal  a r e  
expected t o  remain abou t  t h e  same a s  p r e s e n t  day l e v e l s .  Th i s  s t a tement  is  
based upon 2 major assumptions. These assumptions  a r e :  (1)  t h e r e  w i l l  be 
no s i g n i f i c a n t  change i n  t h e  q u a l i t y  o r  q u a n t i t y  of wa te r  which is t r a n s -  
f e r r e d  from t h e  Colorado River, and (2)  t h e  D i s t r i c t  w i l l  n o t  be cons t ruc -  
t i n g  a d d i t i o n a l  hydropower f a c i l i t i e s  o r  o t h e r  major s t r u c t u r a l  f e a t u r e s  i n  
t h e  canal.  Changes i n  q u a n t i t y  and q u a l i t y  of wa te r ,  o r  t h e  a d d i t i o n  of 
s t r u c t u r a l  f e a t u r e s ,  would a l t e r  f i s h e r y  h a b i t a t  c o n d i t i o n s  i n  t h e  c a n a l  and 
t h u s  have a d i r e c t  impact on t h e  f i s h e r y .  

I f  t h e  District under takes  any s o r t  o f  l i n i n g  program wi thou t  t h e  f i n a n c i a l  
suppor t  of Reclamation,  t h e  impacts t o  t h e  Cana l ' s  f i s h e r y  r e s o u r c e s  would 
be s i m i l a r  t o  Reclamat ion 's  proposals  under A l t e r n a t i v e s  1 and 3. S ince  t h e  
~ i s t r i c t ' s  c u r r e n t  p l a n s  spec i fy  t h a t  t h e  Canal  w i l l  be  l i n e d  only  from P i l o t  
Knob t o  Drop 1, t h e  impacts  t o  t h e  f i s h e r y  w i l l  be p r i m a r i l y  conf ined t o  t h i s  
s t r e t c h  and w i l l  t h e r e f o r e  be p r o p o r t i o n a t e l y  l e s s  than  i f  t h e  Canal was t o  
be l i n e d  t o  Drop 4. 



3. Future With -- the P ro j ec t  
a .  A Relocated Concrete-lined Canal From P i l o t  Knob t o  Drop 4 
Under t h i s  project  a l t e r n a t i v e ,  a new canal  would be excavated - - 
ad jacen t  t o  the e x i s t i n g  A l l  American Canal from P i l o t  Knob t o  Drop 4, 
a d i s t a n c e  of approximately 30 miles.  The new canal  would be t o t a l l y  
concrete- l ined,  except d i r e c t l y  above and below the  e x i s t i n g  drop 
s t r u c t u r e s .  

I n  o rde r  t o  predict  impacts from t h e  proposed l i n i n g  of t h e  Canal, a n  
aqua t i c  i nves t iga t ion  of a concrete  canal  i n  the immediate pro jec t  a r e a  
was warranted. The Coachella Canal was the  only major c a n a l  which had 
been l i n e d  within t h e  Coachella Valley Water and Imper ia l  I r r i g a t i o n  
D i s t r i c t s .  A 48.5-mile s ec t ion  was l ined  with concre te  i n  1980. 

A major sampling e f f o r t  was made dur ing  November 3-6, 1984 by Reclama- 
t i o n ,  t h e  Coachella Valley Water D i s t r i c t ,  the  Service,  and the Depart- 
ment t o  obta in  f i s h e r y  information from a 2-mile concre te  l i ned  s e c t i o n  
of the Coachella Canal. This sampling e f f o r t  was conducted approxi- 
mately 5 miles downstream of the  Coachella Canal confluence with t h e  A l l  
American Canal and occurred during a period when the  Coachella Canal was 
dewatered. This sampling e f f o r t  r e su l t ed  i n  the  c o l l e c t i o n  of 3,110 f i s h .  
Channel c a t f i s h  was the  dominant f i s h  spec ies  co l l ec t ed  (2,996) represen-  
t i n g  96.3% of the t o t a l  catch (Table 8). Based upon t h e  a b i l i t y  t o  cap- 
t u r e  a c t u a l  numbers of f i s h  along with the  r e l a t i v e l y  l a r g e  sample s i z e  
t h a t  was taken, t h i s  e f f o r t  probably c lose ly  represents  f i s h  spec i e s  and 
abundance which can be expected t o  be found i n  concrete- l ined cana l s  i n  
t h i s  a r ea .  

To quan t i fy  the d i f f e r ences  between t h e  expected f i s h e r y  u t i l i z a t i o n  of 
a concrete-lined cana l  and the  e x i s t i n g  ear then bank Canal, an evalu- 
a t i o n  must be made of p o t e n t i a l  f i s h  h a b i t a t  assoc ia ted  wi th  each cana l .  
Construction of a re loca ted  concrete- l ined cana l  would r e s u l t  i n  a 
narrower and deeper cana l  with approximately 40% l e s s  s u r f a c e  a rea  t h a n  
the e x i s t i n g  unlined canal. The average width of t he  concrete- l ined 
cana l  would be approximately 118 f e e t  compared t o  t he  e x i s t i n g  196 f o o t  
width of t he  A l l  American Canal (Reclamation 1985a). 

The narrower and deeper concrete-lined cana l  would r e s u l t  i n  a s i g n i f -  
i can t  l o s s  of sho re l ine  h a b i t a t  and a s l i g h t  increase  i n  channel h a b i t a t .  
There would be no expected change i n  h a b i t a t  assoc ia ted  wi th  drop s t r u c -  
t u re s  a s  the new c a n a l  would be connected t o  the  e x i s t i n g  power drops 
(Table 9). Shorel ine hab i t a t  would be reduced from 142.04 t o  1.93 
hec t a re s  (Reclamation 1985a). Benthic h a b i t a t  would be t o t a l l y  e l imi -  
nated i n i t i a l l y ,  except  i n  the  a r e a s  of t he  drop s t r u c t u r e s .  However, 
recoloniza t ion  by inve r t eb ra t e s  of t he  l i n e d  cana l  should begin once water  
is flowing through i t .  

The same methodology used t o  e s t ima te  e x i s t i n g  numbers, biomass, and 
spec ies  composition i n  the unlined Canal was used t o  p r e d i c t  impacts 
assoc ia ted  with the  proposed l i n i n g  of t h e  Canal. The s u r f a c e  a r e a s  of 
drop, sho re l ine ,  and channel h a b i t a t s  (Table 9)  were mul t ip l i ed  by t h e  



Table 8. F i sh  Species Found i y  t h e  Lined Sec t ion  of t h e  Coachella Canal 
During November 1984 

Species  
Numbers of Percent 

Fish Collected Composition 

Channel c a t £  i s h  

Red s h i n e r  

Threadf i n  shad 

Carp 

Largemouth bass  

T i l ap i a  Observed * 
T o t a l  3,110 99.9 

* 0.1% (combined) 

1 Table from Bureau of Reclamation 1985a. 

Table 9. Habi ta t  A ~ a i l a b i l i t y ~ f o r  t he  Unlined A l l  American Canal and Relocated 
Concrete-lined Canal 

Surface Area (Hectares)  of Habi ta t  
Drop Shorel ine Channel T o t a l  

Unlined 

Lined 

Table from Bureau of Reclamation 1985a. 



f i s h e r y  measurements taken from s i m i l a r  h a b i t a t s  i n  t h e  Coache l la  Canal 
(Table  5).  Table 10 shows t h e  numbers and biomass of each  s p e c i e s  of 
f i s h  p e r  h a b i t a t  type  t h a t  could be expected t o  be found i n  t h e  r e l o -  
c a t e d  concre te - l ined  Canal (Reclamation 1985a). It i s  e s t i m a t e d  t h a t  
t h e r e  would be 152,832 f i s h  i n  t h e  l i n e d  c a n a l  wi th  a  t o t a l  biomass of 
9,417 ki lograms (Table 10). 

The n e t  impact t o  t h e  f i s h e r y  resources  between t h e  e x i s t i n g  un l ined  
and r e l o c a t e d  concrete- l ined c a n a l  i s  summarized i n  Tab le  11. It i s  
p r o j e c t e d  t h a t  t h e  re loca ted  l i n e d  c a n a l  would r e s u l t  i n  a  n e t  l o s s  of 
115,503' f i s h  o r  approximately 43% of t h e  e x i s t i n g  f i s h e r y  resource .  
Game f i s h  abundance would be reduced from 8,500 t o  4,600 f i s h  pe r  mile.  
Reductions i n  t o t a l  biomass of t h e  f i s h e r y  would be a s  g r e a t  a s  68.7%. 

The g r e a t e s t  impact i n  terms of percent  r e d u c t i o n  of o v e r a l l  numbers 
would occur  t o  3 game f i s h  s p e c i e s  i n c l u d i n g  f l a t h e a d  c a t f i s h  (95.2%), 
largemouth bass  (85.1%), and s u n f i s h  (82.4%). These same f i s h  s p e c i e s  
a l s o  would show t h e  g r e a t e s t  r educ t ion  i n  t o t a l  biomass (Table 11). 

S i g n i f i c a n t  adverse  impacts t o  t h e  game f i s h e s ,  p a r t i c u l a r l y  t h e  cen- 
t r a r c h i d s  (largemouth bass and s u n f i s h ) ,  would r e s u l t  p r i m a r i l y  from a  
major reduc t ion  i n  s h o r e l i n e  h a b i t a t  and an  i n c r e a s e  i n  wa te r  v e l o c i t y .  
Lining of the  c a n a l  would e l i m i n a t e  emergent and submergent v e g e t a t i o n .  
The l o s s  of t h i s  v e g e t a t i o n  would s e v e r e l y  reduce i n v e r t e b r a t e s  depend- 
e n t  upon a q u a t i c  vege ta t ion .  I n v e r t e b r a t e s  found on a q u a t i c  v e g e t a t i o n  
a r e  an  important food source  f o r  j u v e n i l e  largemouth b a s s  and b l u e g i l l .  
Lining of t h e  c a n a l  would a l s o  e l i m i n a t e  cover f o r  j u v e n i l e  f i s h e s  and 
spawning s u b s t r a t e .  

A narrower and deeper  c a n a l  would a l s o  i n c r e a s e  wa te r  v e l o c i t i e s  s i g n i f -  
i c a n t l y .  I n  t h e  absence of cover ,  t h e s e  h igher  v e l o c i t i e s  would a lmost  
completely e l i m i n a t e  a v a i l a b l e  h a b i t a t  f o r  c e n t r a r c h i d s  which p r e f e r  
s l u g g i s h  t o  nonflowing waters .  

A l i n e d  c a n a l  would be dominated by channe l  c a t f i s h  which would be e s t i -  
mated t o  comprise 91.2% of t h e  t o t a l  populat ion.  

Threadf in  shad and c a r p  a r e  es t imated  t o  make up 7.0% and 1.1%, r e s p e c t -  
i v e l y ,  of t h e  remaining post -project  f i s h  popula t ions .  

Since  f l a t h e a d  c a t f i s h ,  largemouth b a s s ,  and s u n f i s h  a r e  t h e  game f i s h  
most s e v e r e l y  a f f e c t e d  by t h e  p r o j e c t ,  and t h e s e  s p e c i e s  p rov ide  a n  
important r e c r e a t i o n a l  f i s h e r y  t o  I m p e r i a l  Val ley,  e f f o r t s  should be 
made t o  reduce t h e i r  l o s s e s  through m i t i g a t i o n .  

Cons t ruc t ion  of a  W e l l f i e l d  b* - 
Under t h i s  a l t e r n a t i v e .  25 w e l l s  would be cons t ruc ted .  They would be 
l o c a t e d  sou th  o f  t h e  cana l  between t h e  western  edge of t h e  sand H i l l s  
t o  P i l o t  Knob. The w e l l s  would pump 70,400 a c r e - f e e t  p e r  y e a r  from t h e  
groundwater and d i s c h a r g e  i t  d i r e c t l y  i n t o  t h e  Canal. P re l iminary  test 
r e s u l t s  i n d i c a t e  t h e  water q u a l i t y  of t h e  w e l l  wa te r  would be comparable 
t o  t h a t  of t h e  w a t e r  i n  t h e  Canal (Reclamation 1985b). 



Table 10. The Fishery Resource Expected f o r  Speci  i c  H a b i t a t s  f o r  t h e  
Proposed Relocated Concrete-lined Canal 

f 

Species  

Channel c a t f i s h  

Threadfin shad 

Carp 

Sunfish 

Largemouth bas s  

Flathead c a t f i s h  

S t r i ped  bass  

T o t a l  per 
Habi ta t  Type 

- Drop Hab i t a t  - Shore l ine  Hab i t a t  Channel Hab i t a t  
Biomass (kg) Numbers Biomass (kg) Numbers Biomass (kg) Numbers 

1 Table from Bureau of Reclamation 1985a. (Tota l  numbers of f i s h  under 
"Shoreline Habi ta t"  (Column 2) were modified from o r i g i n a l  t a b l e  prepared by 
Reclamation t o  a c c u r a t e l y  r e f l e c t  t h e  t o t a l  of spec i e s  numbers.) 



Table 11. Comparison of t h e  F ishery  Resource of t h e  Unlined A 1 1  American Canal 
and Relocated Concrete-lined Canal 1 

Ex i s t i ng  Conditions Future  With P ro j ec t  Net Change t o  E x i s t i n g  F i she ry  
un l ined  Canal -- Lined canal-  - w i t h  Proposed ~ i n i n g  

F i sh  Biomass Comp Fish  Biomass Com~ Fish  I m ~ a c  t Biomass Impact 

Channel c a t f i s h  

Threadfin shad 

Carp 

Sunfish 

Largemouth bas s  

,N Flathead c a t f i s h  

S t r i ped  bas s  

T o t a l  

tr  - Trace o r  less than 0.1 

Table from Bureau of Reclamation 1985a. (Some numbers assoc ia ted  F l sh ,  Biomass, and Composition under 
"Lined Canal" (Column 2) and "Net Change with Pro jec t"  (Column 3) were modified from o r i g i n a l  t a b l e  prepared 
by Reclamatton t o  accu ra t e ly  r e f l e c t  information summarized i n  Table 10.) 



This a l t e r n a t i v e  i s  expected t o  have no s i g n i f i c a n t  impacts t o  t he  exis-  
t i n g  f i s h e r y  resources of the  Canal, provided pre l iminary  t e s t  r e s u l t s  
on t h e  water q u a l i t y  of t h e  well  water a r e  co r r ec t .  

c. I n - e a c e  Concrete-lining from P i l o t  Knob t o  Drop 4 - 
With implementation of t h i s  a l t e r n a t t v e ,  the  A l l  American Canal would be 
concrete- l ined i n  place without dewatering the  Canal o r  cons t ruc t ing  
c o f f e r  dams. Reclamation has determined t h a t  a  p l a s t i c  l i n e r  and con- 
c r e t e  can be placed i n  a  given reach of the  Canal i f  two t o  t h ree  passes  
a r e  made by the  machine which simultaneously l ays  t h e  l i n e r  and con- 
c r e t e .  This operat ion would permanently s e a l  the  Canal from bank t o  
bank. With t h i s  proposed methodology, f i s h  should be ab le  t o  avoid 
a r e a s  being l i n e d ,  

The methodology used t o  est imate e x i s t i n g  numbers, biomass, and spec i e s  
composition f o r  the  unlined Canal and t h e  re loca ted  cana l  was used f o r  
t h i s  a l t e r n a t i v e  t o  pred ic t  f i she ry  impacts. Like t h e  previous a l t e r -  
na t ive  a n a l y s i s  the amount of drop, channel and s h o r e l i n e  was quant i f ied .  
Unlike the  re loca ted  cana l  a l t e r n a t i v e ,  t h e  cur ren t  width of the  Canal 
which i s  196 f e e t  would be maintained with in-place l i n ing .  Even though 
the width of t he  cana l  and associated su r f ace  a c r e s  of water would not 
be s i g n i f i c a n t l y  reduced, t he re  would be a  t o t a l  l o s s  of sho re l ine  
h a b i t a t .  It is assumed f o r  t h i s  a n a l y s i s  t h a t  a l l  sho re l ine  h a b i t a t  
e l iminated by concrete l i n i n g  of the  Canal would be converted t o  
channel h a b i t a t  which is  charac te r ized  by swi f t  c u r r e n t s ,  l i t t l e  cover 
and sandy s h i f t i n g  bottom subs t ra te .  There would be no change i n  t h e  
amount of h a b i t a t  assoc ia ted  with drop s t r u c t u r e s  (Table 12). 

The su r f ace  a r e a s  of drop s t r u c t u r e s ,  shore l ine ,  and channel h a b i t a t s  
(Table 12) were mul t ip l ied  by the f i s h e r y  measurements taken from s i m i l a r  
h a b i t a t s  i n  t h e  Coachella Canal (Table 5). Table 13  shows the  numbers and 
biomass of each spec ies  of f i s h  per h a b i t a t  type t h a t  could be expected 
t o  be found i n  t h e  concrete-lined Canal. It is est imated t h a t  t he re  
would be 238,744 f i s h  i n  t h e  l ined c a n a l  with a  t o t a l  biomass of 
13,106 kilograms (Table 13). 

The n e t  impact t o  the  f i s h e r y  resources between the  e x i s t i n g  unlined and 
in-place l i n e d  Canal is  summarized i n  Table 14. It is  est imated t h a t  
the  in-place l i n i n g  would r e s u l t  i n  a  n e t  l o s s  of 29,591 f i s h  o r  approx- 
imately 11% of t h e  e x i s t i n g  f i she ry  resource. Reductions i n  t o t a l  bio- 
mass of the  f i s h e r y  would be 56.5%. 

Like the  concre te ,  re loca ted  canal  a l t e r n a t i v e ,  t he  in-place l i n i n g  
a l t e r n a t i v e  had a  grea t  impact on s t r i p e d  bass,  f l a thead  c a t f i s h ,  
largemouth bass ,  and sunfish.  In terms of percent reduct ion  i n  o v e r a l l  
numbers, s t r i p e d  bass,  f l a thead  c a t f i s h ,  largemouth bass  and sunfish- 
e s  (i.e. b l u e g i l l ,  redear sunfish and warmouth) were reduced by 1002, 
97.12, 85.3% and 84.1%, respec t ive ly .  These est imated l o s s e s  f o r  t h e  
above noted spec i e s  a r e  almost equiva len t  t o  t he  l o s s e s  pro jec ted  with 
the  concrete ,  re loca ted  canal .  



T a b l e  12. H a b i t a t  A v a i l a b i l i t y  f o r  t h e  Un l ined  and In -p l ace  Concre t e - l i ned  
A l l  American Canal  

Unl ined  1 

Lined 
2 

S u r f a c e  Area ( H e c t a r e s )  o f  H a b i t a t  

Drop S h o r e l i n e  Channel  

2.56 142.04 124.11 

2.56 0 266.15 

T o t a l  

268.71 

268.71 

Tab le  f rom Bureau o f  Reclamat ion  1985a 

U.S. F i s h  and W i l d l i f e  S e r v i c e ' s  p r e d i c t e d  s u r f a c e  a r e a  of  h a b i t a t  based  on 
i n - p l a c e  l i n i n g  of  t h e  A l l  American Canal .  



Table 13. The Fishery Resource Expected for Spec i f ic  Habitats for  the  
Proposed Concrete-lined A l l  American Canal 

Drop Habitat Shoreline Habitat Channel Habitat - 
Species  Biomass (kg) Numbers Biomass (kg) Numbers Biomass (kg) Numbers 

Channel c a t f i s h  608.1 

Threadfin shad 421.5 

Carp 1,523.8 

Sunfish 14.0 

Largemouth bass 29.4 

Flathead c a t f i s h  1 1  . O  

Striped bass  -- 0 

Total per 
Habitat Type 2,607.8 



Table 14. Comparison of t he  Fishery Resource of t h e  Unlined and In-place Concrete-lined A l l  American Canal 

Channel c a t f i s h  

Threadfin shad 

Carp 

Sunfish 

Largemouth bass  

Flathead c a t f i s h  
N 
P St r iped  bass  

To ta l  

Ex i s t i ng  Conditions Future With P ro j ec t  Net Change t o  Ex i s t i ng  F ishery  
Unlined Canal - Lined Canal - with Proposed Lining 

Fish  Biomass Comp Fish Biomass Comp Fish Impact Biomass Impact 
# kg % # kg % # % kg % 

245,793 18,600 91.6 223,706 8 ,060 93.7 - 22,087 - 9.0 -10,540 - 56.6 

11,132 465 4.1 11,572 478 4.8 + 440 + 4.0 + 13 + 2.8 

3 ,866 9,050 1.4 2,473 4,462 1.0 - 1,393 -36.0 - 4,588 - 50.7 

3,543 4 29 1.3 564 14 0.2 - 2,979 -84.1 - 415 - 96.7 

2,659 822 1.0 39 1 8 2 0.2 - 2,268 -85.3 - 740 - 9 0 . 0  

1,331 775 0.5 38 11 t t  - 1,293 -97.1 - 744 - 9 8 . 5  

11 10 tr 0 0 t r  - 11 -100.0 - 10 -100.0 

268,335 30,151 238,744 13,107 - 29,591 -11.0 -17,024 -56.5 

t r  = Trace o r  l e s s  than 0.1 



The in -p lace ,  l i n e d  Canal would be dominated by channe l  c a t f i s h  which 
would be es t imated  t o  comprise 93.7% of t h e  t o t a l  populat ion.  Thread- 
f i n  shad were es t imated  t o  i n c r e a s e  s l i g h t l y  i n  o v e r a l l  numbers a f t e r  
l i n i n g  t h e  Canal. Shad were p r e d i c t e d  t o  comprise 4.8% of t h e  t o t a l  
p o p u l a t i o n  a f t e r  l i n i n g ,  an  i n c r e a s e  of 0.7% over  e x i s t i n g  c o n d i t i o n s  
i n  an  u n l i n e d  Canal. 

I n  a d d i t i o n  t o  f i s h e r y  resources ,  t h e  concre te  l i n i n g  of t h e  Canal would 
impact t h e  i n v e r t e b r a t e s  t h a t  i n h a b i t  t h i s  waterbody. Macro inver tebra tes  
a r e  an  important  food resource  i n  s u s t a i n i n g  high l e v e l s  of f i s h  p roduc t ion  
i n  cana l s .  Marsh (1983) i n v e s t i g a t e d  t h e  d i v e r s i t y  and abundance of 
i n v e r t e b r a t e s  i n  concrete- l ined and e a r t h e r n  (un l ined)  p o r t i o n s  of t h e  
Coachella Canal. A t o t a l  of s i x t e e n  t a x a  of a q u a t i c  i n v e r t e b r a t e s  was 
c o l l e c t e d  d u r i n g  November 1982 and May 1983 from t h e  concre te - l ined  
p o r t i o n  of t h e  canal.  Nineteen t a x a  of a q u a t i c  i n v e r t e b r a t e s  were 
c o l l e c t e d  i n  t h e  e a r t h e n  p o r t i o n  of t h e  canal.  

While r e l a t i v e  numbers of i n v e r t e b r a t e  t a x a  were s i m i l a r  i n  t h e  l i n e d  and 
e a r t h e n  reaches  of t h e  c a n a l ,  t o t a l  abundance of b e n t h i c  macroinver- 
t e b r a t e s  w a s  about 4 t imes  a s  g r e a t  i n  t h e  concre te  compared wi th  t h e  
e a r t h e n  canal .  Mea d e n s i t i e s  i n  t h e  concre te  c a n a l  i n  November 1982 were 9 12,951 and 17,032/m i n  s i d e w 2 l l  and bottom s u b s t r a t e s ,  r e s p e c t i v e l y ,  
compared w i t h  158 and 4,05O/m i n  mid-channel and bank h a b i t a t s  i n  t h e  
e a r t h e n  c a n a l  i n  November 1980. These d i f f e r e n c e s  r e f l e c t  s u b s t a n t i a l  
i n c r e a s e s  i n  numbers of Chironomidae (midges), Ol igochaeta  ( a n n e l i d s ) ,  
Hydracgrina (watermites) ,  and -- Corb icu la  ( f reshwate r  clam). Chironomidae 
was t h e  predominent macro inver tebra te  taxon i n  t h e  l i n e d  cana l .  It 
accounted f o r  n e a r l y  one-half (49%) of a l l  i n d i v i d u a l s  c o l l e c t e d .  Notably ,  
most of t h e  d i f f e r e n c e  i n  i n v e r t e b r a t e  abundance between c o n c r e t e  and 
ea r then  c a n a l  reaches  was a f u n c t i o n  of inc reased  numbers of organisms 
a s s o c i a t e d  w i t h  c a n a l  s idewal l s .  

Although t o t a l  abundance of b e n t h i c  macro inver tebra tes  was g r e a t e r  i n  t h e  
concre te  l i n e d  c a n a l  when compared t q  t h e  e a r t h e n  c a n a l ,  biomass 05 b e n t h i c  
i n v e r t e b r a t e s  a s  measured i n  mg DW/m (mil l igrams dry  weigh t imete r  ) was 
cons iderab ly  g r e a t e r  i n  t h e  e a r t h e r n  cana l .  T o t a l  b e n t h i c  i n v e r t e b s a t e  
biomass i n  h e  e a r t h e n  c a n a l  was found t o  be 2,000 t o  7,500 mg DW/m and 5 
400 mg DW/m i n  t h e  c o n c r e t e  reach.  T h i s  was due t o  t h e  l a r g e  numbers of 
Corbicula ,  a f reshwate r  clam, found i n  t h e  e a r t h e n  canal .  Large Corb icu la  
(1-2 cm) c o n s t i t u t e d  about 98% of t h e  t o t a l  biomass wi th  o t h e r  t a x a  c o n t r i b -  
u t i n g  on ly  minor pe rcen tages  (Marsh 1983). 

It was found i n  Marsh's (1983) i n v e s t i g a t i o n  t h a t  t h e  c o n c r e t e  s i d e w a l l s  
of c a n a l s  add a h a b i t a t  dimension n o t  found i n  e a r t h e n  c a n a l s .  These 
h a b i t a t s  p rov ide  a s t a b l e  a t tachment  s u r f a c e  f o r  micro and macro a l g a e  
which i n  t u r n  f u n c t i o n  a s  f i n e  s i e v e s  which e n t r a p  f i n e  p a r t i c u l a t e  
m a t e r i a l s  suspended i n  t h e  water column. C e r t a i n  b e n t h i c  i n v e r t e b r a t e s ,  
Chironomidae and Ol igochaeta  i n  p a r t i c u l a r ,  a p p a r e n t l y  f i n d  r e f u g e  w i t h i n  
t h i s  e p i c o n c r e t i c  matr ix  and u t i l i z e  a l g a e  o r  e n t r a i n e d  f i n e  o r g a n i c  m a t t e r  
as food. I n  c o n t r a s t  t h e  bottom of a concre te  l i n e d  c a n a l ,  e x c e p t  i n  
a r e a s  immediately a d j a c e n t  t o  s t r u c t u r e s ,  a r e  f o r  t h e  most p a r t  un i fo rmly  
s h i f t i n g  sand m a t e r i a l  having low numbers of most a q u a t i c  i n v e r t e b r a t e s .  



