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INTRODUCTION 

Lake Tuendae and M.C. S p r i n g  are t w o  i m p o r t a n t  h a b i t a t s  f o r  

I 
t h e  f e d e r a l l y  l i s t e d  endange red  f i s h ,  Mojave t u i  chub  ( G i l a  

b i  c o l o r  mohavens is )  . I n o r d e r  t o  e f f e c t i v e l y  manage t h e s e  

h a b i t a t s  and  b e t t e r  e v a l u a t e  c a n d i d a t e  r e f u g i a ,  t h e  Bureau  of  

Land Management and o t h e r s  i n t e r e s t e d  i n  t h e  p r o t e c t i o n  and  

r e c o v e r y  o f  t h i s  s p e c i e s  s a w  t h e  need  f o r  b a s e l i n e  d a t a  on b a s i c  

I . h a b i t a t  p a r a m e t e r s  o v e r  o n e  y e a r .  

I On Oc tobe r  27, 1988, s a m p l i n g  w a s  begun on Lake  Tuendae  and  

M. C. S p r i n g  measur ing  d i s s o l v e d  oxygen ,  w a t e r  t e m p e r a t u r e ,  pH, 

I c o n d u c t i v i t y ,  n i t r a t e  n i t o g e n  and  t u r b i d i t y .  I n  a d d i t i o n  t o  

t h e s e  d a t a ,  ambien t  t e m p e r a t u r e ,  r e l a t i v e  h u m i d i t y ,  b a r o m e t r i c  

I p r e s s u r e ,  c l o u d  c o v e r  a n d  wind o b s e r v a t i o n s  w e r e  made. The l e v e l  

o f  t h e  l a k e  w a s  r e c o r d e d  a s  w e l l  as t h e  number of  h o u r s  s i n c e  

w a t e r  had been  pumped i n t o  t h e  l a k e .  Fo l lowing  are t h e  methods  

u s e d  and t h e  r e s u l t i n g  d a t a .  

METHODS 

1 A l l  o b s e r v a t i o n s  w e r e  done  d u r i n g  morning h o u r s  ( e x c e p t  o n e  

@ M.C. S p r i n g ) ,  as it w a s  d e t e r m i n e d  t h a t  t h i s  would y i e l d  t h e  

lowest (and  most c r i t ica l )  d i s s o l v e d  oxygen r e a d i n g s .  Ambient 

t e m p e r a t u r e  and r e l a t i v e  h u m i d i t y  w e r e  r e c o r d e d  f r o m  a B e l f o r t  

I n s t r u m e n t s  hygro the rmograph ,  and b a r o m e t r i c  p r e s s u r e  ( n e c e s s a r y  

f o r  c a l i b r a t i o n  of  d i s s o l v e d  oxygen m e t e r )  w a s  r e c o r d e d  f r o m  a 

Weather Measure Corp. r e c o r d i n g  microbarograph .  Lake  l e v e l  w a s  

r e c o r d e d  u s i n g  a f i b e r g l a s s  m e t e r  t a p e  t o  measure  t h e  d i s t a n c e  



I f rom t h e  s u r f a c e  t o  a f i x e d  p o i n t  on a c o n c r e t e  p i e r  a t  

t h e  east end  of t h e  l a k e .  A zero p o i n t  w a s  d e t e r m i n e d  f o r  t h e  

water l e v e l  t h a t  h a s  been commonly used as  t h e  " f u l l "  mark 

when pumping i n t o  t h e  l a k e .  The  l a k e  l e v e l  r e p o r t e d  is t h e r e f o r e  

I re la t ive  t o  t h e  s u b j e c t i v e  d e t e r m i n a t i o n  of  a " f u l l  l a k e " .  The 

! number o f  h o u r s  ( rounded  t o  t h e  n e a r e s t  1/2 h r )  , s i n c e  

s i g n i f i c a n t  w a t e r  i n p u t  v i a  pumping w e r e  r e c o r d e d .  G e n e r a l l y ,  

t h e  l a k e  is pumped up when it f a l l s  a p p r o x i m a t e l y  15 c m  

be low " f u l l " ,  and  is pumped t o  or above  t h e  f u l l  mark. 

