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ABSTRACT 

Populat ions of Mohave t u i  chub (Gila  b i c o l o r  mohavensis) 

i n  two h a b i t a t s  a t  Fo r t  Soda- , -Cal i fornia  were censused a t  

s i x  week i n t e r v a l s  from A p r i l  28, 1981 t o  A p r i l  1 8 ,  1982. 

Annual f l u c t u a t i o n  i n  popula t ion  s i z e  and age and growth 

were documented i n  each h a b i t a t .  Both h a b i t a t s  were t rans-  

s ec t ed  f o r  phys i ca l  dimensions and water  q u a l i t y .  During t h e  

s tudy a  f i s h  k i l l  occurred i n  one of t h e  h a b i t a t s  i n  t h e  

f a l l ,  however, o v e r a l l  e f f e c t  on t h e  popula t ion  was no t  

d i sce rnab le  by t h e  fol lowing sp r ing .  



INTRODUCTION 

The Mohave t u i  chub, G i l a  b i c o l o r  mohavensis, is  l i s t e d  as endangered by 

both t h e  s t a t e  and f e d e r a l  governments. It is  t h e  only f i s h  n a t i v e  t o  t h e  

Mojave River.  In t rog res s ive  h y b r i d i z a t i o n  wi th  t h e  in t roduced  Arroyo chub, 

Gi la  o r c u t t i ,  has  e l imina ted  t h e  Mohave t u i  chub from t h e  river. U n t i l  - 
r ecen t ly ,  t h e  h a b i t a t s  a t  F o r t  Soda contained t h e  only g e n e t i c a l l y  pur.e popu- 

l a t i o n s  of Mohave t u i  chubs. I n  1971 about 400 Mohave t u i  chubs were t ransplan ted  

i n t o  seeps  on t h e  China Lake Naval Weapons Center.  I n  1980 ano the r  popula t ion  

was s t a r t e d  i n  a sma l l  pond nea r  Hinckley, Ca l i fo rn i a .  For t  Soda is  c u r r e n t l y  

t h e  only l o c a t i o n  where Mohave t u i  chubs e x i s t  i n  t h e i r  n a t i v e  range. 

Fo r t  Soda is managed by t h e  Bureau of Land Management (BLM). A h a b i t a t  

management p l an  (HMP) was developed f o r  t h e  Mohave t u i  chub i n  November, 1978. 

This p lan  i d e n t i f i e d  t h e  need t o  document age  and growth and t h e  annual  popu- 

l a t i o n  f l u c t u a t i o n s  of t h e  t u i  chub i n  t h e  h a b i t a t s  a t  Fo r t  Soda. 

DESCRIPTION OF HABITAT 

For t  Soda is loca t ed  11 mi le s  south  of Baker, between t h e  s h o r e l i n e  of t h e  

Soda Lake Playa and t h e  f o o t  of t h e  Soda Mountains. There are two primary t u i  

chub h a b i t a t s ,  Lake Tuendaeand Three ~ a t s . ' ~ o n d  ( P l a t e  1 ) .  A s p r i n g  a l s o  conta ins  

a  smal l  popula t ion  of t u i  chubs ( P l a t e  1 ) .  Lake Tuendae i s  a r e c t a n g u l a r  man- 

made pond wi th  i ts  long a x i s  running east-west.  Surface a r e a  is  0.47 h e c t a r e s  

(1.2 a c r e s ) .  The water  l e v e l  i s  maintained by pumping wa te r  from Zzyzx w e l l  

through a  foun ta in  loca t ed  i n  t h e  c e n t e r  of t h e  lake .  D i t chg ras s ,  Ruppia martima, 

grows throughout t h e  l a k e  i n  a r e a s  l e s s  t han  1 m deep. Three Bats Pond i s  

nea r ly  square  i n  shape wi th  a t o t a l  s u r f a c e  a r e a  of 0.4 h e c t a r e s  (1.0 a c r e ) .  

