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Crowley ,Lake. f s located i n  southern: ~ o n o  Comt y, .California, .at an elevation 
of. 6,781 feet. 1% i s  aa artificial. :impoundment approximately six.  miles long 

l 

and three  miles ~ J i d e  w i t h  a ~mamaxLmum surf ace acreage of 5,272 .. :. High' tot a1 I 

dissolved solids, combined with a re la t ivkly  shallow mean.d€pth, result i n  
a high leve l  of biological productivity. 

Early management pract ices  a t  Crowley Lake consisted prima,rily of planting 
fingerling brown and rainbow t rout .  A s  angling pressure increased, it 
became apparent tha t  $planting f ingerl ing trout alone could not long maintain 
a satisfactoxy level  of angling success. The value of planting l a rge r  t rout  
was investigated. and found feasible.  

Present management pract ices  a re  based around the  annual planting of approx- 
I 

imately 300,000 subcat chable rainbow t rout  averaging 10 per pound. Planking I 

i s  usually done at, or  near, t he  end of the  Crowley Lake angling season on 
J d y  31. 

Analysis of rainbow trout stomach contents revealed that t he  majority of 
t h e i r  s~unmertime food consisted of immature Tendipedidae and Cladocera. 
Later i n  the  fal l ,  rainbov t rou t  consume chiefly small tui chubs 
(siphat eles sp , ) and Cladocera , 

The growth ra tes  of Crowley Lake t rou t  a re  exceptional. Rainbow t r o u t  
planted i n  August a t  an average s ize  of 10 per pound (about 5.8 inches, 
fork length) are taken by anglers at  approximately one pound and 12 inches 
by the beginning of the f vZlowing 6earjon abu t  eight months later. %is 
rapid growth continues into later years. Brown and cutthroat trout g r o w  
at  a similar rate .  

Crowley Lake rainbow t rou t  were found t o  possess a higher mean condition 
fac tor  than rainbow t rout  from nearby waters, However, condition fac-bors 
f o r  brown and cutthroat %rout were only average. 

The severity of winter conditions and t h e  degree of reservoir f1uctuati:on 
exert considerable influence on t rou t  growth. Exceptiond.goT.rth occu-s  
during winters i n  which ice-cover i s  of short duration and the reservoir  
l e v e l  i s  constant or  r is ing.  

gsubmit tea J U ~ Y  1964. I S S U ~ ~  lffa7 1965. 
Idand Rsheries Administrative I ? ~ ~ o x +  NO. 65-9. 



An inB@~@iv@ 8dudy of Bh@ Crow!.@y bk@ f t ahe l r~~  41,Hng %he 3.958 angling 
season revealed that nearly 25 percent of t h e  seasolla1 angling pressure 
and 35 percerit of the  seasonal catch occurTed on the  opening weekeild. 
Over 65 percent of the  seasonal angling pressure and over 80 percent of 
the seasonal catch occurred during May. As  the rainbow trout gopulation 
was harvested, both angler use and success dropped significsn-tly, It was 
estim-bed that 53 percent of the subcatchable rainbows planted i n  1957 
were eventually taken by anglers. 

I n  several Mono County lakes stocked with c8,tchable trout,  t he  cost per 
pound of trout returned t o  the angler is  about $0.90. The Crowley Lake 
magemen% program produces a pound of t reut  i n  ' the .  angler-' s creel. f o r  
approximately $0.15. .. . 



I~l!JTRO?UCTIOIIJ' . - . .  

. ~ 

. . 

In Mcy, 1947, the . .b l i i e rn la .  Depad~~sn t  of Fish and Gme. issued a hews release 
indicating tlmt on.tkie opening tqeekend of thB sea.son a t  .Cro.cil.ey Lake 5,920 angiers 
caught nearly 9,000 t r o u t  welghrng over lr(:,OOO .pounds.. Fcurteen years later,  i n  
May,. 1961, the  Depafiment '..s ' ;-elease read as  f oll.ois : "Ope-iling l;eekend 09 t rou t  
season a t  Crowley ~ a k e  was another record breaker. The largest  two-day cro:,rd ever - 
nearly 19,000 anglers - took over 72,000 t rou t ,  a record number. The f i s h  atterageC 
one and, one-eighths. pouqds . The t o t a l  catch we: ghed 40 a d '  one-half tons - another 
record. A check by Depafiment of Fish and Game personnel showed tha-b t h i s  year ' s  
(1961) @pe&.ng weekend a t  CrotTley drew nearly 5,000 more fisllernen, over a 
thousa.nC more boats, and, almost 14,000 more t r a u t  were' caught, weighing 11 and, 
one-c,uarteli more tons than on opening weelcent! l a s t  year. " 

It ' i s  difr"i.cult t o  believe, when observing the  thousarlds o f  a.nglel-s a t  Crcvley 
Lake on the  opening 0-1 t h e  season, tha t  l e s s t h a n  a century ego .tile Owens River 
drainage cointzined no . game f i s h  of any ssecles and t h a t  l e s s  than a quarter of a 

' century ago Crowley Lake it self  did not exi st ,  

This report t e l l s  t h e  s tory of t h i s  remar11able reservoir and e,uplains the  f i s h e r i e s  ~ I 

I management plan which provides a sat isfactory level 02 angling su.ccess i n  the  faze 
I of con&mtly increasing 2,ngli.n~: pressure, ~ . .  . 

~ r o ~ ? l e ~  Lake i s  located on the  eas-t;ern slope of t'ne ' s i e r r a  Nevada i n  southern Mono 
County, CaliYorilia, a t  an elevation of 6,781 fee t .  The lake was created i n  A p i l ,  
1,941, when the  Long Valley Dam was placed i n  operation by the. Departjient or̂  Water 
=a Power of 'the City of Los Angeles t o  impound the  ~qa-ters of t h e  Gwens River. 

- .  Five years la'cer, i n  the  sgring of 1946, t h e  lake reached spillway level ,  A t  
naxim"storage,  the  lake is roughly six miles long and three miles vide. ~ M z x i m u m  
dgpth Is 114.5 fee*, and surf ace area i s  5,272 acres. Volume a t  a? i l l  leve l  i s  
183,743 acre-feet, and mean depth was calculated t o  be 34.85 f e e t  ( ~ i e t e r ,  1360). 
Fluctuations of the lake l e v e l  a re  gradual; seyere, short-term changes do not occur 

As t h e  lake gradually f i l l e d ,  large areas of meadowland and s a g e 5 ~ ~ s k  f l a t s  were 
inundated, a;ld the resul t ing  bottom material proved t o  be very productive of Tlsil 
food organisms, chiefly raidge larvae and pu2ae ( ~ i p t e r a ,  ~enaipedidae).  Pistex 
(op, c i t  .), ih a study of t h e  lake1 s bottom fauna i n  1953, found the  rrrean standing 
crop t o  be 153 pounds per  acre betveen May and A u ~ u s ~ ,  with a t o t a l  standing crop 
of over 400 tons. 

Bottom types are chiefly mud and ooze, grading t o  gravel and sand i n  the  shoal 
areas . The untrsu8li.y high productivity of t h e  lake has ap2arently become stabf -' 

i 
! l i z e d  at a point somewhat lower, than tha t  which..existed during the  f i r s t  few years 

a f t e r  flooding, but i s  s t i l l  proba3ly above t h e  'taverage" f o r  lakes a t  t h i s  general 
elevat lon ' ( ~ i o u n ,  1944; Re-imers , Maciolek and P i  st e r  , ' 2-95 5 ) . Although -the 
bottom fauna productivity i n  Crowley Lake i s  not extreordinarily high per uni-f 
area,  so much of the  lake i s  shallow tha t  t h e  ,overall  food production i n  re la t ion  
t o  t h e  s ize of the t rout  p o p l a t i o n  i s  quite si~bstantia.1. ITiriber conditions i n  
t h e  C r o ~ ~ l e y  k k e  area a re  severe, asld the  lake almgst invaria3iy freezes over i ts  
e n t i r e  surface. Ice-cover  usually forms i n  l a t e  De~ecber and d i s a p ~ e a r s  i n  early 
Aprl l  . 



Crowley Lake i s  strongly bicarbonate ' in 'character, with re la t ive ly  high concentra- 
tilene d dliaa,  eetlium, ehLol"lBe, ~ n d  ghuspi~ste,, Be$& _ . ,  ..,;. @BsgaLved 8eUds (187, ppai 
a re  quite high when, comp&ed with those ' of' nearby 'la'tikib'. (~eimers,  ~ a c i o l e k  . and 
Pister,  op. c i t  . ) . I n  addition, 83' percen* of t he  i'ota;l. bottom area l i e s  'beneath 
l e s s  than 50 fee t  of water... 'Phese fac tors  probabiy, kyert:]miich '.influence. S n  . 

creating a high level of biological produciivity [~orthcote' and . .  . . .  Larkin, a 1956; 
Rawson, 1952, 19538 and 1953b). . 

. . .. 

Midsummer surface temperatures reach t h e  low 70's. hrring t h i s  time, blooms ok 
..both i o o p l ~ o n     la doc era) 'and phfioplankton (volvox arid ~ l o e o t r i c h i a )  a rk  coinmo: 
This plankton material, chiefly Cladocera, .is an inportant fo.od source- f o r  r a i n b o ~  
trout .  The beavy algae bloom, cornbined with extenSive growths of rooted aquatic 
plants  of various species i n  ' the .  shoal areas, . creates a depreciation of tlie oxygen 
snpp1.y and other unstable biological conditions, especially ' a t  night, occasionally 
resul t ing i n  the  mortality of considerable nurnbers of '  nongme f i s h  and an  occasion^ 
t rout .  Nonegame f i s h  generally inhabit  the s h o d  areas, while t rou t  occupy t h e  
deeper, . cooler portions of the  lake. and a r e  therefore not' great ly affected by these 

. . . . 
adverse couditions. 

. . . . FISB FAUNA OF CR0WL.Z 

Trout are not native t o  the  Owens River drainage. Rative f i shes  i n  the  upper I 
I 

portion of the  drainage are  reported as. s~tcker, Catostom~s sp. ; chub, Siphateles 
sp.; and dace, Rhinichthys sp. (~u'obs and Miller, 1948; Kimsey and Fisk, 1960). 
Only suckers and chubs have been collected recently from Crowley Lake. Collecting 

I 

I operat ions, however,. have. not been extensive. . .  . . I 
Prior  - t o  t h e  creation of Crowley Lake,' rainbow t rout ,  - .  Salmo gairdnerii ;  brown t r o u t ,  
~alrho t m t t a ;  Lahontan clrtthroat t rou t  j Salmo clark i i  hensi;&wi; golden t rout ,  , ~ a l n o  - - 
s g u a b o s a n d  - eastern brook trout ,  Salvelinus f onliinalis had begn f ntroducefl 
i n t o  the '  Owens River drainage'above the  present location of Crowley Lake. However, 
only rainbow d d  brown trout. were present i n  t h e  lake area i n  significant numders . 

. ... . . 

GAME FISH-NONGAME FISH RELATIONSHIPS' 

The ro le .  of nongame f i s h  i n  t h e  ecology of ' cr&ley M e  i s  not thoroughly under- 
stood. .It i s  known t ha t  significant populations of suckers a d  chubs exis t ,  
apgarently without detriment t o  t h e  t r o u t  population. ~ o o d  habit studi&s reveal 
t h a t ' t h e  young of these species a r e  consumed'in large numbers by . trout,  particu- 
larly during %he ' la te  f a l l  when aquatic insect  populations reach a low level .  The 
overwinter growth of t rout  i s  unusually good, and it seems probable that t h i s  may 
be due i n  large mea,we t o  t h e  easy ava i l ab i l i ty  of these small f i sh .  

. . 

Hongtme f i s h  control measures do not appear warranted a t  t h i s  t ine .  A s  1 o n g . a ~  
t h e  t r o u t  growth , rate  i n  Crowley Lake approximates.. t he  growth r a t e  at ta ined i n  a 
good f i s h  hatchery, any changes i n  t h e  exis t ing s i tuat ion should be, careful ly . . considered. 

. . 
EILRLY MANAGE&NT PRACTICES ; 

I 

I n  the earl* 1940ts, as Crovley Lake b@n ta. f i l l ,  ?fsh'$anting co~lsis ted 
primarily of f ingerl ing brown and rainbow t rou t  supplemerited by re la t ive ly '  small 
numbers of yearling rainbows su able 1 ) .  The high i n i t i a l  productivity of -the l ake  
and small population of large, predatory f i s h  permitted good g r o ~ h h  and survival. 
Under l ight ,  wartime akgling pressure, a good catch r&te  of large f i s h  was main- 
tained. However, as the  lake becane more popular and angling pressure increased, 
t h e  planting of fingerling t rou t  could not 'maintain a sat isfactory l eve l  of angling 
SUCCBSS. 
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Managemen* measures 'in' t he  1940.' s were .carrieci out on an experimental basis  i n '  
sra e$%s;r;ct; t e  arrive at & ~&tiafa&ery overall plan,.  The plan$ing of! l a ~ g a r  m'sers 

' cf subcktchable rainbow t rout  (a%eraging 10 per  popnd) was successful, .and t h e  . 

problem then beceJne one of producilig .adequate numbers of t rou t  of t h i s  s i ze  t o  
carry on a sustained planting program. The opening of Fish Springs Hatchery i n  
1952 wade t h i s  possible. Since tha t  date, Crowley Lake has been planted on an 
annual bas is  with large numbers of subcatchable rainbows. 

PRESm EIANAGEMEIi!T PFACTZCES I 

The primary reason f o r  Crowley Lake1 s popularity i s  tha t  people are  able t o  catch 
b ig  f i sh .  The average t rout  taken weighs a pound o r  more, whereas .at other 
roadside wakers anglers must generally be sa t i s f i ed  with planted rainbow t rout  
weighing three or fow ounces, 

Crowley Lake i s  inanaged as a trophy fishery. To make th%s possi'cle, special 
angling regulations , W e  been placed i n  ef fec t .  The season opens w i t h '  t he  
surrounding area on t h e  Saturday nearest May 1. It closes on Ju&r 31, three months 
e a r l i e r  than the  general area closure. 

Shortly.  a f t e r  t h e  close of the  season, - approximately 300,000 subcatchable rainbow 
t rou t  of t h e  Hot .Creek f a l l  spawning. <s t ra in  Ere planted. With the  advgntage of 
t h e  long growing season and m d a n t  food supply these f i s h  grow rapidly. Sub- 
catchables planted i n  August at an average s i ze  of 10 p e r  pound (about 5.8 inches, 
fork  length) are taken by anglers a t  approximately one pourid and 12 inches by the' 
beginning of. t he  following season about eight months l a t e r .  Although fingerling. . . .. 

t r o u t  of various species are planted regularly i n  Crowley Lake, the  &nagemen% 
plan is  based, upon the subcatchable program. . 

The time at which Crovley Lake i s  p lented  exerts  considerable influence on t h e  s i ze  
of f i s h  taken during the following season. Marking experiments carried on i n  
1960-61 show this difference  able 2 ) .  Because of crowded hatchery coliditions 
resul t ing  from t'ne 1960 drought, it became necessary t o  plant a. portion of the  
regular yearly allotment i n  mid-$&a ra ther  than a f t e r  the  close of the  season., 
The remainder of the  allotnent was planted oh August 29. I n  order t o  provide 
comparative information concerning growth and survival of the  two plants, 10,000 
OT each group were' findclipped and lengths and weighks bf the marked iish were 
recorded as they entered the catch during the 1961 season. 

The growth r a t e  of t h e  marked f i s h  i s  especial ly noteworthy, The additional- two 
and one-half months of growing time i n  Crowley Lake pemtt ted  the  June plant t o  
surpass t h e  August plant, even though. the June-plant ed f i s h  were significantly 
smaller when stocked, I n  addition, a highsr survival r a t e  of the  June plant i s  
indicated. It i s  possible t'hat the August p lant  may have been affected 5y toxic 
shod-area water conditions which are at a mzxirmun i n  l a t e  Au&st. Another theory 
Tis tha t ,  since the  plants were mde from di f ferent  hatcheries, preplanting . 

conditions ma? have exerted some influence. 

On the  bas i s  of ' t h e  1960-61 study- it would appear adva.ntageous t o  plark Crowley 
Lake as early as mid-June. However, m g l e r s  a r e  cuick t o  learn of t h e  easy 
a v a i l a b i l i t y  of newly planted fish.  More recently, when ear ly  planting has been : 
necessary, these.  small f i s h  have col~st i tuted a significant portion of. the late- 
season catch.. Since the prematwe harvest of subcatcEables in Crowley Lake 

I 
v io la te s  t h e  current management principle which allaws newly planted f i s h  t o  
a t t a i n  substantial  growth bes?ore being subjected .:to angllng, every eff 01% i s  now 



Growth and Return of Marked Subcatch.ab.le Rainbow ~ r o ? l t  
Planted i n  June and Aubp.s-k; Jw 

-. 
" June 1.5 Atrgus t  29 

. . .  
plant ---- plant 

. . 
. . . . . . .  

. - EIat.chery Fish Q?rings . Hot Creek ' . . 

Stra in  of rainbar trout.  Hot Creek fall spawning Hot Creek fall ,sga~ining 
. . . . 

Time i n  lake priox to following . 10.5 months 
. . sea'son - 

Nupab'er. of marked trout planted 10,000 

Mean fork length at planting 5 *03 
(inches) . . ' . . 

. . . . . . .  . . 
Hears' fork. length on A p r i l  29-30, 12,97 ' 

1961 -(inches) 
. . . . . . .  

Mean length gain (inches) . .  7-94 . . . . . . 
Mean weight at planting (ounces) ' 1.23 

Wan we.i@it on April 29-30 . . 10.73 
(ounces) 

Mean weight gain (ounces) 17.50 - ' 

. . I Xmiber of marked fish returned 203 129 
f 1/ on April- 29-30, 1901- 

. . . .  . . . . .  . . .  I , . , 

I . '  : ,180 . . . . . . . . . .  Total rimer of marked fish : ' .:. 239. .:.:.: .' ' 
1/ , ,. . ; ; 

. . ,. . . . - .  . . returned through July 31, 2961- . ..'( "' . . . . . . . .  . . .) i .  ..;. . . . .  . . . : . .  

d I n d i c a t e s  nlnnber of marked ..f i$sh .:sesn &nine- creel censuses casried on d ~ ~ ~ i r g  ' ,  .' ., 
. . . I .  . . . weekends. . . . . . .  . . . . .  . . .>: . .  . . . . . .  i . . . . . . . .  . . ! .  

. . . . .  . . . - . . . , . .  
. . . . 