An additional impact r e s u l t i n g  from t h e  implementation of t h i s  a l t e r n a t i v e  
would be an increase  of pH i n  the cana l  waters downstream of where t h e  con- 
c r e t e  is  being appl ied.  The pH of waters  i n  t h e  A l l  American Canal range 
between 7.0 and 8.0. It has been estimated by C a l i f o r n i a  Department of 
F i sh  and Game t h a t  t he  pH of the  cana l  water could inc rease  by a s  much a s  
2 u n i t s  downstream of t h a t  por t ion  of t he  canal  being l ined .  Associated 
wi th  the  r i s e  i n  pH would be a corresponding e leva ted  l e v e l  of un-ionized 
ammonia i n  the  cana l  water. Un-ionized ammonia has  been demonstrated t o  be 
t h e  p r inc ip l e  t ox ic  form of ammonia t o  aquat ic  l t f e  and could be a major 
environmental problem when the  cana l  i s  being concre te  l ined .  For example, 
i t  has been predic ted  an inc rease  i n  pH l e v e l s  of 2 u n i t s  when cana l  waters  
a r e  20°C (68OF) could cause un-ionized ammonia concent ra t ions  t o  i nc rease  
from 3.8% t o  80%. This s h i f t  would be tox ic  t o  most r e s i d e n t  f i s h  spec i e s  
downstream of t h e  concrete  l i n i n g  opera t ion  (Courtois  1987). 

No Action Plan d*  - 
I f  no pro jec t  i s ~ m p l e m e n t e d ,  t he re  would be no change i n  e x i s t i n g  f i s h e r y  
resources wi th in  the  Canal. 

D. TERRESTRIAL RESOURCES 

Exis t ing  Conditions 1. - 
a. %etat ion 
Within the p ro j ec t  a rea ,  c reosote  bush scrub t y p i c a l  of t h e  Colorado 
Desert i s  by f a r  the  l a r g e s t  p l an t  community represented ,  covering 
most of the  intermountain a l l u v i a l  f ans  where coarse ,  well-drained 
s o i l  with a t o t a l  s a l i n i t y  of l e s s  than  0.02% is found (Burk 1977). 
Approximately 545 ac re s  of c reosote  bush scrub a r e  loca ted  ad jacent  
t o  t he  cana l  i n  t he  a r ea  which would be d i r e c t l y  a f f e c t e d  by a 
r e loca t ion  a l t e r n a t i v e  (Table 15). Creosote bush (Larrea t r i d e n t a t a )  
and burrobush (Ambrosia dumosa) a r e  dominant members of t h e  c r eoso te  -- 
bush scrub community; o t h e r  spec ies  found wi th in  t h i s  and o t h e r  proj-  
e c t  a rea  communities a r e  l i s t e d  i n  Appendix 1. A r e l a t i v e l y  smal l  
a r ea  of dese r t  pavement l i e s  between P i l o t  Knob and t h e  e a s t e r n  edge 
of t he  Algodones Dunes. The substratum i n  t h i s  a r e a  i s  composed of 
smal l  rocks over ly ing  very f i n e  s o i l .  Considered a s  a type of 
creosote  bush scrub,  vege ta t ion  wi th in  the  dese r t  pavement a r e a  i s  
genera l ly  spa r se  with ind iv idua l  c r eoso te  bushes and burrobushes 
being smaller  than average. A few ironwoods (Olneya t e s o t a )  a l s o  
occur here. 

The Algodones Dunes, perhaps the  most spec tacular  geo log ica l  fea- 
t u r e  i n  the southern Ca l i fo rn i a  d e s e r t ,  encompass approximately 
190,000 acres .  The dunes extend f o r  approximately 40 mi l e s  i n  a 
northwester ly d i r e c t i o n  from below t h e  i n t e r n a t i o n a l  border  t o  t h e  
v i c i n i t y  of Mammoth Wash (Engineering Science 1980b). Wind-blown 
sands from the  shores  of Lake Cahui l la ,  moving t o  t h e  sou theas t ,  
a r e  probably respons ib le  f o r  t he  formation of t h e  Algodones Dunes 
(WESTEC 1977). 



Table 15. Vegetative Communities of 
Alternatives (Reclamation 

Community 

Wet land 
Cattail marsh 
Riparian 

Sand dune 

Microphyll woodland 

Creosote bush scrub 
Canal bank and berm 
Bank 
Berm 

Subtotals 

Total acreage loss 

Praject area 

887 
5 2 

83 5 

l9O,OOO 

2 0 

- 
207 
30 
177 

- 

- 

the All American Canal Project Area and Losses Associated with Project 

Relocatton - -- In-place Lining 
Direct losses Add'l. losses Direct losses Add't. losses -- - - 

due to due to loss due to due to loss 
construction of seepage construction - of seepage 

? indicates unquantified habitat losses for borrow, £111, or staging areas. 



Approximately 785 a c r e s  of sand dune h a b i t a t  a r e  l o c a t e d  w i t h i n  t h e  
proposed c o n s t r u c t i o n  right-of-way (Reclamation 1984b). T o t a l  p l a n t  
cover  a t  3 s i t e s  along t h e  proposed r e l o c a t i o n  r o u t e  v a r i e d  from 11.4 
t o  13.9% (Engineer ing Sc ience  1980b). Dese r t  buckwheat (Eriogonum - 
d e s e r t i c o l a )  and p l i c a t e  c o l d e n i a  (Coldenia p l i c a t a )  provided a l a r g e  - 
p e r c e n t a g e  of t h e  r e l a t i v e  cover.  Bugseed (Dicor ia  canescens )  and 
g i a n t  Spanish  need les  ( P a l a f o x i a  a r i d a  var .  g i g a n t e a )  were a l s o  impor- 
t a n t  because  of  t h e i r  numerical  abundance (Eng ineer ing  S c i e n c e  1980b). 
Other  s u r v e y s  of dune v e g e t a t i o n  have been done by t h e  S e r v i c e  (1981) 
and WESTEC (1977). A l ist  of  p l a n t  s p e c i e s  found w i t h i n  t h e  Algodones 
Dunes is con ta ined  i n  Appendix 1. 

The unique h a b i t a t  a f fo rded  by t h e  mobile subs t ra tum i n  t h e  dunes sup- 
p o r t s  a  wide v a r i e t y  of p l a n t s  endemic t o  t h e  dune system. S e v e r a l  
p l a n t  s p e c i e s  of t h e  Algodones Dunes a r e  cons ide red  s e n s i t i v e  by 
t h e  C a l i f o r n i a  Nat ive  P l a n t  S o c i e t y  (Soc ie ty )  o r  a r e  c a n d i d a t e s  f o r  
l i s t i n g  a s  endangered under t h e  Endangered S p e c i e s  Act. S e r v i c e  and 
Reclamation pe r sonne l  surveyed an approximate ly  600-foot wide c o r r i d o r  
a long  t h e  proposed real ignment  r o u t e  f o r  s e n s i t i v e  p l a n t  s p e c i e s  on 
A p r i l  10-12, 1984. 

Giant  Spanish  need les  was t h e  most common of t h e  s e n s i t i v e  p l a n t  
s p e c i e s  found i n  the  p r o j e c t  a rea .  T h i s  s p e c i e s  occur red  more com- 
monly i n  t h e  l a r g e r  dunes t o  t h e  n o r t h  of I n t e r s t a t e  8 ;  d i s t r i b u t i o n  
v a r i e d  from wide ly  spaced i n d i v i d u a l s  t o  dense clumps. Giant  Spanish  
need les  is a  Category 2  c a n d i d a t e  f o r  F e d e r a l  l i s t i n g  and i s  on t h e  
Soc ie ty  l i s t  of  p l a n t s  which have a  l i m i t e d  d i s t r i b u t i o n  i n  C a l i f o r n i a ,  
b u t  a r e  not  r a r e  a t  t h i s  t ime  ( S o c i e t y  1984, L i s t  4). 

Borrego milk-vetch (As t raga lus  - l e n t i g i n o s u s  v a r .  bor reganus ) ,  t h e  
second most common s e n s i t i v e  p l a n t  s p e c i e s ,  was ex t remely  common i n  
t h e  low dunes s o u t h  of I n t e r s t a t e  8,  b u t  a b s e n t  from t h e  a r e a  t o  t h e  
n o r t h  of t h e  freeway. Many of t h e  p l a n t s  were v e r y  small i n  s i z e ;  
a l l  were c o n c e n t r a t e d  i n  l e v e l  a r e a s  of c o a r s e r  subs t ra tum between 
t h e  dunes. T h i s  s p e c i e s  is cons ide red  a  L i s t  4  p l a n t  by t h e  S o c i e t y  
(1984) and h a s  no F e d e r a l  or S t a t e  s t a t u s .  

Wiggin's c r o t o n  (Croton w i g g i n s t i )  was t h e  t h i r d  most abundant sen- 
s i t i v e  p l a n t  s p e c i e s .  The v a s t  m a j o r i t y  of t h e  p l a n t s  were found 
i n  t h e  wes te rn  s e c t i o n  of t h e  dunes n o r t h  of t h e  i n t e r s t a t e .  The 
c r o t o n  is  l i s t e d  by t h e  S t a t e  a s  a n  endangered p l a n t  and is a l s o  con- 
s i d e r e d  endangered by t h e  Soc ie ty .  T h i s  p l a n t  is cons ide red  r e l a -  
t i v e l y  common o u t s i d e  C a l i f o r n i a  ( S o c i e t y  1984, L i s t  2)  and h a s  no 
F e d e r a l  s t a t u s .  

Pe i r son ' s  milk-vetch ( A s t r a g a l u s  magdalenae va r .  p e i r s o n i i ) ,  t h e  - 
f o u r t h  most common s e n s i t i v e  p l a n t  s p e c i e s ,  was found on ly  among 
t h e  l a r g e  dunes n o r t h  of I n t e r s t a t e  8, p r i m a r i l y  i n  a  s m a l l  number 
of dense clumps. Th i s  s p e c i e s  is a  S t a t e  l i s t e d  endangered s p e c i e s ,  
a  Category 2  c a n d i d a t e  f o r  F e d e r a l  l i s t i n g ,  and a S o c i e t y  r a r e  and 
endangered p l a n t  (1984, L i s t  lb) .  



The d e s e r t  sunf lower  (Hel ianthus  - n i v e u s  s sp .  t e p h r o d e s ) ,  nex t  i n  
o r d e r  of abundance among t h e  s e n s i t i v e  p l a n t s ,  grew i n  t h e  l a r g e  
dunes  n o r t h  of ~ n t e r s t a i e  8. The d e s e r t  s u n f l o i e r  was v e r y  o f t e n  
found growing on t h e  s t e e p  s i d e s  of dunes. Th i s  s p e c i e s  i s  a 
Category 2 c a n d i d a t e  f o r  F e d e r a l  l i s t i n g ,  a S t a t e  l i s t e d  endangered 
s p e c i e s ,  and l i s t e d  a s  r a r e  and endangered by t h e  S o c i e t y  (1984, 
L i s t  l b )  . 
Sand food (Ammobroma sonorae ) ,  a n  o b l i g a t e  r o o t  p a r a s i t e  of numerous -- ---- 
s p e c i e s ,  occur red  throughout t h e  dunes  on l e v e l  o r  v e r y  g e n t l y  s loped 
a r e a s .  D i s t r i b u t i o n  was v e r y  s p o r a d i c  and numbers v a r i e d  from i n d i -  
v i d u a l  p l a n t s  t o  co lon ies  of a few s q u a r e  meters.  Sand food is  no 
l o n g e r  b e i n g  considered f o r  endangered s t a t u s  by t h e  F e d e r a l  govern- 
ment ( F e d e r a l  R e g i s t e r ,  Vol. 48, No. 229, November 28, 1983), is n o t  
S t a t e  l i s t e d ,  b u t  i s  considered r a r e  and endangered by t h e  S o c i e t y  
(1984, L i s t  l b ) .  

T h u r b e r ' s  p i l o s t y l e s  ( P i l o s t y l e s  -- t h u r b e r i )  is  a n  o b l i g a t e  p a r a s i t e  -- 
o f  Dalea emoryi,  which i s  f a i r l y  common w i t h i n  t h e  Algodones Dunes. -- 
T h i s  s p e c i e s  w a s  not  found i n  t h e  p r o j e c t  a r e a  i n  t h e  c u r r e n t  sur-  
vey o r  by Eng ineer ing  Science  (1980b). The p i l o s t y l e s  is  no t  l i s t e d  by 
e i t h e r  t h e  S t a t e  o r  F e d e r a l  government; t h e  S o c i e t y  considers i t  r a r e  i n  
C a l i f o r n i a ,  b u t  common elsewhere  (1984, L i s t  2.). 

Wetland comrnunittes, ranging from ponded water  bordered  by narrow- 
l eaved  c a t t a i l  (Typha a n g u s t i f o l i a )  t o  d r i e r ,  open s t a n d s  of arrow- 
weed (Pluchea s e r i c e g ) ,  occupy approx imate ly  887 a c r e s  w i t h i n  t h e  
p r o j e c t  a r e a  (Table  15). The l a r g e s t  wet land a r e a  is  l o c a t e d  s o u t h  
of t h e  Canal  between Drops 3 and 4 and ex tends  s o u t h  i n t o  Mexico. 

A r e c a p t u r e  d i t c h ,  dug by t h e  D i s t r i c t  t o  r e t u r n  seepage  t o  t h e  Canal,  
p a r a l l e l s  t h e  Canal  f o r  approx imate ly  2 mi les .  C a t t a i l s ,  b l a c k  
wi l lows ( S a l i x  g o o d d i n g i i ) ,  Fremont cottonwoods (Populus  f r e m o n t i i ) ,  
s a l t  cedar  (Tamarix spp.) ,  and dense  arrowweed comprise  most of t h e  
wetland v e g e t a t i o n .  A similar b u t  s m a l l e r  wet land,  w i t h  a r e c a p t u r e  
d i t c h  of approx imate ly  1.7 m i l e s ,  l i e s  t o  t h e  n o r t h  of t h e  c a n a l  i n  
t h i s  a r e a  and ex tends  n o r t h  t o  Route 98. Beyond t h e  w e t t e s t  a r e a s  of  
t h e s e  seeps ,  honey mesqui te  ( P r o s o p i s  g landu losa  v a r .  - t o r r e y a n a ) ,  
screwbean.(P.  pubescens) ,  and s a l t  c e d a r  form dense  t h i c k e t s .  Smal le r  
s e e p  we t l anxs  a r e  l o c a t e d  from Drop 3 e a s t  t o  t h e  w e s t e r n  i n t e r -  
s e c t i o n  w i t h  I n t e r s t a t e  8. These w e t l a n d s  v a r y  from s m a l l  clumps 
of s a l t  c e d a r  and mesquite wi th  s u r r o u n d i n g  arrowweed t o  l a r g e  a r e a s  
of dense s a l t  cedar .  A s p e c i e s  l is t  f o r  t h e s e  communities is  con- 
t a i n e d  i n  Appendix 1. 

The berms and banks of t h e  Canal  have become e s t a b l i s h e d  w i t h  a num- 
b e r  of s p e c i e s .  Within t h e  Algodones Dunes, t h e  v e g e t a t i o n  on t h e s e  
berms is c h a r a c t e r i s t i c  of t h e  sand dunes;  e l sewhere  a l o n g  t h e  Canal ,  
c r e o s o t e  bush and long-leaved Mormon tea (Ephedra t r i f u r c a )  a r e  
common. Narrow bands of common r e e d  l i n e  both  s h o r e s  of t h e  Canal a t  
t h e  w a t e r ' s  edge,  except  where c o n c r e t e  and rock have been used t o  
s t a b i l i z e  t h e  banks. 



Two major mic rophy l l  woodlands a r e  l o c a t e d  i n  t h e  p r o j e c t  a r e a :  a t  
t h e  f a r  e a s t e r n  edge of t h e  Algodones Dunes and w i t h i n  t h e  dunes j u s t  
w e s t  of t h e  e a s t e r n  i n t e r s e c t i o n  of t h e  Canal w i t h  I n t e r s t a t e  8. Both 
washes c o n t a i n  numerous v e r y  l a r g e  p a l o  v e r d e s  (Cercldium f lor idum) and 
a s m a l l e r  number of d e s e r t  wil lows ( C h i l o p s i s  l i n e a r i s ) ;  t h e  e a s t e r n  
wash a l s o  s u p p o r t s  smoke t r e e s  (Dalea -- s ~ i n o s a ) .  Numerous s m a l l e r  
washes r u n  s o u t h  from P i l o t  Knob t o  t h e  Canal. Shrubs such a s  d e s e r t  
l a v e n d e r  ( b t i s  emoryi) ,  ca tc law (Acacia -- a r e g g i i ) ,  and cheesebush 
(Hymenoclea s a z o l a )  grow i n  t h e s e  a r e a s .  

No e x t e n s i v e  a r e a s  of s a l t b u s h  o r  a l k a l i  scrub communities occur  i n  
t h e  p r o j e c t  a r e a ;  however, l o c a l  a r e a s  of  h igh s o i l  s a l i n i t y  and 
mois tu re  s u p p o r t  some members of t h e s e  communities. Wingscale 
( A t r l p l e x  i i n e s c e n s )  and a l l s c a l e  (A. polycarpa)  a r e  common members 
of t h e  s a l t b u s h  sc rub  community, grof;ing i n  s o i l s  which range  from 
0.2 t o  0.7% t o t a l  s a l i n i t y  (Burk 1977). A l k a l i  s c r u b ,  w i t h  t o t a l  
s o i l  s a l i n i t i e s  of 0.5 t o  2.0%. is c h a r a c t e r i z e d  by i o d i n e  bush 
( A l l e n r o l f e a  --- - o c c i d e n t a l i s )  and q u a i l b r u s h  ( A t r i p l e x  - l e n t i f o r m i s )  - 
(Burk 1977). 

b. I n v e r t e b r a t e s  
No sys te rna t l c  surveys  of i n v e r t e b r a t e s  of t h e  p r o j e c t  a r e a  were done. 
~ ~ ~ i c a l  s p e c i e s  assemblages f o r  t h e  h a b i t a t s  p r e s e n t  a r e  expec ted  t o  
occur .  The seep  wet lands  a r e  probably  important  a r e a s  f o r  b reed ing  
f o r  many s p e c i e s  wi th  l i f e  h i s t o r i e s  r e q u i r i n g  a q u a t i c  s t a g e s .  The 
Algodones Dunes suppor t  many s p e c i e s  which a r e  un ique ly  adap ted  f o r  
l i f e  i n  mobile sands. Inc luded  among t h e s e  dune-adapted s p e c i e s  is 
t h e  ~ n d r e w ' s  dune s c a r a b  b e e t l e ,  a  Category 2 c a n d i d a t e  f o r  F e d e r a l  
l i s t i n g  under t h e  Endangered Spec ies  Act. Adult  b e e t l e s  a r e  a c t i v e  
f o r  approximate ly  6 weeks i n  A p r i l  and May; h o s t  p l a n t s  and a c t i v i t y  
p a t t e r n s  of l a r v a e  a r e  unknown (Hardy and Andrews 1979). T h i s  s p e c i e s  
was no t  observed dur ing  f i e l d  i n v e s t i g a t i o n s  by Reclamat ion,  S e r v i c e ,  
o r  Eng ineer ing  Science  pe r sonne l ;  however, t h i s  is  not  s u r p r i s i n g ,  
g iven  t h e  b r i e f  d a i l y  a c t i v i t y  pe r iod  of t h e  b e e t l e  and t h e  unfamil-  
i a r i t y  of t h e  i n v e s t i g a t o r s  wi th  t h i s  s p e c i e s .  Records f o r  t h i s  b e e t l e  
a r e  p r i m a r i l y  a long t h e  e a s t e r n  edge of t h e  dunes, s o u t h e a s t  of Glamis, 
b u t  on a t  l e a s t  one occas ion ,  t h e  ~ n d r e w ' s  dune s c a r a b  b e e t l e  was 
l o c a t e d  w i t h i n  one mile  of t h e  proposed real ignment  r o u t e  (Hardy and 
Andrews 1979). Therefore ,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  t h i s  s p e c i e s  
r e s i d e s  w i t h i n  t h e  a r e a  t o  be a f f e c t e d  by t h e  p r o j e c t .  

c. Amphibians and R e p t i l e s  
A l a r g e  v a r i e t y  of r e p t i l e s  is  known from t h e  d e s e r t  r e g i o n  of 
C a l i f o r n i a ,  l a r g e l y  because  of  t h e  t empera te  c l ima te .  The p r e s e n c e  
of  a q u a t i c  h a b i t a t ,  c o n t r i b u t e d  by t h e  Canal  and i t s  s e e p s ,  f u r t h e r  
i n c r e a s e s  t h e  d i v e r s i t y  of  t h e  p r o j e c t  a r e a ' s  he rpe to fauna .  Seven 
s p e c i e s  of amphibians and 34 s p e c i e s  of r e p t i l e s  a r e  known o r  sus-  
pected t o  occur  w i t h i n  t h e  p r o j e c t  a r e a .  Appendix 2 p r e s e n t s  a 
l is t  developed p r i m a r i l y  from Engineer ing  Sc ience  (1980b) f i e l d  work 
and l i t e r a t u r e  sea rches .  F i e l d  work by S e r v i c e  and Reclamat ion biolog-  
ists h a s  supplemented t h i s  list. 



Creosote  bush sc rub  p rov ides  h a b i t a t  f o r  36 s p e c i e s  of r e p t i l e s  
and amphibians,  more t h a n  any o t h e r  community t y p e  i n  t h e  p r o j e c t  
a r e a .  (Table  16 p rov ides  t h e  numbers of s p e c i e s  of v e r t e b r a t e s  
found i n  each c o 6 u n i t y  type.) The z e b r a - t a i l e d  l i z a r d  ( C a l l i s a u r u s  
d raconoides )  is  probably  t h e  most common s p e c i e s  i n  t h i s  community, 
e s p e c i a l l y  i n  open sandy a reas .  Within t h e  Algodones Dunes, Colorado 
Deser t  f r inge- toed  l i z a r d s  (Uma n o t a t a )  were f r e q u e n t l y  observed - 
running on t h e  s u r f a c e  of t h e  l o o s e  sand. The most commonly observed 
s p e c i e s  a l o n g  t h e  we t lands '  r e c a p t u r e  d i t c h e s  was t h e  l e o p a r d  f r o g  
(Rana - p i p i e n s ) .  Only 5 s p e c i e s  of r e p t i l e s  and amphibians were 
r e p o r t e d  f rom t h e  wet lands  w i t h i n  t h e  p r o j e c t  a r e a .  However, t h i s  
number probably  g r e a t l y  underes t imates  t h e  s p e c i e s  p r e s e n t ;  t h e  
s e c r e t i v e  n a t u r e  of most r e p t i l e s  and amphibians and t h e  ex t remely  
dense v e g e t a t i v e  cover  probably  c o n t r i b u t e  t o  t h e  low number of 
s p e c i e s  observed i n  t h e  wet lands .  

Two Category 2 c a n d i d a t e s  f o r  l i s t i n g  under t h e  Endangered Spec ies  
Act occur  among t h e  r e p t i l e s  w i t h i n  t h e  p r o j e c t .  The d e s e r t  t o r t o i s e  
(Gopherus s s s i z i i )  h a s  been known t o  occur  w i t h i n  t h e  p r o j e c t  a r e a .  -- 
Berry and Nicholson (1984) r e p o r t  d e n s i t i e s  i n  t h e  a r e a  of 0-20 
i n d i < i d u a l s  per  square  mile .  -The t o r t o i s e  was n o t  found by Engineer- 
i n g  Sc ience ,  t h e  S e r v i c e ,  o r  Reclamation d u r i n g  t h e i r  f i e l d  i n v e s t i -  
g a t i o n s .  

The f l a t - t a i l e d  horned l i z a r d  (Phrynosoma m c a l l i i )  i s  a Category 2 
cand ida te  f o r  l i s t i n g  under t h e  Endangered Spec ies  Act and i s  desig-  
nated a s  f u l l y  p r o t e c t e d  by t h e  Department. T h i s  s p e c i e s  i n h a b i t s  
open a r e a s  of wind-blown sand w i t h i n  t h e  c r e o s o t e  bush s c r u b  commu- 
n i t y ;  t h e  e n t i r e  proposed c a n a l  r e l o c a t i o n  r o u t e  p robab ly  p r o v i d e s  
s u i t a b l e  h a b i t a t ,  excep t  f o r  t h e  Algodones Dunes n o r t h  o f  I n t e r s t a t e  
8 and t h e  wet lands  between Drops 3 and 4 (Rorabaugh 1984). Reclamation 
and S e r v i c e  b i o l o g i s t s  surveyed 25.4 mi les  of t h e  proposed c a n a l  r e l o -  
c a t i o n  r o u t e  on May 15 t o  17, 1984, s e a r c h i n g  f o r  horned l i z a r d s  and 
t h e i r  s c a t .  No l i z a r d s ,  b u t  23 s c a t  were observed. Seventeen s c a t  
were found i n  low sand dunes i n  a 3-mile s e c t i o n  of t h e  r o u t e ,  on t h e  
e a s t e r n  edge of t h e  Algodones Dunes s o u t h  of I n t e r s t a t e  8. Using a n  
abundance index  developed by Turner  and Medica (1982), Rorabaugh 
(1984) c a l c u l a t e d  an  abundance index  o f  0.7 f o r  t h e  p r o j e c t  a r e a ,  
which does n o t  d i f f e r  s i g n i f i c a n t l y  (pQ.05) from t h e  r e s u l t s  of 
Turner and Medica 's  (1982) su rvey  of f l a t - t a i l e d  horned l i z a r d  habi-  
t a t  i n  I m p e r i a l ,  San Diego, and R i v e r s i d e  c o u n t i e s .  

B i rds  d *  - 
Two hundred, twenty- three  s p e c i e s  of b i r d s  have been r e p o r t e d  from 
t h e  Canal p r o j e c t  a r e a  (Engineer ing  Sc ience  1980b, S e r v i c e  1984). 
Appendix 3 c o n t a i n s  t h a t  s p e c i e s  l ist .  The wet land s e e p s  s u p p o r t  179 
s p e c i e s ,  f a r  more t h a n  any o t h e r  community i n  t h e  p r o j e c t  area. The 
shallow, open wate r  and dense  v e g e t a t i v e  cover  and food o f f e r e d  by 
c a t t a i l s ,  wi l lows,  cottonwoods,  and mesqui te  o f f e r  a h i g h l y  d i v e r s i f i e d  
and p roduc t ive  h a b i t a t  f o r  s e a s o n a l  v i s i t o r s  and year-round r e s i d e n t s .  
Cover and w a t e r  provided by t h e  we t lands  make t h e s e  a r e a s  v e r y  a t t r a c -  



Table 16. Numbers of Vertebrate Species  Found by Habitat Type i n  A l l  
American Canal Project Area (from Engineering Science 1980b 
and Service 1984). 

Amphibians Rept i les  

Creosote bush scrub 7 2 9 

Sand dunes 1 2 0 

~ i c r o p h y l l  woodlands 2 16 

Saltbush-alkali  scrub 2 13 

S a l t  cedar-mesquite woodlands 0 11 

Wet lands 3 1 

Canal-levee 5 5 

Birds 

64 

29 

79 

4 1 

99 

179 

89 

Mammals -- 
4 7 

2 1 

19 

11 

2 1 

2 6 

23 



t i v e  t o  migrants t h a t  use t h e  s eeps  a s  s topovers  dur ing  s p r i n g  and f a l l  
migra t ions .  Reclamation b i o l o g i s t s  de t ec t ed  58 s p e c i e s  of b i r d s  i n  t h e  
seep  wetland south of t h e  Canal between Drops 3 and 4 dur ing  census work 
i n  A p r i l  and May, 1984. The 3 most common spec i e s  were common yellow- 
throHt ( ~ e o t h l ~ p i s  t r i c h a s )  , mourning dove ( ~ e n a i d a  macroura) , Hnd 
wi l son ' s  warbler (Wilsonia -- p u s i l l a ) .  Wilson's warb le rs  a r e  s t r i c t l y  
t r a n s i e n t s  i n  t h i s  a r e a  while mourning doves a r e  p r imar i l y  year-round 
r e s i d e n t s .  Probably a  small  number of common ye l lowthroa ts -  a r e  year- 
round r e s i d e n t s  of t h e  wetland; migran ts  and t r a n s i e n t s  s u b s t a n t i a l l y  
augment t he  numbers during t h e  s p r i n g  (Garre t t  and Dunn 1981). 