Water l e v e l  i n  t h e  pond i s  maintained by t h e  water  t a b l e .  D i t chg ras s  covers t h e  

SE h a l f  of t h e  pond. The Spr ing  is  a unique h a b i t a t  f o r  Mohave t u i  chubs. Open 

water  is l i m i t e d  s i n c e  most of t h e  s p r i n g  i s  choked wi th  c a t t a i l s ,  Typha 

dominpensis (Figure 13) .  



P l a t e  1. F o r t  Soda,  iscking s011:ll. 



MATERIALS AND METHODS 

Fish  were captured  i n  s tandard  minnow t r a p s  b a i t e d  wi th  bread.  Traps were 

s e t  f o r  30 minutes t o  two hours.  Captured f i s h  were h e l d  i n  5 ga l lon  buckets  

u n t i l  they were measured (rnm s t anda rd  l eng th )  and marked wi th  a f i n  c l i p  o r  a 

h o l e  punch i n  t h e  caudal  f i n .  Minimum s i z e  tagged was 38 k n  s tandard  l eng th .  

F ish  were d i s t r i b u t e d  throughout each h a b i t a t  when they  were r e l ea sed .  

Traps were set aga in  t h e  day fo l lowing  marking. Captured f i s h  were checked 

f o r  marks, measured and h e l d  u n t i l  a l l  t r a p s  were c o l l e c t e d .  

Pe terson  e s t ima te s  were made f o r  each h a b i t a t  f o r  each sampling per iod .  When 
. . ., . '  . 

r e t u r n s , o f  marked f i s h  was l e s s  t han  o r  equal  t o  seven r e c a p t u r e s ,  t h e  Chapman 

c o r r e c t i o n  was used. Confidence l i m i t s  f o r  each Pe terson  e s t i m a t e  were made 

a t  t h e  95% l e v e l .  

Sca les  f o r  age and growth were taken  on 18 August 1981 from both t h e  l a k e  

and pond popula t ions .  Sca les  were taken  from t h e  l e f t  s i d e  of t h e  f i s h  below 

t h e  i n s e r t i o n  of t h e  d o r s a l  f i n  and above t h e  l a t e r a l  l i n e .  Sca les  were viewed 

wi th  a Be l l  and Howell SR V I I I  microf iche  reader  set  a t  h igh  magni f ica t ion .  

Distance from t h e  c e n t e r  of  t h e  s c a l e  t o  i t s  edge and each annulus was measured 

d i r e c t l y  on t h e  sc reen .  

Back c a l c u l a t i o n s  were performed us ing  t h e  equat ion  f o r  a l i n e a r  r e l a t i o n -  

s h i p  of s c a l e  r a d i u s  t o  f i s h  l eng th .  

Hab i t a t s  were measured f o r  temperature,  d i s so lved  oxygen, conduc t iv i ty ,  

s a l i n i t y  and pH dur ing  each sampling per iod .  In  a d d i t i o n  Lake Tuendae and 

Three Bats Pond were t r a n s e c t e d  on 5 meter cen te r s  f o r  depth ,  temperature,  

d i s so lved  oxygen, conduc t iv i ty  and s a l i n i t y .  Dissolved oxygen (D.O.) was 

measured wi th  a Yellow Springs Instrument  (YSI) D.O. meter.  Conduct ivi ty  

and s a l i n i t y  were measured with a YSI Temperature, S a l i n i t y ,  Conduct ivi ty  



(TCS) meter.  Temperature was measured wi th  a mercury thermometer. pH was 

measured wi th  a Helige c o l o r  comparator o r  pH s e n s i t i v e  paper .  

Twenty-five t u i  chubs from each h a b i t a t  were preserved dur ing  each sampling 

per iod .  These f i s h  w i l l  b e  h e l d  u n t i l  manpower is  a v a i l a b l e  t o  analyze t h e s e  

samples f o r  gut conten ts  and fecundi ty .  