...... .. : . . . . 



being made t o  plant the lake as close t o  .the end of the season as possible. i 

Bee~use the BrPnartp&l s~lPn.gl"'meCho8s in urse at C~rmley M e  'involve t l ~ e  use af' 
ba i t ,  it i s  felt that an attempt t o  minimize the taking of .newly planted f i s h  by i 
means of a size limit would r e s i l t  i n  a high degree of mortality among the f i s h  , I 
returned t o  ' the wat e~ and wolfid defeat the.. intended. purpose. . . . + . *  I . _ .  _ . .  . .- ... . . .  I 

I . . . . . . 
I 

During thk winter of 1950-61, precipitation i n  the sitkra Nevada.was only a frat* I 

-Ei'6n 'bf ' i ; d d ,  aka hat ci;kry weter suppzes were seriously depleted . Consequen&ly, 1 
- 'i-t 15ebam-s n-Gcess.&e t b  plG5 ' brit$' of %-he I&.. ch.,l&. allotment in ! 

early May. Taese f i sh  grew rapidly and large numbers were takers prior  to the  close i 

0' tihe 1961 :ss.a;son.and therefore did not enter the  catch i n  1962. 

The lack of precipitation during the. 1960-61 winker had an indirect effect on trout 
s~wvival .  The area.and v o l ~  of the  lake was reduced t o  approximtely 50 percent 
of maximum by lJove~ber, 1961. Predation on the  newly planted f i sh  by +,he popula- . 
t i on  of large brown t rout  was probably greater than usual. The s e l l e r '  alirraila'ble 
population of rainbar trout at the beginning.. of the 1962 season is- 'clearly indih 
oated by early season catch data  able 3). ~ 

... 

When normal planting procedures were f ol lwed (planting of sub cat chables during 
t he  l a t t e r  portion of the  season or sost-season), a close correlation'between She. 
magnitujle of the previous year 's plarrt and opening.weekend angling success was 
noted. Using data for seven years between 1953 and 1961 (census data. are not 
available f o r  1955 and 1957), a correlation coefficient of '0.92 was calculated fo r  
the relationship between nunibers of rainbow trout sub cat chables planted during 'the 
previous year and mean catch par angler hoin over the  opsning weekend of the  
fo l lming  season.:.(~igure 1). A similar relationship was noted fo r  mean catch per 
angler hour for the entire season, 

Hot Creek fa l l  spawning s t ra in  rainbow trout have been the predonAnant plants i n  . 
Crowley Lake and i t s  tributaries. Generally, the  females retain the i r  f a l l  ' 
s ~ a w n i ~  characteristic, while the  males quickly revert t o  spring spawning under' 
natural coiditions , Consequently, natural spawning by 'rainbow trout in recent ' 

years has not been extensive, 

Beginning in 1958, both fingerling nnd subca&hable ..raiqbows of the  M t  . IJhitney , 
spring spa~ming strain were planted i n  increasing numbers as  park of the  overall 

.' 

allotment f o r  Crowley Lake. Since that  time, considerable spawning act i f i ty  by . , 

these I'ish has been noted i n  the  tributary".s+reams, n o m l l y  beginning i n  $!arch 
and continuing into May, We may therefore' expect more natural recruitment of 
rainbow t rout  than has been e s e r i ~ n c e d  .... fn past years. This was indiczted early 
*in the 1963 season, when naturally produ-ced f i sh  about nine inches long were 
obsemed i n  the catch. 
: . 

Fingerling trout  of various specfes bave' also been planted'regularly. Brow trout  
fingerlings were planted intermittently un t i l  1954, when it became apparent that  
nstural reproduction i n  the  tr ibutary streams was adequate t o  maintain an excellent 
population. Since that  time, brown trout  have entered the catch a t  approximately 
t he  same rate as during the period i n  which they were planted. 

Several experimental. plants of Kamloops rainbow trout have been made i n  Crawley 
Lake. This strain survives w e l l  when  seared t o  yearllng size and i s  very popular 
among anglers, In  1955, 30,000 yearling Kamfoops were s-kocked and contributed 
significan%ly t o  the  fishery during the next three years. Those f i s h  remaining 
in to  %he 1958 season exhibited strong migratory tendencies, Some were observed 
spavning i n  upper McGee Creek over f ive  miles and 1,200 feet  above Crowley Lake. 



. .. , . . . .  . 
I . ..:,it . . . : '  

11 Creel census ~ a t a ' . ~ o r  ~i&t htigling seasons at Crovley Lal~e-~ 

Meac catch per  angler hour,  opeiaing weekecd 0.46 
Mem catch per  angler hour, reuia-iniier of bIay 0.30 
Piean catch per angler l ~ o u r ,  2une 0.23 
Nean ca-tch per  angler hour, A l y  0.20 

Mean cat c l ~  per  angler: hour, season 0.33 
Mean catch per angxer hour,  opening weekend, ralnboi.7 trout 0.44 
Mean catch per angler h ~ u r  . . f o r  season, ra inbm trou';; 0.31 
Percent rainbow t r o u t ' i n  catch, May 94.86 
Percen* rainban t rout  . i n  catch, June 93.81 
Percei~t rainbow t rou t .  i'n catch, July 89 92 

0.70 
0.45 
0.22 
0.22 
0,38 
0-63 
OJ33 

go. 82 

76 + 38 
71.88 

Percer~t rainbow t r o d  i n  catch, season 94.11 88.26 87.37 67.97 90.69 97.77 92.92 88.30 . 

Percent brown trout  i n  ca tch ,  Ma? 4.23 10.25 4.50 5.92 4.80 1.37 2.54 8 . 6 6 &  

5.56 
I percent brown t rout  i n  ca tch ,  June 1/ 5.32 18.50 15.25 10.54 22.48 16.59 - 

Fe2cel2t bror~ii t rout  i n  ca%ch, July 

Peycent brown t rout  i n  ca-bch, season 

Percent cutthroat trotit ' in catch, ?day 0.91 2.75 4.65 3.26 3.10 0.29 2.06 1.23 
Fercent cutthroat t rou t  in catch, June 0.63 - 1/ 8.09 5.12 2.66 1.89 2.29 2.05 
Percent cutthroat t rou t  in catch, July 0.63 1.58 14.35 12.73 1.06 0.25 2.09 0.38 

Percent cutthroat t rout  in cat ch, sea,son oe8J-1- 2.55 5.96 4.11 3.03 0.35 2.07 1.24 

1Jmber of' censuses conducted during season 

ITumber of anglers int;erviewed during season 

1/ - Creel ce-rlscses were n o t  conndcfxd i n  1955, 1957, and June, 19'54. 
. . : . i 

. . .. , .  .. . . . . . , 
% iR;* -.: <(;I,,.: : , ? ~ > i l r ~ ~ < i  .z;-".; 3- .  :ob,%i.i ,  biJi- d.., ?..,* 
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FSOURE 1, Relationship of munbers of subcatchable rainbow t r o u t  
planted i n  previous year t o  angler success, 
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A t  t h i s  time they had att aiced lengthg of approxZmt,ely . , . . .  20 :inches ,. ProbaDly ." 
beciube, of t;l're heavy anglining pi.essure at ' Crowley . Lake, . and. c6nsequent rapid rate, 
of 'liarvest,   am loop rai~bow w e  seldon taken: i n  'excess .?f three .po~m&s i n  weight .  
Fingerling p lants  of Xamlocps rzinbaw t o  d&e Paye not been . particu-larly . success- 
fa, and this i s  a lso  gel?.eilally t rue  of'. Lahontan cutthroat.  . Plants of eastern 
brook t rout  f ingerl ings have been t o t  a l l y  urisuccessful . " 
The only, fish taken a t  trophy s i z e  a re  brown t rout .  The. ~ r o n l e ~  ~ j k e  .r:eco& :for 
this species  i s  19 .pomds '10 ounces. Brown t rout  i n  t h e  8;;: t o  lC=$ound rEnge are 
taken . r a t h ~ r  frequently . 

, .... 

&n .acld.itional =na&ement measure i n  e f fec t  a t  crowley Lzke i s  a re3uced l i m i t  . 
Only se-ren tr.out m y  be taken at Cro~rley, This t e i d s  :to reduce the  fi2exezdous 
e a r l y  srason. cz-tch and providei b e t t e r  angling f o r  f i s h e r a m  v i s i t i n g  t h e  lake 
1af;er in' t h e  season. 

~ h e . ~ r $ s e n ' c  'mnage&en-t procedures i n  eff=ct a t  Crowley Lake-'ma$ be de&ied ,satia- 
factory, bht t h e  question nsct~zral:~ a r i se s  a s  t o  wbat changes must be $0 meet 
the great ly  increased angling pressures e*xpected i n  firture years, 

. . 
It i s  rethsonabie t o  assume t h a t  greater  nunbers of subcatcha7@e rainbow % r o , ~ t : w i l l  ~ ' b e  planted, especially i f  additional r e a r i ~ g  f a c i l i t i e c  becorn2 available. ' Since 
catcl~ da-'cs make it a5parent that an increase in plxating would resldt i n  an even 

I 
I higher degree of ear ly  season angling success, wL%h little benefit  t o  t h e  fishery 

i n  JFe and July, it w i l l  probably become necessary i n  future yews t o  . .. i n i t i z t e . . a  . 
. . 

I 
lover bag l i m i t .  

The excsptional f i shery  at Crowley Lake w i l l  i n  a l l  lilcelihood re su l t  i n  an 
increase i n  aqgling pressure even greater than tha t  anticipated f c r  t h e  remainder 
of '%he area: ' ,Consequently, additional means of '  providing n s a t i  sf act on-...Pisher3;: ; 
f o r  as long' a period d u i n g  t'ne season a s  possible k r i l l  be iriveetigated. . Two 
p o s s i b i l i t i e s  would be opening t h e  lake t o  f ishing only .on alte?ria%ci wsaks &ring 

1 t h e  season, and r e s t r i c t i n g  t h e  methods of angling, An experiment w a s  ca-rxied ..on 
duriag the f a l l  of 1963 and 1964, when a portlon of t h e  shoreline was op&id t o  ' 
,wgling vi"c harbless f l i e s  only, with a mininum s i ze  l i m i t  of 1 2  inches. . 

! 
Although t h e  angling pressure during these s2ecial  seascns was coru;?8xatively l i i h t  
and t h e  ca t ch ' r a t e  was low, some beaut i ful  f i s h  were takes, am2 mgiera in&~da ted  
a high degree of sat isfact ion.  

! 
i Ekperinental management procedures w i l l  be continued.. T ~ Q  planting of yearling 

Kamloops rainbow and c u t t h ~ o a t  trou* i s  planned. 

'METHODS OF W~~~UAT'IITG THE FISmY 

With t h e  ,exception of t h e  1958 secson, when a more i n t  ensif i e a  stuay. was made, the  
evaluation of management procedures i n  effect  a t  Cro~:ley Lake has bzen accorqlished 
by means of a creel  census .program conauc%ed primzrily on weekends through~ut  the  
angling season. Anglers are inverviewed at 'random.. 1t has Eeen possible t o  . 
contact as Hgh as 65 percent of those on , tke lake oe a &.isyen day'.., wing %he 
opening weekend of t h e  angling seison, when oy?r 10,000 angler? are on the iake 

each day, a crm of 10 census clerks ge~ieral-ly .contdcta aljd&.,l5 "peroen't' .. .. . the . 
anglers present. Only cowiek ed f i shigg effort s are . recorded ; . . . .  . . .  , . .  



Total  angler use has been calcd-ztkd by boat counts at  t h e  lake and multiplying by 
t h e  mcan num'ber of anglers per  boat (ordi,itiiily s l i @ ~ t l y , , i n  excess of 3)' Boat... 
counts on the  opening weekend have'been cond~~c-bed by tha De~artment of Fish and : 

~ & e ,  and l a t e r  i n  t b s .  season by t h e  Los AngeJ-es Department of Recreation .aria Parks. 
. . 

. . 

~a'i11 year, during a 48-hcur period imediately preceding th2 opening of tthz angling 
season, t h e  California Division oL" Highways condv-ct s a c0~z1.1; of. vehicles agS- - boats 
passing north through Bishop on Highwcy 395 on t h e i r  way t o  t h e  many waters of Mono 
County. It has been ,noted tha t  a close correlation wdsts betmen .the number OF.. 
>oats  counted'by the  Mvision of. Higl~ways and the  liwb6r of boats on Crowley Lake 
on the opening day. This r a t i o  ha's ranged from 1:1.11 t o  l : l . , i E ,  with a. mean of 
1 1 1  Likewise, counts of boats on t h e  lake during t h e  opening .weekenil have 
~ h m -  %hsJ~ bozt use on Sur,&ay has. been a re l a t ive ly  constant percmrtage cf that on 
S a t ~ d a y .  These figures have rangeil from 87 t .0'  88 percen*, with a mewl o"7.5. 

. .. 
This in formt ion  w i l l  be used i n  estimating ' fu ture  opening weekencl aniler use a n d  
catch, with occasional counts being ma& t o  check the  accuracy of the x e l ~ t i o i l s h i p ~ ,  
Use of these d ~ b a  greatly simplifies evd-ua-bion ,of. t h e  opening weekend f'i shery . 
Af'ter the '  opening weekend, angler use drops t o  'a '&el where counting boats . i s  a 
r e l a t i v e l y  sinpie matter , . .. 

The evalfi.%fxLon of established a& experimental mna&?loent procedures w i l l  be . . . 
con$inued Ynrough the  use of 'the creel census programb 

. .\. 
i 

TBE F I S m K  DURING  TO^^ 1958 SEASON , .. . ~ 
, ,. : 

Creel censuse's ruere conducted at crowley Lake on 156 days of the 90-day 1958iseas~n. 
tlif;h t h i s  l e ~ e l  of saapling it was possible to. estimate t h e  mzgnitudc of' t?& ,catch 
with a reasonable degree of confidence. , . I 

Crrjwley Lake! c~e.el  census. data since 1953  a able 3) reveals..-that c~.%ch &ata -are . 
: quite similar  from year t o  year and t h a t  t he  fishery. dcr.L~g the  1953 seescn vas ! 

typ,ical of the  usual.pa.t;tern under t he  present management ,~ lan . :  . '. 

Observations over a period o f  years have indicated &at . shore &riflers take ' : . 

rela%ively f ew  f isli. Consequently, only boat anglers were. censused .during t h e  1958 
study. To minimize bias, a l l  bout landing areas xrere censused, with mzjor activirty 
beirig devoted t o  t h e  main boat launching area' at the South Landing. Eecal~se a l l  
boats a-1; Crotfey Lake mst dock i n  t h e  i m e a i a t e  v i c i ~ i t y  of t h e  South Landing, it 
Tias possible  t o  inter-view a s  high as 65 percent . of the  anglers on t h e  L&:e t i~ - Ing  
a a v e n  day. 

The opeleng veekencl of the angling season at  Crmrley WE: has gained fane through- 
out t h e  w e s t .  Angler use and success are high during this period 6nd thronghout 
most of May ( ~ a b l e s  4 and 5). I n  1958, nearly 25 percent of t h e  seasonal- angling 
aracwea a d  ncaa~Jq 3; pasoent of the eeesepal catch occurred, on the openipg 
weekend. Over 65 percent of t h e  s e ~ s o n a l  angllng pressure and over 80 percent of 
the seasonal catch occurred during May. Mean catch per  8,ngler h m r  f o r  Xay was 
0 .TO on the opening weekend and 0.50 during t h e  remaill6er of t h e  month, with a 
nonthLy mean of 0,53, By far thc  greatest percentage 01 trout i n  the catch were 
rainbows planted at the close of the previous season- During the last t v o  months 
of' tihe season, as the rrore easily caugKc rairiiiows were removed from the fisheq, 
brown and cutthroati t rout  constituted a much grerz'c psrcentage of t h e  sg~ecies 
corngosition. During May, the  t o t a l  catch was coqr i sed  of over 90 percent rain3ow 
trout. D!ir ,g  June, t h i s  figure vas drop2ecl t o  76 percent and dropped again i n  
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. - Crowley Lake Angler U s e  Data, 1958 Season 
, . 

. . 

~ .e r ceZ t  of 
~ n ~ i e r  days seasonal total 

Opening weekend use . 
'. . . . 

May use, exclusive of opening weekend 

Total May use, including opening weekend 

T&al June use 

T o t a l  July use 

-- -- 
~o-tial seasonal use . ' 51,246 100,OO 
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Cro~rley Lake Catch Data, 1958 

1 Opening wzekcna--/ -------- 
Ha,irlbow t rout  43, 
B r o ~ ~ ~ u  t rou t  3,723 
C'iLtfhroat t rout  - 1,397 
Tot a1 openLnq weekend catch 48,930 

- " " - - 1 1 1 - " - - - " - . - " - . " - - - - - - - - - - - - - - - - - -  - -5- 
jf 7 (t .05g) - - ?? S + (t .05@) 

May, exclusive of opening weekend 
- .UI . . -sC-  - 

Eai-.ib~v trout 56,754 . 62,613 68,472 
~ r o ~ r n  t rou t  2,430 3,213 3,996 
~u t th ros? t  t rou t  1,890 -A- 2 430 a - 2 ; 979- 
~ o t a l  61,074 68,256 75 3 438 

. . 

Total estSmated Yay catc 
-0 

d 
liainbaw t TOU* 

Brown t r o u t  
Cutthroat t rout  

June 

Rainbow t rout  
Bro~m t r o u t  
Cutthroat t r o u t  
Tota l  

Rainbow trorrt 
Erotrn t r o u t  
Cutthroat t rout  
Tot a1 

1/ Total estimated seasonal catch 
Rainbaw -t;rout 
Brown t r o u t  
Cctthroat t rout  
Total 

&'Because of extremely h e a q  use and exceptionally high level of angler success on 
the opening weekend, catch aata f o r  these two days were calculated separately aria 
are a%solute figures. Catch data f o r  t h e  reminder  of the season were calculate& 
t o  t h e  95 percent confidence interval.  

2'T6tal Mey catch figures equal sums of opening weekend c& ches and mean May catches. . 

d~/~ot&l sefaaonal c d c h  l lgures equal sums of opentnp weeken6 catches and means of 
May, June, and Jttly catches. 



,T.clPj t o  71 percent. For the  season as a whole,. t he  catch was c o q r i  sed of approxi- 
ma+elg 88 pezce1l-b rainbow, 8 pircent brown;' and 4 percent cuttlmoat. 

While the  catch pe r  angler  hour for rainbow t rou t  dropped 'from a mean cf 0.63 . during 
t h e  opening weekend t o  O;l5 6urlng July, t h e  mean catch ger  'hour f o r  broiiii knd. 
cutthroa-t t rou t  remained ' re lat ively constsn-t during the  ent rife season. T'nf s. h d . i  - ~ 
cates  tha t  t:le rainbow trout ,  being more eas i ly  caught, are quickly 'narvesteed, while 
t h e  populations of brown and ctrtthro3,t t r ~ u t  remarin r e l a t i ~ r e l y  constant. This 
theory i s  given further substantiatioil t h r o ~ g h  gill net sagpling operat;i.onr;, which 

i 
reveal t h a t  brcjwn t'rout comprise- n e a r l ~ i  35 percer;'c of the  t rout  popula-tion of 
Crovley Lake, even a f t e r  heavy stockiilg of rainboys. It i s  ' obVio~s t h a t  %lie .average 
Cro~.rley Lake angler f inds it most d3ff ic~l - t  t o  catch'broi~n,'trout. ', 

! ' .  . . - ,  

St.udies of .  retUns of marked rainbov subcatchables planted 'in 1957 revee?.ed t h a t .  
natural  recruitmei& of t h i s  species had been negligible. $%ve percent. of the 1957 
p1ant:tras marked 5 y  r'einoval of t h e  l e f t  ventral  f in ,  and an identical.  gercentsge of 
t h e  raLn'ocrw: t rou t  taken . in  1958 bore t h i s ,  mark. An attempt to' provide f o r  na+,ural 
recruitmer~t i s :  being made through the  planting of the  spring spa%ming Mt. VnitneY 
s t ra in .  . 