Canal-levee h a b i t a t  suppor t s  t h e  next  h ighes t  number of b i r d  s p e c i e s  
(88). The proximity of water i n  an extremely a r i d  environment draws 
many spec i e s  t o  t h e  canal-levee a r ea .  Sand dune h a b i t a t ,  wi th  i t s  
r e l a t i v e  s c a r c i t y  of p l an t  cover,  a t t r a c t s  only 29 s p e c i e s  of b i r d s ,  
t h e  lowest  of any major communfty type i n  t h e  p r o j e c t  a r ea .  

Forty-two spec ies  of b i r d s  found w i t h i n  the  p ro j ec t  a r e a  a r e  l i s t e d  
a s  s e n s i t i v e  by the  Serv ice ,  t h e  Department, o r  t h e  Nat iona l  Audubon 
Socie ty  (Table 17). 

The Yuma clapper  r a i l  i s  a  S t a t e  r a r e  and f e d e r a l l y  l i s t e d  endan- 
gered species .  The Yuma c lapper  r a i l  i s  migratory and breeds  i n  
f reshwater  marshes from Needles sou th  along the  Colorado River ,  
and i n  marshes near t h e  Sa l ton  Sea and along i r r i g a t i o n  cana l s  i n  
t h e  Imper ia l  Valley (Department 1980). Dense c a t t a i l s  a r e  r equ i r ed  f o r  
n e s t i n g  and c r ay f i sh ' fo rm a major p o r t i o n  of t h i s  b i r d ' s  known d i e t  
(Bennett and Ohmart 1978). Se rv i ce  b i o l o g i s t s  de tec ted  17 Yuma c l appe r  
r a i l s  i n  t h e  seep wetland south of t h e  Canal between Drops 3 and 4 on 
A p r i l  30-May 1, 1981. On Flay 16, 1984, 3  c lapper  r a i l s  responded 
t o  taped voca l iza t ions .  Reasons f o r  t h e  decrease i n  numbers a r e  
unclear .  The f looding on the  Colorado River during t h e  1983 n e s t i n g  
season may have a f f e c t e d  1984 popu la t i on  leve ls .  Add i t i ona l ly ,  w e  
observed an absence of c r a y f i s h  and a  genera l  l a ck  of v igorous  new 
c a t t a i l  growth between Drops 3 and 4 ( a s  compared wi th  t h a t  a t  t h e  
wetland near  the  Eas t  Highland Canal  tu rnout ) .  These c o n d i t i o n s  
apparen t ly  combined t o  reduce t empora r i l y  the  a t t r a c t i v e n e s s  of t h i s  
a r e a  t o  c lapper  r a i l s .  However, t h e  h igh  numbers of Yuma c l appe r  r a i l s  
found he re  i n  t he  p a s t  and the  u n c e r t a i n t y  connected wi th  breeding  hab- 
i t a t s  on t he  Colorado River and t h e  Sa l ton  Sea underscore t h e  importance 
of t h e  wetland between Drops 3 and 4 a s  r a i l  breeding h a b i t a t .  

Pursuant t o  Sect ion 7 of the  Endangered Species Act, Reclamation pre- 
pared a  B io log ica l  Assessment da t ed  March 15, 1985 which desc r ibed  
p o t e n t i a l  p ro j ec t  impacts t o  t h e  Yuma clapper  r a i l  from implementation 
of t h e  r e loca t ion  and w e l l f i e l d  a l t e r n a t i v e s  (A l t e rna t ives  1 and 2). 
The Serv ice ' s  B io log ica l  Opinion, da t ed  Ju ly  3, 1985, s t a t e d  t h a t  t h e  
w e l l f i e l d  and r e l o c a t i o n  a l t e r n a t i v e s  would not j eopard ize  t h e  cont inued  
ex i s t ence  of t he  Yuma c lapper  r a i l .  This  Bio logica l  Opinion conta ined  
reasonable  and prudent measures t o  minimize i n c i d e n t a l  t a k e  of r a i l s ,  
which formed the  b a s i s  of our non-jeopardy opinion. I f  t h e  in -p lace  
l i n i n g  a l t e r n a t i v e  (A l t e rna t ive  3) is  se l ec t ed ,  formal c o n s u l t a t i o n  
must be r e i n i t i a t e d  t o  address  t h e  impacts of t he  a l t e r n a t i v e .  



Table 17. Sens i t i ve  Bird Species of the  A l l  American Canal Pro jec t  Area 
(from Tate 1986, Service 1985, and Remsen 1978, r e spec t ive ly )  

Common loon 
Western grebe 
Horned grebe 
Double-crested cormorant 
American b i t t e r n  
Least b i t t e r n  
White-faced i b i s  
Great b lue  heron 
Black-crowned night-heron 
Fulvous whistl ing-duck 
Canvasback 
Turkey v u l t u r e  
Osprey 
Northern h a r r i e r  
Sharp-shinned hawk 
Cooper's hawk 
Ferruginous hawk 
swainson's hawk 
Harr i s '  hawk 
Merlin 
Yellow r a i l  
Black r a i l  
Yuma c lapper  r a i l  
Ca l i fo rn i a  g u l l  
Gull-bi l led t e r n  
Black t e r n  
Mountain plover  
Yellow-billed cuckoo 
Comon barn-owl 
Western screech-owl 
Burrowing owl 
Long-eared owl 
Short-eared owl 
willow f lyca t che r  
Eastern phoebe 
Bank swallow 
Cl i f f  swallow 
Western b luebi rd  
Black-tailed gnatca t che r  
  end ire's th ra she r  
Le Conte's t h ra she r  
C r i s s a l  t h ra she r  
Loggerhead s h r i k e  
Yellow warbler 
Yellow-breasted cha t  

FWS - CDFG - 
X X 

# Includes Blue- l i s ted ,  Spec ia l  Concern, and Local Concern spec i e s  
@ FWS category 2 candida te  spec i e s  
* S t a t e  l i s t e d  r a r e  (Department 1980) 
+ Federal and S t a t e  endangered 



The ba ld  eag l e  (Hal iaeetus  - leucocephalus) ,  a  S t a t e  and Feder- 
a l l y  endangered spec ies ,  has  been recorded i n  t h e  p ro j ec t  a r e a  by 
Engineer ing Science (1980b). Ga r r e t t  and Dunn (1981) no t e  t h a t  winter-  
ing  e a g l e s  can be found almost annual ly  a t  t h e  Sa l ton  Sea. Bald e a g l e  
use of t h e  Canal i s  probably l i m i t e d  t o  occas iona l  v i s i t a t i o n s  and 
forag ing  t r i p s  by migrating o r  win te r ing  b i rd s .  

The C a l i f o r n i a  b lack  r a i l  is a  S t a t e  r a r e  s p e c i e s  and a  Category 2 
candida te  f o r  Federa l  l i s t i n g .  Inland marsh h a b i t a t  f o r  t h i s  
sparrow-sized r a i l  i s  usua l ly  cha rac t e r i zed  by sedges (Carex spp.), 
s a l t g r a s s  ( D i s t i c h l i s  --- spp.), and bulrush (Sc i rpus  spp.) (Wilbur 1974). 
I n  t he  seep  wetlands between Drops 3 and 4, b lack  r a i l s  were heard 
c a l l i n g  p r imar i l y  from c a t t a i l s ,  but a l s o  from a r e a s  conta in ing  w i l -  
lows, tamarisk,  arrowweed, and pampas g r a s s  (Cordaderia a tacamensis) .  
On A p r i l  10, 1984, 33 black r a i l s  responded on t h e  south s i d e  of t h e  
cana l  and 5 a d d i t i o n a l  b i r d s  were hea;d on t h e  nor th  s i d e ;  thus ,  38 
b i r d s  r ep re sen t  t h e  minimum number of b lack  r a i l s  using t h e s e  wetlands. 
This census ind ica ted  t h a t  the  seep wetlands between Drops 3 and 4 
conta in  a  s i g n i f i c a n t  breeding populat ion of Ca l i fo rn i a  b lack  r a i l s .  
Addi t iona l  surveys of t h i s  a r ea  revealed 2 b lack  r a i l s  i n  sp r ing ,  
1979 (Engineering Science 1980b) and 10 on A p r i l  30-May 1, 1981 
(Service 1981). 

Other candida te  spec i e s  encountered i n  t h e  p r o j e c t  a r ea  include:  white- 
faced i b i s  (P legadis  -- c h i h i ) ,  fulvous whistl ing-duck (Dendrocygna b i c o l o r )  , 
Swainson's hawk (Buteo -- swansoni), fe r rug inous  hawk (B. r e g a l i s ) ,  
mountain plover  (Charadrius montanus), and western y ~ l l o w - b i l l e d  cuckoo 
(Coccyzus americanus occ iden ta l i s ) .  

A l l  of t h e s e  spec i e s  a r e  Category 2 candida tes  f o r  l i s t i n g .  The follow- 
ing l o c a t i o n a l  information i s  from Gar re t t  and Dunn (1981). The white- 
faced i b i s  is  descr ibed a s  a  f a i r l y  common t r a n s i e n t  and summer v i s i t a n t  
a t  t h e  S a l t o n  Sea, remaining uncommonly i n  winter.  The i b i s  forages  i n  
a g r i c u l t u r a l  f i e l d s ,  r e t i r i n g  t o  ad jacent  marshes t o  roos t .  The fu lvous  
whistling-duck i n h a b i t s  dense c a t t a i l  marshes and ad jacent  shallow water  
and is most commonly found along t h e  Alamo River  and a t  t h e  south end of  
t he  Sa l ton  Sea year-round, with increased numbers i n  t he  summer. The 
Swainson's hawk i s  considered a  r a r e  t o  uncommon t r a n s i e n t  and r a r e  
summer r e s i d e n t  i n  t h e  Imper ia l  Valley. The s c a t t e r e d  t r e e s  of t h e  seep  
wetlands could provide roos t ing  and perching sites, while  t h e  surrounding 
c reoso te  sc rub  and a g r i c u l t u r a l  f i e l d s  would o f f e r  forag ing  h a b i t a t .  
The fe r rug inous  hawk is a  f a i r l y  common win t e r  v i s i t a n t  t o  t h e  p r o j e c t  
a rea ,  us ing  much t h e  same h a b i t a t  a s  t h e  Swainson's hawk. Winter f l o c k s  
of mountain p lovers  occur r e g u l a r l y  i n  t h e  a g r i c u l t u r a l  a r e a s  of t h e  
Imper ia l  Val ley;  Canal wetlands may a l s o  s e r v e  a s  r e s t i n g  a r e a s  dur ing  
migration. The western yel low-bi l led cuckoo, designated as r a r e  by t h e  
Department, is  c u r r e n t l y  considered an uncommon summer r e s i d e n t  a long  
the  Colorado River. Within t h e  immediate p r o j e c t  a r e a ,  t h e  tamarisk- 
mesquite woodland west of Drop 4 and the  two l a r g e  seep wetlands a long  
the  Canal could provide h a b i t a t  f o r  migrat ing cuckoos. However, none 
of t he se  a r e a s  meets h a b i t a t  requirements gene ra l l y  thought t o  be neces- 
s a ry  t o  s u s t a i n  breeding pa i r s .  Gaines and Laymon (1984) s t a t e  t h a t  



e x t e n s i v e  s t a n d s  of wil lows and cottonwoods w i t h  nearby s u r f a c e  w a t e r ,  
i n  t h e  form of oxbows, s loughs ,  and marshes, a r e  common e n v i r o n m e n t a l  
f e a t u r e s  of s i t e s  where cuckoos c u r r e n t l y  occur.  The h a b i t a t  w i t h i n  
A l l  American Canal p r o j e c t  a r e a  does  no t  meet t h i s  d e s c r i p t i o n .  The 
ye l low-b i l l ed  cuckoo may a l s o  r e q u i r e  l a r g e  i n s e c t s  i n  g r e a t  abundance 
t o  b r e e d  s u c c e s s f u l l y .  F i e l d  work i n  t h e  p r o j e c t  a r e a  by S e r v i c e  b i o -  
l o g i s t s  d i d  not  d e t e c t  u n u s u a l l y  h igh  q u a n t i t i e s  of c i c a d a s ,  c a t e r -  
p i l l a r s ,  o r  o t h e r  large-bodied i n s e c t s .  It i s  p o s s i b l e  t h a t  l a r g e  
p o p u l a t i o n s  of t h e s e  i n s e c t s  can  n o t  be suppor ted  by t h e  s a l t  cedar-  
dominated v e g e t a t i o n  of t h e  we t l ands .  

e .  Mammals 
The p r o j e c t  a r e a  provides  h a b i t a t  f o r  52 s p e c i e s  of mammals, i n c l u d t n g  
22 r o d e n t s ,  14 b a t s ,  and 11 c a r n i v o r e s  (Appendix 4). Creoso te  bush s c r u b ,  
w i t h  t h e  h i g h e s t  mammalian r e p r e s e n t a t i o n ,  s u p p o r t s  47 s p e c i e s ;  t h i s  
d i v e r s i t y  is probably  a r e s u l t  o f  t h e  l a r g e  ac reage  of c r e o s o t e  and i ts  
prox imi ty  t o  o t h e r  h a b i t a t  types .  Table  16 c o n t a i n s  t h e  numbers o f  
mammalian s p e c i e s  a s s o c i a t e d  w i t h  t h e  v a r i o u s  communities found i n  t h e  
p r o j e c t  a rea .  

The b u r r o  dee r  (Odocoileus hemionus eremicus)  f r e q u e n t s  washes and ----- 
v a l l e y s  which c o n t a i n  wi l lows,  mesqui te ,  ironwood, and p a l o  verde .  
c u r r e n t l y ,  t h e  popu la t ion  i s  e s t i m a t e d  a t  900-2,000 i n d i v i d u a l s  
a long  t h e  Colorado River and th rough  t h e  Chocolate Mountains (Harvey 
and S t a n l e y  Assoc ia tes  undated) .  Burro d e e r  o c c a s i o n a l l y  m i g r a t e  
s u b s t a n t i a l  d i s t a n c e s .  T h e r e f o r e ,  t h e  seep  wet lands  between Drops 
3 and 4,  t h e  tamarisk-mesquite woodland west  of Drop 4,  and t h e  2 
mic rophy l l  woodlands e a s t  of t h e  Algodones Dunes may o c c a s i o n a l l y  
s u p p o r t  dee r  (Garcia  pers .  comm.). 

The Yuma puma ( F e l i s  -- concolor  browni)  is  a Category 2 c a n d i d a t e  f o r  -- 
l i s t i n g  under t h e  Endangered S p e c i e s  Act. The abundance of  t h e  puma 
i s  unknown, a l though  i t - h a s  n e v e r  been cons ide red  t o  be  common ( k a m e y  
and S t a n l e y  A s s o c i a t e s  undated) .  L i t t l e  is  known about  i ts  eco logy ,  
a l though  r i p a r i a n  woodlands a l o n g  t h e  Colorado River  a p p e a r  t o  be i t s  
p r i n c i p a l  h a b i t a t  and b u r r o  d e e r  i t s  p r i n c i p a l  food. S i g h t i n g s  have  
occur red  n e a r  Calexico and t h e  Coache l l a  Canal which i n d i c a t e  t h a t  t h e  
Yuma puma may f r e q u e n t  t h e  p r o j e c t  a r e a  (Harvey and S t a n l e y  A s s o c i a t e s  
undated).  

f .  H a b i t a t  Q u a l i t y  
The p resence  of t h e  A l l  American Canal  i n  a n  o t h e r w i s e  e x t r e m e l y  a r i d  
reg ibn  h a s  produced g r e a t  b e n e f i t s  f o r  f i s h  and w i l d l i f e .  I n  a d d i t i o n  
t o  p rov id ing  a n  e x t e n s i v e  a q u a t i c  environment and a year-round s o u r c e  o f  
water ,  t h e  c a n a l  seepage h a s  produced a n  a r e a ,  t h e  s e e p  w e t l a n d s  between 
Drops 3 and 4, which c o n t a i n s  v e r y  h i g h  w i l d l i f e  v a l u e s ,  a s  ev idenced  by  
t h e  d i v e r s i t y  and abundance of  b i r d s  observed i n  t h e  we t l ands .  The 
p resence  of t h e  c a n a l  and t h e  d e n s e  v e g e t a t i o n  have combined t o  make 
t h i s  a r e a  r e l a t i v e l y  i n a c c e s s i b l e  t o  human d i s t u r a n c e .  Elsewhere though- 
o u t  t h e  p r o j e c t  a r e a ,  off - road v e h i c l e  u s e  h a s  s e v e r e l y  degraded l a r g e  
s e c t i o n s  of h a b i t a t .  However, a r e a s  f a r t h e r  removed from freeway e x i t s  



and drop s t r u c t u r e s  a r e  remarkably w e l l  preserved.  The s t e e p e r  dunes 
n o r t h  o f  I n t e r s t a t e  8, almost  t h e  e n t i r e  s t r e t c h  of low dunes  sou th  of 
t h e  freeway, and much of t h e  c r e o s o t e  bush s c r u b  between Drop 3  and 
t h e  wes te rn  i n t e r s e c t i o n  of t h e  freeway and t h e  A l l  American Canal have 
escaped s e r i o u s  d e g r a d a t i o n  and remain h igh  i n  w i l d l i f e  v a l u e .  

g. Hunt ing  
Use of t h e  p r o j e c t  a r e a  by h u n t e r s  was not  q u a n t i f i e d  d u r i n g  t h e  
i n v e s t i g a t i o n .  Also ,  no hun t ing  was d i r e c t l y  observed.  However, 
t h e  p resence  of sho tgun  s h e l l s ,  p a r t i c u l a r l y  a long  d i r t  r o a d s  
through t h e  we t l ands ,  i n d i c a t e d  t h a t  a t  l e a s t  some h u n t i n g  o c c u r s  
i n  t h e  a r e a .  Gambel's q u a i l  ( C a l l i p e p l a  g a m b e l i i ) ,  mourning dove, 
white-winged dove (Zenaida -- a s i a t i c a ) ,  common s n i p e  ( G a l l i n a g o  
g a l l i n a g o ) ,  and wa te r fowl  a r e  game s p e c i e s  which a r e  p r e s e n t  i n  num- 
b e r s  i n  t h e  wet lands .  Five s p e c i e s  of mammals found i n  t h e  p r o j e c t  . - 

a r e a  a r e  cons ide red  f u r b e a r e r s  w i t h  s e a s o n a l  hun t ing  p e r m i t t e d ;  2 
a d d i t i o n a l  f u r b e a r e r s ,  t h e  r i n g t a i l  (Bassa r i scus  a s t u t u s )  and t h e  
k i t  fox  (Vulpes m a c r o t i s ) ,  a r e  f u l l y  p r o t e c t e d  (Appendix 4) .  The 
Audubon c o t t o n t a i l  ( S y l v i l a g u s  auduboni i )  and t h e  b l a c k - t a i l e d  h a r e  -- 
(*us c a l i f o r n i c u s )  a r e  cons ide red  r e s i d e n t  s m a l l  game. The bob- -- 
c a t  ( a x  - -- r u f u s )  i s  a  nongame animal ;  s p e c i a l  pe rmi t s  a r e  r e q u i r e d  
t o  t ake  i t .  Burro d e e r  a r e  b i g  game animals  w i t h  s e a s o n a l  h u n t i n g  
and l i m i t s  s e t  by t h e  C a l i f o r n i a  F i s h  and Game Commission. Audubon 
c o t t o n t a i l  and b l a c k - t a i l e d  h a r e s  a r e  found throughout t h e  p r o j e c t  
a r e a  and probably  r e c e i v e  low t o  moderate hun t ing  p r e s s u r e .  Muskrats  
a r e  o c c a s i o n a l l y  t r apped  i n  D i s t r i c t  c a n a l  systems t o  r e d u c e  t h e  damage 
of t h e i r  burrowing. Deer hun t ing  probably  does no t  o c c u r  because  o f  
t h e  u n p r e d i c t a b l e  p r e s e n c e  of t h i s  s p e c i e s  i n  t h e  p r o j e c t  a r e a .  

2. Fu tu re  Condi t ions  Without t h e  P r o j e c t  - 
Environmental  c o n d i t i o n s  would be a n t i c i p a t e d  t o  undergo no s i g n i f i c a n t  and 
r a p i d  changes i f  a  p r o j e c t  was not  b u i l t .  Off-road v e h i c l e  u s e  would 
p robab ly  con t inue  t o  i n c r e a s e  a t  a  s low r a t e ;  however, b a r r i n g  c o n s t r u c t i o n  
of f a c i l i t i e s  p e r m i t t i n g  i n c r e a s e d  a c c e s s ,  t h e  a r e a s  a f f e c t e d  by  t h i s  s o r t  of  
r e c r e a t i o n  should  n o t  i n c r e a s e  i n  t h e  n e a r  f u t u r e .  Although t h e  Bureau o f  
Land Management (Bureau) i n t e n d s  t o  i n c r e a s e  a c c e s s  t o  r e c r e a t i o n i s t s  i n  t h i s  
a r e a ,  t h e s e  measures w i l l  n o t  be  implemented u n t i l  t h e  mid 1990 's  and a r e  
c o n t i n g e n t  on a v a i l a b l e  funding.  I f  t h e  D i s t r i c t  under takes  a l i n i n g  p r o j e c t  
w i t h o u t  ~ e c l a m a t i o n ' s  p a r t i c i p a t i o n ,  t h e  impacts i d e n t i f i e d  i n  t h e  f o l l o w i n g  
s e c t i o n s  a s  o c c u r r i n g  from P i l o t  Knob t o  Drop 1  i n  a  Reclamat ion p r o j e c t  
would a l s o  occur  under a D i s t r i c t  p r o j e c t .  

3. Fu tu re  Condi t ions  With The P r o j e c t  
a .  A Relocated Concrete- l ined Cana l  From P i l o t  Knob t o  Drop 4  
Ac tua l  c o n s t r u c t i o n  of  t h e  r e l o c a t i o n  a l t e r n a t i v e  would r e s u l t  i n  
t h e  d i r e c t  l o s s  of approx imate ly  1 ,500 a c r e s  (Reclamat ion 1984b). T a b l e  
1 5  c o n t a i n s  a  breakdown of a c r e a g e s  by h a b i t a t  type.  

The o ld ,  un l ined  Cana l  would p robab ly  suppor t  a mixed community of 
i n v a s i v e  e x o t i c s  and fas t -growing n a t i v e s  f o r  a s h o r t  p e r i o d  of t i m e .  



However, use of t h e  o l d  c a n a l  by off - road v e h i c l e  e n t h u s i a s t s ,  a s  
h a s  occur red  on t h e  o l d  Coachel la  Canal, w i l l  probably p reven t  t h e  
e s t a b l i s h m e n t  of any w i l d l i f e  h a b i t a t  i n  t h i s  area .  

Wetland seeps  w i l l  a l s o  be a f f e c t e d  i n d i r e c t l y  a s  t h e  reduced seep- 
age  r e s u l t s  i n  a water  t a b l e  t h a t  is  f a r t h e r  from t h e  s u r f a c e  of t h e  
ground. When t h e  f i r s t  49 m i l e s  of t h e  Coachella Canal were l i n e d ,  t h e  
wa te r  t a b l e  dropped 5 f e e t  i n  approximately  3 y e a r s  a t  w e l l s  0.5 t o  1.0 
m i l e  away from t h e  c a n a l  (Leroy C r a n d e l l  1983). The i n i t i a l  impacts  
of t h e  lowered water  t a b l e  would i n c l u d e  t h e  drying of t h e  c a t t a i l  
marshes and open water  h a b i t a t s .  A s  t h e  water  t a b l e  con t inued  t o  
drop,  t h e  l e s s  deeply  rooted wet land p l a n t s  would d i e  a s  t h e i r  r o o t s  
d r i e d  ou t .  Eventual ly ,  only mesqui te  wi th  deep r o o t  sys tems would 
probably  survive .  Reclamation (1984b) h a s  c a l c u l a t e d  t h a t  an  a d d i t i o n a l  
9 a c r e s  of c a t t a i l  marsh and 753 a c r e s  of r i p a r i a n  h a b i t a t  would be 
s e c o n d a r i l y  a f f e c t e d  by t h e  l o s s  of seepage water. The composit ion 
of s u c c e s s i o n a l  communities is u n c e r t a i n ;  t h e  s o i l  s a l i n i t y  may 
s e v e r e l y  l i m i t  t h e  number of s p e c i e s  which could r e c o l o n i z e  t h i s  
a rea .  With t h e s e  secondary impacts ,  a t o t a l  of 2,264 a c r e s  would 
be a f f e c t e d  by t h e  r e l o c a t i o n  a l t e r n a t i v e .  

Loss of t h e  c a t t a i l  marshes and r i p a r i a n  h a b i t a t  would e l i m i n a t e  
numerous b i r d  s p e c i e s  a s  b r e e d e r s  i n  t h e  a r e a  and s u b s t a n t i a l l y  reduce  
t h e  d e n s i t i e s  of numerous o t h e r  spec ies .  Seventeen of t h e  58 s p e c i e s  
(29%) d e t e c t e d  by Reclamation personne l  dur ing  t h e  s p r i n g ,  1984, c e n s u s  
a r e  assumed t o  use t h e  wetland a r e a s  a s  breeding h a b i t a t .  These s p e c i e s ,  
i n c l u d i n g  t h e  f e d e r a l l y  endangered Yuma c lapper  r a i l  and t h e  S t a t e  r a r e  
C a l i f o r n i a  black r a i l ,  would be l o s t  a s  b reeders  i f  t h e  r e l o c a t i o n  a l t e r -  
n a t i v e  was t o  be implemented. An a d d i t i o n a l  11 s p e c i e s  (19%) would con- 
t i n u e  t o  breed i n  t h e  a r e a ,  bu t  would probably do s o  i n  much lower 
d e n s i t i e s .  Addi t iona l ly ,  t h e  l o s s  of t h i s  mesic h a b i t a t  w i t h  i ts  open 
wate r s  w i l l  r e s u l t  i n  a decrease  i n  t h e  product ion of i n s e c t s .  It is  
very  l i k e l y  t h a t  a concomitant d e c r e a s e  i n  i n s e c t i v o r o u s  v e r t e b r a t e  
s p e c i e s  w i l l  occur wi th  t h i s  d e c l i n e  i n  t h e  food base. 

Loss of 30 a c r e s  of common reed- l ined c a n a l  edge would r e s u l t  i n  
a d d i t i o n a l  l o s s  of w i l d l i f e  v a l u e s .  P r e s e n t l y ,  t h e  p resence  of 
r e e d s  and an  e a r t h e n  bank permi t s  a c c e s s  t o  water f o r  many v e r t e -  
b r a t e  spec ies .  A s t e e p ,  concre te - l ined  bank would p r e v e n t  w i l d l i f e  
from having r e l a t i v e l y  easy  a c c e s s  t o  d r i n k i n g  wate r  and would r e s u l t  i n  
drownings of some v e r t e b r a t e s .  The long-term r e d u c t i o n  i n  a v a i l a b l e  w a t e r  
would probably r e s u l t  i n  a n  o v e r a l l  dec rease  i n  w i l d l i f e  numbers. 