RESULTS 

The t h r e e  Mohave t u i  chub h a b i t a t s  a r e  g raph ica l ly  d i sp l ayed  i n  Figures 1 

through 13. Annual f l u c t u a t i o n s  of water  q u a l i t y  w i t h i n  t h e s e  h a b i t a t s  i s  

presented i n  Table 1. Popula t ion  e s t ima te s  and 95% confidence i n t e r v a l s  of t h e  

Mohave t u i  chub i n  each h a b i t a t  a r e  presented  i n  Table 2 and Figure  14. Age 

and growth of t h e  Mohave t u i  chub from Lake Tuendae and Three Bats Pond i s  

shown i n  Table 3 and Figure  15. 

DISCUSSION 

The pond is two t o  t h r e e  t imes a s  s a l i n e  a s  t h e  l ake  (Table 1 ) .  Reasons 

f o r  t h i s  d i f f e r e n c e  a r e  unc lea r  bu t  probably r e l a t e d  t o  t h e  r e t e n t i o n  t ime i n  each 
t 

h a b i t a t .  Water must be pumped i n t o  Lake Tuendae. ~ h e b  i s  no  outf low channel 
I 

. . 
and water  leaves  t h e  l a k e  through seepage and evaporat ion.  The water  s u r f a c e  , . 

;. - . ,  

* ., 
, '  ., 

l e v e l  of Three Bats Pond is  maintained by t h e  ground water .  There is  no 

o u t l e t  channel and water l eaves  t h e  pond only through evapora t ion .  Seepage p -  . , .  
- . !  , '  

must be n e a r l y  n e g l i g i b l e ,  r e s u l t i n g  i n  t h e  concent ra t ion  of  t h e  d i s so lved  - r  

s a l t s  w i t h i n  Three Bats Pond. 

The s p r i n g  h a b i t a t  s t ayed  r e l a t i v e l y  cons tan t  i n  i t s  wa te r  q u a l i t y  a t t r i -  

bu t e s  throughout t h e  year .  The smal l  popula t ion  of Mohave. tui  chubs i n  t h e  s p r i n g  

were d i f f i c u l t  t o  sample. Often no f i s h  o r  only a few f i s h  could  be  captured.  

Therefore t h e  popula t ion  e s t ima te s  f o r  t h i s  h a b i t a t  a r e  very  weak. Tui chubs 

captured i n  t h e  s p r i n g  du r ing  t h e  August sampling per iod  were emaciated, 



d i sp l ay ing  overs ized  heads and gaunt bodies .  The f i s h  i n  t h i s  h a b i t a t ,  however, 

appeared normal by t h e  December sampling per iod .  The s p r i n g  may not  provide 

enough food dur ing  c e r t a i n  t i m e s  of t h e  year  t o  adequately m e t  t h e  needs of t h e  

t u i  chub populat ion.  Low disso lved  oxygen l e v e l s  may a l s o  s t r e s s  t h e s e  f i s h .  
x -. 

Populat ion s i z e  i n  t h e  l ake  and pond d i sp l ay  a  similar annual  cyc l e  (Figure - . . , . .  
. . . . 

. . . - 
14) .  The pond popula t ion  begins i t s  s p r i n g  popula t ion  i n c r e a s e  l a t e r  than the ; : ,  ,, .._ ,. 

d .. ..,* r -. * r  ' 

l a k e  populat ion.  Pond and l a k e  popula t ions  d ied  back i n  t h e  f a l l  and by Apr i l . .  "' . " . , 5  !' 
' r .  ,- 

fz a r c , , . ,  .,-; P :: - 
1982 had approximated t h e i r  Apr i l  1981 l e v e l s .  - - . -  r . , .- . * 

A ,  f "  , a-- . 
Beginning on November 11, 1981, a  f i s h  k i l l  began i n  t h e  pond t h a t  l a s t e d  

about  10 days. Ammonia was suspected bu t  was never  confirmed. The f i s h  k i l l  L,.: = t .. >.- 
c '-5 
, - * -  L . 8  . !  

- ( - . ,  . - . > c y ,  

was preceded by a die-back of t h e  d i t c h g r a s s  beds i n  t h e  pond. This  same iwr:.cC e.!'..,.' ' "  

phenomenon d id  n o t  occur i n  t h e  l ake .  