It was estimated tha t  53 percent 02 t h e  subcatchable ~linb.,ms planted i n  1957 
eventually enterea anglers' catches. Ho~~ever, t h e  1956 study included' only.',.boat . :  ' 
anglers. .. Since shore anglers a re  known t o  i;&e p r e d o ~ n z n t l y  rainbow trou%,. we . 

_. . . 
must conBLder t h e  53 percent f igure t o  be minimal. 

. .. 

COST OF B f A N E I I G  CIiOF7LEY LhKE . ' . 
. . 

Nearly 90 percent of the  1958 catch a t  Crowley were rainbow t rout  *lanted i n  1957. 
These f ish,  reared a t  the  Fish Springs, Hot Creek and M t  . 14hif,ney-Black Rock . , . 
installatLons, weighed 26,943 pounds at planting tPhe ahd cost'.$l9,297 based on: " 

average production costs during t he  f i s c a l  years 1955-55 t o  1957:58. aad. .prorat &d 
agcrjrding t o  the  .goundages planted' from' each i n d a l l a t i o n  (Xacldin 'arid cordone, ' . . 
1956, and Macklin and Tharratt, 1957 and 1958). Mean weight bf  gainbow t rou t  taken 
in 1958 wzs e;pproximatePgr one pound. The season's take o f  ra inbo~~ trout, i25,038, 
therefore to ta l ed  approxbately 125,000 .pounds. Divi-5lng t h i s  figure i n t o  the t o t a l  
cost  figure of $19,297, we find tha t  t h e  average cost per pound of rainbow ti-czt 
returned t o  the angler during the 1958 season w a s  s l ight ly  over $0.15. 

During the same years, pr0dGc-t ion costs. .of catchable- sized rainbow t rout ,  which 
provide the &in f orrn'of managvent for roadside tra'ters i n  the  1rlyo-$1ano aye?., . . 

aveyaged $0.76 'per pound fo r  the  three ins t a l l a t ions  mzritioned above .' . Assuming an 
aver.age zecovery r a t e  o? 85 percent (von Geldern, 1960, and Pister,  1961)) .the cost 
p e r  pouna. of catzaable t rout  returned t o  , the c r e e l  i n  1958 was $0.90. .Despite .$he. 
4ffi.ci-ency of t h e  1nyo-14ono catchable program, it i s  .possi'ole t o  provide s i x  pounds 
of. t rbu t  t o  the cree l  at  Crowley Lake' f o r  t h e  sane cost as  each pound returned t o  ' . 

t h e  creel  dy  the  catchalsle program. Angler sat isfact ion is, needless t o  say, much 
high.er at  Crowley because of t h e  larger f i sh .  

Wikh the  exception 'of brown 'trout; it i s  impossible. t o  estimate the  maAa,gemeilt cost 
of' the &her species of trot& plardied i n  C ~ o ~ ~ l e y  Laks i n  term's of pounds returned 
t o  the creel, since it i s  not Izioitr? what percentqge of  t he  catch i s  supplied by . . 

natura l ly  produced fish'. Brown- trout, lio~?ever, a re  no - longer stocked . i n  Crowley , 
so it i s  safe to.  assume t h a t  tine en t i r e  ca-tch i s  provided%hrough" natu?&l reprod.uc- . .. 
tion, . .. .- . . . .  

. . 



The great abun2s.nce of midges (~endipedidae ) i n  Crowley Lake i s  especially- signif i - 
cant whenone considers the value ,of these organisms as  a f,ood . fo r  trout., md-the 
degree to '  which..trout feed upon then. All of t he. rainbow -trout stc~nachs examined 
contained tendipedids, ~ ~ i t ' n  pupae comprising '89 percent' of the  ' t o t a i '  volme (~.qble 
6 )  . . 

Tendipedid larvae generally remain i n  or ma!" t he  bottom bf ' lakes and do not . . 
becoxe readi ly available f o r  coasumption by t rout  un'ci.1. t h e i r  Jowne~+ t o  %he 
surface as pupae t o  emerge .as adult insects. This emmgence occurs pidnclpally in 
t h e  early morniqg horns, d~rcing one of the most ' active periods of t rout  f ceding, 
and $bus probably explaiiis the large numbers of pupal and emerging forms .found in '  
t h e  st.oa~~cha of the  f i s h ,  Concerning the  value of ten6ipedids ('lenc2iped5-d.as- ' . 

~hirorzo-idae ) as  t rout  food, Johannsen (1937) s t a t e s  the  f oL1o~cing: "!ke . a3 i l i ty  
of tlie chironoaids t o  l i v e  on foodstuff .that has a':general distribution, the i r  . 

e i l i t y  'to buil6 t h e i r  m-n shel ter  a d  .their consequent adagtabi l i ty  t o  a variety '  
of conditions, t h e i r  great r e ~ r o d ~ ~ c t i v c  capacity, and t h e i r  br ie f  l i f e  cycle, . 

coliibine t o  make these insects  so important a forage ozganism f o r  f l sh , "  - . .  . . 
Next in irn&a%ance t o  tenilipedid pu2ae was zooplankton. ClaBocers k d e  up. 'over LO 
percent of the tokal  I-olme of organisms ccnsmed and were present i n  33 percent 
0-2 the  stomchs exmned.  a Tendipedid larvae were talcen only r&rely, presmbly 
because of t h e i r  bottoln d~qelling habit. I n  addition t o  insects  e1:d plankton, 
small nongme fish, chiefly.  Siphateles. sp., are  consumed i n  large numbers by 
ra inbm? t rout  during the f a l l  mon-kh~.~ During t h i s  period t'ne yomg Siphateles sp. 
are aboct .two inches . in length. 

Insuff ic ient  .numbers of brown ana cptthroat, t rout  stomachs were available. t o  o;btain 
a va l id  p ic ture  of the  feeding nabits of these species, : fdne B r o m  %rout stomachs 
examined in 1958 ' contained a$sroximately equal volune s ' or" ranshorn sna i l  ( ~ c l i  soma . . 
sp. ') and chiroriomid pu2ae. 

Growth 
I 

I The gro1rt2n of subcatchable rainbows in Crowley Lake has, thrcugh the years, , 

i'ollowea a regular pattern. Fish plgnted in August at a. mean fork lengkh of 5.8 
inches and 1.6 ounces (10 'per pound) a t t a i n  a mean 'fork length of ij.p,~ro;uf~i:tely 
10 inches and a weight of 9 ounces before ice-cover forms i n  Decaber. Bx t h e  . 

beginning of +,he, angling season cear the  first of BIay (abaut five moaths later.), 

I 
these f i s h  reach a' m e a n  fo rk  length of nearly. 12 inches and a w i g h t  of about ope 
pound. Since i c e  and snow generally cover t h k  lake from late December tlxrough .Late 
March o r  ear ly  April, winter growth. m y  be considered exce~ t iona l ly  good. . 

I . .. 
I .  

Grovth continzes a t  a good rate during the  sea~on'a~nd,  by mid-June, the  me.= s izes  
a r e  nearly 13 inches and' 20 ounces. . B>* t h e  end of the '  season i n  late  July, f i s h  . 

are ~,pproxj.mtely 1;k iflches i n  length and 26 otinces' i n  . weight. . 
. ' 

. . 

i 
Rainbow t r ~ u t  I T ~ T C ~  GQ O~IXU.PU& th@&elr P i x &  a@&$ng ~ i a i ~ o  with~uti bang .oeu@% , . 
enter %he catch as 24- f i s h  at t h e  beginning of t'bk follo~ring; season when aboil2 17 
f nc5es loag ' and 37 ounces in aeight , The f eT.T wldch remain in to  July. are  taken. a t  

I a mean fork Length of e.pproxirtateP~ 18 inches and a cei$llt a p p ~ o ~ i a e l y  46 
1 ounces. 



Poads Consumed by crowley Lake Rairibow Trout, 1953 : 

- organ.5 sm PJmber Vol~une t o t a l  
Organism . --. .ITm3 er -- Perceilt ..- organisms (CC. ) - --.--. ~olume ---..-- . . 

Tendipefiidae p p s e  18 100 .O 9,763 li3@5 . 83.3 .' 

Tecd i~ed idae  l a r v ~ e  . 1 .  5.6 4 0.1 .. . -I-. 

. Cladocera . . 6 .  33 3 Not cou,r.f;ea 13.2 10,4 

Cope;?oda ' 1 5.6 I\Tot.coun$ed . .0 .3  .: 0.2 . 

Dates of collection: Nay 9, 16; June 5, 21, 23; July 5 - 

Size .range of fish (pounds) : 1.0 t o  3.5 
. . 

N m b e r  of stomachs examined: 18 

D~unber of enpty storaachs : 0 
. . . .  . 



S u r ~ i v a l  in to  the third year by Crowley Lake rairbow trout  i s  negligible, b u m  
occasional flsh of the 3+ age class is tdce:~ a b b o u t  20 Inches and 4 potmas. 

The season' a ca,tch. of rainbow trout  at Crowley Lake i s  c o ~ r i s e d  of a~,proximtely 
95 percent l+ and 5 percent 2-1.. 

The viztual  absence of 3+ and 4+, rainbow trout  i n  the catch i s  di f f icul t  t o  emlain,  
It i s  surmised t'iiat tE s  is  attributa3lz t o  heavy angling 9ressure an5 lizrvest, an 
artraordinerily rapid growth rate, and the  g6netic characteristic of the &rain 
it self.  

Althaugh the grmth rates of cu-bthroat and browatrout have not been thoroaghly 
investigeiteti, excamination of scales from these species indicates that  their  growth 
is also very rapld. 

The rapid groihh ra te  of Cro~rley Lake ra i rbo~i  troirt i s  particularly ingressive 
when compare2 with gmwth rztes of t h e  same species from nearby lskes. In a study 
of the  gro'~rt'i rates of rafnbcw trout  i n  Convict &die, located about f ivs  miles wes3 
of Cro~dley bike, Reimers, Maciolek and Pibt e r  (ope c i t e  ) rzpcrted calculated t o t a l  
lengths at ffo,mtion of the  firs\ second and t h i r d  annul.i of 3.3, 6.4- mil 11.1 
inches. Slower grasth rates were exhibited by rainbow trout  froa lakes located at 
higher elevations i n  the sane drainage  a able 7). P1easurmcI;es of Crowley Lake 
rainbow trout  taken during l a t e  f a l l  g i l l  net sampling reveal mean t o t a l  Lengths 
of 10.1, 15.8 a d  19.9 inches a% the  en6 of  the first, aecund and third years of 
1l.f e, It; is difficult t o  make direct comparisons cf growth because rainbows 
planted i n  Crawley Lake are held for  nearly nine ~oonths i n  hatcher5es prior t o  
planting. However, the =ceptional growth of f i sh  i n  Crmley Lake is obvious. 

Condition 

The condition factor K tras calculated f o r  138 Crowley Lake trout collected 6uring 
t he  1958 season  a able 8). Fnis factor, which i s  i n  general uss t o  i11alc6te plump 
ness i n  re la t ion t o  length, wes calculated according t o  the fo~lJuLa: 

Weight i n  grams . x 100,000 K=-- 
Total length i n  mil l imters3 

Ra,iilbmr trout  collected during the early portion of the zngling season hzd a mean 
c ~ n d i t i o n  factor of 1.30, whereas aean condition factors fo r  brown and c~rt th~oak 
t rou t  were calculated t o  be 1.05 an5 0.9&, respectrvely. Reimers, Mastolek and 
P i s t e r  (op. c i t  , ) reported averags condition factors ranging between O,S8 and 1.15 
f o r  rainbow trout  i n  three lakes of t h e  Convict Creek E;asin and an average condition 
factor  of 1.05 for  brown trout  i n  Convict M e .  

Although the average condition factor fo r  rainbow trout Tias significantly higher 
f o r  Crowleg Lake, the bro:m t r o ~ t  ccndition factors were nearly iden%ical. Tnis 
nay be explained a t  leas t  par t ia l ly  by the spa%ining habits of the species involved. 
Rainbow t rout  of the Hot Creek fall ~p?~wnl;_ng strailz h ~ v e  not been observed t o  spawn 
extensively un3-er natural conditions and therefore do not undergo the  rigors of 
"be @atm$ng pxxes!ii ou3 %her & ~ c e ~ i a n ~ 4 n g ' l h ~ ~ @  a% bod$ wd,gk% ~Jhabh ~xdPnw%&y 
accompanies spawning. Brown trout, however, do not f i ~ i s h  the i r  spawning activi- 
ties u n t i l  e=ly winter and apparently are m b l e  t o  regain the i r  cormal condition 
during Che pel-iod of 5ce-cover preceding the angling season. Cutthroat trout 
generally a r e  i n  the midst or" t he i r  spa,wning act iv i t ies  a t  the onset of the angling 



TABLE 7 , 

. . 
I /  Trout Growth and Condition in Crotrley U.ke and Xearby 1+T8,ters= 

- 
Lake 2nd. Sear o f  l i f e  -- 

1 species of t rou t  ., ------..--. . 2 :  . .  3 
,-,C_-.l--..U--1_. 

rnL ..-- 

Cro~fle~r, rainbow . 10 ..I 15.8 , 19.9 . 1.30 

Mildl-ed, rainbow 

Dorothy, rai-,bow 

Crowley, 3rmm 

Con*c%, brown 

~/~vs;a~e calculated lengths in inches a t  annuli formation f o r  trout. i n  various 
lakes of the Convict Creek Basin, Mono County (zeizers, Macio1e:r and Pls"uer, 
1955). . Fi.wes f o r  Crowle3- Lake are mean actual lengths at the  end of cac3 
year of l i f e .  Condition factors  (KTL) were calculated from t c % ~ . l  lengtns i n  
millimeters . 



. . . . .  . . .  
TABLE 8 

. . . . . . 

Average Coefficients of Condition (KTL) for Crowley Lake Trout . 

. , 

Size range Size range K total 
Number of t o t a l  1eng;f;h total lengkh le~lgth 

Species - - f i s h  (inches) (am- > (m* ) 

cut throat 61 12.0 t o  25.6 . 305 t o  650 0.94 
I 
I Brown 27 13.3 to 22.4 338 to 569 . 1.06 



season, 2nd t h e i r  re la t ive ly  poor condition i s  probably a t t r ibutable  t o  t h i s  I 
facbnr. All tacout spciea calI.eelw1 to we:^& -the encl of July appear t o  be i n  b e t t e r  1 
coridition than i n  early May. 

I 

.EFFECT OF K!3SmV@IR FLUCTIJATIONS AND taWE;R, CONDITIONS ON TROUT. G R O k l  I 

The s ize  of Crowley Lske may vary c o n ~ i d e ~ a b l y  from year t o  year, dependicg upoil 
the m o ~ m t  of precigitation received i n  t h e  dra-inage area. Boi~ever, the la!e has 
never been drawn dorm t o  a level  where a reduction i n  food crgmi-sms has ser ious l~r  
reduced t rout  growth. 

I 
Ordi~ar i ly ,  Csowley Lake gradually decreases i n  surface acreage dcring the  f a l l  and. 
winter mmths, reaches a law point i n  Late winter o r  earl;lr spring, a,nd then 
approaches i t s  maximtan acreage f o r  the  year during midsummer as runoff 2~ stored. I 
Under pzesent lranagement practices, the producticn of food organisms has been 
suf f ic ient  t o  maintain excellent t r o u t  growth. I 

0ccasionally.an unusually goad growth year occurs. While the  mean w~i&ht; of 
rainbow t rou t  taken tiuring t h e  opening weekend of t h e  angl2ng season i s  usv-ally 
about one instances have occwred In which the nean i s  c o n ~ i d e r ~ o l ; ~  higher. 
T h i s  i s  well i l l u s t r a t ed  by groi.&h dzta gathered from the  groups of f i s h  $laat ed ' 

in  1959 and 1962 (!Table 9 ) .  Although -the growth ra t e s  of these two groups of f ish 
were s'imilar between August and Itovenher, the  f i s h  planted i n  1962 grew much more 
rapidly i n  t h e  period between November and the  folloving &lay, reaching a mean weight 
o f  18.9 ounces as compared t o  15.3 Gunces f o r  t h e  1959 plant. 

The most obvious eqlanat ion  l i e s  i n  t h e  differences i n ' t h e  ,periods of ice-cover 
and the  operation of the  reservoir, which tletermine~ the  m : m t  of produetiye shoal 
area, dming the  t.wo overwinter p.@riods involved. IXlrj.ng t h e  winter of 1959-60; 
the lake had an ice-cover f o r  13 weeks, exrt;ending from Deceriber 15 througb &larch 
17, vh i l e  the su-rface area decreased from 4,300 acres on PiTovedaer l t o  3,600 acres 
on Nay 1. Dwing t h e  rdnt er  of 19.52-6'3,. condk-t;lions were verf &iff ? red ,  ' . rce vas 
present f o r  only seven weeks,, exrtending from December 13 through Februiily 2, a d  
f o r  o n Q  a short period was .{;he l a k e  carnp1ei;ely covered. Surface acreage inckased  
i n  this season from 3,950 on November 1 t o  4,k50 on M2,y 1. It i s  reasor,a:ole to 
assme, therezore, that  shoal area food production and conditions for t r ~ u t  br6wth 
were such better during the  early portion of 1963 than during t h e  same period i n  
1960. 

. . 
a x i n g  t h e  1958 season a mean t o t a l  catch of 142,:149 t rou t  was calculeted.  he 
mean weigh3 of rainam t rau t  taken -in 1958 was s l ight ly  .over one pound ea,ch, 
~qLere8.s brown t rout  and cutthroat t r o u t  averaged appro;rimtely two pounds. The 
t o t a l  estimated weight of t rout  taken i n  1958 w a s  160,000 pounds. During t h e  
period August 1957, through July, 1958, t h e  mean surface area of Crowley Lake was 
ap2roximately 4,800 acres. Deducting the  weight of t rou t  planted acing t h e  
previoils season (26,943 pounds) from the t o t a l  weight taken, w e  find tha t  t h e  lake 
fielded a net weight of 27.7 pounds per  acre t o  the I'ishery. 