Some v e r t e b r a t e s  a r e  expected t o  drown when they f a l l  i n t o  a concre te -  
l i n e d  canal .  A primary concern would be t h e  p o t e n t i a l  l o s s  of b u r r o  d e e r  
a s  a r e s u l t  of drowning i n  t h e  c a n a l .  Deer l o s t  i n  c a n a l  systems of  t h e  
western  United S t a t e s  is a s i g n i f i c a n t  problem. A minimum of 29 d e e r  
drowned dur ing  t h e  c o n s t r u c t i o n  of t h e  Coachella Canal i n  1980. I n  1981 
and 1982, a f t e r  t h e  Coachella Canal  was cons t ruc ted ,  a n  a d d i t i o n a l  18 d e e r  
were r e p o r t e d  drowned. A l l  d e e r  drownings occurred i n  t h e  summer. I n  some 
i n s t a n c e s ,  t h e  d e e r  had t o  c r o s s  approximately  1 t o  5 k i l o m e t e r s  of sand  



dunes t o  reach t h e  c a n a l  (Rautenst rauch and Krausman 1986). The tamarisk- 
mesquite woodland west of Drop 4  and t h e  2 mic rophyl l  woodlands e a s t  of 
t h e  Algodones Dunes con ta in  s u i t a b l e  h a b i t a t  t h a t  could be used by deer .  
It is i n  t h e s e  l o c a t i o n s  t h a t  d e e r  would most l i k e l y  t o  t r y  t o  o b t a i n  wa te r  
and cou ld  p o t e n t i a l l y  f a l l  i n t o  t h e  canal.  

An a d d i t i o n a l  concern with a  cement-lined c a n a l  would be  absence of r e e d s  t h a t  
grow a l o n g  some s h o r e l i n e  r e a c h e s  of t h e  e a r t h e r n  cana l .  The l o s s  of reed  
h a b i t a t  w i l l  r e s u l t  i n  the  l o s s  of n igh t t ime  r o o s t i n g  h a b i t a t  f o r  thousands  
of b l a c k b i r d s  t h a t  feed i n  nearby a g r i c u l t u r a l  f i e l d s .  

b. Placement of a  W e l l f i e l d  Between P i l o t  Knob and Drop 1 -- 
This  a l t e r n a t i v e  would involve t h e  placement of 25  w e l l s  a long  t h e  
south  l e v e e  of t h e  Canal. D i r e c t  impacts would i n v o l v e  c o n s t r u c t i o n  
of w e l l s  on approximately 4  a c r e s  of dune h a b i t a t .  I f  a  new power- 
l i n e  is r e q u i r e d ,  an a d d i t i o n a l  75 a c r e s  of dunes would b e  l o s t  
dur ing  c o n s t r u c t i o n  a c t i v i t i e s .  I f  an a c c e s s  road is  main ta ined ,  
inc reased  use by off-road v e h i c l e s  of t h e  sou th  s i d e  of t h e  c a n a l  would 
r e s u l t  i n  a d d i t i o n a l  impacts t o  w i l d l i f e  h a b i t a t .  

The r e s u l t s  of a  groundwater modeling s tudy  of t h e  p r o j e c t  a r e a  
suggest  t h a t  no d e c l i n e  i n  groundwater l e v e l s  w i l l  occur  w i t h i n  t h e  
seep wet lands  i f  groundwater pumping occurred e a s t  of Drop 1 ( L o e l t z  
and Leake 1979). Therefore ,  t h e  seep  wet lands  would remain undis-  
turbed under t h i s  a l t e r n a t i v e .  

c. In-place  Concrete- l in ing from P i l o t  Knob t o  Drop 4  
The in-place  l i n i n g  a l t e r n a t i v e  could  probably be implemented wi thou t  
t h e  major,  d i r e c t  d i s t u r b a n c e s  t o  t e r r e s t r i a l  h a b i t a t s  i n  t h e  p r o j e c t  
a r e a  t h a t  would be a s s o c i a t e d  w i t h  t h e  r e l o c a t i o n  a l t e r n a t i v e .  Dis tu r -  
bances could r e s u l t  from t h e  need t o  d e p o s i t  m a t e r i a l s  dredged from t h e  
Canal o r  from borrow s i t e s  used t o  o b t a i n  f i l l .  S e v e r a l  equipment 
s t a g i n g  a r e a s  may be needed a l o n g  t h e  Canal because t h e  d r o p  s t r u c t u r e s  
and b r i d g e s  w i l l  r e q u i r e  t h a t  t h e  c o n s t r u c t i o n  equipment be moved around 
these  o b s t a c l e s .  Q u a n t i f i c a t i o n  of d i r e c t  impacts  is  n o t  p o s s i b l e  a t  
t h i s  t i m e ,  because t h e  number of s t a g i n g  a r e a s  and t h e  q u a n t i t i e s  of 
dredge and f i l l  m a t e r i a l s  remain unknown. Likewise,  t h e  s p e c i f i c  
l o c a t i o n s  which would be a f f e c t e d  by c o n s t r u c t i o n  a r e  c u r r e n t l y  unknown, 
a l though i t  seems reasonab le  t o  t h e  S e r v i c e  t h a t  d i s t u r b e d  a r e a s ,  such 
a s  t h e  Canal berms and abandoned a g r i c u l t u r a l  f i e l d s ,  c o u l d  be exten-  
s i v e l y  used,  thus  reducing impacts  t o  w i l d l i f e  h a b i t a t .  

An a d d i t i o n a l  d i r e c t  l o s s  would b e  t h e  30 a c r e s  of common r e e d  h a b i t a t  
which c u r r e n t l y  l i n e s  t h e  C a n a l ' s  edge. The b i o l o g i c a l  impac t s  of t h i s  
l o s s  under t h e  in -p lace  l i n i n g  a l t e r n a t i v e  would be t h e  same as t h o s e  
descr ibed f o r  t h e  r e l o c a t i o n  a l t e r n a t i v e .  

The i n d i r e c t  impacts of t h e  in -p lace  l i n i n g  a l t e r n a t i v e  would be t h e  even- 
t u a l  l o s s  of approximately  887 a c r e s  of seep  wetlands.  As under  t h e  
r e l o c a t i o n  a l t e r n a t i v e ,  t h e  major p o r t i o n  of t h e s e  we t lands  o c c u r s  s o u t h  
of t h e  Canal between Drops 3 and 4. However, t h e  s m a l l e r  p o c k e t s  of 



wetlands  s c a t t e r e d  along t h e  Canal from Drop 4 t o  P i l o t  Knob would 
e v e n t u a l l y  pe r i sh  a s  well. The r e s u l t i n g  impacts t o  w i l d l i f e  h a b i t a t  
and t h e  p o t e n t i a l  f o r  deer drownings would be a s  desc r ibed  above f o r  
t h e  r e l o c a t i o n  a l t e r n a t i v e .  

d. No Action 
I f  Reclamation does not under take a  p r o j e c t  t o  p reven t  o r  recover  w a t e r  
seepage from t h e  Canal,  t h e  D i s t r i c t  may i n s t i t u t e  i ts  own p r o j e c t .  A t  
t h i s  t i m e ,  no informat ion is  a v a i l a b l e  on a l t e r n a t i v e s  which would be 
considered by t h e  D i s t r i c t .  However, r e l o c a t i o n  and groundwater mining 
a r e  l i k e l y  cand ida te  p r o j e c t s .  I n  t h e  even t  t h e s e  a l t e r n a t i v e s  were 
used,  t h e  p r o j e c t  impacts would be s i m i l a r  t o  those  a n t i c i p a t e d  f o r  
a  Reclamation p r o j e c t .  

E. MITIGATION PLAN - 

To develop m i t i g a t i o n  p l a n s  f o r  t h e  s u b j e c t  p r o j e c t ,  t h e  S e r v i c e  c a t e g o r i z e s  
h a b i t a t s  based on t h e  v a l u e s  of t h e  a r e a s  t o  e v a l u a t i o n  s p e c i e s ,  t h e  
uniqueness of t h e  h a b i t a t s  on a  n a t i o n a l  o r  r e g i o n a l  b a s i s ,  and t h e  a b i l i t y  
t o  rep lace  h a b i t a t  v a l u e s  t h a t  may be l o s t .  

Based on o u r  e v a l u a t i o n s  of the  h a b i t a t  types  p r e s e n t  i n  t h e  p r o j e c t  a r e a ,  
t h e  Serv ice  h a s  concluded t h a t  on ly  h a b i t a t s  r e q u i r i n g  m i t i g a t i o n  g o a l s  of 
no ne t  l o s s  of in-kind h a b i t a t  v a l u e  and no n e t  l o s s  of h a b i t a t  v a l u e  w h i l e  
minimizing t h e  l o s s  of in-kind h a b i t a t  va lue  occur o n s i t e .  For t h i s  r eason ,  
only  t h e s e  g o a l s  w i l l  be  discussed f u r t h e r .  The g o a l  of no n e t  l o s s  of 
inkind h a b i t a t  value  is  sought when h a b i t a t  i s  of h igh v a l u e  t o  e v a l u a t i o n  
s p e c i e s  and i s  sca rce  o r  becoming s c a r c e  on a  n a t i o n a l  o r  ecoreg ion  b a s i s .  
Using presentday s c i e n t i f i c  and eng ineer ing  s k i l l s ,  t h e  v a l u e s  e x h i b i t e d  by 
t h e s e  h a b i t a t s  could be replaced ink ind  i f  t h e  p r o j e c t  were implemented by 
c r e a t i o n  of new h a b i t a t  o r  enhancement of e x i s t i n g  va lues .  Within t h e  
p r o j e c t  a r e a ,  t h e  S e r v i c e  has i d e n t i f i e d  t h e  seep  wet lands  between Drops 3 
and 4 and t h e  microphyl l  woodlands a s  deserving of t h i s  m i t i g a t i o n  goal. 
This  de te rmina t ion  is  based on t h e  extremely high w i l d l i f e  v a l u e s  and t h e  
s c a r c e  n a t u r e  of wet lands  i n  sou thern  C a l i f o r n i a ,  i n  g e n e r a l ,  and i n  t h e  
d e s e r t ,  i n  p a r t i c u l a r .  Microphyll  woodlands a l s o  occupy a  ve ry  s m a l l  
percentage of t h e  d e s e r t ' s  land a r e a  whi le  suppor t ing  a  l a r g e  d e n s i t y  and 
d i v e r s i t y  of spec ies ,  inc lud ing  migra to ry  b i r d s .  

The remaining h a b i t a t  t y p e s  found i n  t h e  p r o j e c t  a r e a ,  t h e  a q u a t i c  h a b i t a t  
of t h e  Canal, c r e o s o t e  bush scrub,  sand dune and c a n a l  edge,  e x h i b i t  
c h a r a c t e r i s t i c s  which would f a c i l i t a t e  ach iev ing  a m i t i g a t i o n  g o a l  of no n e t  
l o s s  of h a b i t a t  v a l u e  w h i l e  minimizing l o s s  of in-kind h a b i t a t  value .  These 
c h a r a c t e r i s t i c s  inc lude  r e l a t i v e  abundance on a  n a t i o n a l  l e v e l  (such a s  
c reoso te  bush scrub,  t h e  Canal 's  f i s h e r y ,  and c a n a l  edge) or r e g i o n a l  l e v e l  
(such a s  t h e  sand dunes). For t h i s  reason,  in-kind replacement of h a b i t a t  
v a l u e s  was sought where p o s s i b l e  f o r  t h e s e  h a b i t a t s .  Out-of-kind replacement 
i s  suggested i n  one i n s t a n c e  where s u i t a b l e  in-kind m i t i g a t i o n  does n o t  seem 
f e a s i b l e .  h e  fo l lowing  s e c t i o n  p rov ides  a  d e t a i l e d  d i s c u s s i o n  on t h e  
m i t i g a t i o n  g o a l s  and p l a n s  recommended by t h e  Service .  



A Relocated Concrete-lined Canal A l t e r n a t i v e  - 
a. Aquatic 
Based on es t imates  of over 268,000 f i s h  of 12 d i f f e r e n t  s p e c i e s  p r o j e c t e d  
t o  o c c u r  wi thin  t h e  p ro jec t  a r e a ,  t h e  m i t i g a t i o n  g o a l  f o r  l o s s  of a q u a t i c  
h a b i t a t  of the  A l l  American Canal  i s  no n e t  l o s s  of h a b i t a t  v a l u e  w h i l e  
minimizing l o s s  of in-kind h a b i t a t  value .  Lining of 30 m i l e s  of t h e  
Canal  w i l l  s u b s t a n t i a l l y  d e c r e a s e  t h e  v a l u e  of t h e  warmwater f i s h e r y .  
The l i n e d  cana l  i s  p ro jec ted  t o  suppor t  152,832 f i s h ,  a  decrease  o f  43% 
from t h e  e x i s t i n g  condi t ions .  S i n c e  f l a t h e a d  c a t f i s h ,  largemouth b a s s ,  
and s u n f i s h  a r e  t h e  game f i s h  most s e v e r e l y  a f f e c t e d  by t h e  p r o j e c t ,  
and have a  high r e c r e a t i o n a l  v a l u e  t o  f ishermen who u t i l i z e  t h e  Canal ,  
e f f o r t s  should be made t o  reduce t h e i r  l o s s e s  through m i t i g a t i o n .  

Taking advantage of t h e  ~ r o j e c t ' s  des ign  where t h e  l i n e d  c a n a l  w i l l  
" t i e  i n "  t o  the  e x i s t i n g  c a n a l ,  a s e r i e s  o f  10 backwaters could be 
c r e a t e d .  Six backwater a r e a s  could be formed by c o n s t r u c t i n g  one 
backwater a rea  each above and below Power Drops 1, 2, and 3. Four 
a d d i t i o n a l  backwater a r e a s  could  be cons t ruc ted  a t  t h e  beginning of 
t h e  l i n e d  cana l  a t  P i l o t  Knob, above Drop 4, and above and below 
t h e  s e r v i c e ' s  proposed unl ined c a n a l  s e c t i o n  between Drops 3 and 4. 
The 1 0  proposed backwaters a r e  shown on F igure  2. Muel ler  (pers .  comm.) 
e s t i m a t e d  t h a t  t h e  c o n s t r u c t i o n  of 8  backwater a r e a s  of 1.9 a c r e s  
each (approximately 175 f e e t  wide x 479 f e e t  long) would m i t i g a t e  
50% of  t h e  largemouth bass,  63% of t h e  b l u e g i l l ,  and 10% of t h e  
channe l  c a t f i s h  l o s s e s .  It was a l s o  e s t i m a t e d  by Mueller  (pers .  comrn.) 
t h a t  wa te r  seepage would amount t o  1,360 t o  1,500 ac re - fee t  annual ly .  

To ach ieve  f u l l e r  m i t i g a t i o n  f o r  t h e  l o s s  of game f i s h ,  t h e  Serv ice  pro- 
poses  en la rg ing  Muel le r ' s  suggested backwater a reas .  Using Muel le r ' s  
m i t i g a t i o n  e s t i m a t e ,  c i t e d  above, t h e  c r e a t i o n  of 10 backwaters of 3.1 
a c r e s  each (approximately 175 f e e t  wide x 780 f e e t  long)  would m i t i g a t e  
approximately  100% of the  largemouth b a s s  and b l u e g i l l  and 20% of t h e  
channe l  c a t f i s h  l o s s e s .  The 10 backwaters  would r e q u i r e  approximately  
2,775 t o  3,060 ac re - fee t  of wa te r  a n n u a l l y  based on Muel le r ' s  seepage 
e s t i m a t e .  

Water c i r c u l a t i o n  wi th in  t h e  upper end of t h e  backwaters could  be 
improved through i n s t a l l a t i o n  of a l a r g e  p i p e  from t h e  Canal t o  t h e  back- 
wa te r  (Figure  3). Improved wate r  c i r c u l a t i o n  may be c r i t i c a l  d u r i n g  t h e  
summer months when mean a i r  t empera tu re  f o r  t h i s  a r e a  is  92OF. 

A d d i t i o n a l  techniques  should be employed i n  each of t h e  backwaters t o  
improve t h e i r  c a r r y i n g  c a p a c i t i e s  f u r t h e r  and more f u l l y  m i t i g a t e  pro- 
j e c t e d  f i s h e r y  l o s s e s .  The use  of v i t r i f i e d  c l a y  p ipes  can  be used t o  
c o n s t r u c t  f i s h  a t t r a c t o r s  (Wilbur 1974). The p ipes  a r e  bundled w i t h  
p l a s t i c  b inding m a t e r i a l  t o  form a  pyramid o r  i r r e g u l a r  shape. P i p e s  of 
d i f f e r e n t  s i z e s  (4 inches  and l a r g e r  i n  diameter  and 2 t o  5  f e e t  l o n g )  
a r e  incorpora ted  t o  c r e a t e  h a b i t a t  d i v e r s i t y .  S e v e r a l  u n i t s  a r e  p l a c e d  
i n  aggregate .  The i n c l u s i o n  of s e v e r a l  s i n g l e ,  s h o r t ,  l a rge-d iamete r  
p i p e s  i n  a  grouping may be d e s i r a b l e .  In one s tudy  (Wilbur 1978), 
v i t r i f i e d  c l a y  p i p e s  a t t r a c t e d  more f i s h  ( b l u e g i l l s ,  largemouth b a s s ,  
whl te  c a t f i s h ,  and brown bu l lheads )  t h a n  were p resen t  i n  c o n t r o l  a r e a s .  



U n l l n e d  c a n a l  

L l n e d  c a n a l  

R l p a r l a n f  w e t l a n d  a r e a  

Figure 2. Schematic representation of ten backwater areas proposed 
as project mitigation features for the fishery resources 
of the All American Canal. The proposed location of the 
backwater areas are shown as numbers 1 through 10 (not 
d r a m  to scale). 





Stacked brush frames a r e  a l s o  popula r  means of p rov id ing  cover f o r  f i s h .  
These f i s h  a t t r a c t o r s  a r e  made from a s e r i e s  of bundled l o g s  t o  form a 
box s t r u c t u r e .  The box s t r u c t u r e  is t h e n  f i l l e d  w i t h  brush.  F igure  4 
shows a  p a r t i c u l a r  brush frame known a s  Wisconsin l o g  c r i b  (Schnick e t  a l .  
1982). Gravels va ry ing  between 1/2  t o  3/4 inch can be placed under and 
around t h e  s t acked  brush frames t o  provided p o t e n t i a l  spawning s u b s t r a t e  
f o r  largemouth b a s s  and b l u e g i l l .  

Other  methods can be used t o  I n c r e a s e  t h e  p r o d u c t i v i t y  of t h e  back- 
wa te r s  f o r  f i s h .  These methods i n c l u d e  p l a n t i n g  shade t r e e s ,  such a s  
wi l lows and cottonwoods, a long  t h e  bank, c r e a t i n g  sha l low wate r  a r e a s  
i n  t h e  backwaters,  and p l a n t i n g  a q u a t i c  v e g e t a t i o n  such a s  c a t t a i l s .  
R i p a r i a n  and marsh v e g e t a t i o n  p l a n t i n g s  would provide h a b i t a t  f o r  
i n s e c t s  which a r e  a  s u b s t a n t i a l  p o r t i o n  of t h e  d i e t s  of j u v e n i l e  f i s h .  
The v e g e t a t i o n  would a l s o  p rov ide  r e s t i n g ,  f eed ing ,  and b reed ing  h a b i t a t  
f o r  w i l d l i f e  (F igure  3). The o v e r a l l  b e s t  m i t i g a t i o n  approach would b e  
t o  u s e  a  combination of a l l  of t h e  above methods t o  i n c r e a s e  produc- 
t i v i t y  and o v e r a l l  c a r r y i n g  c a p a c i t y  of t h e  backwater. 

Another important f i s h e r y  m i t i g a t i o n  concept  would be t o  have a  
f i s h  sa lvag ing  o p e r a t i o n  once dewate r ing  of the  Canal commences. I n  
con junc t ion  wi th  t h e  f i s h  s a l v a g i n g  e f f o r t ,  s e v e r a l  s e c t i o n s  of t h e  
abandoned Canal should be sampled by b i o l o g i s t s  from Reclamation,  
t h e  Department, t h e  Serv ice ,  and t h e  D i s t r i c t  t o  v e r i f y  t h e  accuracy 
of t h e  f i s h e r y  e s t i m a t e s  made i n  t h e  r e p o r t .  The in format ion  c o l l e c t e d  
from t h i s  sampling e f f o r t  should  be analyzed and a  r e p o r t  prepared on 
t h e  e f f o r t .  

b. T e r r e s t r i a l  
Approximately 545 a c r e s  of c r e o s o t e  bush sc rub  w i l l  be des t royed  
by c o n s t r u c t i o n  of a  l i n e d  cana l .  The m i t i g a t i o n  g o a l  f o r  l o s s  of 
c r e o s o t e  bush s c r u b  h a b i t a t  is no n e t  l o s s  of h a b i t a t  v a l u e  whi le  
minimizing l o s s  of in-kind h a b i t a t  v a l u e ,  based on t h e  abundance o f  
t h e  h a b i t a t  type and t h e  p resence  of t h e  f l a t - t a i l e d  horned l i z a r d ,  
a  Category 2 c a n d i d a t e  f o r  l i s t i n g  under  t h e  Endangered Spec ies  Act. 
M i t i g a t i o n  measures t o  p r o t e c t  t h i s  h a b i t a t  type should i n c l u d e  a n  
e f f o r t  t o  minimize l o s s  of h a b i t a t  d u r i n g  cons t ruc t ion .  Reestab- 
l i shment  of c r e o s o t e  bush s c r u b  h a b i t a t  w i t h i n  t h e  o l d  c a n a l  would 
probably  be i n f e a s i b l e ;  f o r  t h i s  r e a s o n  t h e  Serv ice  recommends compen- 
s a t i o n  f o r  545 a c r e s  of c r e o s o t e  bush sc rub .  Creosote  bush sc rub  
h a b i t a t  u t i l i z e d  by f l a t - t a i l e d  horned l i z a r d s  i n  t h e  Eas t  Mesa o r  
Yuha Basin  a r e a  of I m p e r i a l  County shou ld  be purchased and t r a n s f e r r e d  
t o  t h e  Bureau as w i l d l i f e  management a r e a s .  Cur ren t ly ,  t h e  Bureau i s  
i n t e r e s t e d  i n  o b t a i n i n g  v a r i o u s  p a r c e l s  of land i n  t h e s e  a r e a s  t o  
i n c r e a s e  p r o t e c t i o n  f o r  t h e  f l a t - t a i l e d  horned l i z a r d  (Olech pers .  
comm. ) . 
The m i t i g a t i o n  g o a l  f o r  l o s s  of sand dune h a b i t a t  w i t h i n  t h e  p r o j e c t  area is  
t h e  same a s  f o r  c r e o s o t e  bush scrub.  Approximately 785 a c r e s  w i l l  b e  
des t royed  dur ing  p r o j e c t  c o n s t r u c t i o n .  Minimizing t h e  a r e a  of d i s t u r b a n c e  



Figure 4. Diagram of a Wisconsin log crib for use as a fish 
attractor (drawing by the Wisconsin Department of 
Natural Resources, La Crosse (Schnick et al. 1982)). 
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is  an important  mi t i ga t ion  concept wi th in  t h e  Algodones Dunes. Ca re fu l  
removal p r i o r  t o  cons t ruc t ion ,  s t o r age ,  and r e p l a n t i n g  of some s e n s i t i v e  
p l a n t  s p e c i e s  and seeding with m a t e r i a l  c o l l e c t e d  from t h e  cons t ruc t ion  
zone should reduce negat ive impacts t o  t h i s  area.  The o ld ,  unl ined c a n a l  
i n  t h e  s t r e t c h  sou th  of the new cana l  and no r th  of I n t e r s t a t e  8 w i l l  
probably r ece ive  t o o  much off-road v e h i c l e  use t o  make any r evege t a t i on  
i n  t h i s  a r e a  f e a s i b l e .  

S ince  t h e  Bureau manages t he  e n t i r e  Algodones Dunes a r e a ,  the  Serv ice  
contac ted  them concerning p o t e n t i a l  dune h a b i t a t  which could be pur- 
chased o r  enhanced a s  pro jec t  mi t iga t ion .  The Bureau knew of no dune 
h a b i t a t  which could be acquired o r  enhanced (Olech pers .  corn.). A s  
in-kind m i t i g a t i o n  was not pos s ib l e  t o  ach ieve ,  t h e  Se rv i ce  i n v e s t i -  
gated o t h e r  m i t i g a t i o n  opt ions.  

A w i l d l i f e  h a b i t a t  a r e a  of p a r t i c u l a r  s i g n i f i c a n c e  i n  t h e  p ro j ec t  
a r e a  is  t h e  seep wetland loca ted  between Drops 3 and 4. The Serv ice  
is  extremely i n t e r e s t e d  i n  p ro t ec t i ng  t h i s  h a b i t a t .  To ensure pro- 
t e c t i o n  of t h i s  h a b i t a t  over t h e  l i f e  of t h e  p r o j e c t ,  i t  i s  recom- 
mended t h a t  water r i g h t s  equa l  t o  the  amount of es t imated  seepage 
needed t o  maintain t h i s  a r ea  be reserved a s  a  w i l d l i f e  mi t i ga t ion  
f e a t u r e .  

The h a b i t a t  va lues  of the cana l  edge, which covers  30 a c r e s  f o r  t h e  
p r o j e c t  a r e a ,  a l s o  a r e  app l i cab l e  t o  a goa l  of no n e t  l o s s  of h a b i t a t  
va lues  while minimizing l o s s  of in-kind h a b i t a t  va lues .  Cons t ruc t ion  
of t h e  backwater ponds t o  mi t i ga t e  f o r  f i s h e r y  l o s s e s  should i nc lude  a t  
l e a s t  30 a c r e s  of c a t t a i l  and reed h a b i t a t s  t o  improve access  t o  t h e  
water f o r  w i l d l i f e .  Berm h a b i t a t  of a  s i m i l a r  s i z e  t o  t h e  unl ined cana l ,  
177 a c r e s ,  w i l l  probably e x i s t  a long t h e  l i n e d  cana l .  Reclamation 
should seed o r  p l a n t  the  newly cons t ruc ted  berm wi th  n a t i v e  vege- 
t a t i o n  t o  reduce t h e  temporal l o s s  of w i l d l i f e  va lue .  

A s teep-sided,  concrete- l ined c a n a l  could a l s o  r e s u l t  i n  drownings of 
w i l d l i f e .  Big game guzz le rs  should be i n s t a l l e d  a t  t h e  2 microphyl l  
woodlands e a s t  of  t h e  Algodones Dunes t o  provide a  water  source  f o r  
mammals. A dee r  escape ramp should a l s o  be placed n e a r  t h e  e a s t e r n  
edge of t h e  Algodones Dunes t o  l e s s e n  t h e  p r o b a b i l i t y  of bur ro  dee r  
drownings. The most l i k e l y  l o c a t i o n  f o r  a  deep escape ramp would be  
downstream of t h e  l a r g e  microphyl l  woodland wash which i n t e r s e c t s  t h e  
Canal from t h e  nor th .  The Se rv i ce  ag rees  t h a t  an escape  ramp may no t  
be necessary i f  providing ledges  i n  t h e  c a n a l  s i d e s  proves e f f e c t i v e  
i n  allowing d e e r  t o  escape. This  method is descr ibed under t h e  in- 
p l ace  l i n i n g  a l t e r n a t i v e .  

Microphyll  woodlands of t he  p r o j e c t  a r e a ,  which inc lude  spec i e s  such a s  
smoketree, palo verde ,  de se r t  willow, and ironwood, have high va lue  f o r  
s e n s i t i v e  s p e c i e s  and a r e  r e l a t i v e l y  s c a r c e  o r  becoming s c a r c e  on a  
n a t i o n a l  and r e g i o n a l  basis .  Our goa l  is t o  m i t i g a t e  a l l  l o s s e s  of in-  
kind h a b i t a t  va lue .  Seventeen of 20 a c r e s  of microphyl l  woodlands 



wi th in  the  pro jec t  area w i l l  be destroyed by t h i s  a l t e r n a t i v e .  M i t i -  
g a t ion  should Include r e s t r i c t i o n  of t h e  cons t ruc t ion  zone t o  a s  narrow 
a  s t r i p  a s  possible.  Revegetation with na t ive  wash vegeta t ion  and irri- 
ga t ion  should be considered, i f  necessary, on 34 s u i t a b l e  ac re s  w i th in  
t h e  washes t o  c r ea t e  replacement of microphyll  woodland hab i t a t .  The 
Serv ice  recommends a  2  t o  1  replacement r a t i o n  i n  t h i s  s i t u a t i o n  because 
of t h e  temporal l o s s  of h a b i t a t  values u n t i l  t he  newly planted vege ta t ion  
a t t a i n s  the s t r u c t u r a l  d i v e r s i t y  of t he  o r i g i n a l  woodland. 