A t o t a l  k i l l  i n  t,he pond was suspec ted  based upon t h e  number of f i s h  seen  

_I, ' . and the  l eng th  of  time t h e  water  w a s  t ox i c .  

During t h e  December sampling pe r iod  f i v e  se inehau l s  were made wi th  a  20' 

minnow s e i n e  i n  t h e  pond. No l i v i n g  organisms were captured.  The n e t  was f u l l  

I 
of a  s l u r r y  of decaying vege ta t ion .  No a c t i v i t y  was observed i n  t h e  pond. 

1 - Minnow t r a p s  caught nothing.  By February,  however, f i s h  were aga in  caught i n  
1 

. . '  .! 
t h e  pond. There was no obvious die-off  i n  t h e  l a k e ,  however, 1982 s p r i n g  .;. ,, ' *  

. .' 
popula t ion  l e v e l s  i n d i c a t e  both h a b i t a t s  experienced d ie -of fs  of s i m i l a r  " " *  , . - .' . .. 
magnitude. I 

The f i s h  i n  t h e  pond could have surv ived  t h e  f i l l  k i l l  i f  t h e r e  were sp r ings  

flowing i n t o  t h e  pond t h a t  could o f f e r  a  refuge from t h e  t o x i c  pond water .  

Evidence of two t o  t h r e e  s p r i n g s  on t h e  south s i d e  of t h e  pond i s  d isp layed  on 

Figures  9,  10,  11 and 12.  These a r e  a r e a s  of lower d i s s a l v e d  oxygen, temperature,  

conduc t iv i ty  and s a l i n i t y .  



Fish  i n  t he  pond grow more quick ly  than  do those  i n  t h e  l a k e  (Table 3 and 

Figure 15 ) .  However, more l a r g e r  f i s h  were captured  from t h e  l a k e  than  from t h e  

pond. This may i n d i c a t e  t h a t  f i s h  i n  t h e  l a k e  l i v e  longer .  Large f i s h  (2120 mm) 

were d i f f i c u l t  t o  cap tu re  i n  s tandard  minnow t r a p s  i n  both h a b i t a t s .  Water 

c l a r i t y  i n  t h e  l ake  is much b e t t e r  than i n  t h e  pond and allowed observa t ion  

of s e v e r a l  l a r g e  f i s h  (2200 mm) i n  t h e  lake .  No f i s h  t h i s  s i z e  were de t ec t ab le  

i n  t h e  pond. Some specu la t ion  a s  t o  t h e  importance of depth t o  l a r g e r  f i s h  

has been made i n  t h e  HMP. The pond has only one smal l  a r e a  >1 meter  i n  depth. 

Mohave t u i  chubs probably spawn from March t o  October. Recruitment appears 

t o  be  cont inuous based upon s ize-frequency d i s t r i b u t i o n s .  Mohave t u i  chubs he ld  

a t  U. C. Davis continued t o  spawn between temperatures  of 18" t o  26OC. Fry were 

seen  from Apr f l  t o  October i n  t h e  shal low wa te r s  of t h e  l a k e .  Spawning may 

have been unsuccessfu l  i n  t h e  pond i n  t h e  s p r i n g  of 1982. No f i s h  sma l l e r  

than  54 mm were captured i n  t h e  t r a p s  and no f r y  were observed. By t h e  Apr i l  

1982 sampling per iod  t h e  pond was s t i l l  devoid of d i t chg ras s .  Th i s  may be  

an important  s t r u c t u r e  f o r  t h e  depos i t i on  of eggs. F ish  i n  b o t h  t h e  pond and t h e  

l a k e  were r i p e .  - .  . . , 

. - SUMMARY 

Populat ions i n  t h e  l a k e  and t h e  pond i n c r e a s e  two t o  t h r e e  t imes during t h e  

s p r i n g  and summer months. Both popula t ions  decrease dur ing  t h e  f a l l  and win ter .  