Despite t h e  f a c t  tha t  ever-increesing numbers of f 5.sh aye planted , i n  Cro~.rley Lake, 
the point has not yet been reccned t r h e ~ e  a decrease i n  the  growth ra-ke has 
occ=red. I n  addition, the  production of u-dla.rfeste6 brown trmt i s  d i f f i cu l t  Lo 
es t fna te .  Consequently, it i s  irapcssib1.e at  t h i s  time t o  ca-l.culai;e the rnaximum 
productive capacity of the  lake. It may be  i n  the oeLg11boriiood of 50 pounds per 
acre. 



.. . 

I Comparison of Grmrth Rates 'of Rainbotr Trout Planted i n  1959 and 1962 1 

.Date Auwst 3 - . August 1 

I 

1 Mean weight at planting (ounces) . ' 2.6 

I@an veight i n  early November (ounces) , 9.0 

Mesn weight gain since planting (ounces) 6.4 
a 

Mean weight at opening of following season (early ~ a y )  . 15.3 . 
(ounces) 

. . 
Mean weight gain since early Noven25er (ounces) 6.3 

. . 

Nean f 01-k' length at planting (inches) 7-0  7.0 I 
~ 

I Mea~ fork length i n  early N0vem'~er (inches) , 9-8 9.9 ! ! 

Hean length gain since planting (inches) 

Mean length at oj?ening, of following season early ~ a y  ) , 12.2 
[inches) . . 

M e a n  length gain since early ~ovemb.er (inches) 2.4 2-9 I 
I 

i ~ e a n  monthly weight gain, August t o  ~oieniber (ounces)' 2.1 1.9 

Mean monthly weight gain, December t o  May (ounces) 1.1 . 1.7 

Mean monthly length gain, August t o  November (inches) 0.9 1.0 

Mean moathly length gain, December. t o  May (inches) 0.4 0 8 5 



S > € ~ i d  tharks are due t h e  many ekployees of the Department of Fish s,nd Gme 7~11o 
have assis ted i n  cree l  census work throughcut the yeam. Pn-rsonnel of tl?-?. D q a r t -  
me~t of Recreation and Pasks, City of Los Angeles, Cave coo2erated wi2.lingly i n  
fbn-ishing . equipment and m-gler use Cats, Hydrographic znC. climc+ologi 221. cficzt n 
were f~nnishecl. by t h e  Los l+g?les Desartm~nt of Water a ~ d  Power. Final!.;r, ~ i n c e r e  
k'n~nlrs aye d.~9 the. employees from the In2ro-Ncno hatcheries of tile Depa~tmea% 0-2 
Fish and Gc~ae, without whom the Crowley Lake t rou t  fishery, as ve !.aoisr .it, W G U ~ ~  
not exist. . . . . 
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The writer trishes t o  th& a, Ralph Beck For furnishing a,ssistmce during the 
sampling pros=. The 1;8~ h g e l e ~  Bepartwnt 02 Racreaticm. asla Parks &e b a t s  
available for the sq1ing work, arsd the Lo8 &gelas De~ar%ment of' Water a a  
Pmer  furnished mq'hmetrie &tee  conc&mlng Crc4wEey Lake, f i e  Reed S Nielson, 
of the Up S) Fish mil Wildlife Gemlce, Rena, ESmaaa, made infoxmation slvaila'ble 
concerning the chePllicaE analyeis sf Crowley Eake water, Wa.te~ mdyses were 
made by the U, SI GesbogicaL Survey3 Quali-ty of Water Brax~ch, Salt Lake C i t y ,  
'Utah, Dr, ITllliasl Laphere, of Rmbofat State CoUge, asld W, Leonard Fi sk, 
of %he Department sf Water Resources, aseisted with the flteatification- of algae, 

Crowley Lake is located on the eastera slope of' the Sierra Ne at  an elevation 
of 4,781 feeto m e  E&e was eresct;ec% i 
was placed in greratisn by the LQe Antg 
imgournd the waters of the Owens River, 
Lake reached. i ts preeent size, a& -cater Ld Blow aver the dam's s p i l l w q y .  

s ~ f l f  1wd, the lake is roughly six. miles long an&three miles 
depth is 114.5 feet, mdt surface area is 5,272 &CPPeSr VO 

spill Level is 283 ,743 acre fee*, ma maul deg"1;h was caI.c.iiLated t o  be 34*8$ feet, 

As the M e  gr PifZed, large weas of medmlmd and, sagebrush flats were 
inundated, asld the r e s a t i n g  bdtm materid prove& -f;o be very productive 02 
fish food ~rganisw. Bottom types are chiefly mad and: ooze, grading Lo grave1 
and sfxu3 La the shod. areaso The w~tsuUy high productPvi%y of bottom P o d  is  
apparently becorning &abilized a% a point somewha% Lower 't;hm that which existed 

aLri& +he firs+ Betp year$ fl~&i~ing, but is g t l l l  considerably abwe the 
"ave~age" for lakes a% this geme~a l  elevation, Since C r o w l e y  Zaire I s  locate& 
so high above sea Level, winker ~on&i2;lons are severep md the lake ahnost 
invariably freezes over it~i entire t;urPace, Ice cmer ~~y forms Zn Deember 
or January and disalppems ew1y b April. 

Four sampling sta-l;isns %rere established, 8% depths; of 75, 35, 25 , md 15 feet 
(Figure 2)* Temperatures, Secchdi disa redirnge, pl&m. hauls, bottom ssmples, 
andl &~asolve& .oxygen, elapples were t a m  at %he 75-foot . . stat50nP Bottcxal san@Zes 
orzly tmre taken. a% the o'bher three staf;fons, 

Tezrqer~ttu;res taken at intervals $arm $he swfaee Lo a point near %he bot%om >rere 
olstahed Pram water wapl.es Wea5ateW &er they were brought t o  the ~wcfaea 

rer water ses9gler, 
- 

lfater transparency was measwed near noan on calm, sunny days with a s t a d a d  
8eccQS disc 20 centiwters in diameter* !The mean of several disappearance am3 
reappearance d u e s  sewed 5nn feet was wed as +Be f i n d  figwe. 

P l W o n ?  samples were obtained, by means of' a Wisconsin-tme net constmeted of 
Noo 26 silk bolting cloth with arn opening of 3.1~6 centheters. Hauls were made 
frm a degth of 28 feet to the surface* Because of %he tmu~ually large nunabers 
of plernkton organism present in %he 1&e auriisg pldt;ox~ bloom, the net very 
likely was cEogged t o  sane extent aid beeme inefficient to an Uli-3386111 degree, 
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bottom fauna, The iqpsrtance of ~oqhornet-gr on the. proauction of organ-;, o m t t e r  
i n  lakes has been noted by Thiencmann (19'27) and Raws63 1.1952, 19538, and 1953b). 
Similarly, the significance of geology .and d i s s ~ o l v ~ d ' n y L r i a ~ s  are discussed 'by 
Nammm (1932), ~e&ey. (3.940)~ slh'd Mbyle (pgk6)'; T'ha;'kipt)rtance of .  the zbave 
factors  are discussed further by R e i m e ~ s , '  MscioPek, . and. Pis ter  ( - op , - c l t  . ), t~ho 
found the r e l a t i  onships among t o t a l  di ~'ss&ygd, so&$&z, mprphogetry, and prodxctiv- 
i t y  t o  be generally true, although .bi.ologicaS measwenents betwe&n'tbe 10 lakes 
examined stere found t o  show f i=tt le  re1ktionshi-g to each other;: 

. . 

Surface temperatures i n  Crowley Lake reached a m a x i m  ,ori.-$uly 23, when, 75:'degrees 
F . was recorded, and were i n  the 70 ' s Prom mi&- JuPJr tkougho.c!t August. . E Thermal 
s t ra t i f ica t ion was evident tboughout the suramer, but a t  h,o tin&. did it reach a 
degree sufficient Pox- the .estaSjpishnient of" a .wePL--delined . therp5cuqe (Table 2) 
Spring overturn probably o~curfed i n  l a t e  April, sksopt3y. af %ek the breakup.. of ice; 
fall overturn probably. occurred i n  &ate ~eptember .   den tic&. - tenperatures -were 
recorded from bottom t o  surface on Qctober 1, . . 

i r 

lmg , warm period - i n  vLd- sumer resu~t s in a heg%y pi&&toi? bloom, t h b r e -  
dad*&- organisug ' of' which are blue. green . and green 89,iae; (Uoeotfichia r an@ 
Tolvox sp.). A t  the .'neT&t of ,the bloom, masurd o h  A u g ~ i s t  1 B j  - 19.53, an average 
of over 100,000 colonies of CJsedtr$ehia sp, per cubic foc)t.of water was measwed 
i n  a plankton haul made f ram. a de-Pi;h of 20 f ee t ,  t o  -tiha sGbface. of the lalre. . 

cladocerans were &so a t  a d m  on this date, when 2,250 organisms per cubic 
foot were measured, Copepods reached their maximum about s i x  wesks earl ier ,  
when 1,495 organisms per cubic foot T\rere csLlected on &ily 2   able 3 ) -  

The plankton bloom appeared t o  be s t r i c t l y  a "hot-weather'' ghenomenon, occurring 
Vhen surface temperatures approached or exceeded 76 degrees P. Plankton volumes 
Zncreased graduaS1y from 9.59 cubic cenkimeters per cub2c foot an May 13 (surface 
temperature 53 degrees Fa ) t o  ~ 8 ~ 7 5  cubic centimeters per cubic foot  on August 18 
( smface temperature a degrees P, ), a d  decreased. r q i d l y  %liereafter. On 
November 12, the plankton sanLpPed congrised only Aphano%hece sp. and Cladscera, 
which were present i n  f a i r l y  large nmibers  able 3)-  Cladocerans yaaintained 
t h e i r  numbers throu&out the ssempllng period, while copepods diminishe& w k e d l y  
during the f a l l i n g  water temperatures of l a t e  summer and. fall, The apparent 
inverse relationship which existed between the two major ~hytoplankton species, 
Volvox sp. and Gloeotrichia sp,, suggests that  conditions are  more favorable for  
Volvox sp. during spring and ~%a~? ly  s m e r ,  while G L o e ~ t r t c ~  sin, i s  more 
favored by co~di t ions  existing during mi l l -  s m r  . 

As might  be expected, the heavy conce~~tra t ion  of algae had a decidedl effect on 
the transparency of the lake, During the height of the bloom on Aug~st  18, a 
standmd 20- centimeter Secchi disc was visible t o  a. depth of only f i ve  and one- 
half feet .  A maximum Secchi disc reading of 20 f ee t  occurred on May 13, when 
only 64 Volvox sg, colonies per cubic foot Irere collected, Other readings varied 
between these two values, depending upon the numbers of p:ladcton organisms present I 

I 
a t  the  time (!Cables 2 & 3). En adtiition t o  Vslvox sp. and Cfloe~tric'hia sp., 
Stepha,no?i scus sp . a other diatoms were present i n  f a i r l y  large numbers, although 
no counts were rade of these orgz,i~is;?ls. , 



Table 2 
Temperatures, Dissolved Oxygen, Wanspwency, and Plankton Volumes of Crowley Lake, 1953 

Temperature in Degrees F<zbrenheit  isso solved Oxygen Listed in parentheses) Secchi FlarJrton . 
Disc I cclcubic 



Sumr;y of Plad~1;on Pr~ductPvi-by, GrosLw Lake, 1953 
Mean Volme 

S m f  ace Mew RWer of Organisms Per Cubic 3'00% ~f W~ter 
Daks Teqer.- ia 1 mbie 
0953 1 a.t,ure !Pime Ft,of Water ~adocer8.  C~pep~da VQ~VOX Sge Gl~eotrichla SZe Aphan~thece 6-p. 

53 11 : Q O A ~ N ~  r.59 1,236 827 64 Q May 13 0 
Nay 19 5 5  10: 30AeMe 1231 1, 'is5 1,273 727 0 0 

May 29 56 13: Q0A.M. 0,23 NQ Count Made 
eJw?:e 5 58 ~ L : ~ A . M ~  lo@ 591 a5 ZO,Q?~ o 266 

59  11 :OOAeMe 2% 27 727 1s sgb1 40.z8545 0 June 16 Q 
66 525 668 : 16,705 8 JUE 23 11 : 00AeM e 2 3 3  0 - 

d:x$y . . 2 63 U :OQAeMe lr59 - l#u2 1,495 trace 382 
, . 

'795 
S Y  7 69 U:OOA.E"fn 1 A6 4x3 1,447 ' %race 4.73 593: 

78 482 932 250 2,682 45 JUIY n~j  1%; QQA~M, 2.12 
July 23 75 U : O B ~ . M ~  2,61 732 ' . 418 1,OW - 131427 2,300 
J ~ Y  30 7.3 10:&)OAc3M, 3863 7V €Qo 15Q 12,654 . 28327 . 

AU#US~ 4 72 10: 00AsM vI. 17805 681 681 Q 45,227 1099Q9 
JJJ~US~ 5 "70 b: QQA~H. a * B  f 3 3  332 500 . 223% 18,452 

August 2.6 . 3 2: WP,M. ~8 7'5 2,250 375 Q 104,636 18, 000 



Botton Fauna 

Bo-btom saf~lples were taken at four staeions located a t  various depths and locations 
eround. the lake ( ~ i g u r e  1). Station 1, located i n  s i l t  a t  a depth of 90 feet ,  
proved t o  be rela$ively unproductive. A few chironomid larvae (bloodworms) were 
t&en f romthis  depth; the only other organisms collected here were oligochaetes I 
 a able k )  . I 

Station 2, i n  coarse gravel a t  a depth of 35 feet ,  was fairly productive, yielding I 
an average of 32 chironomid larvae per dredge haul. Sone chironomid pupae were 
collected from this station, as were oligochaetes, and bivalve molluslrs of the  I 

genus P i s id im  able 5 ) . . , i 
, . . .. .. .: ; .. <. - . .. .... . . , .. , -. . .  

I 
Stakian 3, located in clay and sand at  aa.depth of 25 feet, was by T a r  the most 

I productive of the sampling stations. 43 average of 124 chironomid larvae per 
dredge was collected i n  ll separate hauls, the maxim number of organisms being 

I 283 and the  minimum 37. In  addition t o  the above, smaU numbers of chironomid ~ 
pupae, mhllusks, and oligochaetes were taken   able 6). 

I 

Station 4 was located i n  a bed of algae, aquatic plants, and s i l t  a t  a depth of 
15 feet .  This proved t o  be the second aost productive area, yielding an average 
of 82 chironomid larvae per dredge h a d .  SmLl numbers of chironomid pupae, 

I 
oligochaetes, and mollusks were also taken a t  t h i s  point (Table 7). 

. .. . . ,.. . . 

Thirty-two .bottom sampLes were taken at  the three shallower stations between the 
, 

dates of bhy 13 and August 18 (?able 8). Of 3,094 organisms collected i n  these 
hauls, 2,551, or 82 percent, were chironomid larvae. The next most prevalent 
organisms were oligochaetes, which formed 10 percent of the totaJ, n w e r .  

i Chironornid pupae, water mites (Hydracarina), flatworms (~labaxiidae), and mollusks 
(Pisidiwn sp., P1anorb.i~ sp., Physa sp., Lymaea sp., and Helisoma sp. ), were 

. . .  collected also. 

The average standing crop of bottom fauna' lying beneath l ess  than 50 I"ee,t of ,water 
during the period of sampling ( ~ a y  13 t o  August 18) was calculated t o  be 185 pounds 
per acre, as  determined by wet weights of the organisms collected. The bottom area 
of Crowley Lake lying beneath l e s s  than $0 feet of water i s  approximately 4,368 
acres, or 83 percent of the total. acreage, measured a t  level of sp i l l .  Even 
assuming t.ne bottom area Lying beneath more than 20 feet  of prater t o  be ~0mle te ly  
unproduc-tive, which it obviously i s  not, the t o t a l  standing crop of bottom f a ~ a  
was estimated to  be over 400 tons during the sumner of 1953. The average standing 
crop of bottom fauna for the entire Lake was cdcula tea  t o  be 153 pounds per acre. 

I Most l imological  studies made i n  the western United States have been carried out 
i n  lakes of a strongly ~Ligotrophic character. Since Crowley Lake i s  a m-made 
reservoir and i s  very young (approximately 12  years a t  the time of sampling), it 
perhaps should not be compared with natural, older lalres. Furthermore, various 
characteristics of Crowley Lake closely approach the c r i t e r ia  established by Welch 
(2. G, ) fo r  a eutrophic lake ( i  .e., phytoplankton is chiefly of the cyanophyte- 
diatom tyge), However, since relat ively l i t t l e  information i s  available on 
western waters similar t o  Crowley Lake, these older, oligotrophic lakes provide 
the only bases f o r  comparison. 



O r g a n i s m  

Table 4 

Bo-t-tom Fauna, Crowley Lake,,' 1953: Station -- 1 

Samples containing 
this Organism Osganism 

Per cent age 
Number Pereep4-b . , gmber . T o t a l  Ember 

Depth: 75 feet 
Number sf Sanlples: LE 
Nurdber of bottom organism per square foot: 26. 
Estimated weight sf bottonn fauna per acre (pounds): 12.36 
m e  sf bottom: Si l t  md detritus (organic ooze) 



Bottom Fauna, .Crowley Lake, 1953: Stat ion 2 

Samp1es contain5ng 
%hi'& Orgmisra - Organisms -- 
Number Per cent 

Percentage - 
Number Total Muniber 

Chiro~~omid larvae 

Chironornid pupae 

Oligochaeta 

Eydracarina 

Pisidium sp. 

, Planorbis sp. 

Pbysa s.p. - , . 

Planari idae 

Depth: 35 feet  
NumSer of Samples: ll. 
rJwiber of bottom organisms per square foot: 200 . 

Estimated Weight of 'bottorn fauna per acre (pounds): 95 .k 
Type of bottom: Coarse gravel . . . .. 



Organism 

Bottom Fauna, Crowley Ealre, 3-95?: Stztion 3 - 

t h i s  Qrganism ---.-- Orgmi sms 
Percentage ---- 

Nuniber Percent :N~mbe~ Total Nmber 

ChironomLd larvae 

Chironomid pupae 

Hydracarina 

Pisidium sp. 

Planorbi s sp . 
Physa sp, 

Planariidae 

Depth: 25 fee t  
NWer of Samples: 11 
Number of organisms per squme foot:  56.4 
Estimted Veight of bottom fauna per acre (pourifis): 269.1 
m e  of bstton: Clay' and sand 



Bottom Bauna, Crowley Lake, 1953: Station 4 

SampLes containing 
th i s  Organisn Organisms -- 

Nwiber  Percent 
Per cent age 

Nurdber Tot& Murnber 

Chironomid larvae 10 100 .O 8x7 82.4 

Chironomid pupae 

Oligochaeta 

Hydracart na 

Pisidium sp. 

Planorbi s sp . 4- 4-0.0 10 1.0 

Physa sp. - 1 10.0 1 0.1 

Planariidae 4 40 .O 27 2-7 

Depth: 15 f e e t  
Number of Sm$les: 10  
Runiber of organisms per square foot: 396.4 
Estimated Weight of bo-ttom f a w a  per acre ( p o ~ d s )  : 189.0 
Type of bottom: , Algae, aquatie plants and siSt 

. . 