M. C. S p r i n g  is s e l f  s u p p o r t i n g  as far as w a t e r  i n f l u x ,  a n d  

1 r e m a i n s  a b o u t  t h e  s a m e  l e v e l  y e a r  round;  i t 's l e v e l  w a s  n o t  

measured.  T a b l e s  1 and  2 r e c o r d  c o n d i t i o n s  p r e s e n t  a t  t h e  t i m e  
I 

of  t h e  b i m o n t h l y  o b s e r v a t i o n s ,  which are numbered 1-24. 

Measurement of a q u a t i c  p a r a m e t e r s  i n  t h e  l a k e  t o o k  p l a c e  a t  

six e s t a b l i s h e d  s t a t i o n s ,  a l l  marked w i t h  submerged b o u y s  e x c e p t  

I s t a t i o n  #1, which w a s  a t  t h e  p r e v i o u s l y .  ment ioned  p i e r .  F i g u r e  1 

g i v e s  t h e  l o c a t i o n  and  d e p t h  ( @  l a k e  l e v e l  = 0.0 c m )  of  t h e s e  

s t a t i o n s .  

D i s s o l v e d  oxygen w a s  measured u s i n g  a Y e l l o w  S p r i n g s  I n s t r u -  

men t s  model 58 d i s s o l v d  oxygen m e t e r .  C a l i b r a t i o n  and 

r e p l a c e m e n t  of  t h e  p r o b e  membrane took  p l a c e  b e f o r e  e a c h  

o b s e r v a t i o n  p e r i o d  began. The s a m e  i n s t r u m e n t  w a s  u s e d  t o  m a k e  

t e m p e r a t u r e  measurements ,  and  b o t h  p a r a m e t e r s  w e r e  measured  a t  

mid-depth a t  s t a t i o n s  1, 2 a n d  3, and a t  1, 2, 3 and  4 f o o t  

d e p t h s  a t  s t a t i o n s  4, 5 a n d  6. U s e  of t h e  above  i n s t r u m e n t  

a1 l o w s  q u i c k  d e t e r m i n a t i o n s  o f  d i s s o l v e d  oxygen,  b u t  may g i v e  

e r r o n e o u s  r e a d i n g s  i n  t h e  p r e s e n c e  of s o m e  i n t e r f e r i n g  g a s e s ,  

1 i n c l u d i n g  s u l p h u r  d i o x i d e ,  hydrogen  s u l f i d e ,  and o t h e r s  
1 



which may b e  p r e s e n t  i n  Lake Tuendae,  b u t  w e r e  n o t  a s s a y e d .  

T a b l e s  3 & 4 and  f i g u r e  2 c o n t a i n  d i s s o v e d  oxygen d a t a ,  and  

t a b l e s  5 & 6 and f i g u r e  3 c o n t a i n  w a t e r  t e m p e r a t u r e  d a t a .  

, The amount of t u r b i d i t y  i n  t h e  w a t e r  w a s  d e t e r m i n e d  u s i n g  

an  8 i n c h  d i a m e t e r  w h i t e  S e c c h i  d i s k .  The d i s k  w a s  lowered  u n t i l  

no  l o n g e r  v i s a b l e ,  r a i s e d  s l o w l y  u n t i l  j u s t  v i s a b l e ,  and  t h e n  

r e l o w e r e d  u n t i l  i n v i s a b l e  a g a i n .  Depth  a t  t h i s  p o i n t  w a s  r e a d  

f rom t h e  a t t a c h e d  c o r d  (marked a t  d e c i m e t e r  i n t e r v a l s ) ,  w i t h  

t h e  c e n t i m e t e r  p o r t i o n  measured w i t h  a f i b e r g l a s s  t a p e .  If t h e  

d i s k  w a s  l o s t  i n  t h e  d i t c h  g r a s s  or bo t tom muck t h e  measurement 

w a s  r e c o r d e d  as "bot tom".  T u r b i d i t y  r e s u l t s  are g i v e n  i n  t a b l e s  

13 & 14 and  i n  f i g u r e  7. 

Water s a m p l e s  w e r e  t a k e n  a t  mid-depth a t  e a c h  s t a t i o n  u s i n g  

a La Motte w a t e r  s a m p l i n g  k i t ,  and w e r e  t a k e n  back t o  t h e  l a b .  