The cons t ruc t ion  a l t e r n a t i v e  would d i r e c t l y  a f f e c t  125 a c r e s  of r i p a r i a n  
h a b i t a t  within the  pro jec t  a r ea  and secondari ly  a f f e c t ,  by the l o s s  of 
seep water,  another 762 acres .  The extremely high w i l d l i f e  va lues  and 
r e l a t i v e l y  scarce nature of wetlands i n  the  dese r t  combine t o  make a  
mi t iga t ion  goal of no net l o s s  of in-kind hab i t a t  va lue  appropr i a t e  f o r  
t h i s  h a b i t a t  type. Accordingly, mi t iga t ion  should inc lude  the  rees tab-  
l ishment of equivalent wetland values on adjacent  a r e a s  of lower va lue  
h a b i t a t .  The acreage necessary t o  r e c o n s t i t u t e  in-kind h a b i t a t  va lues  
would vary, depending upon the  exact l o c a t i o n  of t h e  cana l  alignment. 
However, the Yuma clapper r a i l ,  a  f e d e r a l l y  l i s t e d  endangered spec i e s ,  
r e s i d e s  i n  the marshes d i r e c t l y  ad jacent  t o  the Canal. The goals  discussed 
i n  t h i s  sec t ion  do not apply t o  f e d e r a l l y  l i s t e d  threa tened  o r  endangered 
spec i e s  and t h e i r  habi ta t s .  Simply s t a t e d ,  the  planning ob jec t ives  f o r  
these  species  w i l l  be t h a t  adverse impacts w i l l  be avoided. Therefore,  
l eav ing  an approximately 2.5-mile s e c t i o n  of the Canal unlined between 
Drops 3  and 4, roughly equivalent  and adjacent  t o  the recapture  d i t c h  on 
the  south s ide  of the Canal, should avoid adverse impacts t o  t h i s  r i p a r i a n  
a rea .  

Wellf i e l d  Al te rna t ive  2, - 
This  a l t e r n a t i v e  would r equ i r e  permanent dis turbance of 4 ac re s  of sand dune 
h a b i t a t  f o r  pump s i t e s  and the  p o s s i b i l i t y  of temporarily o r  permanently d is -  
tu rb ing  an add i t i ona l  75 ac re s  f o r  an access  road. Since the  dunes a r e  
r e l a t i v e l y  abundant on a  r eg iona l  b a s i s ,  no net  l o s s  of h a b i t a t  va lue  wi th  
a  minimum l o s s  of in-kind h a b i t a t  va lue  is  the mt t iga t ion  goal. Spec i f i -  
c a l l y ,  avoiding dis turbance t o  dense concentrat ions of s e n s i t i v e  p l a n t  
spec ies ,  minimizing the a rea  of d i s turbance ,  and revegeta t ing  temporar i ly  
d is turbed  areas  a r e  important mitigation concepts. The q u a l i t y  of t h e  
water being returned t o  t he  Canal should be tes ted  on a  r egu la r  b a s i s  t o  
ensure tha t  the  addi t ion  of t h i s  water w i l l  not harm the  aqua t i c  r e sou rces  
present  i n  the Canal. Reclamation should a l so  i n s t i t u t e  a  monitoring program 
t o  follow changes i n  the water t a b l e  caused by pumping and the  e f f e c t s  of any 
changes i n  the water t ab l e  on vege ta t ion  i n  the a r ea  of t h e  draw-down cone. 

3. In-place Concrete-lining from P i l o t  Knob t o  Drop 4 
a. Aquatic 
With implementation of the in-place l i n i n g  a l t e r n a t i v e ,  t h e  e x i s t i n g  f i s h -  
ery population of the  cana l  would dec l ine  from an est imated 268,335 t o  
238,744 f i s h ,  a  ne t  l o s s  of 11%. Unfortunately,  t h e  major l o s s e s  occur  
t o  f i s h  species  such a s  the  f l a thead  c a t f i s h ,  largemouth bass,  s u n f i s h  
and channel c a t f i s h  which have a  high r e c r e a t i o n a l  va lue  t o  l o c a l  and 
reg ional  fishermen. 



An approp r i a t e  form of mi t i ga t ion  f o r  l o s s e s  t o  f i s h  s p e c i e s  t h a t  
i nc lude  largemouth bass ,  f l a t h e a d  c a t f i s h ,  channel c a t f i s h ,  and sun f i sh  
(i.e. r edea r  sunf i sh  and warmouth) would be t o  c r e a t e  a l a r g e  qu i e t  
water  a r e a  with abundant cover. To determine a r e l a t i v e  es t imate  of t he  
s i z e  mi t i ga t ion  a r ea  needed t o  rep lace  t h e  l o s t  f i s h e r y  va lues  of a l i ned  
cana l  t h e  following methodology was used. The ne t  number of largemouth bass ,  
channel  c a t f i s h ,  and sun f i sh  t h a t  were est imated t o  be  l o s t  a s  a r e s u l t  
of concre te  l i n i n g  of the  c a n a l  (Table 14) was d iv ided  by t h e  d e n s i t i e s  f o r  
each of these  spec i e s  found i n  an unlined s e c t i o n  (Sec t ion  A) of t h e  Coach- 
e l l a  Canal (Minckley e t  a l e  1983). Fish d e n s i t i e s  from t h i s  reach of t he  
Coachella Canal were used because they were obtained from h a b i t a t  t h a t  was 
i n  p a r t  "pool-like" and may be s i m i l a r  t o  f i s h  h a b i t a t  c r ea t ed  under t he  
proposed mi t i ga t ion  e f f o r t .  Table 18 provides an example of t he  method- 
ology u t i l i z i n g  largemouth bass  a s  eva lua t ion  spec ies .  

U t i l i z i n g  the  methodology shown i n  Table 18 f o r  largemouth bass ,  i t  i s  e s t i -  
mated t h a t  43.0, 35.1 and 45.5 ac re s  would be needed t o  r ep l ace  largemouth 
bass ,  sunf i sh  and channel c a t f i s h  l o s se s ,  r e spec t ive ly ,  r e s u l t i n g  from t h e  
proposed in-place l i n i n g  of t h e  A l l  American Canal (Table 19). Acres of 
h a b i t a t  needed f o r  f i s h e r y  mi t i ga t ion  purposes, a s  determined by f i s h  
dens i ty  f i gu re s  obtained from the  Coachella Canal, should no t  be viewed a s  
t h e  s o l e  b a s i s  f o r  mi t i ga t ing  impacts. Because t h e  h a b i t a t  wi th in  t h e  
f i s h i n g  mi t iga t ion  a r ea  can be s p e c i f i c a l l y  designed t o  have high bio- 
l o g i c a l  values  f o r  t a r g e t  spec i e s ,  t he  s i z e  of t he  water  body can be t he  
lowest acreage ca l cu l a t ed  t o  mi t i ga t e  f i s h e r y  l o s s e s  (Table 19). F i sh  
numbers per u n i t  of a r ea  i n  a water body c rea ted  f o r  f i s h e r y  mi t i ga t ion  
purposes can e a s i l y  surpass  those found i n  the  Coachella Canal given t h a t  
a v a s t  major i ty  of t he  cana l  has  l i t t l e  cover h a b i t a t  which is  extremely 
important t o  a l l  l i f e  s t a g e s  of largemouth bass,  s u n f i s h  and channel cat-  
f i s h .  

To mi t i ga t e  the  proposed f i s h e r y  l o s s e s ,  i t  i s  recommended t h a t  a 35 a c r e  
pond be excavated south of t h e  Canal between Drops 3 and 4 (Figure 5). 
This  a r ea  is  an  abandoned a g r i c u l t u r e  f i e l d  which c u r r e n t l y  i s  almost 
e n t i r e l y  devoid of na t ive  vege ta t ion .  The pond would be contoured s o  
t h a t  i t  would have the  fol lowing bottom depths: 35% between 18 and 22 
f e e t ,  50% a t  approximately 12 f e e t ,  and 15% between 0 and 8 f e e t .  The 
pond should have a t o t a l  of 12 coves wi th  3 coves each of 114, 112, 1-2, 
and 3-4 acres.  The number and s i z e  of coves proposed t o  be c rea ted  is  an 
at tempt  t o  maximize s h o r e l i n e  h a b i t a t  which is heav i ly  u t i l i z e d  by 
cen t ra rch ids .  It is  es t imated  t h a t  781,290 cubic  ya rds  of e a r t h  would 
have t o  be excavated t o  c r e a t e  t h i s  35 a c r e  pond. 

Due t o  the  high water t a b l e  i n  t he  l o c a t i o n  of t h e  proposed a r e a  t o  be 
excavated, the  pond w i l l  probably f i l l  wi th  ground water  dur ing  digging,  
thereby increas ing  the  cos t  of t he  pro jec t .  A p re l iminary  e s t ima te  of 
excavation c o s t s  assoc ia ted  wi th  t h e  c r e a t i o n  of t h e  pond is $2.75/a 
cubic  yard (Lee pers.  comm.). Based on t h e  es t imated  number of cubic  
yards t o  be excavated, t he  proposed pond would c o s t  $2,148,547.50. A 
d i sposa l  s i t e  f o r  the excavated m a t e r i a l  needs t o  be determined. 



Table 18. A Methodology f o r  Est imating Re la t ive  S ize  of Mi t iga t ion  Area Needed U t i l i z i n g  t h e  Largemouth Bass a s  a n  
Evaluat ion Spec ies  

Equations Used I n  t h e  Methodology_ - Actual  Largemouth Bass (LMB) Numbers 

2 
Number of largemouth bass  (LMB)/square meter (m ) Number of 0.013 LMB/m 

2 - 
STEP #l unl ined s e c t i o n  of Coachella Canal (Minckley e t  = LMB per  ha  0.0001 = 130 L M B / ~ ~  

a l .  1983) .-I 
Number of h e c t a r e s  (ha) per  m' 

STEP IF2 Net number of LMB est imated would be l o s t  from l i n i n g  Number of ha 
h American Canal (Table 14) = est imated t o  
0 Number of L~Mlha  i n  unl ined s e c t i o n  of be needed t o  

Coachella Canal r ep l ace  LMB 

STEP #3 Conversion of ha t o  a c r e s  

l o s s e s  
r e s u l t i n g  

from 
proposed 

cana l  
l i n i n g  

1 ha - 2.471 a c r e s  

2268 LMB 
130 L M B / ~ ~  

17.4 ha X 
2.471 a c r e s P  

43 a c r e s  



Table 19. Ca lcu la t ions  and F i s h  Numbers Used t o  Est imate t h e  Number of Acres Needed t o  Replace 
Largemouth Bass, Sunfish and Channel C a t f i s h  Losses Resul t ing  From t h e  Proposed In-Place 
Lining of A l l  American Canal. 

Density of Net Number of Number of ha Number of a c r e s  
f i s h  est imated est imated t o  est imated t o  
t o  be l o s t  from be needed t o  r ep l ace  f i s h  
cana l  l i n i n g  r ep lace  f i s h  
(2) l o s s e s  

FISH SPECIES - 
Largemouth Bass 0.013 130 2,268 17.4 43.0 

Sunfish (3) 0.021 210 2,979 14.2 35.1 

Channel Catf i s h  0.120 1200 22,087 18.4 45.5 

(1) Data a r e  from Table 2 (Sample Sec t ion  A) i n  Minckley e t  a l .  (1983). 
(2) Data a r e  from Table 14 of t h i s  r epo r t .  
(3)  Sunf i sh  is a c o l l e c t i v e  name f o r  b l u e g i l l ,  redear  sun f i sh ,  and warmouth. 
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Figure 5. Concentual f i s h e r y  and w i l d l i f e  mi t iga t ion  p lan .  The major f ea tu res  of t h i s  ~ l a n  inc lude  
a  35 a c r e  pond t o  mi t iga te  f o r  f i s h e r y  losses ,  a  30 ac re  revegeta t ion  s i t e  t o  compensate 
f o r  l o s s  o f  t h e  common reed h a b i t a t  along t h e  Canal, and s t r u c t u r e s  t o  ~ r o v i d e  water  t o  
t h e s e  a reas  and t h e  e x i s t i n g  wetlands between Drovs 3 and 4. 



Two measures shown t o  increase f i s h  product ion i n  water  bodies a r e  f e r t i l i -  
z a t i o n  and placement of a r t i f i c a l  r ee f s .  Swingle and Smith s t a t e d  t h a t  
f e r t i l i z e d  ponds i n  Alabama support fou r  o r  f i v e  t imes a s  g rea t  a  weight 
of f i s h  a s  u n f e r t i l i z e d  ones; and consequently,  t h e  former has much b e t t e r  
f i s h i n g  (Bennett 1971). The pond should a l s o  be f e r t i l i z e d  with a  com- 
b i n a t i o n  of a l f a l f a  p e l l e t s  and super  phosphate (0250). The recommended 
a p p l i c a t i o n  r a t e  should be 250 pounds per  su r f ace  a c r e  f o r  t h e  a l f a l f a  
p e l l e t s  and 25 pounds per sur face  a c r e  f o r  t h e  super  phosphate. The 
a l f a l f a  p e l l e t s  cos t  $10.50 f o r  an  80 pound bag (Nicol pers. comm.). A n  
80 pound bag of super phosphate (0250) c o s t  $16.25 (Ccaja pers. comm.). 
T o t a l  c o s t s  assoc ia ted  with f e r t i l i z i n g  a  35 a c r e  pond would be approxi- 
mately $1,333.75. 

Placement of a r t i f i c i a l  r e e f s  i n  water bodies  has  a l s o  been shown t o  
inc rease  f i s h  abundance. Prince e t  a l .  (1975) summarized the  f ind ings  of 
fou r  i n v e s t i g a t i o n s  of a r t i f i c i a l  r e e f s  i n  f reshwater  l a k e s  i n  Michigan 
and a  r e s e r v o i r  i n  Virginia. In  one i n v e s t i g a t i o n ,  a  sandy shoal  of 
C r y s t a l  Lake, Michigan where a  brush s h e l t e r  had been placed,  was 
seined.  A t o t a l  of 6,941 f i s h  was captured from t h e  a rea  of t he  l a k e  
conta in ing  t h e  brush s h e l t e r  compared t o  48 f i s h  captured with the same 
s e i n e  i n  a  s i m i l a r  area of the  l ake  t h a t  lacked a  s h e l t e r .  I n  another  
s tudy conducted along the sho re l ine  of Douglas Lake, Michigan, ca tches  of 
f i s h  with se ines  averaged approximately 4 t imes g r e a t e r  i n  s h e l t e r  a r e a s  
than i n  nonshel te r  areas.  I n  a  more r ecen t  s tudy t h a t  u t i l i z e d  SCUBA 
equipment t o  count f i s h ,  f i s h  abundance was aga in  inves t iga t ed  a t  t h r e e  
s i t e s  i n  Douglas Lake including a  brush s h e l t e r  t h a t  had been i n  t h e  l ake  
f o r  30 years ,  a  recent ly  i n s t a l l e d  brush s h e l t e r ,  and a  c o n t r o l  a rea .  
Rat ios  of s p o r t  f i s h  abundance averaged 10.5:l and 4.8:l f o r  t h e  new 
s h e l t e r  and t h e  old s h e l t e r ,  r e spec t ive ly ,  as compared with the  c o n t r o l  
a rea .  The most cur ren t  i n v e s t i g a t i o n  summarized t h e  r e l a t i v e  abundance 

2 
of f i s h e s  before  and a f t e r  i n s t a l l a t i o n  of a 2,250 m t i r e  reef  i n  Smith 
Mountain Lake, a  r e se rvo i r  i n  Virginia .  Standardized SCUBA t r a n s e c t  counts  
were made along the  same sho re l ine  a r e a  of the  l a k e  i n  t h e  spr ing ,  summer 
and f a l l  of 1973 and 1974. Counts of f i s h  made i n  1973 occurred before  
placement of t h e  t i r e  r e e f ,  while f i s h  counts  made i n  1974 were a f t e r  
i n s t a l l a t i o n  of t h e  reef .  Rat ios  of f i s h  counted i n  1974, compared 
wi th  1973, were 12:l i n  spr ing ,  5.6:l i n  summer, and 28:l i n  f a l l .  
Centrarchid basses  composed about 18 percent  of t h e  f i s h  counted dur ing  
each season. 

H.G. Swingle looked a t  var ious  b i o l o g i c a l  means of i nc reas ing  p roduc t iv i ty  
i n  ponds. He reported ponds ha l f  f i l l e d  wi th  brush produced 65 percent  
more largemouth bass  and b l u e g i l l s  than  d id  ponds without  brush (Pr ince  
e t  a l .  1975). 

Another important benef i t  of a r t i f i c i a l  r e e f s  i s  increased  numbers of 
plankton and benthos assoc ia ted  with t h e  r ee f  s t r u c t u r e .  Increase numbers 
of p lan t  and animal organisms can provide important food items f o r  j uven i l e  
sun f i sh  and bass.  



Brush s h e l t e r s  which a r e  shown i n  F igure  4 can be placed I n  t h e  coves t o  
t o  provide  cover f o r  f i s h .  We recommend t h a t  48 brush s h e l t e r s  be 
cons t ruc ted .  Costs assoc ia ted  with cons t ruc t ion  of one brush s h e l t e r  
a r e  es t imated  t o  range between $50 t o  $75 (Gius t i  pers .  comm.). T o t a l  
c o s t s  f o r  48 brush s h e l t e r s  would be approximately $2,400 t o  $3,600. 

The pond can be f u r t h e r  enhanced by placement of g r a v e l  pa tches  and 
d r a i n  pipes .  Gravel patches can provide p o t e n t i a l  spawning s u b s t r a t e  
f o r  largemouth bass  and b l u e g i l l .  River washed g rave l  ranging i n  s i z e  
between 1/2 t o  314 inch should be placed i n  10 f o o t  wide by 10 f o o t  long 
by 1 f o o t  deep patches wi th in  coves where water depths  a r e  2  t o  10 f e e t .  
To c r e a t e  48 g rave l  patches wi th  t he  above mentioned dimensions,  4,800 
cub ic  f e e t  o r  of 178 cubic yards  of g r a v e l  would be needed. The approxi-  
mate purchase and t r a n s p o r t a t i o n  c o s t  of t h e  g rave l  would be $10 t o  $12 
per  cubic  yard (Lee pers. comm.) T o t a l  c o s t s  f o r  g r a v e l  and having i t  
d e l i v e r e d  would be $1,780 t o  $2,136. Brush s h e l t e r s  should be placed 
immediately ad jacent  t o  o r  p a r t i a l l y  on g rave l  a reas .  Cent ra rch ids  have 
been found spawning near  a r t i f i c i a l  r ee f  s t r u c t u r e s  i n  s e v e r a l  f i s h e r y  
s t u d i e s .  Largemouth bass were observed spawning ad j acen t  t o  brush 
s h e l t e r s  i n  Sand Pond, Maine and Bu l l  Shoals  Reservoir  and ad j acen t  t o  
t i r e  r e e f s  i n  Smith Mountain Lake, Vi rg in ia .  Largemouth bass  n e s t s  
i n  t h e  l a t t e r  study were nes t l ed  a g a i n s t  t i r e s  of t h e  r ee f  (Pr ince ,  e t  
a l .  1975). 

Concrete d r a i n  pipes  o r  v i t r i f i e d  c l a y  p ipes  can a l s o  be placed i n  t h e  
pond t o  c r e a t e  a d d i t i o n a l  h a b i t a t  d i v e r s i t y  and provide cover which would 
be u t i l i z e d  by channel c a t f i s h .  It i s  recommended t h a t  150 d r a i n  p ipes  be  
placed i n  t h e  pond. A conc re t e  d r a i n  p ipe  with a  12 inch  opening, 3 f e e t  
i n  l eng th  c o s t s  $6.75 per pipe.  Costs  t o  t r anspo r t  t h e  p ipe  t o  t h e  
m i t i g a t i o n  s i t e  would be an  a d d i t i o n a l  $2.00 per  pipe.  T o t a l  c o s t s  f o r  
150 conc re t e  d r a i n  pipes  de l ive red  t o  t h e  s i t e  would be approximately 
$1,312.50. 

Other f i s h e r y  h a b i t a t  improvements which should be considered a r e  place-  
ment of l ogs  and boulder r e e f s  ad j acen t  t o  t he  sho re l i ne .  Logs, depend- 
i n g  i f  a  source  can be found, should be anchored t o  t h e  s h o r e l i n e  i n  a  
random manner around the  per imeter  of t h e  pond. Boulder r e e f s  can b e  
cons t ruc ted  by p lac ing  l a r g e  rocks 2 t o  3  f e e t  i n  diameter  i n  a con- 
t iguous  l i n e  t o  form an underwater bar. The bar  should begin  i n  water 
depths  of approximately 1 f o o t  and extend i n t o  a r e a s  of t h e  pond up t o  
12 f e e t  i n  depth. 

I n  a d d i t i o n  t o  in-water s t r u c t u r a l  improvements, narrow-leaved c a t t a i l  
and bul rush  (Scirpus robus tus)  should-be planted a long  t h e  edge of t h e  
pond t o  s t a b i l i z e  t he  s h o r e l i n e  and provide cover f o r  j u v e n i l e  
cen t ra rch ids .  Rooted p l a n t s  of t h e  s p e c i e s  can be t r a n s p o r t e d  from 
nearby a r e a s  and planted i n  t h e  pond t o  e s t a b l i s h  marsh h a b i t a t .  

The pond should be stocked with largemouth bass ,  b l u e g i l l ,  r edea r  s u n f i s h  
and channel  c a t f i s h .  Vanicek and M i l l e r  (1973) recommended s t o c k i n g  a 
combination of 1,000-1,500 b l u e g l l l  f i n g e r l i n g s  and 100-150 largemouth 



bass  f i n g e r l i n g s  per su r f ace  a c r e  i n  C a l i f o r n i a  ponds. S imi l a r  s t ock ing  
r a t i o s  were recommended by H.S. Swingle who was one of t h e  p ioneers  
of bass  and b l u e g i l l  s tock ing  i n  smal l  impoundments i n  Alabama. Swingle 
recommended s tock ing  100 largemouth bass  f i n g e r l i n g s  and 1,000 
f i n g e r l i n g  b l u e g i l l s  per a c r e  (247 and 2,471 per  h e c t a r e )  (D i l l a rd  
and Novinger 1975). 

B l u e g i l l  a r e  known t o  be among t h e  most p r o l i f i c  warmwater game f i s h e s  wi th  
egg counts  of a  s i n g l e  female ranging from 2,360 t o  49,400 (Calhoun 1966). 
I n  order  t o  ensure  t h a t  t h e  b l u e g i l l  populat ion has  l e s s  p o t e n t i a l  f o r  
overpopulat ing t h e  pond, i t  was agreed t h a t  t h e  s tock ing  r a t i o  of blue- 
g i l l  t o  bas s  should be reduced from 10:l t o  5 : l .  It was a l s o  suggested 
t h a t  redear  s u n f i s h  be planted with b l u e g i l l  t o  add d i v e r s i t y  t o  t h e  
f isherman's  ca tch  a s  long a s  t he  5 : l  s tock ing  r a t i o  i s  maintained. It 
was recommended f o r  every 1,000 sun f i sh  p lan ted  750 of t h e  f i s h  be blue- 
g i l l  and 250 be redear  sun f i sh  (Vanicek pers.  comm.). P l an t ing  a  com- 
b ina t ion  of redear  sun f i sh  and b l u e g i l l  was a l s o  recommended a s  a  
management s t r a t e g y  f o r  new re se rvo i r s .  The r edea r  s u n f i s h  do not  s t u n t ,  
and they f r equen t ly  hyd r id i ze  with b l u e g i l l ,  thereby reducing the  repro- 
duc t ive  p o t e n t i a l  of the  sun f i sh  populat ion (Calhoun 1966). 

Channel c a t f i s h  were recommended t o  be stocked a t  a  r a t e  1,000 t o  2,000 
per su r f ace  a c r e  (Nicol pers .  comm.). It should be noted t h a t  channel  
c a t f i s h  may have t o  be restocked p e r i o d i c a l l y  because s u r v i v a l  of young 
channel c a t f i s h  i n  c l e a r  ponds conta in ing  largemouth bas s  and b l u e g i l l  
populat ions i s  o f t e n  low even when adequate spawning h a b i t a t  i s  presen t .  
Low s u r v i v a l  is a t t r i b u t e d  l a r g e l y  t o  preda t ion  (Calhoun 1966). 

Costs of ob t a in ing  largemouth bass  from a commercial source  i n  t h e  
Imper ia l  Val ley were $5.00 per  i n d i v i d u a l  f i s h  under 1 pound. Large- 
mouth bass  over a  pound a r e  so ld  a t  $5.00 per pound. B l u e g i l l  a r e  so ld  
a t  $1.00 pe r  pound (Widmann pers.  comm.). A l a r g e  number of channel  
c a t f i s h  a r e  r a i s e d  by t h e  Department i n  h a t c h e r i e s  and could be used 
i n  any planned s tocking  e f f o r t  f o r  t h e  pond. 

It is  recommended t h a t  a  t o t a l  of 30 a c r e s  surrounding t h e  pond be  
planted wi th  r i p a r i a n  p l a n t  spec ies .  F i f t e e n  a c r e s  is  n e a r l y  equ iva l en t  
t o  p l an t ing  a  114 foo t  wide band of r i p a r i a n  v e g e t a t i o n  around t h e  
perimeter of t h e  pond. P l an t  s p e c i e s  t h a t  should be u t i l i z e d  inc lude  
black willows, Fremont cottonwoods, honey mesquite,  screwbean, qua i l -  
brush, and narrow-leaved willow (Sa l ix  exigua) .  The l a r g e  trees (i .e.  
black willows and Fremont cottonwoods) should be p l an t ed  on 20 f o o t  
cen t e r s  throughout t h e  15 a c r e  band around the  pond. Honey mesqui te ,  
screwbean, and qua i lbrush  should be randomly p lan ted  i n  t h e  a r e a  
between b lack  willows and Fremont cottonwoods. Narrow-leaved wil low 
should be p lan ted  i n  s c a t t e r e d  clumps ad jacent  t o  t h e  c a t t a i l - b u l r u s h  
edge. Approximately 15 a c r e s  of narrow-leaved willows, bu l ru shes  and 
c a t t a i l s  should be p lan ted  a t  t h e  edge of t he  pond, wi th  t h e  remaining 
15 ac re s  p lan ted  between t h e  coves. This  t o t a l  of 30 a c r e s  of revege- 
t a t i o n  would be  m i t i g a t i o n  f o r  t h e  l o s s  of t h e  30 a c r e s  of emergent 
wetlands along t h e  Canal ' s  edge. 



Ripar ian  vege t a t i on  would provide b e n e f i t s  t o  bo th  f i s h  and w i l d l i f e .  
Ripar ian  vege t a t i on  would provide shade t o  t h e  sha l low water a r e a s  of 
t h e  pond. Leaf l i t t e r  from r i p a r i a n  vege t a t i on  provides  a  s u b s t a n t i a l  
p ropor t ion  of food f o r  aqua t ic  i nve r t eb ra t e s ,  which i n  t u r n  c o n s t i t u t e  
a  s i g n i f i c a n t  proport ion of many f i s h  spec i e s '  d i e t s .  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  o f t e n  found i n  water bodies a s s o c i a t e d  with r i p a r i a n  
v e g e t a t i o n  and become an important component i n  t h e  d i e t  of f i shes .  