Table 8 

Organism 

Saragles containing 
this Organism Organisms 

Per cent age 
Ngbesr Per cent flmiber T s t d  I W e r  

Chironomid larvae 

Chronomid pupae 

Oligochaeta 

Pisiclimn sp, 

Planorbis sp. 

Physa sp. 

Planariidae 

Stations 2, 3, and 4. , 
Xmber of Samples: 32 . 

Dates of Baqling: May 13 - August 18 
Mean nunher of" bottom organisms per  sqmre foot:  386.8 
Mean weight sf bottom fama per acre of area Less than 50 feet 
deep: 185 pounds 



To give .a comparison between Crowley Lake :and Sierra Lakes lying a t  similar 
elevations, ;Calhoun (1944) reported a p r o d u c t i ~ t y  of 134 pofmds per acre f o r  
Ugper Blue Xa&, located 'at an elevation- oi?' 8,.130 fee t  i n  Alpine County, California . 
Convict Lake, zocated not.  dore; than 10 Iliiles from Crowley Lake a t  an elevation of 
7,583 feet ,  was f6und t o  have a.bottom productivity of 34.57. pofmds per acre, as 
determined i p  Septedkr,' 1951. Lakes, C$o*eak aad Mildred, located i n  Convict 
Creek Basin ;at ieleva$ions above 9,000. feet ,  produced .bottom fauna i n  excess of 
200 pounds per :acre (~eimers,  Maciol-ek, and Pister,  3. g . ) . Although the 
productivity of bot-tom fauna i n  Crowley Lake i s ' n o t  extraoh3inarily high per unit 
area, so mudh of %ke 1 a l r e . i ~  of a shallow character that  the overall production 
of food organism i s  ' quite substantial.. . . 

, Effect of .Dissolved 'Gases on. the ~ i s h  Population 
. . . . - .  

Dissolved oxygen 2n the upper  str rat^ of Crowley Lhke was plentiful, even reaching 
a s ta te  of supersatura$l;qn 'on- n e r q u s  occasions .(!?&ble 9). However, : disscAved 
oxygen decreas,?d uyrliedly a t .  the lover depths . .  . as '.l$@t 'pene$ration and photo- 
synthetic activity dimiqis6ed. !hiPkis oxygen deficiency a+ lower depths may very 
possibly be ;one o? the f acdors contributing t o  the: mortality of considerable 
numbers of rdugh' f i s h  &d an. occ?sidn,d trout  during the mid- swrmiex months. 
This die-off i s  .not believed-to.& Serious .enough t o  cause any coneern.regaz-ding 
the survival of the fishery, b u t i s  large enough t o  be offensive t o  anglers, when 
d e d  f i s h  d r i f t  i n  t o  shore and decolqose. 

: .  . , .  , . ,  . . 
" ,  . . ~ Prescott (1951) s t a t e s  thst i n  summer Crloeotrichia sp. becomes so concentrated 

as  t o  form a veritable puree i n  bays and near the shoreline (which it. does i n  
Crowley ~ a k e ) ,  and follows !with the statemen* that  such superabundant- grosi-ths are  

i frequently followed -by. unba.l&ced .biological conditions as a,.. result  o'f . the death 
and decay of plant masses. Tq add t o  the: debreciation of the b g e n  s1;2p%ly by 
algae blooms, rooted aquatic plants of vqious  species become so abundmt duking 

~ the time of f i s h  mortaLity that  t ro l l ing by anglers i n  the shoal areas' becomes 

I 
impossible. There i s  l i t t l e  doubt that  oxygen concentrations drop even lower at 
night, when oxygenis u t i l ized rather thga keleased by plant l i f e ,  A measurement 
made at  4: 30 -a,m, on August 5, a t  a .point eight f ee t  i n  depth near the ,  shore, 
indicated a dissolved oxygen content of o&y 4.'0 p.p.m., vhich, i n  t h i s  situation, 
i s  probably inadequate f o r  the mainten+c,e of f i s h  l i f e .  The water tqmpekature 
was 69 degrees F st th is  point., 

' 

Doudoroff (1957), i n  discussing ininirmrm o3vgen :to&erances of fish,. s ta tes  tha t  
high temperatures, extremes i n  pH, and high coriceritrations of carbon dioxide an& 
other toxic sulbs'tances markedly increase susceptibility of f i s h  t o  a 

. . deficiency of dissolved - 04uygen. . : . . . ... 

. . 

Prescott (op . $it. ) emphasizes tlie importance of carbon dioxide i n  the metabolism - - . ~. 
of a lake, and s ta tes  that:  a rapid increase i n  caubon dioxidd tension may either 
k i l l  f i sh  or seriously upset their  @ysiology. Death, i n  t h i s  case, i s  brought 
about tbrough f a i l u r e  t o  eliminate carbon dioxide frora the 30ay because of the 
high concentration of cs~bon  dioxide i n  the water or, indtrectly, through 
ionization forming . ' .  injurious cm-bonic acid. 

I Although no direct  measurements were made of the amount of carbon dioxide present 
i n  Crowley Lake .during the  sarrrpling period, it. may be assumed that  t h i s  gas was 
present i n  r a the r  large  quantities, since it i s  basic t o  photosp-thetic activity, 

I 

I which i n  turn ' i& necessary . . fo r  'the. ~qintenkncg of a heavy alga broom. The role 
.. . 



Table 9 

Eisso lved  Oxygen Wesent i n  Upper, Middle, and Lower Depth Strata of Crowley Lake 
w2th Sa t~ ra~ t i on  Values Corrected f o r  Altitude 

20 f t ;  below surface 40 ft. below surface 60 f t .  below Surface 
TCIQ . Q2 p.p.m. per-  emp pi Q2 pap -m. Per- . Temp. O2 p.p.m. Per- 

D a t e  ( ~ e g r e e  s cant (Degrees cent (Degrees cent 
fa953 1 F. )  Sat. Act. Sat. F.)  Sat .  Act, sat.' ' F.) Sat,  Ac t .  Sat. 

gay 19 5 3 8 * 4 7.8 93aQ 52 8 4  6,8 80.~1 51 8.6 6.2 72.0 

Nay 29 52 8 ..5 7.4 87.0 51 8.6 7.4 86x1 52 8.5 7.4 87.0 

$me 5 55 8.2 7.4 93.0 53 8.4 7.6 91.0 52 8,5 6.4 '75 0 

m e  14 58 7.9 8,8 1 1 ~ 0  57 $80 8.2 1 0 2 ~ 0  55 8.2 7.6 93.0 

dune 23 61. 7.6 9.0 1 ~ 8 ~ 0  5 8 7 ~ 9  7.0 89.0 57 8.0 5 8  73.0 
J U ~ N  2 62 7.6 6.4 84.0 61 7.4 6.0 79.0 5% 7.9 3.4 43.0 - 
 ILLY 7 64 7 .4 .  5.8 78,s 63 ' 7 . 5  4.6 61.~0 60 7 . ' ~  3 ' ,0  39.0 

m y  15 69 7.1 6.8 96.0 65 7.3 4.0 55.0 62 7.6 . 2.0 . 26.0 

- 65 63 ~ - u ~ g r  25 7J- 4.9 7.8 10100 7.3 3.8 52.0 7.5. 1.A 22 .O 

July 30 P- 6.9 4.8 99.0 67 7.2 3.4 47.0 63' . 7.5 :1;0 13 .O 
.-. 

A U ~ U S ~  4 70 7.1 8.2 115.0 ' 65 ' . '  7.3 4 , ~  55.'0 62 7.6 .0.9 - 12.0 

~iigust 5 58 Te 2 8.5 120~0 '64 5.3  4,6 87.6 61 8,6 0,6 7.0 
66 ~ u g u s t  18 69 701 8,s 113.0 7.3 3.0 41.0 63 5 0.8 11.0 

September 10 65 '7.3 l0,Q . 137.0 64- 7.4 . 7.4 l O Q . 0  $3 7.5 4.0 53.0 
October 1 62 7.6 ' 12.0 147.0 62 7.6 9.2 121.0 62 7.6 8.6 113.0 



of carbon dioxide i n  the die-off of Crowley Lake f i s h  during mid-summer i s  advanced 
sinrply as  a possible explanation o f , t h i s  phenomenon. No actual measurements were 
mde of carbon dioxide content, since accurate f i e l d  equipment was not available. 

Other factors possibly entering in to  the aforementioned raortdi ty are disease, 
&nd another theory, advanced by Prescott (2 - c i t .  ), tha t  f i s h  may be ki l led by 
~::.oisor,ous substmces, such as hydroxylbxine, produced by the decay of proteins, 
which blue-green algae contains i n  large arnolmts. 

3 .  . . . .. . . . 
. . .  

Food . a d  Feeding Habits of Trout 1 

The great abundmce of Chironomidae i n  Crowley Lake i s  especially significant 
when one considers the vdue  of these organisms as a:.food f o r  trout, and the 
degree t o  which trout  f e d  upon-them.' A l l  & ? t h e  rainbow trout  stomachs collected 
throughout the. season contained Chirononidae, and the pupae comprised 89 percent 
of the . total  v01um.e of natural foods found to  be consumed by these . . f i s h  (~ab le .10) .  

. .  . , . 

Chirononiid larvae generally remain i n  or near the bottom of lakes and. do not 
become readily available fo r  consuruption by trout un t i l  the i r  journey t o  the 
surfaceitas pupae t o  emerge as adult Insects. .This emergence w a s  observed:-to 
occur principally i n  the early.morning hours, during one of the most active 
periods 'of t rout  feeaing, and thus probably explains the large nunibers of ,pup&, 
and emerging f o r m  found i n  the stomachs of the fish. Concerning the value of 
chironomids as trout  food, Johannsen (1937, part IVY page 3 )  s ta tes  the following: 
"The ab i l i t y  o f .  the chironomlds t o  l i v e  on foodstuff tha t  has a germerd distribu- 
tion, the i r  abf l i ty  t o  build. t he i r  om- .shelter- and- t he i r -  consequent -ada~tabl l i%y 
t o  a variety of conditions, the i r  great reproductive capacity, and the i r  brief 
l i f e  cycle, combine t o  make these insects  so i q o r t a n t  a forage organism fo r  fish." 

Next t o  chironomid pupae, zooplanlzton was consumed i n  the  larges t  volume. 
Cladocera comprised over 10 percent of the to ta l  volume of organisms consumed by 
rainbotr t rout  and were present i n  33 percent of the stomchs examined. Chironomid 
larvae wwe taken only - rarely, presmmbly because of t h e i r  bottom dwelling habit. 
I n  addition -ko the above, rainbow trout  are.known t o  consume large aimunts of 
"chum" i n  the form of salmon eggs, mackerel, and cheese, c?;nd &so t o  take 
considerable quantities of rough f i sh  (Siphateles sp, ), when these f ish are of 
a readily consumed size. The use of chum t o  attract fish has since been outlawed. 

Insufficient nuuibers of brown and cutthroat trout stomachs were available t o  
obtain a valid picture of the feeding habits of these species. Nine brown trout 
stomchs examined i n  1958 revealed ap3roximately equal. volumes of rarashorn snail 
(~elisoma sp . ) and chironomid pupae. 

Trout planted i n  Crorfl2y Lake show exce~tiondlly rapid gro~lrth. Because of the I 

importance of t h i s  fishery, a study was started i n  1953 t o  gain more basic 
knowledge of the lake and i t s  fishery. Standard l imological  procedures were used 
throughout the study. 

The high productive capacity of Cro~~ley  Lake i s  probably attributable t o  a 
relat ively high t o t a l  dissolved solids content combined with favoyable raorpho- 
metric features . 



Table 10  

btma.1 Foods Consumed by &o~rleY Lake Rainbow' Trout, 1953 

S to~achs  containing 
t h i s  organism Orgaxxism 

Per cent Percent 
%st Ed. VoEwn ' t o t a l  . 

Organism Rumber Per cent ~'i&&r Number ( c c , )  Vo1me 

Chiron~mid pupae 18 P60aO 9,763 100.0 113.5 89-3 

Chironodd lwwe 1 5.6 4 . J, 0 .I -C 

Cladocera 

Copepoda 

4 33 . 3 mt -- 13.2 10.4 
Counted 

1 5.6 Rot -- 0.3 0-2  
counted 

Dates of BsUection: May 9, 16; June 5, 21, 23:' July 5 
Sizerange of f i s h  (pounds): L,6 to 3.5 
Number of stomachs examined: 18 
Nwdber sf empty stornackq: 8 



I 

The predominmt food organisms present were immature chironomids, and these insects  i 
were consumed i n  large quantities. by trout.  Altrh.o~@ .productiv$ty of. bottopl f awla . . I 

i n  Crowley Lake- .is ' not ext;Yaordin~rily high. per unit axes,' so .much of. the  lake i s  
of a shallo~if chaxacter that the overall pro&uctivity of food organisms i s  quite 
substantial. The great area of the lake i s  also likely t o  be advantageous from 
the standgoint. or" .the fish. population, ,%n that  possible ovexaxovding:.by game' I 

species, a - t h  consequent .reauctlfon oS f.ood organism and trout growth; appetlrs 
unlikely. 

Reavy plankton blooms occur during the warm summer months. While contributing t o  
the productivity of the lake and furnisB3ng .some trout  food, these plankton blooms 
create unstable biological cond-ltions, which result i n  some fish mortality. 
Because of heavy plankton and rooted aquatic weed growth i n  late July;' Crowley Lake 
becomes somewhat undesirable,.to, the angler.. Because. of poor w i n g  conditions, I 

I and t o  provide protection for smal l  trout plan$& in the f a l l ,  Crowley Lake i s  
closed t o  angling on July 3. 

... . . " -  . . . . . .  
1 

. . , <  " .  
. . .  R?DEX@NCES . . . . 

1 
Calhoun, A. 3. . . . 

1944. The bottom fauna of Blue Lake, California. . 

C a l i f .  Fish and Game, vol 30, no. 2, pp. 86-94. 
:. . .  - .  . . . . .  . s .  . , 

Deevey, E. S. . . . . .  . . 

1940. ~inm*lo~i&J.  studies i n  Connecticut. V. 
A contribution to. regiond limnology.. , , 

. . 
. . . . .  . . 

~ m .  Jour. SCK., 238(10), pp. n7-741. 

Doudoroff, Peter 
1957. Water q u d i t y  requirements for fishes and effects of 

toxic substances. 
In: Zl?e Physiology of Fishes, vol. 2, edited by - 
Margaret E. Brown, new York, Academic Press, Inc. 

Gilbert, Charles M. 
1938. !The cenozoic geology of the region southeast of Mono Lake, 

California . 
Ungubl. Ph.D. thesis, Univer.sity of Cdifornia. 
180 gp., photographs, maps. 

I 
I 

Johannsen, 0. A. 
1937. Aquatic Diptera. Parts IV and V. 

~ Part fV: Chironomidae: Subfamily Chironominae. 
Cornell Univ. Agr&c. Exp. Sta., Memoir 2l0, p.3. 

Kayle, J. 3. 
1946. Some indices of lake prodcctivity. 

Ner .  Fish Soc., Trans., vol. 76, (1945), pp. 322-33:~. 

1943. Crundzuge der regionden Linmologi e . 
Die Binnengewasser, 11, 176 pp. 



Northcote, T* G., m d  P. Ae L&ia . 

1956. ' Intiices of productivity in British Columbia Lakes. 
Fish, Resk Bdo Canada, Joq.,  vole 13, no, 4, p ~ .  515-540. 

Pennak, R. 'W. 
1945. Some asgects of regional Zlm01ogy of northern Colorado. 

Univ. of CaSora.iio Studies, BI, V O ~  2, IIOI 2, pp. 263-33.  

Prescott, G. W. 
1951. Algae 0% Bhe western Great Lakes area. 

Crmbrook Insti, 9ci., Bull. 31: 1-946. 

Rawson, D. S.  
1952. Mean depth and the f i s h  @xoduction of large Z&es. 

Ecology, vol. 33, no, 4, pp. $13~523.~ 
1 .  , 

1953a, The standing crop of net planlrtcsrt i n  lakes. 
Fish. Rea, Bd. Canada, $our., Vol.  PO, no. fl, xtp, 224-237. 

L953b. The bottom f a m  of Great SI&ve Lake, 
Fish. Resm Bd, Cmda, Jour., .vole 16, no. 8, pp. 4.86-520. 

Reimers, Noman, Jshrn A. Maciolek, a d  Edwin F, PisLer 
1955. Limologieaf study of the lakes i n  Convict Creek Basia, 

Mom County, California, U, S, Fish and W i 1 d l i r " ; t  Service, 
Fishery B u l l .  103, pp. 437-503. 

Bicker, W. E. 
1934. A c r i t i c a l  2liscussion of various measures of oxygen 

saturation im lakes. Ecology, vo3. 15, no, 4, -pp. 348-363. 

Thienemanzs, A. 
1927. Desf Bau des Seebecken6 .dn seiner Bedeutung fo r  ilea Ablaulf 

cPes Lebens In See. Verhmdla Zoola Bot . Cksel , ,  77: pp, 87-91. 

Welch, I?. S .  
1948. Limologic& methods, Blakistorn Co . , Philadelphia, 381 pp. 

1952. Limnology. McGraw-EiP3L Book Co., 3ew Hork, 2nd Ed,, 538 pp. 



Final Report 

Assessment of internal nutrient loading 
to Crowley Lake, Mono County 

(SWRCB # 00-196-160-0) 

Robert Jellison, Kimberly Rose, and John M. Melack 

Marink Science Institute 

I I University of California 

Santa Barbara, CA 93 106 

Submitted: 22 April 2003 



Final Report Contract #00- 196- 160-0 

INTRODUCTION 

The most common impairment of surface waters in the United States is 
eutrophication caused by excessive inputs of phosphorus (P) and nitrogen (N). Impaired 
waters are defined as those that are not suitable for designated uses such as drinking, 
irrigation, industry, recreation, or fishing. Crowley Lalce (Long Valley Reservoir) is a 
valuable aquatic resource identified as impaired by nutrients by the CA Water Resources 
Control Board. The lake is eutrophic and is characterized by an ample supply of nutrients 
and significant s m e r  algal blooms (EPA 1978, Melack and Lesaclc 1982). Adverse 
impacts of increased eutrophication at Crowley Lake have included de-oxygenation of 
the hypolimnion and downstream fish kills (Milliron 1997), and decreased water quality 
as indicated by taste, odor, and large areas of floating algal mats. 