I n  t h e  l a b ,  e a c h  s a m p l e  w a s  measured f o r  c o n d u c t i v i t y  ( c o r r e c t e d  

t o  25 d e g r e e s  c e n t i g r a d e )  u s i n g  a F i s h e r  S c i e n t i f i c  model 152 

c o n d u c t i v i t y  m e t e r ;  r e s u l t s  are g i v e n  i n  t a b l e s  7 & 8, and 

f i g u r e  4.. Each s a m p l e  would t h e n  h a v e  its pH measured 

u s i n g  a Hach model 16400 p o r t a b l e  pH m e t e r  c a l i b r a t e d  t o  pH 4 

and pH 10 b u f f e r s  a n d  c o r r e c t e d  f o r  s o l u t i o n  t e m p e r a t u r e s .  

R e s u l t s  of pH r e a d i n g s  are g iven  i n  t a b l e s  9 & 1 0 ,  and  f i g u r e  5. 

F i n a l l y ,  t h e  s a m p l e s  would b e  t e s t e d  f o r  n i t r a t e  n i t r o g e n  u s i n g  

a Hach model NI-12 test k i t .  T h i s  a l l o w e d  measurements  of 1.0 

mg/l or g r e a t e r ,  however ,  t h e  1 e v e l s . m e a s u r e d  i n  t h i s  p r o j e c t  

were a t  t h e  low e n d  of s e n s i t i v i t y  f o r  t h i s  k i t  (0-50 mg/ l> .  

R e s u l t s  f o r  n i t r a t e  n i t r o g e n  are g i v e n  i n  t a b l e s  1 1  & 1 2 ,  and 

f i g u r e  6. 



Table 1 

OBSERVATION C O N D I T I O N S  

OBSERVATIONS 1-13 

OBSERVATION : I : Ta : % : B.P.: L A K E  L A S T  t 

NUMBER I 
I D A T E  : T I M E  : (OC) : R . H . : m m H q :  L E V E L  : PUMPED : COMMENTS 

1 10/27/88 0810 12.5 24 757 + 8 c m  16 hrs C l e a r  and c a l m .  

2 11 /09/88 0915 18.7 28 767- - 9 c m  85 hrs Hazy, l i g h t  breeze f r o m  SSW; 
sun behind clouds i n  east. 

3 11 /22/88 0840 10.5 27 769 - 1 2 c m  39 hrs O v e r c a s t  (c i r rus)  ; c a l m .  

I 4 12/06/88 0830 7.3 30 770 + 5 c m  17 hrs O v e r c a s t  and c a l m .  C a t t a i l s  @ 

I MCS p roh ib i t s  secchi d i s k  use 
5 12/21/88 0940 11.6 20 767 - 3 c m  116 hrs C l e a r ,  l i g h t  breeze , f r o m  north. 

Secchi use d i f f i c u l t  ( r i pp les ) .  

6 1 / 10/89 0815 2.5 82 764 + 8 c m  40 hrs MCS done @ l600hr on 1/11; too  
dark f o r  t u r b i d i t y .  O v e r c a s t / c a l r r  

7 1/26/89 0845 10.5 5 769 - 4 c m  89 hrs Hazy and c a l m .  
--- ----- 

8 2/08/89 0800 3.4 48 773 + l 6 c m  17 hrs O v e r c a s t ,  w i n d  t o  38kph m a k i n g  
Secchi use?? Max .  T a  = 7 C / 7 2 h r s .  

9 2/22/89 0905 12.1 22 770 - 2 l c m  136 hrs C i r r u s  = 1/2 sky, c a l m .  

10 3/08/89 0825 18.8 40 762 +7cm 14.5hrs P a r t l y  c l o u d y / c a l m .  R u p p i a  grass 
s h o w i n q  fresh q r o w t h .  

11 3/29/89 0730 19.1 27 764 + 2 c m  38 hrs C i r r u s  = 2/3 sky. C h u b  a c t i v e  a t  
s ta t i on  #1 (2-4"). Pupfish ac t i ve  

12 4/11/89 0740 21.5 12 757 + 1 3 c m  11 hrs Scattered c i r r u s / w i n d  SW t o  24kph 
M a n y  chub @ s t a t i on  #I. 