The proposed pond would be f i l l e d  with water pumped from t h e  Canal. 
An o u t l e t  would be located a t  t h e  western end of t h e  pond. Water 
l eav ing  t h e  pond through t h i s  o u t l e t  would be conveyed i n  a  concrete-  
l i n e d  dra inage  d i t c h  t o  the recapture  d i t c h  on t h e  south s i d e  of Canal 
between Drops 3 and 4. Water would then be allowed t o  seep from t h e  
e x i s t i n g  e a r t h  bank d i t c h  t o  maintain t h e  h a b i t a t  va lue  of t he  l a r g e  
wetland a r e a  between Drops 3 and 4 (Figure 5). 

Reclamation has  estimated t h a t  approximately 3,455 acre- fee t  of water per  
year would be needed t o  rep lace  water t h a t  would be l o s t  from t h e  35 
a c r e  pond. The 52 ac re s  of marsh and 835 a c r e s  of r i p a r i a n  h a b i t a t  
between Drops 3 and 4 were ca l cu l a t ed  t o  have an  annual  consumptive use 
of 441 and 5,402 acre-feet ,  r e spec t ive ly  (Reclamation 1987b). Based on 
the  above information,  a  t o t a l  of 9,298 acre- fee t  of water need t o  be 
pumped annual ly  from the  Canal t o  maintain t h e  pond and e x i s t i n g  wetlands.  

The monitoring of water q u a l i t y  t o  p r o t e c t  a q u a t i c  resources  is  an add- 
i t i o n a l  i s s u e  t h a t  w i l l  have t o  be addressed du r ing  t h e  concre te  l i n i n g  
opera t ion  of the  Canal. Lining opera t ions  have t h e  p o t e n t i a l  t o  s i g n i -  
f i c a n t l y  r a i s e  pH l e v e l s  and un-ionized ammonia concen t r a t i ons  of c a n a l  
waters.  High concentrat ion l e v e l s  of un-ionized ammonia p a r t i c u l a r l y  
during t h e  ho t  summer months could cause m o r t a l i t i e s  t o  a  s i g n i f i c a n t  
number of f i s h .  Reclamation has  proposed monitor ing water q u a l i t y  con- 
d i t i o n s  dur ing  t h e  fu tu re  in-place concre te  l i n i n g  of t h e  1.25 m i l e  
s e c t i o n  of t h e  Coachella Canal t o  l e a r n  a l t e r n a t i v e  s t r a t e g i e s  t h a t  can 
be employed during t h e  l i n i n g  ope ra t i on  t o  main ta in  acceptab le  water  
q u a l i t y  cond i t i ons  f o r  f i s h  spec i e s  t h a t  l i v e  i n  t h e  canal .  

Courtois  (1987) determined s e v e r a l  ways t o  s u b s t a n t i a l l y  reduce o r  
minimize impacts t o  water q u a l i t y  dur ing  cana l  l i n i n g  operat ions.  These 
included:' (a )  keep a l l  f r e s h  conc re t e  covered u n t i l  set ,  (b) reduce t h e  
amount of t ime required f o r  t h e  conc re t e  t o  s e t ,  (c)  i nc rease  the  volume 
of water flowing p a s t  the  a p p l i c a t i o n  s i te ,  (d) b u f f e r  t h e  water flowing 
pas t  t he  a p p l i c a t i o n  s i t e  t o  maintain pH wi th in  normal l i m i t s  f o r  t h e  
cana l  a t  t h e  t i m e  of year  when work is c a r r i e d  o u t ,  (e )  sho r t en  t h e  
number of hours  concrete  is app l i ed  each day, and ( f )  undertake t he  work 
during t h e  win te r  months when cana l  temperatures  a r e  reduced. 

b. T e r r e s t r i a l  
A s  s t a t e d  above, t h e  p o t e n t i a l  impacts of t h e  c u t  and f i l l  opera t ions  
needed t o  smooth t he  s ides  of t h e  Canal cannot be  determined a t  t h i s  t i m e .  
I f  t he  amount of dredged m a t e r i a l  roughly equa ls  t h e  amount of needed 
f i l l ,  borrow and d i sposa l  s i t e s  should be unnecessary. I f  temporary 



s t o r a g e  a r e a s  a r e  needed, c a r e f u l  s i t e  s e l e c t i o n  should be a b l e  t o  a v o i d  
s i g n i f i c a n t  impacts. Conversely, i f  f i l l  m a t e r i a l  o r  d i s p o s a l  sites a r e  
needed, impacts could become s i g n i f i c a n t .  Use of t h e  e x i s t i n g  berms and 
t h e  abandoned a g r i c u l t u r a l  f i e l d  n e a r  Drop 3  f o r  borrow and d i s p o s a l  s i t e s  
could s i g n i f i c a n t l y  decrease  impacts  t o  undis turbed w i l d l i f e  h a b i t a t .  
Equipment s t a g i n g  a r e a s  w i l l  probably  a l s o  be r e q u i r e d ;  use  of previous-  
l y  d i s t u r b e d  a r e a s  and minimizing t h e  s i z e  of t h e s e  s i t e s  w i l l  be impor- 
t a n t  m i t i g a t i o n  concepts .  

For those  d i r e c t  impacts occur r ing  i n  upland h a b i t a t s ,  t h e  S e r v i c e  
recommends c a r e f u l  s i t e  s e l e c t i o n ,  minimizing t h e  amount of h a b i t a t  
l o s t ,  and r e s t o r a t i o n  of t h e  d i s t u r b e d  h a b i t a t  through r e c o n t o u r i n g  t h e  
s o i l s  and seed ing  and/or p l a n t i n g  a p p r o p r i a t e  n a t i v e  p l a n t  s p e c i e s .  
Furthermore,  we recommend t h a t  b i o l o g i s t s  from t h e  Department, S e r v i c e ,  
and Reclamation accompany Reclamat ion 's  eng ineers  and /or  c o n t r a c t o r s  on- 
s i t e  t o  deno te  t h e  a c t u a l  a r e a s  t o  be used a s  borrow, d i s p o s a l ,  and 
equipment s t a g i n g  s i t e s .  

The d i r e c t  l o s s  of 30 a c r e s  of common reed along t h e  edges  of t h e  Cana l  
w i l l  need t o  be mi t iga ted  through c r e a t i o n  of 30 a c r e s  of c a t t a i l  and /or  
reed h a b i t a t  wi th in  t h e  p r o j e c t  a r e a  and p r o v i s i o n  of a  wa te r  supply  t o  
maintafn  t h i s  h a b i t a t .  The l o c a t i o n  f o r  t h i s  marsh should be 
a d j a c e n t  t o  t h e  f i s h e r y  m i t i g a t i o n  s i t e  a s  d iscussed above. The s m a l l  
seep wet lands  e a s t  of Drop 3 w i l l  a l s o  e v e n t u a l l y  dry  up; t h e s e  a r e a s  
should be examined by Department, S e r v i c e ,  and Reclamation b i o l o g i s t s ,  
q u a n t i f i e d ,  and t h e i r  l o s s  m i t i g a t e d  through c r e a t i o n  of a t  l e a s t  e q u a l  
ac reage  a d j a c e n t  t o  t h e  wetland between Drops 3  and 4 o r  a t  Drop 3. 
Costs  f o r  r e c r e a t i n g  r i p a r i a n  h a b i t a t  i n  d e s e r t  a r e a s  can v a r y  g r e a t l y .  
A 75 a c r e  r e v e g e t a t i o n  s i t e  a long t h e  Colorado River  c o s t  approx imate ly  
$95,000; a  1 2  a c r e  s i t e  a long t h e  Rio Grande i n  Texas w a s  $75,000 (Anderson 
pers .  comm.). Care fu l  i n t e g r a t i o n  of t h e  c o n s t r u c t i o n  of t h e  proposed pond 
f o r  f i s h e r y  m i t i g a t i o n  wi th  t h e  development of a  r i p a r i a n  a r e a  w i l l  need 
t o  be accompl i shed . fo r  e i t h e r  t o  be s u c c e s s f u l .  Planning t h e s e  two m i t i -  
g a t i o n  f e a t u r e s  i n  concer t  could a l s o  reduce t h e  c o s t  of t h e  m i t i g a t i o n .  

Reclamation should procure  t h e  r i g h t s  t o  5,843 a c r e - f e e t  of wa te r  p e r  
year ,  i n  a d d i t i o n  t o  t h e  water  needed f o r  t h e  f i s h e r y  m i t i g a t i o n .  T h i s  
water  should  be allowed t o  f low i n t o  t h e  e x i s t i n g  r e c a p t u r e  d i t c h e s  
n o r t h  and sou th  of t h e  Canal a t  r a t e s  which w i l l  mainta in  t h e  e x i s t i n g  
wet lands  a t  t h e  p resen t  s i z e .  Reclamation should fund a  h y d r o l o g i c a l  
s tudy  t o  determine t h e  a p p r o p r i a t e  r e l e a s e  r a t e s  t o  a c h i e v e  t h i s  goa l .  
A moni tor ing program, i n c l u d i n g  a e r i a l  photographs,  of t h e  we t lands  
should be i n i t i a t e d  and reviewed a n n u a l l y  f o r  a t  l e a s t  5  y e a r s  t o  
determine t h e  s u c c e s s  of t h i s  m i t i g a t i o n  e f f o r t .  

Implementation of t h i s  a l t e r n a t i v e  would r e s u l t  i n  a  s t eep-s ided ,  c o n c r e t e -  
l i n e d  c a n a l  t h a t  could r e s u l t  i n  w i l d l i f e  drownings. A s p e c i e s  of p a r t i c u l a r  
concern is t h e  bur ro  deer.  I n  a n  e f f o r t  t o  avoid a c c i d e n t a l  drownings of 
d e e r  i n  t h e  concrete- l ined c a n a l  c o n s i d e r a t i o n  i s  being g iven  t o  t h e  c r e a t i o n  
of smal l  l e d g e s  a long  t h e  s i d e s  of t h e  c a n a l  f o r  i ts e n t i r e  l e n g t h  t h a t  
would s e r v e  a s  s t e p s  t h a t  d e e r  cou ld  p o t e n t i a l l y  use  a s  an  escape  dev ice .  



The l o c a t i o n  of these ledges i n  r e l a t i o n  t o  t h e  water  l e v e l  i n  t h e  c a n a l  is  
c r i t i c a l  a s  deer must be a b l e  t o  e f f e c t i v e l y  use t h e i r  r e a r  l e g s  and 
hoofs t o  p ro j ec t  themselves t o  the  e a r t h e r n  p o r t i o n  of t h e  cana l  bank i f  
they a r e  going t o  have a  high degree of success  i n  escaping the  conf ines  
of t he  canal .  

Reclamation w i l l  at tempt t o  c r e a t e  t h e  small  l edges  along t h e  s i d e  of t h e  
cana l  when they conduct t h e  prototype in-place concre te  l i n i n g  of 1.25 mi les  
of t he  Coachella Canal between siphons 14  and 15. The l edges  would be 
c rea ted  by the l i n i n g  machine a s  the  cement is  being placed. The Serv ice  
be l i eves  t h e  ledges should run p a r a l l e l  t o  t he  l eng th  of t h e  cana l  from a 
poin t  a t  l e a s t  t h ree  f e e t  below the  lowest expected water l e v e l  t o  the  top  
of t he  cana l  a t  one foo t  i n t e r v a l s .  The e f f e c t i v e n e s s  of c r e a t i n g  ledges 
with t h e  l i n i n g  machine and t h e i r  p o t e n t i a l  use by deer  w i l l  be f u r t h e r  
evaluated a f t e r  completion of t h e  prototype l i n i n g .  

The va lue  of the concre te  ledges a s  a  deer  escape device would have t o  be 
demonstrated before they could be considered e f f e c t i v e .  Guenther e t  a l .  
(1979) descr ibed s t e p s  c u t  i n t o  the concrete  w a l l  of the Mohawk Canal i n  
Arizona a s  being i n e f f e c t i v e  because deer  could not  l o c a t e  them o r  recog- 
n i ze  them a s  escape s t r u c t u r e s .  I f  concre te  ledges  a r e  incorpora ted  i n t o  
the  Canal and i t  i s  found t h a t  deer  drown i n  t h e  Canal, Reclamation would 
be respons ib le  f o r  i n s t a l l i n g  more convent ia l  escape devices  such a s  escape 
ramps with d i r e c t o r  cables .  Escape ramp designs a r e  descr ibed  i n  
Rautenstrauch e t  a l .  (1986). 

4. No Action 
I f  no pro jec t  is  implemented, t he re  w i l l  not  be a  need t o  cons ider  f i s h  and 
w i l d l i f e  mi t iga t ion -  measures- t o  of f  s e t  project-induced losses .  I f  t h e  D i s -  
t r i c t  decides t o  proceed with l i n i n g  without Reclamation's p a r t i c i p a t i o n ,  
the  Service w i l l  at tempt t o  p r o t e c t  pub l i c  w i l d l i f e  va lues  through the  Clean 
Water Act, Sect ion 404, permi t t ing  process.  The Los Angeles D i s t r i c t  Corps 
of Engineers has  ind ica ted  t h a t  t he  A l l  American Canal i s  considered a  navi- 
gable  water and t h a t  a  404 permit w i l l  be required t o  p l ace  f f l l  i n  t he  
Canal. Under t h i s  permi t t ing  process ,  t he  Service w i l l  pursue the  same 
mi t iga t ive  measures i t  i s  c u r r e n t l y  d iscuss ing  with Reclamation. 

F. RECOMMENDATIONS 

Placement of a  w e l l f i e l d  between P i l o t  Knob and Drop 1 would r e s u l t  i n  much 
l e s s  dis turbance t o  the  environment of t he  p ro j ec t  a r e a  than t h e  r e l o c a t i o n  
o r  in-place a l t e r n a t i v e s .  Hence, of t he  3 a c t i o n  a l t e r n a t i v e s ,  t h e  well-  
f i e l d  is  prefer red  by the  Service.  

The d i r e c t  impacts t o  t e r r e s t r i a l  h a b i t a t s  assoc ia ted  wi th  t h e  in-place 
l i n i n g  a l t e r n a t i v e  should be g r e a t l y  mi t iga ted  through c a r e f u l  s i t e  s e l e c t i o n  
of work areas .  I n d i r e c t  impacts,  such a s  a  decrease i n  f i s h e r y  h a b i t a t  and 
dry ing  of the wetland seeps, could be mi t iga ted  through c r e a t i o n  of a  ponded 
a r e a  adjacent  t o  t h e  Canal and providing water t o  t h e  e x i s t i n g  seeps.  Of t h e  
a l t e r n a t i v e s  which involve l i n i n g  t h e  Canal, the  in-place l i n i n g  a l t e r n a t i v e  
should present fewer impacts t o  pub l i c  f i s h  and w i l d l i f e  va lues  and provide 
b e t t e r  oppor tuni t ies  t o  m i t i g a t e  those  impacts. 



Under t h e  r e l o c a t i o n  a l t e r n a t i v e ,  the  Serv ice  does no t  b e l i e v e  t h a t  enough 
m i t i g a t i o n  s i t e s  a r e  a v a i l a b l e  t o  f u l l y  m i t i g a t e  p r o j e c t  ' l o s s e s  t o  c r eoso t e  
bush scrub  and sand dune h a b i t a t s  wi th in  t h e  immediate p r o j e c t  a rea .  However, 
should t h e  proposed p r o j e c t  be constructed,  w e  b e l i e v e  t h a t  a  m i t i g a t i o n  p l an  . 
i nco rpo ra t i ng  t h e  concepts  presented below would o f f s e t  impacts t o  a  g r e a t  
ex t en t .  

Re loca t ion  A l t e r n a t i v e  1. - 
a. Ten backwater a r e a s  s h a l l  be c rea ted  t o  p a r t i a l l y  o f f s e t  f i s h e r y  
l o s s e s  r e s u l t i n g  from the  pro jec t .  Each backwater s h a l l  be 3.5 a c r e s  
i n  s i z e  (approximately 175 f e e t  wide x 780 f e e t  long) .  The proposed 
l o c a t i o n s  of t he se  backwater a r e a s  a r e  shown i n  Figure 2. 

b. Pipes  o r  o t h e r  water conveyance f a c i l i t i e s  s h a l l  be cons t ruc ted  
between t h e  l i n e d  c a n a l  and each of t h e  10 backwaters f o r  t h e  purpose 
of i nc reas ing  water c i r c u l a t i o n  wi th in  t h e  ponded a reas .  

c. Reclamation s h a l l  reserve  the  r i g h t s  t o  3,455 acre- fee t  of water  
pe r  year  t o  account f o r  seepage from t h e  10 backwater a r ea s .  

d. The 10 backwater a r ea s  and surrounding uplands should be designed 
t o  promote h a b i t a t  d i v e r s i t y  and a i d  i n  product ion of f i s h .  Methods t o  
be used inc lude :  1) mechanically grading t h e  bottoms of t h e  backwaters 
t o  c r e a t e  a  combination of shallow and deepwater h a b i t a t s ;  2) placement 
of v i t r i f i e d  c l a y  p ipes  and s tacked brush frames; 3) p l an t ing  shal low 
water  a r e a s  w i t h i n  t h e  backwaters wi th  c a t t a i l s ;  and 4 )  p l a n t i n g  uplands 
surrounding t h e  backwaters with black willows, Fremont cottonwoods, honey 
mesquite,  screwbean, quai lbrush,  and narrow-leaved willows. 

e. A f i s h  s a lvag ing  e f f o r t  s h a l l  be made by personnel  from Reclama- 
mation, t h e  Serv ice ,  t h e  Department, and t h e  D i s t r i c t ,  when t h e  
unl ined s e c t i o n  of t h e  Canal is dewatered dur ing  p r o j e c t  construc- 
t ion. 

f .  The Canal s h a l l  remain i n  an unl ined cond i t i on  f o r  approximately 
2.5 mi les  i n  i ts  p re sen t  channel, through t h e  seep wetlands between 
Drops 3  and 4. This  unlined s t r e t c h  s h a l l  p a r a l l e l  t h e  l eng th  of t h e  
r e c a p t u r e . d i t c h  l oca t ed  on the  south  s i d e  of t h e  Canal. Allowing 
seepage t o  cont inue  i n  t h i s  a r ea  would avoid s e r i o u s  impacts t o  approxi- 
mately 887 a c r e s  of wetlands,  inc lud ing  h a b i t a t  of t h e  f e d e r a l l y  l i s t e d  
endangered s p e c i e s ,  t h e  Yuma c l appe r  r a i l .  

g. For t he  l o s s  of 785 ac re s  of Algodones Dunes h a b i t a t ,  out-of- 
kind m i t i g a t i o n  s h a l l  be pursued. Reclamation s h a l l  r e se rve  t h e  r i g h t s  
t o  5,843 acre- fee t  of water a  year  which s h a l l  be used i n  preserv ing  
t h e  w e t l a n d l r i p a r i a n  a r e a  between Drops 3  and 4. 

h. Within t h e  Algodones Dunes, f r u i t s  of s e n s i t i v e  p l a n t  spec i e s  s h a l l  
be co l l ec t ed  a t  t h e  app rop r i a t e  t i m e s  of t h e  yea r  p r i o r  t o  cons t ruc t ion  
and r e d i s t r i b u t e d  a f t e r  cons t ruc t ion  wi th in  h i s t o r i c ,  s u i t a b l e  h a b i t a t ,  
aga in  a t  t h e  proper  t imes  of t h e  year .  Perennia l  s p e c i e s  w i th in  t h e  



c o n s t r u c t i o n  zone, such a s  t h e  d e s e r t  sunf lower ,  shou ld  be t r a n s p l a n t e d  
t o  s u i t a b l e  h a b i t a t  des igna ted  by t h e  S e r v i c e  and t h e  Department n e a r  
t h e  c o n s t r u c t i o n  zone i n  such a  manner t h a t  any e x i s t i n g  p l a n t s  i n  t h a t  
area w i l l  n o t  be a f f e c t e d .  

i. For t h e  l o s s  of 545 a c r e s  of c r e o s o t e  bush sc rub ,  Reclamation s h a l l  
purchase  h a b i t a t  f o r  f l a t - t a i l e d  horned l i z a r d s  i n  t h e  Eas t  Mesa o r  Yuha 
B a s i n  a r e a s  of Imper ia l  County and t r a n s f e r  t h e s e  l a n d s  t o  t h e  Bureau t o  
be  managed a s  w i l d l i f e  a r e a s .  The M i t i g a t i o n  Po l icy  s p e c i f i e s  t h a t  f e e  
t r a n s f e r s  a r e  not s t r i c t l y  m i t i g a t i o n  measures,  t h e r e f o r e ,  s p e c i f i c  a c r e a g e s  
and a r e a s  t o  be acqu i red  would be determined through d i r e c t  c o n s u l t a t i o n  
among Reclamation,  t h e  Bureau, t h e  Department and t h e  Serv ice .  

j. A d e e r  escape ramp s h a l l  be p laced  on t h e  n o r t h e r n  s i d e  of t h e  
Canal  e a s t  of t h e  Algodones Dunes and n o r t h  of t h e  j u n c t t o n  of I n t e r -  
s t a te  8 and t h e  Canal. Se rv ice  and Department pe rsonne l  f a m i l i a r  
w i t h  t h e  b u r r o  deer  herd  i n  I m p e r i a l  County should be consu l ted  f o r  
t h e  s p e c i f i c  l o c a t i o n  and des ign  of t h e  ramp. 

k. Windmill-driven w a t e r . s o u r c e s  f o r  b u r r o  d e e r  should  be placed i n  
t h e  same g e n e r a l  v i c i n i t y  a s  t h e  escape  ramp. Serv ice  and Department 
p e r s o n n e l  f a m i l i a r  wi th  t h e  b u r r o  d e e r  he rd  i n  I m p e r i a l  County should 
be c o n s u l t e d  f o r  t h e  s p e c i f i c  l o c a t i o n  and des ign  of t h e  guzz le r s .  

1. A l l  c o n s t r u c t i o n  a c t i v i t i e s ,  i n c l u d i n g  a c c e s s  roads ,  machinery 
s t o r a g e  a r e a s ,  and s t o c k p i l i n g  a r e a s  f o r  excavated e a r t h  and imported 
g r a v e l ,  s h a l l  be s t r i c t l y  conf ined t o  t h e  600-foot wide right-of-way. 
Whenever p o s s i b l e ,  dec reas ing  t h e  wid th  of t h e  right-of-way should b e  
done a s  t h i s  would r e s u l t  i n  decreased  damage t o  t h e  h a b i t a t s .  

m. Only those  a r e a s  w i t h i n  t h e  a c t u a l  a l ignment  of t h e  -new c a n a l  
s h a l l  be c l e a r e d .  Vegeta t ion w i t h i n  a l l  o t h e r  a r e a s  of t h e  600-foot 
wide right-of-way needed f o r  c o n s t r u c t i o n  purposes s h a l l  be trimmed 
o r  crushed and l e f t  i n  p lace ,  a l l o w i n g  f o r  r e s p r o u t i n g  from t h e  remain- 
i n g  r o o t  system. 

n. A f t e r  t h e  completion of t h e  l i n e d  c a n a l ,  t h e  berms s h a l l  be seeded 
w i t h  a p p r o p r i a t e  n a t i v e  s p e c i e s ,  i n c l u d i n g  c r e o s o t e  bush and long-leaved 
Mormon tea .  

0. The a r e a s  w i t h i n  100-foot r a d i i  su r rounding  t h e  10 backwaters  s h a l l  
be  p l a n t e d  w i t h  b lack  willow, Fremont cottonwoods, and mule f a t  ( s e e  
F i g u r e  3) .  

p. The e n t i r e  right-of-way r o u t e  w i t h i n  t h e  c r e o s o t e  bush s c r u b  commu- 
n i t y  s h a l l  be  seeded wi th  n a t i v e  p l a n t  s p e c i e s  immediately fo l lowing  
p r o j e c t  c o n s t r u c t i o n  t o  ensure  t h e  r e e s t a b l i s h m e n t  of t h e  n a t u r a l  p l a n t  
community. 

q. A l l  f i s h  and w i l d l i f e  m i t i g a t i o n  measures s p e c i f i e d  above s h a l l  be 
implemented by Reclamation c o n c u r r e n t l y  w i t h  p r o j e c t  c o n s t r u c t i o n .  



r. A l l  operat ion and maintenance a c t i v i t i e s  and f e e s  a s soc i a t ed  wi th  
the  above f i s h  and w i l d l i f e  mi t iga t ion  measures (a through q)  over t h e  
l i f e  of t he  pro jec t  impacts s h a l l  be t he  r e s p o n s i b i l i t y  of Reclamation. 

Wel l f ie ld  Al te rna t ive  2- 7 

a .  S i t e  s e l ec t ion  f o r  the  25 one-sixth-acre pumps s h a l l  be done t o  
- - 

avoid dense concentrat ions of the  s e n s i t i v e  p lan t  s p e c i e s  found i n  
t he  area.  Bio logis t s  from the  Service,  the  Department, and Reclamation 
should a s s i s t  p ro jec t  engineers  on s i t e  t o  eva lua te  a l t e r n a t i v e  loca- 
t i o n s  and provide input  t o  the s e l e c t i o n  of f i n a l  pump s l t e s .  S i t e  
inspec t ion  s h a l l  be done i n  Apri l  o r  May t o  permit i d e n t i f i c a t i o n  of 
s e n s i t i v e  annual species .  

b. I f  a  75-acre access  road and powerline a r e  t o  be i n s t a l l e d ,  a l t e r -  
na t ive  cons t ruc t ion  s i t e s  need t o  be evaluated. Areas of dense concen- 
t r a t i o n s  of s e n s i t i v e  p l a n t s  s h a l l  be avoided. Reclamation and Serv ice  
b i o l o g i s t s  s h a l l  be on s i t e  t o  i d e n t i f y  such areas  dur ing  Apr i l  o r  May. 

c ,  Revegetation of any a r e a s  temporarily dis turbed by cons t ruc t ion  
a c t i v i t i e s  s h a l l  be done with na t ive  species  found i n  t h a t  a r ea  of t h e  
pro jec t .  A l l  s tockpi led mater ia l s  and equipment s h a l l  be removed upon 
completion of the pro jec t .  

d. Reclamation s h a l l  conduct per iodic  water q u a l i t y  t e s t s  t o  ensure 
what w e l l f i e l d  water remains of such chemical composition t h a t  the  
aquat ic  resources of the  Canal w i l l  not be adversely a f f ec t ed .  I f  w e l l  
water q u a l i t y  d e t e r i o r a t e s  t o  a  l e v e l  de t r imenta l  t o  t h e  Canal 's  a q u a t i c  
l i f e ,  pumping s h a l l  be suspended u n t i l  t he  water q u a l i t y  problem is  
corrected.  

e. Reclamation s h a l l  monitor changes i n  the  water t a b l e  i n  r e l a t i o n  t o  
the pumping of groundwater. Concurrently, a  monitoring program s h a l l  
be implemented t o  document any changes i n  t he  vege ta t ion  of t h e  a r e a  
within the  draw-down cone. 

f .  A l l  operat ion and maintenance a c t i v i t i e s  and f e e s  a s soc i a t ed  wi th  
the  above f i s h  and w i l d l i f e  mi t iga t ion  measures (a through e )  over t h e  
l i f e  of t he  pro jec t  s h a l l  be the  r e s p o n s i b i l i t y  of Reclamation. 