The California Regional Water Quality Control Board, Lahontan Region 
(RWQCB), is the State agency responsible for protection of water quality within the 
Lahontan Region of California. The jurisdiction of the RWQCB extends from the Oregon 
border to the northern Mojave Desert and includes all of California east of the Sierra 
crest. The RWQCB implements the goals of the federal Clean Water Act to restore and 
maintain the physical, chemical, and biological integrity of the nation's waters. This 
includes the development of Total Maximum Daily Loads (TMDLs) for water bodies that 
do not currently meet State standards. Crowley Lake (Long Valley Reservoir) is listed as 
impaired pursuant to Section 303(d) of the Clean Water Act, and the RWQCB plans to 
develop TMDLs for the reservoir. In order to develop TMDLs, the R\VQCB will need 
information on nutrient inputs and dynamics. 

A 2-yr study of nutrient loading to Crowley Lake found high nitrogen and 
phosphorus loading rates to Crowley Lake (California Water Control Board Award #9- 
175-256-0; Restoration to Riparian Habitat and Assessment of Riparian Corridor Fencing 
and Other Watershed Best Management Practices on Nutrient Load and Eutrophication of 
Crowley Lake, California). Measured phosphorus inputs were approximately equal to 
reservoir outflows suggesting very little retention by lake sediments. Nitrogen outflows 
from the reservoir were 3-4 times the measured inputs in precipitation and tributary 
inflows, suggesting the sediments or nitrogen fixation are significant sources of nitrogen. 
In preparation for designing and implementing TMDLYs for Crowley Lake and its 
tributaries, the Lahontan RWQCB awarded this supplemental research grant to fbrther 
assess nutrient budgets of Crowley Lake. The goals of this research were to measure 
summer changes in water quality and other ecological variables within Crowley Lake and 
to assess internal nutrient loading to the reservoir through measurements of pelagic 
nitrogen fixation and sediment-water fluxes. Here, we present the results of this study. 

This research was funded under a California Regional Water Quality Control 
Board (Lahontan Region) contract (#00-196-160-0) awarded to the University of 
California (co-PIS Robert Jellison and'~ohn M. Melaclc, University of California, Santa 
Barbara (UCSB)). Field and laboratory work were performed at the Sierra Nevada 
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Aquatic Research Laboratory (SNARL) of the UC Natural Reserve System. Particulate 
carbon and nitrogen analyses were performed by the Marine Science Analytical 
Laboratory, UCSB. We thank the Los Angeles Department of Water and Power for 
providing access to the lake and Wayne Hopper (LADWP, Bishop) for providing Long 
Valley hydrological data. 

METHODS 

Field Sampling 

Eight 2-day lakewide surveys were conducted at approximately biweekly 

intervals from 20 June 2002 to 25 September 2002 to assess lirnnological conditions and 
'collect pelagic plankton samples for a variety of analyses including the measurement of 
nitrogen fixation rates. Five pelagic stations were chosen to represent the major sectors 
of the lake (Fig. 1). The N station is located midway up the long narrow portion of the 
lake, is relatively shallow (5-6 m), and is influenced by inflows from the Owens River, 
the dominant inflow and source of nutrients (see Jellison et a1 2003, SWRCB #9-175- 
256-0). The W, My and E stations lie along a west-east transect at the widest portion of 
the lake and are -8, 15, and 18 m deep, respectively. The W station is located near the 
inflows from McGee Creek the second largest inflow and source of nutrients. The S 
station is in the central portion of the deep (23-24 m) southern portion of the lake. 
Although we had intended to begin the biweekly sampling immediately following our 3 
April 2002 lakewide survey conducted as part of a cooperative nutrient loading study 
with the Los hge l e s  Department of Water and Power (SWRCB #9-175-256-O), they 
denied permission to continue sampling until review of the supplemental research 
included in this contract. Thus we were not able to sample again until mid-June. 
However, to assess the changes from several weeks after ice-off to the first sampling in 
mid-June we include the results of the 3 April survey in this report. 

Fig. 1 Pelagic sampling stations on Crowley Lake 

On the first day of the survey, 
temperature, dissolved oxygen, and nutrient 
profiles were determined to assess ' 

hypolimnetic nutrient accumulation and 
vertical mixing. Temperature was 
collected with a high-precision, 
conductivity-temperature-depth profiler 
(CTD) (Seabird Electronics, Model Seacat 
19) at the two deep stations (S and E)(Fig. 
1) and at two additional deep stations (one 
near the dam and one approximately 2 km 
west of station E. The two additional 
stations were included to lessen errors in 
estimating changes in the lakewide  heat^ 
budget. Dissolved oxygen concentration 
was measured at the S and E stations at 1-m 
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intervals with a Yellow Springs Instruments temperature-oxygen meter (YSI, model 58) 
and probe (YSI, model 5739). The oxygen meter was calibrated in water-saturated air 
prior to each use. At the E and S stations, samples for the determination of ammonia 
(Nh) and soluble reactive phosphorus (SRP) were collected with a Van Dom water 
sampler at 1-m intervals from 11 m to near the bottom. Water samples were immediately 
filtered and kept cool and in the dark during transport to the laboratory. 

For the purposes of this project, DIW is used to refer to filtered, deionized, 
reverse osmosis treated water. This is our primary washing and rinse water with a 
specific conductance of approximately 5 yS cly~'. For reagent and standard preparation 
this water is M h e r  polished by ion exchange to a specific conductance of approximately 
0.5 yS crm". All bottles used in water sampling were soaked in deionized water and then 
rinsed 3 times with DIW. Sample collection bottles were rinsed with 10% HCl before 
DIW soaking and rinsing. Filtered samples were filtered in the field with plastic syringes 
fitted with Gelman A/E filters which were rinsed with at least 150 ml of DIW or sample 
water. 

On the second day of each survey a suite of physical, chemical, and biological 
characteristics were measured at each of the five pelagic stations (Fig. 1) and water 
samples collected for determination of nitrogen fixation rates. Temperature profiles were 
talcen with a high-precision, conductivity-temperature-depth profiler (CTD) (Seabird 
Electronics, Model Seacat 19) equipped with a cosine-corrected photosynthetically 
available radiation (PAR) sensor (LiCor 19 1 S). Both CTD and LiCor sensors are 
calibrated annually by the manufacturer. The CTD records at 0.5 s intervals and was 
deployed by hand-lowering at -0.2 rn s-1. On two dates when the CTD was not available 
(20 June and 1 July) temperature was measured at 1-m intervals with a Yellow Springs 
Instruments temperature-oxygen meter (YSI, model 58) and probe (YSI, model 5739). 
Transparency was measured at all five stations with a 20-cm white Secchi disk. 

A 5-m integrated sample was collected at all five stations for analysis of water 
quality, phytoplanlcton, and nitrogen fixation. Samples were collected with a one-inch 
(inner diameter) Tygon tube (#R3603) lowered into the water and retrieved by raising the 
lower end to the surface before draining the tube. Duplicate 60-1111 subsamples for the 
determination of ammonia (N&), nitrate (NO3) and soluble reactive phosphorus (SRP) 
were immediately filtered. Duplicate 60-ml subsamples for total nitrogen (TN) and total 
phosphorus (TP) were determined fiom unfiltered samples. Particulate nitrogen (PN), 
particulate carbon (PC), particulate phosphorus (PP) and chlorophyll a (Chl a) were 
determined fiom samples filtered in the laboratory (25 m, ashed Whatman glass 
microfiber filters for PN, PC and PP; 47 mm Whatman glass microfiber filters for Chl a). 
Additional, duplicate 60-1111 subsamples were preserved with formalin for phytoplankton 
identification and quantification. The remaining portion (1-2 liter) was used to assess 
nitrogenase activity via acetylene reduction rates during incubations conducted 
immediately on return to the laboratory. 

Sediments were collected during autumn 2001 for use in laboratory benthic 
chamber experiiraents. Grab samples were obtained with an Ekman dredge. Gravity 
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corers were also tried, but sediments could not be collected in the corers' tubes because 
of their high water content. 

Four additional freeze cores were collected in September 2002 to provide 
information on sediment ammonia flux and historical changes in burial of carbon, 
nitrogen, and phosphorus. A single core was collected at the E and M stations and two 
cores were collected at the S station. Cores were collected with a 2 my rectangular fieeze- 
corer (see Crusius and Anderson 199 1 for detailed description of method). The corer was 
quickly lowered to just above the sediment surface and then lowered gently into the 
sediments. The coring device was held vertical with the retrieval line during the first 
several minutes of freezing to assure it remained upright and then line tension relaxed to 
prevent sideways pressure due to boat movements during the remaining 12 minutes of 
fieezing. The 15-min fieezing period resulted in a flat fiozen slab approximately 20 cm 
wide and 2.5 cm thick. Length varied depending on the sediment characteristics at the 
site. 

Analytical Procedures and Analysis 

Water quality and plankton enumeration 

Samples for the determination of NH4 and SRP were analyzed on the same day as 
collection. Remaining filtered field samples were frozen and analyzed for NO3 within 
two months of collection. Unfiltered samples for TN and TP were frozen upon return to 
the laboratory and kept fiozen until analysis within two months of collection. Filtrations 
for Chla, PP, PC, and PN were performed in the laboratory on the same day as collection. 
Chla filters were frozen until analysis within two weeks. PP, PC, and PN were dried at 
50°C for 48 h in.a Fisher Scientific Isotemp oven and stored in a desiccator until shipped 
to the Marine Science Institute Analytical Laboratory, UCSB. Analytical methods and 
detection limits are listed in Table 1. With the exception of PC and PN above analyses 
were performed at the SNARL. 

The plankton communities were characterized through species identification and 
enumeration. For phytoplankton analysis, 10 ml of well mixed 5-meter integrated sample 
was allowed to settle for 24 h in a 10 ml Hydro-Bios Utermohl chamber. A few drops of 
Lugol's Solution were added to aid in settling. The samples were analyzed-on a Carl 
Zeiss inverted microscope at 16X magnification. To ensure capture of rare species, the 
entire sample was scanned and each organism identified to genus. For a more accurate 
estimate of the larger species, 60 ml was analyzed under a Wild Heerbrugg dissecting 
scope at 12X magnification. A portion of the total settling area was counted and 
extrapolated to the total surface area (Wetzel and Likens 1979). Biovolume was 
calculated using the methods of Hillebrand et al. (1999). Identification keys included 
Prescott, 1978; Dillard, 1999; and Canter-Lund and Lund (1 995). 
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Table 1 Analytical chemistry methods 

Chlorophyll a concentrations were also used to characterize the phytoplankton. 
Chlorophyll a was extracted in 90% ethanol using the method of Sartory and Grobbelaar 
(1984). Following clarification by centrifugation, absorption was measured at 750 and 
665 lvsl on a spectrophot~meter (Milton Roy, model Spectronics 301), calibrated once a 
year by Milton Roy Company. The sample was then acidified in the cuvette, and 
absorption was again determined at the same wavelengths to correct for phaeopigments. 
During periods of low phytopladdon concentrations (<5 pg chl a 1-I), the fluorescence of 
extracted pigments was measured on a fluorometer (Sequoia-Turner, model 450) whieh 

was calibrated againinst the spectrophotometer using Cesh lettuce. 

Species 

NH3 + 
w* 
SF@ 

No3 

TPPP 

TN 

PC, PN 

As 

Sediment Chambers 

Two types of sediment chambers were used in laboratory experiments designed to 
measure sediment-water exchange. 

Method 

phenol-hypochlorite colorimetric 

phospho-molybdate colorimetric 

Cd reduction followed by azo dye 
colorimetric 
Valderrama (oxidatiodphospho- 
molybdate) 
Valderrama (oxidatiodCd 
reductiodazo dye) 
Automated Organic Elemental Analyzer 
(Model CEC440HA), Dumas 
combustion method. 
Asw) As(II1) reductiodphospho- . 

molybdate 

Bench-top chambers consisted of 3 inch diameter, 15 inch long gray PVC pipes 
threaded on one end. The end without threads was covered by a black rubber cap. The 
threaded end had a PVC cap with 3 holes that allowed for sampling, venting, and bubbler 
tubing to be inserted. Nitrogen or air was bubbled into the chambers to create anoxic or 
oxic conditions. 

Sediments collected by Elunan dredge were transported to the laboratory in a 5 
gallon bucket, homogenized and then settled, which separated the sediment into a heavier 
portion and a suspended portion. To each chamber, 400 ml of heavier sediment, 400 m1 
of suspended sediment, and 400 ml of bottom water were added. All six chambers were 

Reference: 

Stricldand and Parsons, 1972 
Wetzel and Likens, 199 1 
Strickland and Parsons, 1972 
Wetzel and Likens, 199 1 
Strickland and Parsons, 1972 
Wetzel and Likens, 199 1 
Valderrama, 1 9 8 1 

Valderrama, 1 98 1 

Marine Science Analytical 
Laboratory 
UCSB 
Johnson, 1971 

placed in a cold room at 15' C, which was approximately the temperature of the bottom 
water at the time of the experiments. Samples for nutrient chemistry were taken each day 
for the next 4 days. 50 ml of water hsm 2 cm above the sediment surface was obtained 

Detection 
Limit (pM) 
0.30 

0.06 

0.20 

0.4 

0.4 

0.02 
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using a 100 ml plastic syringe, fitted with a glass fiber filter and Tygon tubing which was 
threaded through the chamber caps. Samples were placed directly into acid washed 
plastic test tubes to be used for analysis. Ammonia and SRP determinations were done 
immediately. Nitrate samples were immediately frozen for analysis later. 

Benthic chambers are clear Plexiglas chambers approximately 20 cm high and 50 
cm in diameter. They are equipped with pumps that circulate water within the chambers. 
The chambers were mounted to plywood to permit their use in the laboratory. About 3 cm 
sediment and a half and half mixture of lake water and deionized water were placed in the 
chambers. The sediments were homogenized by circulating the water at sufficienly high 
speed and then settled for two days. Samples for ammonium, SRP and nitrate were 
collected every hour for eight hours using the technique described above. 

Laboratory experiments designed to determine sediment exchange rates indicated 
that the sediments were a sink over the course of several days, but a very small source 
over several hours to one day. Although the bench-top chambers had a range of 
dissolved oxygen concentrations (Table 2), the changes over the experiments were 
similar in all six chambers. Nitrate concentrations varied little over time (0.02 mg I-' to 
0.18 mg I-'), and decreased after an initial increase on day one (Fig. 2). Ammonium 
decreased slightly fiom about 1.6 mg 1-' to about 1.4 mg 1-' (Fig. 3). Phosphate decreased 
to low concentrations after a very slight increase (Fig. 4). 

In the benthic chambers, nitrate levels rose from about 0.1 mg 1-' to approximately 
0.15 mg 1-' between hours four and five, indicating some release of nitrate from the 
sediment (Fig. 5). Ammonium remained constant over the eight hour experiments. A 
very small increase in phosphate concentration was detected in the benthic chamber 
waters over eight hours (Fig. 6). 

Table 2 Concentration of dissolved oxygen (DO) in bench-top chambers 

Following these preliminary analyses, we decided further experiments were not 
warranted given the high porosity of the sediment and difficulty in interpreting these 
types of measurements. Therefore we focused our efforts on collecting and analyzing , 
several fieeze cores. 
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Fig. 2 Nitrate changes in bench-top chambers. 
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Fig. 3 Ammonia changes in bench-top chambers. 
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Fig. 4 .Phosphate changes in bench-top chambers. 
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Fig. 5 Changes in nitrate in benthic chamber with slow circulation. 
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Fig. 6 Phosphate changes in benthic chambers. 

Benthic Chamber PO4 

0.0036 1 

0.00315 ! 
1 2 3 4 5 6 7 8 

hour 

Sediment freeze cores 

Preparation of the cores took place in the SNARL   old room at a temperature of 
5°C. The cores were allowed to warm enough to facilitate sectioning without losing their 
integrity. Each core was sectioned lengthwise and one half archived. The remaining 
section was subsaqled each centimeter for the first upper 10 em of the core and every 
2nd cm to the bottom end. Each subsample consisted of four replicate 1-cm2 sections of 
one cm depth. 

Two subsamples were analyzed for porewater NH4. Samples were centrifuged 
and supernatant removed, diluted §OX, and analyzed with the phenol-hypochlorite 
colorimetric method. An 800 pm standard was prepared and diluted as a quality control 
measure of dilution accuracy. 

The remaining two subsamples were placed in acid-washed, rinsed, dried, and 
pre-weighed glass scintillation vials and used for determination of porosity, non-apatite 
inorganic phosphorus (NAI-P) dried, TP, TC, and TN. They were weighed immediately 
(wet weight) and then dried at approximately 50°C to a constant weight. Porosity was 

calculated as 

, where D, the bulk density, was assumed to be 2.2 g c r~ i -~  
1v 

Note that while bulk densities for various sediment constituents range from 1.4 for humus 
to 5.0 for various heavy minerals average bulk densities are typically 2.2 - 2.8 and even 
assuming bulk densities as low or high as 1.4 or 3.0 would have little effect on our 
calculations due to the high porosity of these sediments. 
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The dried sediment in each vial was then ground by hand using a small metal spatula and 
portioned for NAI-P, TP, PC, and PN analysis. 

NAI-P was measured using the method of Schelske and Hodell (1995). Sediment 
was weighed and leached with 5.0 ml of 0.1 N NaOH for a 17 h period. The tubes were 
centrifuged and the supernatant analyzed for SRP usiig the akon iun i  molybdate 
method corrected for As interference with the sodium metabisulfite and sodium 
thiosulfate method. Internal standards of 5 and 10 pm Po4 were prepared on three 
random samples during each analysis. 

A second portion of dry sediment was weighed, diluted with 25 ml DDW and 
digested with persulfate solution at 250 OF for 30 minutes in an electric pressure steam 
sterilizer. Samples and standards were then analyzed for TP using the ammonium 
molybdate method as above. 

The remaining dry sediment was reweighed and acidified using 1N HCl. The 
samples were re-dried and weighed prior to shipping to the Marine Science Institute 
Analytical Laboratory, UCSB, for PC and PN .analysis. 

Pore-water concentration profiles of ammonia were modeled after Klump and 
Martens (198 1) to determine concentration gradients at the sediment-water interface. 
Exponential equations were fit by least-squares minimization fiom the bottom of the core 
to the sediment-water interface (bottom water concentrations) with 

where C, , C, , and Co are the concentrations at depth z, infinity; and the sediment-water 

interface. C, and a were calculated; Co was fixed at the bottom-water concentration. 
The gradients were calculated at z = 0. The flux of ammonia out of the sediment was 
then calculated fi-om the best-fit concentration gradient with Fick's first law of diffusion: 

dC 
Flux = -ip~-l, az 

where cp is porosity at the interface, D is the sediment diffusion coefficient corrected for 
tortuosity, 0, where 

D = % and 0' s 1 - 21n(p) (Boudreau 1996). e 
Nitrogen fixation 

Nitrogen fixation was measured by the acetylene reduction method (Flett et al. 
1976). Experiments consisted of four light treatments for 5-meter integrated samples 
fiom each of the five Crowley Lake sampling stations. Light treatments consisted of two 
placed in direct sunlight in Convict Creek on the property of the Sierra Nevada Aquatic 
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Research Laboratory, one wrapped in a neutral density gray screen, and two in a 
laboratory water bath, one under artificial fluorescent lights (90-100 pE ln-%-') and one 
placed in dark bag. Temperature was recorded in both the stream and water bath. 
Photosynthetic available radiation (PAR) was recorded daily by sensors located on the 
SNAI%L property. Hourly values were averaged over the incubation period. PAR 
measurements were also talten in the stream and water bath during each experiment using 
a Licor 185 Light meter. 