Water q u a l i t y  f n  both h a b i t a t s  d e c l i n e  dur ing  t h e  summer bu t  apparent ly  do not  

p re sen t  any problems t o  t h e  t u i  chubs. The die-off i n  t h e  pond dur ing  November 

1981 is  t h e  f i r s t  documented die-off of t u i  chubs a t  Fo r t  Soda. The cause f o r  

t h e  die-of f  i s  s t i l l  u n v e r i f i e d .  



Table 1. Annual f l u c t u a t i o n s  of temperature,  d i sso lved  oxygen, conduc t iv i ty ,  
s a l i n i t y  and pH i n  t h e  t h r e e  Mohave t u i  chub h a b i t a t s  a t  For t  Soda. 

Samp 1 i n  g 
Parameter Habit a t  per iod -4181 '6181 %I81  10181 11/81  12/81  2/82 4/82 

Water Lake 
temperature Pond 
O C Spring 

Dissolved Lake 
oxygen Pond 

Spring 

Conductivity Lake 
Pond 
Spring 

S a l i n i t y  Lake 
Pond 
Spring 

PH Lake 
Pond 
Spring 



Table  2. P o p u l a t i o n  e s t i m a t e s  o f  Mohave t u i  chub a t  F o r t  Soda ,Ca l i fo rn ia .  

Lake Tuendae Three  Bats Pond 
P o p u l a t i o n  95% c o n f i d e n c e  P o p u l a t i o n  95% conf idence  

Sample e s t i m a t e  l i m i t s  estimate limits 

A p r i l  1981 2782 1862-5093 2011 1344-3944 

J u n e  1981  4130 3424-5203 1 8 8 1  ' 1417-2797 

August 19 8 1  5678 4303-8327 4088 3315-5328 

October  1981 5588 4314-7929 4458 2873-9941 

December 1981 22 72 1855-2931 - --- 

February  1981  1450 1251-1725 2177 ,1789-2778 

A p r i l  1982 2203 1978-2487 2648 2192-3341 

The S p r i n g  

P o p u l a t i o n  95% c o n f i d e n c e  
estimate l i m i t s  

A p r i l  1 7 8 1  5 8 42-102 

J u n e  1 9 8 1  3 7 - 

August 17  

October 1981  - 

December 1981  

February  1982 

A p r i l  1982 



Table 3 .  Backcalculated s tandard  l eng th  and s t anda rd  l eng th  a t  
cap tu re  of Mohave t u i  chubs from Lake Tuendae and Three 
Bats Pond, Fo r t  Soda, Ca l i fo rn i a .  Samples taken 
August 18,  1981. 

Lake Tuendae 

Age . '  

o+ 
1+ 
2+ 
Average 

o+ 
1+ 
2+ 
Average 

Backcalculated l eng th  Mean length  
1 2 a t  cap tu re  N 

Three B a t s  Pond 

Backcalculated l eng th  Mean length  
1 2 a t  cap tu re  N 







(I] 
a, 











POND, FT. SODA D E P T H  jm> 

Figure  8. Depth contours  i n  Three Bats Pond August 18 ,  1 9 8 1 .  



POND, FT. SODA 

F i g u r e  9.  S u r f a c e  t e m p e r a t u r e  l e v e l s  i n  Three  B a t s  Pond August 1 8 ,  1 9 8 1  
t a k e n  1400-1800 h o u r s .  



POND, FT. SODA 

Figure  10. Surface d isso lved  oxygen l e v e l s  i n  Three Bats  Pond 
August 18 ,  1981 taken 1400-1800 hours .  



POND, FT. SODA 

Figure  11. Surface s a l i n i t y  i n  Three Bats Pond August 18 ,  1981 
taken  1400-1800 hours .  



POND, FT. SODA 

Figure  12. Surface conduc t iv i ty  i n  Three Bats Pond August 18 ,  1981 
taken 1400-1800 hours .  





Figure 14. 
Population estimates of Mohave 
tui chubs at Fort Soda from 
April 1981 to April 1982 