3, In-place Lining Al te rna t ive  
a. A 35 ac re  backwater s h a l l  be c rea ted  t o  compensate f u l l y  f o r  p r o j e c t  - - 
losses  t o  largemouth bass  and sun f i sh  and p a r t i i l l y  o f f  s e t  i o s s e s  t o  
channel c a t f i s h .  

b. The pond s h a l l  be constructed s o  i t  would have t h e  fo l lowing  
bottom depths: 35% between 18 and 22 f e e t ,  50% a t  12 f e e t ,  and 15% 
between 0 and 8 f e e t ,  

c. The pond s h a l l  have 12 sepa ra t e  coves with the fo l lowing  a reas :  
3 coves (% a c r e ) ,  3  coves (% a c r e ) ,  3  coves (1-2 a c r e s ) ,  and 3 coves 
(3-4 acres) .  



d. The pond s h a l l  be planted with 100-150 largemouth bass ,  400 b l u e g i l l ,  , 

100 r edea r  sun f i sh  and 1,000-2,000 channel c a t f i s h  per su r f ace  acre.  

e. Forty-eight brush s h e l t e r s  s h a l l  be constructed and placed i n  loca- 
t i o n s  w i th in  the  pond designated by the  Service and t h e  Department. 

f .  Forty-eight  grave l  patches which a r e  10 f e e t  long by 10 f e e t  wide 
by I f o o t  deep s h a l l  be placed i n  l o c a t i o n s  wi th in  the  pond designated 
by the  Serv ice  and the Department. The g rave l  used s h a l l  be smooth 
r i v e r  washed rock ranging between 1 1 2  t o  314 inch i n  s i ze .  

g. One hundred and f i f t y  concrete d r a i n  pipes o r  v i t r i f i e d  c l ay  p ipes  
having 12 inch openings, 3  f e e t  i n  length  s h a l l  be placed i n  l oca t ions  
wi th in  t h e  pond designated by the  Serv ice  and t h e  Department. 

h. Narrow-leaved c a t t a i l  and bulrush s h a l l  be planted along the  edge 
of the  pond t o  s t a b i l i z e  the  sho re l ine  and provide cover f o r  juveni le  
cent ra rch ids .  

1. The pond s h a l l  be f e r t i l i z e d  with a l f a l f a  p e l l e t s  and super phos- 
phate (0250) p r i o r  t o  i t  being stocked with f i s h .  The app l i ca t ion  
r a t e  f o r  the  a l f a l f a  p e l l e t s  and super phosphate would be 250 and 
25 pounds per  sur face  acre ,  respec t ive ly .  

j. F i f t een  a c r e s  (i .e.  equivalent  t o  a  114 f o o t  wide band) s h a l l  be 
planted around the  perimeter of t h e  35 a c r e  pond. Plant  spec ies  t o  be 
planted s h a l l  be black willows, Fremont cottonwoods, screwbean, honey 
mesquite, qua i lbrush ,  and narrow-leaved willows. The l a rge  t r e e s  (i .e.  
black willows and Fremont cottonwoods) s h a l l  be planted on 20 foo t  
centers  throughout the e n t i r e  15 a c r e  s i t e .  Mesquite and quai lbrush 
s h a l l  be randomly planted i n  the  a r ea  between b lack  willows and Fremont 
cottonwood. Narrow-leaved willow s h a l l  be planted i n  s ca t t e r ed  clumps 
adjacent  t o  t h e  ca t ta i l -bu l rush  edge. F i f t een  a c r e s  of c a t t a i l s ,  bul- 
rush, and narrow-leaved willows s h a l l  be planted a t  t he  pond's edge. 
This 30 a c r e  revegeta t ion  a rea  could be designated a s  replacement f o r  
l o s s  of t he  common reed along the  Canal 's  edge. 

k. Reclamation s h a l l  reserve  the  r i g h t s  t o  3,455 acre-feet  of 
water pe r ' yea r  t o  account f o r  seepage from the  35 a c r e  pond area.  

1. To reduce the  l o s s  of upland h a b i t a t  during cons t ruc t ion ,  
Reclamation s h a l l ,  s i x  months p r i o r  t o  the  s t a r t  of cons t ruc t ion ,  
i den t i fy  i t s  requirements f o r  a l l  work loca t ions ,  such a s  equipment 
s tag ing  a reas ,  w i th in  the  pro jec t  area.  I n  conjunct ion with t h e  
Service and t h e  Department, Reclamation s h a l l  s e l e c t  a r e a s  of the  
lowest poss ib l e  h a b i t a t  va lue  and des igna te  t h e  boundaries of t hese  
areas .  A l l  cons t ruc t ion  equipment and a c t i v i t i e s  s h a l l  be required 
t o  remain w i t h i n  these  areas .  

m. I f  cana l  m a t e r i a l  d i sposa l  o r  borrow s i t e s  a r e  required,  Reclamation 
s h a l l ,  six months p r i o r  t o  the s t a r t  of cons t ruc t ion ,  conduct a  s i t e  



v i s i t  wi th  b i o l o g i s t s  from t h e  Se rv i ce  and t h e  Department t o  determine 
t h e  l o c a t i o n s  of these areas .  A s  mentioned previously,  t he  e x i s t i n g  
Canal berms and the  abandoned a g r i c u l t u r a l  f i e l d s  a t  Drop 3  a r e  
c u r r e n t l y  low i n  h a b i t a t  va lue  and a r e  thus  considered good candida tes  
f o r  t h e s e  a c t i v i t i e s .  A l l  d i s p o s a l  o r  removal a c t i v i t i e s  s h a l l  be 
conf ined  t o  t he se  locat ions.  

n. A l l  a r e a s  dis turbed by cons t ruc t ion  a c t i v i t i e s ,  inc lud ing  t h e  
borrow and d i sposa l  a r ea s ,  s h a l l  be seeded with appropr ia te  n a t i v e  
annuals  a t  t h e  proper time of t h e  yea r  upon t h e  completion of con- 
s t r u c t i o n .  The timing, method of seed ing ,  and t h e  spec i e s  t o  be used 
s h a l l  be -e s t ab l i shed  by r e p r e s e n t a t i v e s  of t h e  Department, t h e  Serv ice ,  
and Reclamation p r io r  t o  i n i t i a t i o n  of cons t ruc t ion .  

o. For t h e  l o s s  of 30 a c r e s  of common reed ,  Reclamation s h a l l  c r e a t e  
30 a c r e s  of wetland h a b i t a t  con ta in ing  n a t i v e  p l an t  spec i e s  found i n  
t h e  p r o j e c t  area.  The l o c a t i o n  of t h i s  wetland s h a l l  be a t  t h e  35 
a c r e  backwater acre  described i n  m i t i g a t i o n  measure "a". 

p. For t h e  l o s s  of small ,  i s o l a t e d  seep  wetland h a b i t a t  e a s t  of Drop 
3, Reclamation s h a l l  conduct a  f i e l d  i n spec t ion  with b i o l o g i s t s  from 
t h e  Serv ice  and the Department. Any a r e a s  conta in ing  wetland va lues  
s h a l l  be marked on a e r i a l  photographs and quant i f ied .  Reclamation s h a l l  
t hen  c r e a t e  wetland h a b i t a t  of equa l  acreage  a t  t h e  f i s h e r y  m i t i g a t i o n  
s i t e  o r  a t  any one of the major seep wetlands.  These a r e a s  should be  
i d e n t i f i e d  s i x  months p r i o r  t o  t h e  s t a r t  of cons t ruc t ion .  

q. Reclamation s h a l l  submit t o  t h e  Se rv i ce  and t h e  Department a  p l an  
o u t l i n i n g  i ts  proposals f o r  c r e a t i n g  m i t i g a t i o n  a r e a s  f o r  t h e  l o s s  of 
common reed and i so l a t ed  seep wetlands.  This  plan should be submit ted 
p r i o r  t o  t h e  onset  of cons t ruc t ton  and should include grading p l ans ,  water  
d e l i v e r y  systems, and the  numbers, spec i e s ,  and l o c a t i o n s  of p l a n t s  t o  
be planted.  A su rv iva l  r a t e  of 80 pe rcen t  should be a t t a i n e d ;  Reclamation 
s h a l l  have a  p lan  t o  r ep l an t  any m i t i g a t i o n  s i t e  which does no t  meet t h i s  
c r i t e r i o n .  

r. Reclamation s h a l l  conduct a  s tudy  of t h e  p ro j ec t  a r e a ' s  hydrology 
t o  determine t h e  amount of water necessary  t o  maintain t h e  a r e a s  desig-  
nated under condi t ions 3.0. and 3.p. a t  a  s o i l  moisture  l e v e l  which w i l l  
support  t h e  growth of c a t t a i l s ,  bu l rush ,  willows, and/or cottonwoods. 

s. Reclamation s h a l l  procure t h e  r i g h t s  t o  t h e  amount of water  recom- 
mended by t h e  study noted i n  cond i t i on  3.q. t o  maintain the  m i t i g a t i o n  
a r e a s  f o r  l o s s  of common reed h a b i t a t  and t h e  i s o l a t e d  seep wetlands.  

t. Reclamation s h a l l  procure t h e  r i g h t s  t o  5,843 acre- fee t  of water 
per  year  t o  ensure the  continued s u r v i v a l  of t h e  seep wetlands no r th  
and south of t h e  Canal between Drops 3  and 4. 

u. Reclamation s h a l l  conduct a hydro log ica l  s tudy of t h e  seep  wet lands 
nor th  and south of the  Canal between Drops 3 and 4  t o  determine t h e  
b e s t  method of using the  Canal water  t o  maintain t h e  wetlands a t  t h e i r  
p resen t  s i z e s  and t o  maintain t h e  e x i s t i n g  h a b i t a t  qua l i t y .  



v. Reclamation s h a l l  monitor t h e  wetland seeps  y e a r l y  f o r  a t  l e a s t  5 
y e a r s  t o  ensure  t h a t  t h e  e x i s t i n g  seeps  and newly c r e a t e d  m i t i g a t i o n  
a r e a s  do n o t  decrease  i n  s i z e  o r  h a b i t a t  qua l i ty .  A e r i a l  photographs  
of t h e s e  a r e a s  s h a l l  be ob ta ined  y e a r l y  and examined by Reclamation,  
Serv ice ,  and Department b i o l o g i s t s  t o  determine t h e  p r o g r e s s  of t h e  
m i t i g a t i o n  work. Reclamation s h a l l  submit a moni tor ing p l a n  t o  t h e  
Serv ice  which d e t a i l s  t h e i r  proposed procedures p r i o r  t o  t h e  o n s e t  of 
c o n s t r u c t  ion.  

w. The c o n c r e t e  l i n i n g  machine used i n  t h e  Canal should  be  des igned t o  
c r e a t e  s m a l l  l edges  a long  t h e  s i d e s  of t h e  c a n a l  as t h e  cement i s  
placed.  These l edges  would run p a r a l l e l  t o  t h e  l e n g t h  of t h e  c a n a l  from 
a po in t  a t  l e a s t  t h r e e  f e e t  below t h e  lowest  expected w a t e r  l e v e l  t o  
t h e  top  of t h e  c a n a l  a t  one f o o t  i n t e r v a l s .  These l e d g e s  would 
p o t e n t i a l l y  a c t  a s  a s  an escape dev ice  f o r  bur ro  d e e r  t h a t  might 
a c c i d e n t l y  f a l l  i n t o  t h e  Canal. I f  concre te  l e d g e s  a r e  i n c o r p o r a t e d  
i n t o  t h e  p r o j e c t  and i t  i s  found t h a t  deer  drown i n  t h e  Canal ,  
Reclamation would be r e s p o n s i b l e  f o r  i n s t a l l i n g  more c o n v e n t i o n a l  
escape d e v i c e s  such a s  escape ramps wi th  d i r e c t o r  c a b l e s .  

x. Windmilldriven wate r  sources  f o r  bur ro  deer  and w i l d l i f e  r e s o u r c e s  
s h a l l  be placed i n  t h e  v i c i n i t y  of t h e  two microphyl l  woodlands e a s t  o f  
t h e  Algodones Dunes. 

y. A l l  f i s h  and w i l d l i f e  m i t i g a t i o n  measures s p e c i f i e d  above s h a l l  be 
implemented by Reclamation c o n c u r r e n t l y  with p r o j e c t  c o n s t r u c t i o n .  

z. A l l  o p e r a t i o n  and maintenance a c t i v i t i e s  and f e e s  a s s o c i a t e d  w i t h  
t h e  above f i s h  and w i l d l i f e  m i t i g a t i o n  measures ( a  through y) over  t h e  
l i f e  of t h e  p r o j e c t  s h a l l  be t h e  r e s p o n s i b i l i t y  of Reclamation.  

aa. Reclamation s h a l l  monitor t h e  water  q u a l i t y  pa ramete rs  of 
temperature ,  pH, ammonia, t u r b i d i t y ,  and d i s so lved  oxygen w i t h  t h e  
proposed p r o t o t y p e  i n p l a c e  c o n c r e t e  l i n i n g  of 1.25 m i l e s  of t h e  
Coachella Canal between s iphons  1 4  and 15 t o  determine means of 
avoiding impact t o  f i s h  and o t h e r  a q u a t i c  resources .  I n f o r m a t i o n  
concerning t h e  avoidance of w a t e r  q u a l i t y  impacts d u r i n g  t h e  placement 
of concre te  i n  t h e  p r o t o t y p e  p r o j e c t  s h a l l  be a p p l i e d  i n  t h e  l i n i n g  of 
t h e  Canal. 
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Appendix 1. Vascu la r  P l a n t s  Found i n  t h e  A l l  American Canal  P r o j e c t  Area 
(from Engineer ing  Science  1980b and S e r v i c e  and Reclamation 
F i e l d  Surveys).  Key: Creosote  Bush Scrub,  CBS; Sand Dunes, 
SD; Microphy l l  Woodlands, W; S a l t b u s h - a l k a l i  Scrub,  SAS; 
Tamarisk-mesquite Woodland, TM; Wetland Seeps ,  WL; Canal-levee,  
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GNETAE 
EPHEDRALES 

EPHEDRACEAE 
Ephedra c a l i f  o r n i c a  

E. nevadens i s  - 
E. t r i f u r c a  - 

ANGIOSPERMAE ---- 
DICOTYLEDONES 

AIZOACEAE 
Sesuvium verrucosum 

AMARANTHACEAE 
Tides t romia  o b l o n g i f o l i a  

ASCLEPIADACEAE 
Asc lep ias  s u b u l a t a  
Sarcostemma cynanchoides  

s sp .  h a r t w e g i i  
S. h i r t e l l u m  - 7- 

ASTERACEAE 
Ambrosia dumosa 
A. i l i c i f  o l i a  
As te r  e x i l i s  . - 
A. s p i n o s u s  
A t r i c h o s e r i s  p l a t y p h y l l a  
Bacchar i s  emoryi 
B. g l u t i n o s a  - 
B. s e r ~ i l o i d e s  
x a i l e y a  p a u c i r a d i a t a  
Bebbia j uncea 
Chaenac t i s  c a r p h o c l i n i a  
C. s t e v i o i d e s  - 
var .  brachypappa 

D i c o r i a  canescens  
Ence l i a  f a r i n o s a  -- 
E. f r u t e s c e n s  - - 
Geraea canescens 

C a l i f o r n i a  Mormon 
t e a  X 

Nevada Mormon t e a  X X 
Long-leaved Mormon 

t e a  X 

Ske le ton  milkweed X 
Common c l imbing  

milkweed 
Rambling milkweed 

Burrobush 
Holly-leaved burbush 
S lender  a s t e r  
Mexican devilweed 
Tobacco-weed X 
Emory b a c c h a r i s  
Mule f a t  
Squaw waterweed 
Desert-marigold X 
Sweetbush 
Pebble p incush ion  X 

Es teve  p incush ion  X 
Bugseed 
B r i t  t l e b u s h  
Rayless  e n c e l i a  
Dese r t  sunf lower  X 



ASTERACEAE (cont  . ) 
Haplopappus acradenius  

. - 
ssp .  eremophilus 

Hel ian thus  annuus ~. - 
H. n iveus  ssp.  tephrodes 
a 

Heterotheca s u b a x i l l a r i s  
Hymenoclea s a l s o l a  
Lactuca s e r r i o l a  
Machaeranthera t e ~ h r o d e s  
Monoptilon b e l l i o i d e s  
Pa l a fox ia  a r i d a  var .  a r i d a  - 
P. a r i d a  var .  j i g a n t e s  - -  
Pectus  papposa 
P e r i t y l e  emoryi - 
Pluchea DurDurascens 
P. s e r i c e a  
a 

Porophyllum g r a c i l e  
Psa thvro tes  ramosissima 
Ps i lo s t rophe  cooper i  
Rafinesquia  neomexicana 
Sonchus a spe r  
Stephanomeria pauc i f l o r a  
T r i x i s  c a l i f o r n i c a  

BIGNONIACEAE 
c h i l o p s i s  l i n e a r i s  

BORAGINACEAE 
Coldenia palmeri  -- 
C. p l i c a t a  
a 

Cryptantha a n g u s t i f o l i a  

C. ba rb ige ra  
a 

C. c o s t a t a  
a 

C. ho loptera  
a 

Heliotropium curassavicum 
var .  oculatum 

Pectocarya he te rocarpa  

BRASSICACEAE 
Bras s i ca  t o u r n e f o r t i i  
Descurainia  p inna ta  
Dithyrea c a l i f o r n i c a  
Lepidium l a s f  ocarpum 

CBS SD W SAS TM WL - - -  

Paleleaf  goldenweed X 
Sunflower 
Si lver- leaved sun- 

flower X 
Telegraph weed X 
Cheesebush X 
Wild l e t t u c e  
Pinon a s t e r  X 
Desert  s t a r  X 
Spanish needles  X 
Giant Spanish 

needles  
Chinch weed 
Rock d a i s y  X 
Marsh f l eabane  
Arrowweed 
Odora X 
Velvet r o s e t t e  X 
Paper f lower  X 
C a l i f o r n i a  ch icory  X 
Sow t h i s t l e  
Deser t  s t r aw  X 
T r i x i s  

Desert  willow 

Palmer co lden ia  X 
P l f c a t e  co lden ia  
Narrow-leaved 

forget-me-not X 
Bearded forget-me- 

no t  X 
Ashen forget-me-not 
Rough-stemmed fo rge t -  

me-not X 
White-haired forget-me- 

no t  X 

Hel io t rope  
Comb-bur 

Mustard X 
Tansy mustard X 
Spectacle-pod X 
Pepper g r a s s  X 
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BUXACEAE 

Simmondsia ch inens i s  Jo  j oba 

CACTACEAE 
Opuntia b a s i l a r i s  
0. echinocarpa - 
0. munzii - 

Beave r t a i l  cac tus  
S i l v e r  c h o l l a  
Munz cho l l a  

CAMPANULACEAE 
Nemocladus g l andu l i f e rus  

v a r .  o r i e n t a l i s  Glandular th read  p l an t  

CARYOPHYLLACEAE 
Achyronychia cooper1 Fros t-mat X 

CHENOPODIACEAE 
A l l en ro l f ea  o c c i d e n t a l i s  
A t r ip l ex  canescens 
A. l e n t i f o m i s  
a 

A. polycarpa - 

Iod ine  bush 
Wingscale 
Quailbrush 
A l l s c a l e  
Five hook b a s s i a  
Russian t h i s t l e  

Bassia  hys sop i fo l i a  
Sa l so l a  i b e r i c a  
Suaeda torreyana 

va r .  ramosissima Seepweed 

CONVOLVULACEAE 
Cressa t r u x i l l e n s i s  A l k a l i  weed 

CUCURBITACEAE 
Cucurbita palmata Coyote melon 

EUPHORBIACEAE 
Croton c a l i f o r n i c u s  Deser t  c ro ton  X 

Wiggin's c ro ton  X 
Lance-leaved d i t a x i s  
Saw-toothed d i t a x i s  X 
Rat t lesnake  weed X 
Deser t  p o i n s e t t i a  X 
Sonoran sand-mat X 
Small-seeded sand-mat X 
Tooth-leaf X 

C. w igg ins i i  
a 

Di tax i s  adeno~hora  
D. s e r r a t a  
a 

Euphorbia albomarginata 
E. e r i a n t h a  
E. micromera - 
E. polycarpa - 
S t i l l i n g i a  sp inulosa  

FABACEAE 
Acacia g regg i i  Catclaw 

Locoweed 
Deser t  ra t t le-pod 

k s t r a g a l u s  a r i d u s  
A. c r o t a l a r i a e  
A. i n s u l a r i s  

var .  hardwoodii Sand-f l a t  locoweed 
A. l en t ig inosus  - -  

var .  borreganus Borrego dapple-pod 
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FABACEAE (cont . )  
A. magdalenae - 

S a t i n y  mi lkve tch  
F a i r y  d u s t e r  
Deser t  senna 
Palo  v e r d e  
Emory d a l e a  
S i l k  d a l e a  
Indigo-bush 
Smoke t r e e  
Hairy l o t u s  
Arizona l u p i n e  
White sweet c l o v e r  
Desert-ironwood 

v a r .  p e i r s o n i i  
C a l l i a n d r a  e r i o p h y l l a  -- 
C a s s i a  a r m a t a  -- 
Cercidium f l o r i d u r n  
Da lea  emoryi 
D o  m o l l i s  
a 

D. s c h o t t i i  
D. s p i n o s a  
a 

Lotus  t o m e n t e l l u s  
Lupinus  a r i z o n i c u s  
- 

M e l i l o t u s  a l b u s  
Olneya t e s o t a  
P r o s o p i s  g l a n d u l o s a  

Honey mesqu i t e  
Screwbean 
Colorado River  hemp 

v a r .  t o r r e y a n a  
P. pubescens  - 
Sesban ia  e x a l t a t a  

FOUQUIERIACEAE 
Fouquie r i a  s p l e n d e n s  Ocot i l l 0  

GENTIANACEAE 
Centaurium e x a l t a t u m  
Eustoma e x a l t a t u m  - - -  

C e n t a u r ~  
Ca tchf ly  g e n t i a n  

HYDROPHYLLACEAE 
P h a c e l i a  c r e n u l a t a  ---- 

v a r .  ambigua 
No tch-leaved 

p h a c e l i a  
Wild h e l i o t r o p e  X 
Small-flowered 

p h a c e l i a  
Dese r t  purple-mat X 
Hispid  nama X 

P. d i s t a n s  
P. m i n u t i f l o r a  - -- 
Nama demissum v a r .  d e s e r t i  - 
N. hispidum 
a 

KRAMERIACEAE 
Krameria g r a y i  White r a t a n y  X 

LAMIACEAE 
H y p t i s  e m r y i  Dese r t  l a v e n d e r  

LENNOACEAE 
Ammobroma s o n o r a e  Sand food 

LOASACEAE 
Mentzel ia  i n v o l u c r a t a  Sand b l a z i n g  star 

Panamint b l a z i n g  
star 

Thurber sandpaper-  
p l a n t  X 

-- 

M. l o n g i l o b a  - 
Peta lonyp  t h u r b e r i  



MALVACEAE 
Eremalche r o t u n d i f o l i a  
Hibiscus denudatus 
Malva pa rv i f  l o r a  
Sida l ep rosa  - 

v a r  . hederacea  
S ~ h a e r a l c e a  ambinua 
S. c o u l t e r i  - 
S. emoryi - 
S. o r c u t t i i  - 

NYCTAGINACEAE 
Abronia v i l l o s a  
A l l i on i a  i n c a r n a t a  
Boerhaavia sp. 
M i r a b i l i s  b i g e l o v i i  -- 

var .  r e t r o r s a  

ONAGRACEAE 
Camissonia b o o t h i i  
C. b rev ipes  - 
C. ca rdfophyl la  - 
C. c lav i formis  

ssp. au ran t i aca  
C. c lav i formis  ssp. - 

yumae 
C. r e f r a c t a  

Oenothera d e l t o i d e s  
0. p r imiver i s  - 

PAPAVERACEAE 
Arctomecon munita 

ssp.  a rgentea  
Eschscholzia minu t i f l o r a  
E. p a r i s h i i  

PLANTAGINACEAE 
Plantago i n s u l a r i s  -- 

var .  f a s t i g i a t a  

POLEMONIACEAE 
G i l i a  l a t i f l o r a  

POLYGONACEAE 
Chorizanthe r i g i d a  
Eriogonum def lexum 

Desert f i ve spo t  
Rock h ib i scus  
Cheeseweed 

Alka l i  mallow 
Desert mallow 
Coulter globe mallow 
Emory globe mallow 
Orcut t globe mallow 

Hairy sand-verbena 
Windmills 
Boerhaavia 

Four o 'c lock 

Booth primrose 
Yellow cups 
Heart-leaved 

primrose 

Brown-eyed primrose 
Yuma brown-eyed 

primrose 
Narrow-leaved 

primrose 
Dune primrose 
Large yellow d e s e r t  

primrose 

Bear POPPY 
L i t t l e  gold-poppy 
Par i sh  gold-poppy 

Woolly p l an t a in  

Broad-leaved g i l i a  

Rigid spinef  lower 
Skeleton weed 
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X 
X X 

X 
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Deser t  buckwheat X X E. d e s e r t i c o l a  
E. in f l a tu rn  - 
E. i n s i e n e  

Deser t  t rumpet  X 
Buckwheat X 
Thomas buckwheat X E. thomas i i  - 

PORTULACACEAE 
C a l a n d r i n i a  ambigua Deser t  pot-herb 

Cambess 
RESEDACEAE 

O l i  omeris l i n i f o l i a  L--- 

RHAMNACEAE 
Condalia g lobosa  

v a r  . pubescens Abro j o 

SALICACEAE 
Populus f r e m o n t i i  
S a l i x  exigua 
S. goodding?i - 
S. l a s i o l e ~ i s  

Fremont cottonwood 
Narrow-leaved wi l low 
Black wi l low 
Arroyo wi l low 

SOLANACEAE 
Datura  d i s c o l o r  -- 
D. mete lo ides  
rYcium a n d e r s o n i i  
L. b r e v i p e s  - 

Jimsonweed 
Jimsonweed 
Box-thorn 
Fru t  i l l a  
Peach-thorn 
Fremont box-thorn 
Deser t  tobacco 
Thick-leaved ground 

c h e r r y  
S i l v e r l e a f - n e t t l e  

L. cooper i  - 
L. f remont i i  - 
Nico t iana  t r i e o n o ~ h v 1 l . a  
P h y s a l i s  c r a s s i f o l i a  -- 
Solanum e l a e a g n i f o l i u m  

TAMARICACEAE 
Tamarix a p h y l l a  
T. c h i n e n s i s  . - 

Tree t a m a r i s k  
S a l t  c e d a r  
S a l t  c e d a r  T. ramosissima - 

VISCACEAE 
Phoradendron c a l i f o r n i c u m  Deser t  m i s t l e t o e  

ZY GOPHYLLACEAE 
L a r r e a  t r i d e n t a t a  Creosote  bush 

MONOCOTYLEDONES 

AGAVACEAE 
Agave d e s e r t i  Deser t  agave 

Fan palm 
ARECACEAE 

Washingtonia f i l i f e r a  - 
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CYPERACEAE 
Cyperus e r y t h r o r h i z o s  
E l e o c h a r i s  g e n i c u l a t a  
S c i r p u s  r o b u s t u s  

JUNCACEAE 
Juncus  a c u t u s  -- 
J, c o o p e r i  - 

LILIACEAE 
H e s p e r o c a l l i s  undu la ta  - 

NAJADACEAE 
Najas  guada lupens i s  

POACEAE 
A r i s t f d a  a d s c e n s i o n i s  
A. c a l i f o r n i c a  - 
Arundo donax 
Bouteloua b a r b a t a  -- 
Bromus rubens  
C o r t a d e r i a  a t a c a m e n s i s  
Cynodon d a c t y l o n  
D i s t i c h l i s  s p i c t a t a  
Echinochloa colonurn_ 
E r a g r o s t i s  c a r o l i n i a n a  - 
E, neomexicana - 
H i l a r i a  r i g i d a  
L ~ D  toch loa  u n i n e r v i a  
Panicum u r v i l l e a n u m  
~ h a l a r i s  minor - 
P. paradoxa 
Phragmites a u s t r a l i s  
Polypogon i n t e r r u p t u s  
S c h i s m s  b a r b a t u s  
Sporobolus a i r o i d e s  

TY PHACEAE 
Typha angus t  i f  o l i a  

Umbrella sedge 
Spike r u s h  
Tule  

Rush 
Rush 

Deser t  l i l y  

Sixweek threeawn 
Mojave threeawn 
Giant r e e d  
Gram g r a s s  
F o x t a i l  chess  
Pampas g r a s s  
Bermuda g r a s s  
S a l t g r a s s  
Jung le - r i ce  
C a r o l i n a  l o v e g r a s s  
New Mexico l o v e g r a s s  
Woolly g a l l e t a  
Mexican spangle- top 
Deser t  p a n i c  g r a s s  
Canary g r a s s  
Candy g r a s s  
Common r e e d  
Di tch  beard-grass  
Schismus 
A l k a l i  s a c a t i o n  

Narrow-leaved c a t t a i l  



Appendix 2. Amphibians and R e p t i l e s  of t h e  A l l  American Canal  P r o j e c t  Area 
( f rom Engineer ing  Sc ience  1980b and S e r v i c e  1984). Key: C r e o s o t e  
Bush Scrub,  CBS; Sand Dunes, SD; Microphy l l  Woodlands, W; Sa l tbush-  
a l k a l i  Scrub,  SAS; Tamarisk-mesquite Woodland, TM; Wetland Seeps ,  
WL; Canal- levee ,  CL. 