Incubations consisted of 50 ml of lake water in a 60 ml serum bottle. Five ml of 
air was replaced with 5 ml of acetylene gas. Bottles were shaken for 30 seconds and 
incubated for a 4 h period. After the incubation period, 1 ml of gas was removed and 
injected into a Shimadzu GC-8A gas chromatograph. A set of ethylene gas standards 
(prepared from Scott Specialty Gases (Scotty mix 849 - 1% (by mole) ethylene in 
nitrogen) were run at the beginning of each experiment to provide a standard curve. A 
ratio of 3 moles of acetylene reduction (ethylene produced) to one mole of @Tz fixed was 
assumed (Flett et al. 1976). Note rates are reported in units of moles of N (not N2) fixed 
for comparison with loading fluxes. 

Lakewide estimates of planktonic nitrogen fixation were made using a numerical 
interpolative model which combines hourly insolation, in situ PAR attenuation, and 
nitrogen fixation versus light rates. We assumed the fixation versus light intensity rates 
measured in the 5-ni integrated samples were representative of the euphotic zone. As no 
significant persistent differences in nitrogen fixation rates were noted among the five 
lakewide stations, a lakewide average for each day was used. The fixation versus light 
intensity relationship was represented as an initial slope and a maximum rate. Further 

regnement was not warranted based on the variability of the rate measurements. Hourly 
insolation values horn SNARL 7 km west of the center of the lake and a lakewide 
average of in situ PAR attenuation was used. 

Hyrsolimetic Nutrient Accumulation and Eddy Diffusivity 

Eakewide hypolimetic nutrient (SW and NH4) accumulation was calculated by 
averaging data from the two deep stations and then linearly interpolating to 0.25 m from 
11 m to the bottom. The deepest sample at the shallower E station often was elevated 
relative to the S station most likely reflecting close proximity to the sediments and was 
not used. A volume-weighted surn was then calculated based on hypographic data 
provided by the Los Angeles Dept. of Water and Power. 

Eddy conductivities were calculated using the flux-gradient heat method modified 
for solar heating (Jassby and Powell 1975). 
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where K; is the coefficient of vertical eddy conductivity at depth z, z, is the 
maximum depth of the lake, A, is area at depth z, u and z are depths positive downwards, 
R, is irradiance at depth i, B is temperature, p is density, c is thermal capacity, and t is 
time. The temperature gradients were estimated as 1 m central differences. Depths, 
areas, and volumes were changed to correspond to changes in the lake level. The heat 
integral was evaluated at 1 m intervals using lakewide mean temperatures and area- 
capacity curves. Eddy diffusivities were assumed equal to eddy conductivities after 
being corrected for molecular conductivity (0.13 x 1 0-6 m-2 S-I; Chemistry and physics 
handbook 1977, Table E-11). 

Solar heating was estimated horn continuous measurements of incident PAR, 
calculated albedoes, and light attenuation within the water column. Comparison of 
measurements with an Eppley pyranometer (285-2,800 nm) and PAR (400-700 nm) 
collected at SNARL, indicated PAR comprised 44.6% of the total solar irradiance 
assuming a conversion of 4.57 pEinst = 1 joule (McCree 1972). This is close to findings 
in other studies (45%, Gates 1966; 41%, Jassby and Powell 1975). The PAR data were 
converted to total solar input using this ratio. Albedoes were calculated assuming all 
radiation was direct; this assumption introduces only a small error (Jassby and Powell 
1975). Attenuation within the water column was divided into seven wavelength bands. 
Visible light attenuation was measured as PAR attenuation. The attenuation of infia-red 
light for five intervals was obtained fiom Hale and Queny (1973): 1.1 m-1,700-800 nm; 
3.4 m-1, 825-900 nm; 26 m-1,925-1,000 nm; 870 m-1, 1,200-1,800 nm; and 7,800 m-1 
from 2,000-2,400 nm. The effect of solar heating at the chosen depth of 12 m was 
insignificant (4 %) throughout the period. 

Results 

Eight 2-day lakewide surveys were conducted at approximately biweekly 
intervals hom 20 June 2002 to 25 September 2002 to assess limnological conditions and 
collect pelagic plankton samples for a variety of analyses and the measurement of 
nitrogen fixation rates. On the first day of each survey, temperature, dissolved oxygen, 
and nutrient profiles were determined to assess hypolimnetic nutrient accumulation-and 
vertical mixing. On the second day of each survey a suite of physical, chemical, and 
biological characteristics were measured at each of the five pelagic stations and water 
samples collected for determination of nitrogenase activity via the acetylene reduction 
measurements in laboratory incubations. To view the seasonal development, we include 
the results of a survey conducted 3 April 2002 a couple weeks after ice-off. Also, four 
sediment cores were collected in September 2002 to provide information on sediment 
ammonia flux and historical changes in burial of carbon, nitrogen, and phosphorus. 



Final Report Contract #00- 196- 160-0 

Physical, cherrzical, andphytopla~zlcton conditions in Crowley Lake during 2002 

Seasonal Thermal stratification 

A lakewide survey was conducted on 3 April 2002 following ice-off in mid- 
March as part of a separate cooperative study of nutrient loading with the City of Los 
Angeles (SWWCB #9-175-256-0). Seasonal thermal stratification had already been 
initiated with temperatures nearly isothermal below 12 m at near 5OC, increasing 
gradually to 6OC between 12 and 8 m and then more rapidly to 8-10°C in the upper water 
column (<4 m) (Fig. 7). Near surface waters were slightly warmer at -the N station which 
is influenced by the Owens Ever, and slightly cooler at the W and M stations which are 
more strongly influenced by McGee Creek inflows. 

Fig. 7 Onset of seasonal stratification, 3 April 2002 Error! 
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By 19 June, the epilimnion (upper mixed layer) had warmed to 17.5-20°C while 

the hypolimion had increased to 14-15OC (Fig. 8). There was a significant longitudinal 
gradient in which epilimnetic waters warmed from north to south. Epilimnetic 
temperatures were -1 8.0°C at the E and Mideast station, -18.9"C at the S station, and 
-19.6"C at the Dam station. There was a pronounced themocline between 10 and 12 m 
at all four stations. 
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Fig. 8 Early summer thermal stratification in Crowley Lake. 
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Epilirnnetic temperatures continued to increase, reaching their annual maximum 
of 21-22°C in mid-August. The pronounced thermocline observed at 10-12 m was mixed 
downward through the summer and by mid-August only a gradual thermal gradient f?om 
21-22°C near the surface to 18-lg°C near the bottom existed indicating active mixing 
through this period (Fig. 9). Further mixing and seasonal cooling of the upper water 
column resulted in less than 1 "C gradient between upper and lower water temperatures 
during September when the field sampling.ended. 

Seasonal and lakewide variation in dissolved oxygen 

Dissolved oxygen concentrations showed marked seasonal variation typical of 
eutrophic temperate lakes (Fig. 10). During the 3 April 2002 survey the entire water 
column was well-oxygenated at the S station with values only- ranging fi-om 9.5 to 10.5 
mg 0 2  I-'. By the next sampling on 19 June, the hypolimnion was anoxic ( 4  mg O2 1.'). 
The hypolimnion remained anoxic until late August and was not fully oxygenated until 
the 10 September survey. 
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Fig. 9 Annual thermal stratification in Crowley Lake, 2002 (S Station). Tic marks show 
sample dates and isotherms in "C. 

Fig. 10 h u a l  variation in dissolved oxygen (mg 1-l) in Crowley Lake, 2002 (S Station). 

Tic marks show sample dates. 
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Dissolved oxygen profiles were generally similar between the two deep stations, S 
and E (Fig. 11) except late in the year. On these dates, the decline in dissolved oxygen 
concentrations higher in the water column is most likely due to proximity with the bottom 
at 15 m. The E station is significantly shallower than the S station and the reservoir was 
significantly drawn down in autumn. Above 15 m, the dissolved oxygen profiles at the 
two stations were roughly similar. 

Fig. 11 Comparison of dissolved oxygen at S and E stations during 2002. 
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Seasonal and lakewide variation in transparency 

Secchi depth provides a readily collected and widely used measure of 
transparency (Fig. 12). On 3 April 2002, Secchi depth was 3.7-4.2 at N, W, M, and E 
stations. At the S station it was 6.0 m. By the next sampling on 19 June, the . 

transparency at the S station had decreased to 4.0 m and the other 4 stations ranged from 
3.2-3.8 m. Transparencies decreased further to 1.5-2.6 through July before increasing to 
near 4 m at all but the N station in mid-August. Transparencies then declined to 1.8-2.3 
during September during an autumn bloom. Thus, the general trend in transparency 
reflects the presence of spring and autumn algal blooms. The overall mean transparency 
from 19 June through 24 September was 2.7 m (1 SE, 0.1; n, 56). 

Photosynthetically available radiation (400-700nm) was also collected at all five 
stations. The euphotic zone depth as defined by the mean- lakewide 1% light level varied 
fiom 4.5 to 9.5 m through the season (Fig. 13). On 3 April 2002, the 1% light level was 
between 8.5-9.5 m and depth attenuation was fairly uniform at the five stations (Fig. 14). 
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The euphotic zone deereased to 42-4,l m by 2 July 2002 &Ild was still nearly uniform at 
all five stations (Fig. 15). During the autumn algal bloom (25 September), the euphotic 
zone varied fiom 3-6 m and showed marked variation fiom north to south with the depth 
of the euphotic zone being less at the southern station (Fig. 16). 

Fig. 12 Seasonal and lakewide variation in Secchi depth during summer 2002. 

Fig. 13 Attenuation of PAR (fraction of surface) during 2002 (S station) 
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Fig. 14 Spring lakewide comparison of PAR attenuation 
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Fig. 15 Summer lakewide comparison of PAR attenuation 

0 

1 

6 

7 - 

8 i 
0 0.2 0.4 0.6 0.8 

Fraction of Surface PAR 



Final Report Contract #00-196- 160-0 

Fig. 16 Autumn lakewide comparison of PAR attenuation 
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Epilimnetic SW and dissolved inorganic nitro- 

Epilimnetic SW concentrations in the upper 5-m integrated samples of the water 
column ranged fi-om 0.2 to 1.5 pM (Fig. 17). On all but one date, the northern station 
was significantly higher than any of the other four stations. The northern station is in the 
center of the long narrow northern portion of the lake which receives inflows of the 
Owens River. The other four stations had concentrations below 0.5 pM throughout the 
summer except for on the first date, 19 June, when they were 0.8-1.1 pM. 
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Fig. 17 Epilimnetic (0-5 m integrated) SRP concentrations 

Epilimnetic ammonium concentrations were low ( 4 . 2  pM) throughout the 
summer except for a single sample on 3 September at the N station and on the last sample 
date (Fig. 18). The 5.5 yM reading at the N station appears to be an outlier and may have 
resulted fiom the integrated sampler coming into contact or disturbing the sediments. 
The reservoir had been drawn down significantly in late summer and the N station was 
just over 5 m deep. The increase at M, N, and W stations on 25 September likely resulted 
from deepening of the mixed layer and entrainment just prior to autumn overturn. 

Epilimnetic nitrate was even lower than ammonium through most of the summer 
when it ranged &om 0.1 to 0.3 pM (Fig. 19). As with ammonium, NO3 was slightly 
higher on the first and last sample dates, 19 June and 25 August. A significantly higher 
value at the N station on 3 September also occurs and may be due to disturbing sediments 
(see above). 
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Fig. 18 Epilimnetic (0-5 m integrated) NH4 concentrations 

Fig. 19 Epilimnetic (0-5 m integrated) NO3 concentrations 
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Evilimnetic total vhosphorus (TP) and total nitrogen (TN) 
Summer epiliminetic total phosphorus (TP) concentrations ranged from 1.5 to 3.5 

pM, except for a slightly higher value (4.3- pM) at the W station on 19 June 2002 (Fig. 
20). The TP concentrations were very similar among W, M, E, and S stations through the 
entire period, while TP at the N station was 0.5-1.0 pM higher beginning on 30 July. The 
N station lies midway up the long, narrow portion of the lake which receives inputs from 
the Owens River. The slightly higher concentrations of TP, undoubtedly reflect the 
influence of the Owens River from which most of the TP loading to the lake comes. The 
general seasonal trend was peak average lakewide concentrations (3.3 pM) at the 
beginning of summer (1 9 June) declining to a minimum (1.9 pM) in mid-August, 
followed by a gradual rise to higher values (2.9 pM) by the end of September. 

Fig. 20 Epilimnetic (0-5 m integrated) TP concentrations 

Summer epilimnetic total nitrogen (TN) concentrations ranged from 33 to 65 pM 
(Fig. 21). There was a clear seasonal trend of gradually increasing concentrations 
through the period from a laltewide mean of 37.8 pM on 19 June to 54.0 pM on 25 
September. On 25 September, the S station value (64.7) was 13 pM higher than the mean 
of the other four stations (5 1.8 pM). However, even without this value, the consistent 
seasonal increase is still present. As with TP, the N station was consistently higher 
beginning on 30 July and continuing through 11 September. However, N station values 
were only 5-1OpM higher than the average of the other 4 stations and thus on a relative 
basis less pronounced than the TP values. The overall summer mean concentration was 
48.3 pM (k1.1, 1 SE). 



Final Report Contract #00-196- 160-0 

Fig. 21 Epilimnetic (0-5 m integrated) TPI co~lcentrations 

Chlorophyll concentration and vhytoplanlcton communitv 

Summer qilimnetic chlorophyll a concentration ranged from 6 to 48 pg Chl a 1-' 
with the highest observed 3 July (mean, 43 pg Chl a I-') (Fig. 22). Following the peak 
concentrations observed during the spring algal bloom, chlorophyll a decreased to 10 pg 
Ch1 a 1-' in mid-August and was fellowed by a second smaller (mean, 29 pg Chl a I-') 
autumn bloom. Concentrations decreased slightly by mid-September and then at stations 
N, M, and W decreased further by the last sampling on 25 September. There was a slight 
increase at E and S stations between the last two sample dates. As these are the two 
deepest stations, this likely resulted fiom entrainment of nutrients during deep autumnal 
mixing. 
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Fig. 22 Epilimnetic (0-5 m integrated) Chl a concentrations 

Phytoplankton samples for species enumeration were collected from all stations 
on each sample date to determine the species composition. General trends can be 
described using the South station as a typical representation of other stations in the lake. 
On 20 June, the cyanophytes dominate throughout the lake (Fig. 23) and continue to 
dominate through the summer (Fig. 24). The phyrrhophyte Ceratium was abundant at all 
stations, June through August when the biovolume of all phytoplankton decreased. At 
this time, we start seeing an increase in the relative biovolume of Bacillariophyceae (Fig 
24). N station typically had a higher Bacillariophyceae (diatom) population than the 
other stations, increasing to 70% relative abundance on the 25 September sampling date. 
As the cyanophytes are the important nitrogen fixers in the lake, they will be discussed in 
more detail under the heading Nitrogen Fixation. 



Final Report Contract #00-196- 160-0 

Fig. 23. Relative abundance.of phytoplankton at each station on 20 June, 2002. 
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Fig. 24. Relative abundance of Phytopladcton at South Station during 2002. 
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Hypolimnetic ammonium, nitrate, andphosphorus accumulation 

Nutrients accumulate beneath the seasonal thermocline in eutrophic temperate 
lakes. During 2002 we measured the accumulation of nutrients beneath the seasonal 
thermocline in Crowley Lake by analyzing NH4, SRP, and NO3 collected at l-m intervals 
from 11 m depth to the bottom at the deep E and S stations. 

In 2002, ice-off occurred about the third week of March, several weeks earlier 
than normal. On the first survey date, 3 April 2002, SRP concentrations at thk deep, S 
station were nearly uniform throughout the water column ranging from 1.2 pM in the 
upper 5-m integrated sample to 1.3, pM at 20 m (Fig. 25). SRP accumulated beneath the 
seasonal thermocline during April-June and by the 19 June sampling had reached 
concentrations between 3-4 pM beneath 13 m. Hypolimnetic concentrations continued to 
increase and by 13 August exceeded 8 pM at 22 m. The nutricline (region of strong 
nutrient gradient) descended through the summer following the thermocline as the mixed 
layer deepened. 

On 29 August, S W  concentrations were nearly uniform with depth at the S 
station ranging only fiom 0.34-0.56 pM indicating that mixing throughout the water 

Fig. 25 Hypolimnetic accumulation of SRP at S station during 2002 

column had occurred since the 13 August sampling. The SRP profile on 10 September 
was also nearly uniform with somewhat lower concentrations ranging fiom 0.14-0.25. 
On the fmal survey, 24 September, mixed-layer concentmtions were slightly higher at 
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0.3-0.6 pM and increased to 1.9 pM at 20 m indicating c:ontinued rapid release from the 
sediments. 

A similar seasonal pattern of hypolimetic SF@ accumulation was observed at the 
other deep station (E) (Fig. 26). On 19 June, SW concentrations fiom the two stations 
were nearly identical (Fig. 27). While upper water column csncentra1:ions were similar 
between the two stations on other dates, the lowest depth at E was often significantly 
higher than comparable depths at S. This most likely reflect high concentration gradients 
in proximity to the sediments at the shallower E station and is parallel to the lower 
dissolved oxygen concentrations observed at the lower depths of the E station. 

Fig. 26 Hypolimetic accumulation of SF@ at E station during 2002 



Final Report Contract #00- 196- 160-0 

Fig. 27 Comparison of hypolimnetic SRP accumulation at E and S station 

On 3 April, ammonium already displayed a depth gradient, increasing from 0.4 
pM at 5 m to 4.4 pM at 20 m (Fig. 28). Ammonium concentrations increased to 13-16 
pM below 13 m by 19 June. Hypolimnetic concentrations continued to increase reaching 
greater than 60 pM by 29 July. Peak concentrations were observed on 13 August when 
they exceed 80 pM at 22 m. As with SRP concentrations, hypolimnetic concentrations 
were uniform on 29 August only varying between 1.8-2.8 pM between 13 and 21 m. 
These decreased to 0.3-1.3 pM by 10 September before increasing to 1.5-5.0 from 11 to 
18 m and further to 16 pM at 20 m on 24 September. This pattern is identical to that 
observed for SRP. 
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Fig. 28 Hypolimetic accumulation of W at S station during 2002 

Fig. 29 Hypolimetic accumulation of Nf& at E station during 2002 
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Fig. 30 Comparison of hypolirnnetic ammonia accumulation at E and S station 

I I 

Hypolimnetic accumulation of ammonia at the E station similarly increased 
through the season with concentrations peaking at 51.6 on 29 July at 16 m (Fig. 29). As 
with SRP, the ammonia accumulated rates were similar between the two stations (Fig. 
30). The two stations were nearly identical 19 June but diverged later in the year with the 
deep depths at E being higher than comparable depths at S. 