13 4/26/89 0925 16.1 18 763 + 2 c m  14.5 hrs C l e a r ,  w i n d  SSW t o  1 O k p h .  
-- ..-------...-- -- ---- 
Ta = a m b i e n t  t e m p e r a t u r e  
R.H. = r e l a t i v e  h u m i d i t y  " .  

E.P. = b a r o m e t r i c  pressure i n  m i l l i m e t e r s  o f  m e r c u r y  



Table 2 

OBSERVATION C O N D I T I O N S  

OBSERVATIONS 14-24 

OBSERVATION : I 
I : Ta % : B.P.: L A K E  L A S T '  I 

NUMBER I 
I D A T E  : T I M E  : (OC) : R.H.tmm Hq: L E V E L  : PUMPED : COMMENTS 

14 5/09/89 0843 18.8 18 755 - 1 5 c m  135 hrs C u m u l o - n i m b u s  (1/2 sky )  . w i n d  S t c  - .  
10kph. 

15 5/25/89 0730 17.2 11 760 - 1 l c m  118.5 hrs D i e s i l  c o n t a m i n a t i o n  o f  w e l l ;  no 
p u m p i n q  t a k i n q  place. 

16 6/07/89 0650 23.5 25 758 - 3 3 c m  428 hrs C l e a r  and c a l m .  

17 6/21 /89 0745 28.3 8 759 0 . 0 c m  61 hrs P u m p i n g  again w i t h  B L M  & USFWS 
p e r m i s s i o n .  C l e a r  and c a l m .  

18 7/06/89 0705 26.4 8 760 - 5 5 c m  421 hrs P u m p s  disconnected; . w a i t i n g  f o r  
n e w  w e l l .  B o t t o m  e x p o s e d  @ W end. 

19 7/ 19/89 0810 26.8 16 762 + 6 c m  16.5 hrs C a l m  and c lear .  P u m p e d  f r o m  n e w  
w e l l  f o r  40+ hours t o  r e f  ill lake 

20 8/09/89 0745 30.1 37 760 - 8 c m  69 hrs N i m b u s  clouds (3/4 sky).  Wind SSB 
t o  25kph. 

21 8/25/89 0730 22.1 22 768 - 3 c m  65 hrs C l e a r  and c a l m .  

I 
---- - -......-..-...-- 

22 9/07/89 0810 21.3 8 758 - 2 c m  23 hrs C l e a r ;  w i n d  S t o  15kph 

23 9/27/89 0730 22.0 27 760 + 5 c m  0 hrs Just p u m p e d  15 hours. O v e r c a s t  w /  
breeze t o  10kph. 

24 10/09/89 0745 14.6 14 765 - 4 c m  46.0 hrs C i r r u s  clouds (7/8 sky); c a l m .  
---- 
T a  = a m b i e n t  t e m p e r a t u r e  
R.H. = r e l a t i v e  h u m i d i t y  
E.P. = b a r o m e t r i c  pressure i n  m i l l i m e t e r s  of  m e r c u r y  





. . 
Table 3 

DISSOLVED OXYGEN MEASUREMENTS (milliqrams/liter) 

OBSERVATIONS 1-13 

- . - .  
: OCT. NOVEMBER DECEMBER . :  JANUARY FEBRUARY : MARCH I APRIL 

STATION I 1 : 2  3 4 5 6 7 8 9 : 1 0 1 1 : 1 2 1 1 3  

M.C.S. 5.1 6.4 6.3 6.0 5.1 7.4 9.0 10.6 9.2 5.9 5.2 5.0 6.2 



T a b l e  4 

DISSOLVED OXYGEN MEASUREMENTS (millisrams/liter) 

OBSERVATIONS 14-24 

I 
I 1989 I 
I MAY I JUNE I JULY ! AUGUST : SEPTEMBER I OCT. I 

STATION1 14 1 15 1 16  ! 17 1 18  I 1 9  20 1 2 1  1 2 2  2 3  1 2 4  1 

M.C.S. 6 . 1  5.0 5.3 4 .8  5.9 5.1 5.4 6.0 6.1 5.8 5.8 



I', 



Table 5 

WATER TEMPERhTURES (deqrees centiqrade) 