CBS - 

X 

X 
X 
X 
X 

X 

X 
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X 

AMPHIBIANS 

FAMILY PELOBATIDAE 
Couch's s p a d e f o o t  

toad 
Scaphiopus  c o u c h i  

FAMILY BUFONIDAE 
Buf o a l v a r i u s  
B. cogna tus  - 
B. p u n c t a t u s  - -- 
B. woodhousi 

Colorado River  toad  
Great  P l a i n s  toad  
Red-spo t t e d  toad 
Woodhouse's toad  

FAMILY RANIDAE 
B u l l f r o g  
Northern l e o p a r d  

f r o g  

Rana c a t e s b e i a n a  
R. p i p i e n s  

REPTILES 

FAMILY KINOSTERNIDAE 
Kinos te rnon  ~ o r i e n s e  Sonoran mud t u r t l e  

FAMILY TESTUDINIDAE 
Gopherus a g a s s i z i i  Dese r t  t o r t o i s e  

FAMILY TRIONYCHIDAE 
Spiny s o f t s h e l l  

t u r t l e  
Tr ionvx s ~ i n i f e r u s  

FAMILY GEKKONIDAE 
Coleonyx v a r i e p a t u s  Banded gecko 

FAMILY IGUANIDAE 
Zebra - t a i l ed  l i z a r d  
C o l l a r e d  l i z a r d  
Dese r t  iguana  
Leopard l i z a r d  
F l a t - t a i l e d  horned 

l i z a r d  
Dese r t  horned 

l i z a r d  
Chuckwalla 
D e s e r t  s p i n y  l i z a r d  
Colorado D e s e r t  

f r inge- toed  l i z a r d  

C a l l i s a u r u s  d r a c o n o i d e s  
Cro taphy tus  c o l l a r i s  
- -- 

Dipsosaurus  d o r s a l i s  
Gambelia w i s l i z e n i i  
Phrynosoma m c a l l i i  -- 
P. p l a t y r h i n o s  - 
Sauromalus obesus  
Sce loporus  m a g i s t e r  - 
Uma n o t a t a  - 
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FAMILY IGUANIDAE (cont  .) 

Urosaurus  g r a c i o s u s  

U. o r n a t u s  - 
Uta s t a n s b u r i a n a  - 

FAMILY TEIIDAE 
Cnemidophorus t i g r i s  

FAMILY LEPTOTYPHLOPIDAE 
Lep to typh lops  h u m i l i s  

FAMILY BOIDAE 
Lichanura  t r i v i r g a t a  -- 

FAMILY COLUBRIDAE 
Arizona e l e g a n s  
Chilomeniscus c i n c t u s  
Chionactus  o c c i p i t a l i s  

Hypsiglena t o r q u a t a  
Lampropelt i s  g e t u l u s  
Mas t i coph i s  f l a g e l l u m  
Phyl lorhynchus  d e c u r t a x  

P i t u o p h i s  melanoleucus  - 
Rhinochei lus  l e c o n t e i  
Salvadora  h e x a l e p i s  

Sonora semiannu la ta  
Thamnophis marcianus  

Trimorphodon lambda 

FAMILY VIPERIDAE 
C r o t a l u s  a t r o x  

C. c e r a s t e s  - 

Long-tai led b rush  
l i z a r d  

Tree  l i z a r d  
Side-blotched l i z a r d  

Western w h i p t a i l  

Western b l i n d  snake 

Rosy boa 

Glossy snake 
Banded sand snake 
Western shovel-  

nosed snake  
Night snake 
Common k ingsnake  
Coachwhip 
Spot ted  leaf-nosed 

snake 
Gopher snake  
Long-nosed snake 
Western patch-nosed 

snake 
Western ground snake 
Checkered g a r t e r  

snake 
Lyre snake  

Western diamondback 
r a t t l e s n a k e  

Sidewinder 



Appendix 3. B i rds  of t he  A l l  American Canal Pro jec t  Area and The i r  H a b i t a t s  
(from Engineering Science 1980b and Serv ice  1984). Key: Creosote  
Bush Scrub, CBS; Sand Dunes, SD; Microphyll  Woodlands, W; Sa l t bush  
- a l k a l i  Scrub, SAS; Tamarisk-mesquite Woodland, TM; Wetland Seeps,  
WL; Canal-levee, CL, 

FAMILY GAVIIDAE 
Gavia a r c t i c a  --- 
G. i m m e r  - -  

Arc t i c  loon 
Common loon 

FAMILY PODICIPEDIDAE 
Podilymbus podiceps  
Podiceps a u r i t u s  
P. n i g r i c o l l i s  - 
Aechmophorus o c c i d e n t a l i s  - 

Pied-bi l led grebe 
Horned grebe 
Eared grebe 
Western grebe 

FAMILY PHALACROCORACIDAE 
Phalacrocorax a u r i t u s  Double-crested 

cormorant 

FAMILY FREGATIDAE 
Frega ta  magnificens Magnificent f r i g a t e -  

b i r d  

FAMILY ARDEIDAE 
Botaurus l e n t i g i n o s u s  -- 
Ixyobrychus e x i l i s  -- 

American b i t t e r n  
Least  b i t t e r n  
Great b lue  heron 
Great e g r e t  
Snowy e g r e t  
C a t t l e  e g r e t  
Green-backed heron 
Black-crowned night-  

heron 

Ardea herodias  
Casmerodius a l b u s  -- 
E g r e t t a  t hu l a  
Bubulcus i b i s  - 
Butorides  s t r i a t u s  
Nycticorax nyc t icorax  

FAMILY THRESKIORNITHIDAE 
Plegadis  c h i h i  
Aja ia  j a j a  

White-faced i b i s  
Roseate s p o o n b i l l  

FAMILY CICONIIDAE 
Mycteria americana Wood s t o r k  

FAMILY ANATIDAE 
Dendrocygna b i c o l o r  - Fulvous whis t l ing-  

duck 
Black-bel l ied 

w h i s t l i n g  duck 
Greater  white- 

f ron ted  goose 
Snow goose 

D. autumnalis -- 
Anser a l b i f r o n s  

Chen caeru lescens  - 
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FAMILY ANATIDAE (cont  . ) 
Canada goose  
Wood duck 
Green-winged 
Mallard 

Bran ta  canadens i s  
Aix sponsa  - 
Anas c r e c c a  - 
A. p l a t y r h y n c h o s  

t e a l  

Northern p i n t a i l  
Blue-winged t e a l  
Cinnamon t e a l  
Northern s h o v e l e r  
Gadwall 
American wigeon 
Canvasback 
Redhead 
Ring-necked duck 
Greater  scaup  
Lesser  scaup  
Common goldeneye 
Bufflehead 
Hooded merganser 
Common merganser 
Red-breas t e d  

merganser 
Ruddy duck 

A. a c u t a  - -  
A. d i s c o r s  - 
A. c y a n o p t e r a  - 
A. c l y p e a t a  - 
A. s t r e p e r a  
A. amer icana 
x y t h y a  v a l i s i n e r i a  
A. amer icana - 
A. c o l l a r i s  -- 
A. m a r i l a  
A. a f f i n i s  
Bucephala c l a n g u l a  - 
B. a l b e o l a  - 
Lophodytes c u c u l l a t u s  
Mergus merganser 
M. s e r r a t o r  

Oxyura jama i c e n s i s  

FAMILY CATHARTIDAE 
Turkey v u l t u r e  C a t h a r t e s  a u r a  

FAMILY ACCIPITRIDAE 
Pandion h a l i a e t u s  
H a l i a e e t u s  l eucocepha lus  

Osprey 
Bald e a g l e  
Northern h a r r i e r  X 
Sharp-shinned hawk 
Cooper ' s hawk X 
Harris' hawk 
Red-tai led hawk X 
Golden e a g l e  X 

C i r c u s  cyaneus 
A c c i p i t e r  s t r i a t u s  
- -~ 

A. c o o p e r i i  
- 
~ a r z b u t e o  u n i c i n c t u s  
Buteo j amaicens i s  
Aqui la  c h r y s a e t o s  

FAMILY FALCONIDAE 
Fa lco  s p a r v e r i u s  - 
F. columbar ius  - 

American k e s t r e l  X X 
Merl in  
Peregr ine  f a l c o n  
P r a i r i e  f a l c o n  X X 

F. p e r e g r i n u s  - 
F. mexicanus - 

FAMILY PHASIANIDAE 
Phasianus  c o l c h i c u s  
C a l l i p e p l a  gambel i i  - 

Ring-necked pheasant  
Gambel 's q u a i l  X 

FAMILY RALLIDAE 
Coturnicops  noveboracens i s  
L a t e r a l l u s  j amaicens i s  

Yellow r a i l  
Black r a i l  
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FAMILY RALLIDAE (cont  . ) 
R a l l u s  - l o n g i r o s t r i s  
R. l i m i c o l a  - 
Porzana c a r o l i n a  
G a l l i n u l a  c h l o r o p u s  
F u l i c a  amer icana  - 

FAMILY CHARADRIIDAE 
C h a r a d r i u s  v o c i f e r u s  
C. montanus - 

FAMILY RECURVIROSTRIDAE 
Himantopus mexicanus 
R e c u r v i r o s t r a  americana 

FAMILY SCOLOPACIDAE 
T r i n g a  melanoleuca  
To f l a v i p e s  
T. s o l i t a r i a  -. - .. ~ 

Catoptrophous  semipalmatus 
H e t e r o s c e l u s  incanus  
A c t i t i s  m a c u l a r i a  -- 
Numenius phaeopus 
C a l i d r i s  maur i  
- 

C. m i n u t i l l a  - 
C. melanotos  - -- 
C. himantopus 
Limnodromus =lopaceus 

G a l l i n a g o  g a l l i n a g o  
Phalaropus  t r i c o l o r  
P. l o b a t u s  - 

FAMILY LARIDAE 
L a r u s  p ip ixcan .  
L. p h i l a d e l p h i a  
L. canus  - -  
L. d e l a w a r e n s i s  - 
L. c a l i f o r n i c u s  
L. a r g e n t a t u s  - 
L. t h a y e r i  - 
S t e r n a  n i l o t i c a  
S. c a s p i a  
S. f o r s t e r i  - 
C h l i d o n i a s  n i g e r  

FAMILY COLUMBIDAE 
Zenaida a s i a t i c a  
2. macroura - 
Columbina p a s s e r i n a  

Clapper r a i l  
V i r g i n i a  r a i l  
Sora 
Common moorhen 
American c o o t  

K i l l d e e r  
Mountain p l o v e r  

Black-necked s t i l t  
American a v o c e t  

Grea te r  y e l l o w l e g s  
Lesse r  y e l l o w l e g s  
S o l i t a r y  s a n d p i p e r  
W i l l e t  
Wandering t a t t l e r  
Spot ted  s a n d p i p e r  
Whimbrel 
Western s a n d p i p e r  
Leas t  s a n d p i p e r  
P e c t o r a l  s a n d p i p e r  
S t i l t  s a n d p i p e r  
Long-bil led 

dowi tcher  
Common s n i p e  
~ i l s o n ' s  pha la rope  
Red-necked pha la rope  

F r a n k l i n ' s  g u l l  
Bonaparte 's g u l l  
Mew g u l l  
Ring-bi l led  g u l l  
C a l i f o r n i a  g u l l  
Her r ing  g u l l  
Thayer ' s g u l l  
Gul l -b i l l ed  t e r n  
Caspian t e r n  
~ o r s t e r ' s  t e r n  
Black t e r n  

White-winged dove X X X 
Mourning dove X X X X X X X 
Common ground-dove X X X X 
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FAMILY CUCULIDAE 
Coccyzus amer icana  Yel low-bi l led  cuckoo 

Grea te r  roadrunner  G e o c o c z  c a l i f  o rn ianus  -- 
FAMILY TYTONIDAE 

Tyto  a l b a  Common barn-owl 

FAMILY STRIGIDAE 
Otus  k e n n i c o t t i i  Western screech-owl 

Great  horned ow1 
Burrowing owl 
Long-eared owl 
Short-eared owl 
Northern saw-whet 

owl 

Bubo v i r g i n i a n u s  -- 
Athene c u n i c u l a r i a  -- 
Asio o t u s  -- 
A. flammeus 
Aegol ius  a c a d i c u s  -- 

FAMILY CAPRIMULGIDAE 
C h o r d e i l e s  a c u t i p e n n i s  
Caprimulgus n u t t a l l i i  

Lesse r  nighthawk 
Common p o o r w i l l  

FAMILY APODIDAE 
Vaux's s w i f t  
White-throated s w i f t  

Chaetura  v a u x i  
Aeronautes s a x a t a l i s  

FAMILY TROCHILIDAE 
Archi lochus  a l e x a n d r i  Black-chinned 

hummingbird 
Cos ta ' s  hummingbird 
C a l l i o p e  humming- 

b i r d  
Rufous hummingbird 

Ca lyp te  c o s t a e  
S t  e l l u l a  c a l l i o p e  

Se lasphorus  r u f u s  

FAMILY ALCEDINIDAE 
Cery le  a lcyon  Be l t ed  k i n g f i s h e r  

FAMILY PICIDAE 
Sphyrapicus  v a r i u s  Yel low-bel l ied  

sapsucker  
Ladder-backed 

woodpecker 
Northern  f l i c k e r  

P i c o i d e s  s c a l a r i s  

Co lap tes  a u r a t u s  

FAMILY TYRANNIDAE 
Conoptus b o r e a l i s  -- Olive-s ided 

f l y c a t c h e r  
Western wood-pewee 
Willow f l y c a t c h e r  
Hammond's f l y c a t c h e r  
Duskv f l v c a t c h e r  

C. s o r d i d u l u s  - - 
Empidonax t r a i l 1 1  -- 
E. hammondii 
E. o b e r h o l s e r i  - 
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E. w r i g h t i i  - 
E. d i f f  i c i l i s  - 
S a y o r n i s  n i g r i c a n s  
S. phoebe - 
S. saya  - 
Mylarchus c i n e r a s c e n s  -- 
Tyrannus v e r t f c a l i s  

FAMILY ALAUDIDAE 
Eremophila a l p e s t r i s  

FAMILY HIRUNDINIDAE 
Tachyc ine ta  b i c o l o r  
T. t h a l a s s i n a  - 
S t e l ~ i d o ~ t e r v x  

s e r r i p e n n i s  
R i p a r i a  r i p a r i a  
Hirundo pyr rhonota  

FAMILY CORVIDAE 
Aphelocoma c o e r u l e s c e n s  - 
Corvus c o r a x  

FAMILY PARIDAE 
P a r u s  gambeli  

FAMILY REMIZ IDAE 
A u r i p a r u s  f l a v i c e p s  

FAMILY TROGLODYTIDAE 
Campylorhynchus 

b r u n n e i c a p i l l u s  
S a l p i n c t e s  o b s o l e t u s  
T r o e l o d v t e s  aedon - -  ., 
C i s t o t h o r u s  p a l u s t r i s  

FAMILY MUSCICAPIDAE 
Regulus  c a l e n d u l a  
P o l i o p t  i l a  c a e r u l e a  

P. melanura - 
S i a l i a  mexicana 
S. c u r r u c o i d e s  - 
C a t h a r u s  u s t u l a t u s  
C. g u t t a t u s  - 

Gray f l y c a t c h e r  X X X X X X 
Western f l y c a t c h e r  X X X X X X 
Black phoebe X X 
Eas te rn  phoebe X 
Say's  phoebe X X X X X X X 
Ash-throated 

f l y c a t c h e r  X X X X X 
Western k i n g b i r d  X X X X X 

Horned l a r k  X X X 

Tree swallow X X X X X X 
Viole t -green swallow X X X X X 
Northern rough- 

winged swallow X X 
Bank swallow X X 
C l i f f  swallow X X 
Barn swallow X X X X X X X 

Scrub j a y  X 
Common r a v e n  X X X X X X 

Mountain ch ickadee  X 

Verdin X X X X X X X 

Cactus wren 
Rock wren 
House wren 
Marsh wren 

Ruby-crowned k i n g l e t  X X X X X 
Blue-gray gna t -  

c a t c h e r  X X X X X 
Black- ta i l ed  gnat-  

c a t c h e r  X X X X X 
Western b l u e b i r d  X 
Mountain b l u e b i r d  X X 
Swainson's t h r u s h  X X X X X X X 
Hermit t h r u s h  X X X X 
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FAMILY MUSCICAPIDAE (cont . )  

Turdus m i g r a t o r i u s  
I x o r e u s  n a e v i u s  

FAMILY MIMIDAE 
Mimus p o l y g l o t t o s  
Oreoscoptes  rnontanus 
Toxostoma rufum 
T. b e n d i r e i  - 
T. c u r v i r o s t r e  
a 

T. d o r s a l e  
T. l e c o n t e i  

FAMILY MOTACILLIDAE 
Anthus s p i n o l e t t a  -- 

FAMILY BOMBYCILLIDAE 
Bombycilla cedrorum 

FAMILY PTILOGONATIDAE 
Phainopepla n i t e n s  -- 

FAMILY LANIIDAE 
Lanius  l u d o v i c i a n u s  

FAMILY STURNIDAE 
Sturnus  v u l g a r i s  

FAMILY VIREONIDAE 
Vireo s o l i t a r i u s  
v. g i l v u s  
a 

FAMILY EMBERIZIDAE 
Vermivora c e l a t a  

V. r u f i c a p i l l a  
a 

V. l u c i a e  
a 

Paru la  americana 
Dendroica p e t e c h i a  
D. p e n s y l v a n i c a  
a 

D. co rona ta  
a 

D. n i g r e s c e n s  
a 

D. t ownsendi 
D. o c c i d e n t a l i s  
a 

D. s t r i a t a  

American r o b i n  
Varied t h r u s h  

Northern mockingbird 
Sage t h r a s h e r  
Brown t h r a s h e r  
Bendire ' s  t h r a s h e r  
Curve-bil led 

t h r a s h e r  
C r i s s a l  t h r a s h e r  
Le Conte 's  t h r a s h e r  

Water p i p i t  

Cedar waxwing 

Phainopepla 

Loggerhead s h r i k e  

European s t a r l i n g  

S o l i t a r y  v i r e o  
Warbling v i r e o  

Orange-crowned 
w a r b l e r  

N a s h v i l l e  w a r b l e r  
Lucy's w a r b l e r  
Northern  p a r u l a  
Yellow w a r b l e r  
Ches tnu t - s ided  

w a r b l e r  
Yellow-rumped 

w a r b l e r  
Black- throated gray 

w a r b l e r  
  own send's w a r b l e r  
Hermit w a r b l e r  
B l a c k p o l l  w a r b l e r  

SAS - 

X 
X 

X 

X 

X 
X 

X 
X 

X 

X 

X 
X 



FAMILY EMBERIZIDAE (cont.) 
Se iurus  noveboracensis  - 
Oporornis t o l m i e i  

Geothlypis  t r i c h a s  
Wilsonia p u s i l l a  
- 

I c t e r i a  v i r e n s  -- 
Piranea l udov ic i ana  
_V_ 

P. rubra 
a- 

Pheuct icus  ludovic ianus  -- 
P. melanocephalus 
a 

Guiraca c a e r u l e s  
Passer ina  amoena 
P i p i l o  ch lo ru rus  
P. erythrophthalmus 
P. a b e r t i  
a 

S p i z e l l a  p a s s e r i n a  
S. breweri 
Pooecetes gramineus 
Chonestes gammacus 
Amphispiza b i l i n e a t a  

A. b e l l i  - -  
C a l a m s ~ i z a  melanocorvs 
Passercu lus  sandwichensis 
P a s s e r e l l a  i l i a c a  
MelosDiZa melodia 

M. georgiana 
a 

Zonotr ichia  a t r i c a p i l l a  

Z. leucophrys - 

Agelaius phoeniceus 
S t u r n e l l a  n e g l e c t a  
Xanthocephalus 

xanthocephalus 
  up hag us cyanocephalus 
Quiscalus  mexicanus 
Molothrus a t e r  
I c t e r u s  ga lbu la  

FAMILY FRINGILLIDAE 
Car~odacus  mexicanus 
Cardue l i s  p inus  

Northern water thrush  
MacGillivray ' s 

warbler  
Common ye l lowthroa t  
Wilson's warbler  
Yellow-breasted c h a t  
Western tanager  
Summer tanager  
Rose-breasted 

grosbeak 
Black-headed 

grosbeak 
Blue grosbeak 
Lazul i  bunt ing 
Green-tailed towhee 
Rufous-sided towhee 
Abert 's  towhee 
Chipping sparrow 
Brewer's sparrow 
Vesper sparrow 
Lark sparrow 
Black-throated 

sparrow 
Sage sparrow 
Lark bunt ing 
Savannah sparrow 
Fox sparrow 
Song sparrow 
Lincoln 's  sparrow 
Swamp sparrow 
Golden-crowned 

sparrow 
White-crowned 

sparrow 
Dark-eyed junco 
Red-winged b l ackb i rd  
Western meadowlark 
Yellow-headed 

b lackbi rd  
Brewer's b lackbi rd  
Great- ta i led g rack le  
Brown-headed cowbird 
Northern o r i o l e  

House f i n c h  
Pine s i s k i n  

SAS - 

X 

X 

X 

X 

X 



FAMILY FRINGILLIDAE (cont.) 
C. psaltria 
C. lawrencei - 

Lesser goldfinch 
~awrence's goldfinch X 
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FAMILY PASSERIDAE 
Passer domesticus House sparrow 



Appendix 4. Mammals of t h e  A l l  American Canal P r o j e c t  Area and T h e i r  H a b i t a t s  
( f rom Engineer ing  Science  1980c and S e r v i c e  1984). Key: Creoso te  
Bush Scrub,  CBS; Sand Dunes, SD; Microphy l l  Woodlands, W; Sa l tbush-  
a l k a l i  Scrub,  SAS; Tamarisk-mesquite Woodland, TM; Wetland Seeps ,  
WL; Canal-levee,  CL. 
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X 

ORDER MARSUPIALIS 

Dide lph i s  m a r s u p i a l i s  Common opossum 

ORDER INSECTIVORA 

Not iosorex c r a w f o r d i  Gray shrew 

ORDER CHIROPTERA 

Antrozous p a l l i d u s  
Ep tes icus  f u s c u s  
Euderma maculatum 
Eumops p e r o t i s  

P a l l i d  b a t  
Big brown b a t  
Spot ted  b a t  
Western m a s t i f f  

b a t  
C a l i f o r n i a  l e a f -  

nosed b a t  
C a l i f o r n i a  myot is  
Arizona myo t is 
Cave myot is  
Long-legged myotis  
Yuma myotis  
Western p i p i s t r e l l e  
Lump-nosed b a t  
B r a z i l i a n  f r e e -  

t a i l e d  b a t  
Pocketed f r e e -  

t a i l e d  b a t  

Macrot is  c a l i f o r n i c u s  

Myotis c a l i f o r n i c u s  
M. o c c u l t u s  - 
M. v e l i f e r  
M. vo lans  -- 
M. yumanensis - - 
P i p i s t r e l l u s  h e s p e r u s  
P leco tus  townsend i i  
Tadarida - b r a s i l i e n s i s  

T. f  emorosacca - 

ORDER LAGOMORPHA 

OLepus c a l i f o r n i c u s  
@Sylv i l agus  auduboni i  

B lack- ta i l ed  h a r e  
Audubon c o t t o n t a i l  

ORDER RODENTIA 

Ammospermophilus l e u c u r u s  Antelope ground 
s q u i r r e l  

Beaver 
Round-tailed 

ground s q u i r r e l  
Dese r t  kangaroo r a t  
Merriam's kangaroo 

rat 

*Castor canadens i s  
C i t e l l u s  t e r e t  i caudus  

~ ipodomys  d e s e r t i  
D. merriami -- 
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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 

ORDER RODENTIA (cont . ) 
Mus musculus - 
Neotoma a l b i e u l a  

House mouse 
White-throated 

wood r a t  
Desert wood r a t  
Muskrat 
Southern grass -  

hopper mouse 
Bailey pocket mouse 
Long-tailed pocket 

mouse 
L i t t l e  pocket mouse 
Desert pocket mouse 
Spiny pocket mouse 
Brush mouse 
Canyon mouse 
Cactus mouse 
Deer mouse 
Western ha rves t  

mouse 
Hispid c o t t o n  r a t  
Botta pocket gopher 

N. l ep ida  
*&datra z i b e t h i c a  

Onychomys t o r r i d u s  

Perognathus -- b a i l e s  
P. formosus - 
P. longimembris - - 
P. p e n c i l l a t u s  - 
P. s p i n a t u s  - 
Peromyscus b o y l i i  
P. c r i n i t u s  - 
P. eremicus - -- - 

P. maniculatus  - 
Reithrodontomvs meea lo t i s  

Sigmodon h i s p i d u s  
Thomomys b o t t a e  

ORDER CARNIVORA 

**Bassariscus a s t u t u s  
Canis l a t r a n s  
F e l i s  concolor  browni 

#Lynx ru fus  

R i n g t a i l  
Coyote 
Yuma puma 
Bobcat 
S t r iped  skunk 
Long-tailed weasel  
Raccoon 
Spotted skunk 
Badger 
Gray fox  
K i t  fox 

Mephitis meph i t i s  
Mustela f r e n a t a  -- 

*Procyon l o t o r  
Sp i loga l e  p u t o r i u s  

 a ax idea t a x i s  
*Urocyon c inereoargenteus  

**Vulpes mac ro t i s  

ORDER ARTIODACTYLA 

+Odocoileus hemionus 
Burro dee r  X X 

** f u l l y  p r o t e c t e d  

e remicus 

Furbearers :  * 
Big Game: + 
Nongame: # 
Resident  Small  Game: @ 

wlseason and no l i m i t  
wlseason and l i m i t  
wlspec ia l  p rov i s ions  f o r  t a k i n g  
wlseason and l i m i t  O w/year-round h u n t i n g  

and no l i m i t  
A l l  o t h e r  s p e c i e s  a r e  considered nongame animals. 
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