OBSERVATIONS 1-13 

I 1988 I 1989 

: OCT. 1 NOVEMBER 1 DECEMBER 1 JANUARY 1 FEBRUARY 1 MARCH I APRIL 
STATION 1 1 1 2  3 1 4  5 1 6  1 7  : 8  1 9  1 1 0 1 1 1 1 1 2 1 1 3  

M.C.S. 22.1 20.0 15.9 11.7 11.0 8.9 10.5 10.2 12.6 20.2 20.3 20.3 19.6 



Table 6 

WATER TEMPERATURES ( d e q r e e s  c e n t i q r a d e )  

0BSERVA.T I ONS 14-24 

I 1989 . . I 

I MAY I JUNE I JULY I AUGUST : SEPTEMBER I OCT. I 
STATION : 14 : 15 : 16 : 17 : 18 : 19 1 20 : 21 : 22 1 23 24 1 





Table 7 

CONDUCTIVITY ( m i c r o m h o / c m .  corrected to 25O~) 

OBSERVATIONS 1-13 

I 1988 I 1989 
: OCT. NOVEMBER I DECEMBER I JANUARY FEBRUARY : MARCH I APRIL 

STATION : 1 1 2  1 3  : 4  1 5  1 6  : 7  1 8  : 9  1 0 1 1 1 1 1 2 1 1 3  

5 2100 2850 2700 2100 2450 1950 2800 2600 2700 2800 2650 2450 2400 

6 2050 2850 2700 2100 2500 2000 2800 2600 2800 2750 2600 2500 2450 

M.C.S. 1600 1450 1550 1450 1250 1500 1450 1550 1350 1150 1600 1650 1625 



Table 8 , 

CONDUCTIVITY ( m i c r o r n h o / c m .  corrected to 2 5 ' ~ )  

OBSERVATIONS 14-24 

I MCIY I JUNE I JULY AUGUST : SEPTEMBER : OCT. I 
STOTION: 14 15 16 17 18 19 1 2 0  21 22 1 2 3  24 t 

6 2700 2625 2700 2250 3100 2425 2525 2575 2300 2350 2475 

M.C.S. 1650 1575 1650 1550 1700 1600 1530 1750 1500 1500 1475 





Table 9 

pH MEASUREMENTS 

OBSERVATIONS 1-13 

I 1988 I 1989 
1 OCT. I NOVEMBER DECEMBER I JANUARY I FEBRUARY I MARCH 1 A P R I L  

STATION I 1 I 2  3 4 5 6 7 1 8  9 1 1 0 1 1 1 1 1 2 1 1 3  

3 9.0 9. 7 9.1 8.7 9.2 9.8 9.6 9.3 8.7 9.0 9.2 9.4 9.6 

4 9.6 9.8 9- 0 9.0 9.2 10.1 9.6 9- 1 8.8 9.0 9.2 9.4. 9.5 

5 9.5 9.8 9.0 9.0 9.3 9.8 9. 6 9.0 8.8 :9.0 9.2 9.4 9.5 

6 9.6 9.8 8.9 8.9 9.2 9.9 9.6 9.0 8.7 8.9 9.2 9.6 9.5 

M.C.S. 7.3 7.8 7.5 7.7 7.8 7.3 7.0 7.8 7.6 7.4 ?.2 7.6 7.8 



Table 10 

pH MEASUREMENTS 

OBSERVATIONS 14-24 

I 1989 I 
1 MAY JULY 1 AUGUST I SEPTEMBER I OCT. 1 1 JUNE I 

S T A T I O N 1  14 15 1 1 6  I 1 7  18 1 19 20 2 1  2 2  1 2 3  1 2 4  1 

6 9.7 9.6 ' 9.8 10,0 10.0 9.8 t9.8 '9.7 9.4 9.2 9.5 
! 

M.C.S. 7.4 7.9 7.8 7.4 8.0 7.7 7.2 7.5 7.4 7.5 7.5 





Table 11 

NITRATE NITROGEN (millisrams/liter) 

OBSERVATIONS 1-13 . 

I 1988 8 1989 
: OCT. 1 NOVEMBER 1 DECEMBER 1 JANUARY 1 FEBRUARY 1 MARCH : APRIL 

STATION 1 1 1 2  1 3  4 5 6 7 8 9 1 1 0 1 1 1 1 1 2 1 1 3  

1 3.0s 2-0 1.0 1.0 2.0 1.5 1.0 1.0 2.5 2.5 3.5 3.0 2.5 

2 3.0* 2.0 1.0 1.0 2.0 1.0 1.5 1.0 2.0 3.0 4.0 3.5 2.5 

3 4.0* 1.0 1.0 1.0 2.0 1.0 1 . 0 1 . 0 1.5 3.0 3.5 3.0 2.5 

4 3.5* 2.0 1.0 1.0' 1.0 1.0 1.0 1.0 1.0 3.0 3.5 3.0" 3.0 

5 3.0* 2.5 1.0 1.0 1.0 1. 0 1.0 1.0 1.0 i3.0 3.5 3.0 2-5 

6 3.5* 1.0 1.0 i . 0 1.0 1.0 1.0 1.0 1.0 3.0 4.0 3.0 2.5 

M.C.S. 5.0* 3.0 1.0 1.5 1.0 1 . 5 2.0 1.0 2.0 2.0 2.0 2.5 2.0 

i+ tests done w /  reagents of questionable reliability 



Table 12 

NITRATE NITROGEN (milliqrams/liter) 

OBSERVATIONS 14-24 

I I 
I 1989 
I MAY I JUNE I JULY 1 AUGUST : SEPTEMBER 1 OCT. I 

STATION: 14 15 16 17 1 18 : 19 1 2 0  21 22 23 1 2 4  1 

1 3.0 2.5 3.0 2.5 4.0 3.0 2.5 3.0 2.5 3.0 3.0 

2 3.0 2.5 3.0 2.5 4.0 3.0 3.0 3.0 2.5 3.0 3.0 

3 3.0 2.5 3.0 2.5 3.0 3.0 3.0 2.0 2.5 2.5 3.0 

4 3.0 3.0 3.0 2.5 3.5 3.0 3.0 2.0 3.0 2.5 3.0 

5 3.0 2.5 3.0 2.5 3.0 3.0 2.5 2.0 3.0 3.0 3.0 

6 3.0 3.0 3.0 2.0 3.0 3.0 2.5 2.0 2.5 3.0 3.0 

M.C.S. 2.5 2.0 2.5 2.0 2. 5 2.5 1.5 2.0 2.0 1.5 2.5 





Tab le13  - 

T U R B I D I T Y  MEASUREMENTS (depth of Secchi disk in m e t e r s )  

OBSERVATIONS 1 - 13 

I 1988 I 1989 
: OCT. I  NOVEMBER DECEMBER I JANUARY . FEBRUARY I MARCH I I A P R I L  

S T A T I O N  : 1 : 2  3 4 I 5  6 7  8 9 1 0 1 1 1 2 1 3  

1 b t t m *  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  . , b t t m  b t t m  b t t m  

2 b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  

M.C.S. b t t m  b t t m  b t t m  na b t t m  na b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  

it b t t m  = b o t t o m  v i s i b l e  



Table 14 

TURBIDITY MEASUREMENTS ( d e ~ t h  o f  Secchi disk  in meters) 

OBSERVATIONS 14-24 

I 1989 I 

I MAY I JUNE I JULY AUGUST : SEPTEMBER : OCT. t 
STATION: 14 : 15 1 16 : 17 : 18 1 19 t 20 : 21 : 22 f 23 1 24 1 

1 b t t m *  0.51 b t t m  0.66 dry 0.62 0.38 0.41 0.56 0.63 b t t m  

2 b t t m  b t t m  b t t m  b t t m  dry b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  

3 0.70 0.60 0.46 0.58 0.42 0.60 0.46 0.50 0.61 0.85 1.11 

4 0.66 0.63 0.40 0.62 0.39 0.58 0.41 0.52 0.57 0.81 1.02 

5 0.68 0.64 0.44 0.65 0.36 0.55 0.47 0.52 0.56 0,.89 1.13 

6 0.70 0.64 0.48 0.70 0.38 0.59 0.50 0.50 0.59 0.86 1.09 

M.C.S. b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  b t t m  

* b t t m  = b o t t o m  v i s i b l e  