Nitrate profiles at the two stations were low and variable and showed no 
significant seasonal, depth, or station to station differences. The overall mean 
concentration of samples collected from 11 to 22 m at the two stations was 0.23 pM (Std 
Dev, 0.08) with individual samples ranging from 0.09 to 0.44 pM. 

The total accumulation of SRP and m+ beneath 11 m was estimated by 
interpolating the nutrient concentrations to 0.25 m intervals and multiplying by the 
appropriate incremental volumes (Table 3). The concentrations at the two stations were 
averaged excluding the lowest depth at the east station which was not included. During 
the 77-day period from 3 April to 19 June, lakewide SRP beneath 1 1 m increased at 6 19 
moles d-' while iTE& increased at 3,688 moles d-'. The N:P molar ratio of accumulation 
was -6. As the area beneath 11 m during this period was -6.7 h2, this yields 
accumulation rates of 92 and 550 pmoles mn2 dm', for SRP and NH4, respectively. 
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Table 3 Hypolimnetic accumulation of SRP and NH4 beneath 1 1 m depth. 

Eddy dvfisivity and upward nzltrientfluxes 

The flux-gradient heat method of estimating bulk eddy difhsivities uses heat as a 
tracer of mixing during periods in which heat is being mixed downward in the lake. 
Eddy difhsivities were estimated from 6 to 18 m depth for the period 3 April through 29 

6 2 1  August (Fig. 31). Values ranged from 1.4 x 10- m s- (-10 times molecular 
-4 2 -1 conductivity) to 1.3 x 10 m s (-1 000 molecular conductivity). Minimum values were 

located between 10 and 12 m at the region of maximum thermal stratification. 

Fig. 3 1 Bulk eddy difhsivities estimated fiom the flux-gradient heat method. 
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The average SW concentration gradients at 12 m over the 5 periods ranged fiom 
about 0.3 to 0.6 m o l e  m-4 (Fig. 32). Combining these with the estimated eddy 

3 1 
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diffusivities yields upward SRP fluxes ranging from 0.94 mmole mm2 d-' for the 3 April to 
-2 -1 19 June to a minimum of 0.2 mmole m d for the period, 29 July to 14 August. 

Fig. 32 SRP concentration gradients and estimated upward fluxes at 12 m 

,+SRP Upward Flux I 

a 

; ; ,i . , . $  

. r .. .$. ; > : ;  ' , f 

The average m4 concentration gradients at 12 m over th;!sime peridds ranged' .!; * .;; , - -  3 

fi-om about 2.4 to 4.7 mmale mp4 (Fig. 33). Combining these with $he estipated eddy 1 .I :. :. 
diffusivities yields upward NH4 fluxes ranging fiom 2.2 to 5 m o l e  tq-2 cl. In c o i ~ a s t  

. , 
to SRP fluxes, the estimated ammonia flux was high for tbe first perioq' , declined L. &-ing, :. 

. . the next two and increased in mid summer. 
1 .  . 

f * 

. , 



Final Report Contract #00- 196-1 60-0 

Fig. 33 concentration gradients and estimated upward fluxes at 12 m 

Nitvogen Fixation 

Planktonic nitrogen fixation was estimated from measurements of nitrogenase 
activity based on the acetylene reduction technique. Acetylene reduction was measured 
on 8 dates in freshly collected pladcton samples from 5 stations. A plankton sample was 
collected from the Crowley Lake marina dock on 29 May for time course and saturation 
tests. Acetylene reduction was linear over the 6 hr test period and the average nitrogen 
fixation rate for three'replicates was 34.6 pmol N me3 h-'. This was higher than any other 
rates measured on the eight surveys. Results from all eight suweys are shown below 
(Fig. 34). 

-7 -1 
On the June survey, rates at the highest light level of 95 pE m - s ranged fi-om 

-3 -1 3.9 to 10.2'~mol N m h or only about one fifrh that measured on 29 May. Rates were 
much lower and variable on the following survey (2 July). As rates appeared to not be 
saturated at the highest light levels on the first two dates, the remaining surveys included 
two treatments in which samples were incubated in the stream and exposed to much 
higher (1000-1800 pmol N m-3 h-1) light intensities. 0 n  these six remaining surveys, 
several exhibited inhibition at the highest light level, and most exhibited a maximum at 
the 400-800 pE mF2 s-' treatment. 

On the next two dates in July rates dropped even lower. In August and September 
rates increase. Rates were slightly higher on the 15 August survey and increased further 
on 3 September. The last two September dates were slightly lower but still higher than 
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June and July values. On three of the four August and September surveys, one station 
was higher than the rest and indicative of pronounced spatial variability. 

Fig. 34 Nitrogen fixation estimates based on acetylene reduction measurements 
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Fig. 34 (cont) Nitrogen fixation estimates based on acetylene reduction measurements 

Nitrogen fixation was quite variable both spatially and temporally throughout the 
summer. Rates appeared to be fairly well correlated with the abundance of the 
cyanophyte, Gloeotrichia, during the months of June and July and with Aphanizomenon 
during September. 

General trends can be described using the South station as a typical representation 
of other stations in the lake. Ly~zgbya was found throughout the lake in fairly high 
abundance relative to other cyanophytes throughout the summer. Gloeotrichia, present in 
June and July, was replaced by Aphanizornenon in August through September (Fig 35). 
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I Fig. 35 Relative abundance of Cyanophytes at South Station during 2002 
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While overall abundance can vary substantially between stations on any given 
date, the general trend was similar to that found at the S station (Fig. 36) and paralleled 
the pattern of chlorophyll concentration (Fig. 22). Abundance was highest on 2 July, and 
then declined to a minimum on 14 August. Abundance then increased through 
September until the 25th, after which all stations except S, started to decline. Higher 
fixation rates at S (Fig. 37) during August and September corresponded with the 
appearance of Aphanizomenon (Fig. 36). Aphanizomenon was most abundant on 11 
September, and decreases (in order) on 3 and 25 September. The highest fixation rates 
occurred on 24 September and decreased in order from 11 and 3 September. 
Gloeotrichia was present in June and July and most abundant on 2 July. Nitrogen 
fixation rates were higher on 2 July than other dates in June and July. However, it should 
be noted that the first two sets of incubations on June 20 and July 2 were done inside 
under artificial light and PAR was well below normal values observed in the lake. 
Beginning 17 July, two sets of incubations were done with one in Convict Creek under 
higher more natural light. 
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Fig. 36 Abundance of Cyanophytes at South Station during 2002 
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Fig 37 Nitrogen fixation at South station during 2002. 

Fixation rates obtained on specific dates correspond well to Cyanophyte 
abundance at each of the five stations. The highest rates we obtained occurred during 
incubations on September 3 (Fig. 38). If we compare these rates to the amount of 
Aphanizomenon at each location (Fig. 39), we find that M has the highest fixation rates 
and the highest abundance of Aphnizizomenon. Both fixation rates and1 abundance of 
Aphanizomenon decrease in order from E, W, S and N stations. 
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Fig.38 Nitrogen fixation rates obtained on September 3,2002 (-&om Fig. 34) 

Fig. 39 Cyanophyte abundance on September 3,2002. 
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The same comparison on a date with a low fixation rate, indicated a similar trend; 
20 June had the 6th ranking fixation rate out of 8 trials and is very close to values 
obtained on July 17 and 30. Values up to 10 pmol N fixed m-3 h-I were obtained at W 
and descended in order of M, N, E, S (Fig 40). At this time of year, Aphanizomenon was 
not present, but colonies of Gloeotrichia were abundant around the lake. Abundance of 
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this genera of cyanophyte also correlated with fixation rates. Gloeotrichia was most 
abundant at M foll~wed by W, N, E, and S (Fig. 41). 

Fig. 40 Nitrogen fixation rates on June 20,2002 (fiom Fig. 34). 

50 70 
-2 -'1 PAR (1.E rn s ) 

Fig. 41 Cyanophyte abundance on June 20,2002. 
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Phytoplankton abundance was lowest on the 14 August sampling date. At this 
time, a mixture of Gloeotrichia and Aphanizomenon occured at stations within the lake. . 

Aphanizomenon was present at S, E, M and W, while Gloeotrichia was present at E, M 
and W (Fig. 42). Fixation rates were highest at the M station (Fig.43) which had the 
highest abundance of Aphanizomenon and the 2nd highest abundance of Gloeotrichia. 
West had the 2nd highest fixation rates and the highest abundance of Gloeotrichia and the 
2nd highest abundance of Aphanizomenon. E had the 3rd highest abundance of both 
genera and was approximately 3rd highest in measured nitrogen fixation rates. However, 
E shows a higher fixation rate than W at the mid PAR range. North shows a rather 
inexplicably high fixation rate as neither Gloeotrichia nor Aphanizomenon was counted 
in the sample. However, the nitrogen fixer, Anabaena, was present at N, as well as S and 
My and may contribute substantially to fixation rates. The fixation at South was low and 
can be explained by the low abundance of Aphanizomenon present there. 

Fig.42 Cyanophyte abundance on August 14,2002. 
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Fig. 43 Nitrogen Fixation rates on August 14,2002 (from Fig. 34). 

Sediment cores 

Four sediment cores were collected fiom Crowley Lake during September 2002. 
. One core was collected at the S station on 15 September (SO, 40 em length) and one core 

from each of stations S (S 1,82 cm length), E (El, 42 em length) and M (Ml, 48 cm 
length) was collected on 30 September. The sediments were amorphous, dark-green to 
black in color characteristic of gyttja. There was little evidence of lamination and they 
were highly porous. 

Porosity ranged from 80 to 99.5 (Fig. 44) in all but the bottom 10 cm of the first 
core (SO) taken at the S station. Below 27 m, core SO showed a distinct drop in porosity. 

This was reflected in the texture of the dry sediment, which became quite gravelly at this 
point whereas all other cores remained quite fine. E l  was noticeably less porous, 
dropping below 90% at 7m where porosity continued to be approximately 10% lower 
than that of other cores. The bottom 4 em of M1 decreased in porosity from -0.9 to 0.81. 
In contrast, porosity in the bottom 30 cm of the longest core (Sl) remained near 0.9. 
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Fig. 44 Sediment porosity 
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Total phosphorus content of the core generally ranged from 300-1000 pg g-l (Fig. 
45). It was significantly lower (50-140 pg g-l) in the bottom 8 cm of SO, corresponding 
to the low porosities observed there. TP was markedly higher (1300-2700 pg g-l) in the 
upper 7 cm of S 1. Except for these two exceptions, the TP profiles were relatively 
constant with depth. A slight general decrease with depth below 10 cm (7.2 pg g-l cm-', 
r2=0.53) is apparent within S 1. 
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Fig. 45 Total phosphorus (TP) in Crowley Lake sediment cores. 

Non-apatite inorganic phosphorus (N-AIP) generally ranged from 50-450 pg g-', 
except that as with TP it was lower in the bottom 10 cm of SO and higher in the upper 
portion of S1 (Fig. 46). At the E station (El) it was nearly uniform at 50-70 pg g-l except 
for the upper 7 cm where it increased to 220-230 pg g-l. This increase in the upper 7 cm 
was more pronounced in Sl  where values increased to over 1500 pg g-l. Both southern 
cores and the core from station M showed a slight but general decrease with depth. The 
mean ratio of NAIP:TP was 0.36 (1 SE, 0.13) and showed no trend with depth. 

NAIP is generally considered the biologically active sediment phosphorus. 
Plotted by volume (5- t running mean), it displays only a slight increasing trend with l' depth (0.09 pg em4, r =0.41) in Sl, while TP increases more sharply with depth (1.2 pg 

-4 2 cm , r =O.&S)(Fig. 47). The mean NAIP:TP ratio in $1 was 0.2, generally decreasing 
with depth. 

Porewater ammonia differed markedly arnsng the three cores (Fig. 48). In S 1, the 
longest and most porous core, PJH4 concentrations increased from 600 pM in the top few 

cm to 1600-1750 pM in the bottom 20 ern. h the other south station core, SO, the values 
only increased to near 400 pM near the bottom. Core MI concentrations were similar to 
SO except that the upper 10 em gradients were distinctly different. As with porosity and 
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Fig. 46 Non-apatite inorganic phosphorus (NAIP) in Crowley Lake sediment cores 

Fig. 47 NAIP and TP in Crowley Lake sediment cores (by volume). Five point mean. 
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Fig. 48 Porewater ammonia profiles and fitted concentrations 

TP, porewater PEL+ at E l  was distinctly different from the other cores and decreased horn 
near 200 pM near the surface to about 60 pM at 40 cm. AS this core appears anomalous, 

it is not further considered here. 

The porewater concentrations were modeled to calculate gradients at the sediment 
water interface (Fig. 48). Estimated gradients ranged horn 56 to 225 pM cml (Table 4). 
SO, Sl ,  and M1 the porewater profiles and fitted lines suggest a marked change in the 
upper 10 cm that is poorly modeled. Therefore, these porewater concentrations in these 
three profiles were also fitted to just the top 10 crn concentrations (Fig 49.) resulting in 
estimated concentration gradients of 15 to 78 pM cd'at  the sediment-water interface. 
Although the concentration gradients derived from the upper 10 em probably provide 
more accurate estimates, we calculated the estimated flux rates for both as an indication 
of the uncertainty in the estimates. Estimated NH4 fluxes out of the sediments based on 
concentration gradients using the upper 10 cm samples ranged from 0.2 in M1 to 1.1 
mmol mn2 ddl at SO with S1 lying in the middle of the range at 0.7 mmol m-2 d-'. 
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Fig. 49 Porewater ammonia profiles and concentrations in the upper 10 cm fitted 

Table 4 Estimated sediment-water ammonia fluxes 

' 

Sediment particulate inorganic carbon ranged fiom 11.1 - 164.2 mg g -' with the 
exception of the bottom 8 cm of SO where values declined to 0.69 mg g -' (Fig. 50). As 
seen with TP and NAI-P, there is a higher PC content in the upper few cm of S1. There 
was an overall trend for carbon to decrease with depth (2 = 0.6 106 - 0.7757) (Fig. 50). 
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Fig. 50 Particulate carbon content in sediment cores. 

Sediment inorganic nitrogen ranged fiom .07 to 2'7 mg g-l sediment with the 
characteristic decrease at the bottom of SO and increase in the top of Dl 1 (Fig. 5 1). 
Nitrogen also showed a decreasing trend with depth (r' = 0.58 - 0.83). Removing the top 
5 cm of $1 increases the r2 = 0.58 to = 0.45. 
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Fig. 51 Particulate nitrogen content in sediment cores. 

The Sediment C:N ratio varied fiom 6.69 to 14.32 (Fig. 52). Mean values 
ranged fiom 9.38 to 10.1 1 with an overall mean of 9.79 (lSE, 0.08), which is slightly 
higher than the Redfield ratio of 6.6 (Wetzel, 2001). ~ a t i o s  are relatively constant 
(possibly a slight increase in SO, M1, Sl) with depth indicating that nitrogen is decreasing 
with depth at a faster rate than carbon. 
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Fig. 52 Molar ratio of particulate carbon to particulate nitrogen in sediment cores. 

4 6 8 10 12 14 16 

PC:PN Ratio (yM) 

The sediment inorganic N:TP-NAI-P ratio varied horn 3.89 - 122.47 
(Fig.53). The mean ratios ranged horn 26.04 - 40.76 with an overall average of 35.55 
(1 SE, 1.56) which is more than double the redfield ratio of 16 (Wetzel, 200 1). There is 
no trend below 10 cm. 
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Fig. 53 Sediment nitrogen to total phosphorus less non-apatite inorganic phosphorus for 
sediment cores. 

DISCUSSION 

Crowley Lake (Long Valley Reservoir) is located in southern Mono County in the 
Long Valley Caldera at an elevation of -2062 m. Created in 1941 with construction of 
the Long Valley Dam, it is a moderately sized reservoir with an area of 15.6 km2, volume 
of 0.135 krn3 and a mean depth of 8.6 m. The lake undergoes a regular seasonal pattern 
of thermal stratifioation typioal of temperate, dimictic lakes. Ice cover disappears in late 
March - mid-April resulting in spring turnover and a brief period when the entire water 
column is well-mixed and near 4OC. Warming air temperatures and increasing insolation 
result in heating and the rapid onset of seasonal thermal stratification during April - early 
May. The epilimnion (upper mixed layer) warms rapidly during May through July, while 
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the hypolimnion warms somewhat more slowly. With cooler air temperatures and 
decreased insolation, the epilimnion begins to cool in late August. Further cooling in 
autumn results in a period of mixing prior to becoming ice-covered in late December. 
Associated with this dimictic seasonal mixing regime are changes in the supply rates and 
availability of nutrients with consequent changes in phytoplankton community. 

Planlcton characteristics during serrnrner 2002 

During June through September, 2002, chlorophyll a, the rapid development of an 
anoxic hypolimnion, and Secchi depths were all indicative of the eutrophic status of 
Crowley Lake. The phytoplankton abundance, as measured by chlorophyll a, peaked in 
early July at 35 to 48 pg Chl a I-', followed by a mid-August decrease to 5-12 followed 
by an early September peak of 28-38 yg Chl a I-'. This s u m e r  pattern and magnitude of 
Chl a concentration is remarkably similar to that observed at a deep water station in 1964 
(Warner 1965). Secchi depths were generally between 2 to 4 m throughout the summer 
(Fig.54). An accurate comparison of transparency to 2000 and 2001 is not possible due 
to the sparse sampling in those years and the rapid temporal changes in transparency. 
The 2002 summer transparencies were generally within the range observed during 2000 
and 2001. The 2002 spring decrease appears to have occurred somewhat earlier in 2002. 
Ice-off was quite early (mid-March) in 2002 and may account for this difference. Also, 
during 2002, no algal blooms in which Secchi depths were reduced to near zero as 
observed in 2000 and 2001 were encountered. However, blooms are spatially and 
temporally highly variable and no confidence can be placed in the significance of 
differences between only a few stations. 

Fig. 54 Comparison of Secchi depths between this study and 2000 and 2001 surveys. . 
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Marine phytoplankton show a relatively constant ratio of C:N:P of 106: 16: 1. This 
is known as the Redfield Ratio and is attributed to the nutrient sufficient growth 
conditions of marine plankton and the homogeneous and stable nature of the oceans. In 
fi-eshwater, N:P ratios in plankton are strongly correlated with N:P loading rates and 
deviations fi-om the Redfield Ratio provide an indication of the type and extent of nutrient 
limitation (Wetzel, 2001). 

The total phosphorus in the upper 5 m of the water column was -3 pM (0.09 mg 
I-') early in June and July, decreased slightly in August and then increased to -2.5 pM in 
September. While these values lie within the range of those observed during a 1982 
study (Melack and Lesack 1982), we did not observe any of the elevated mixed-layer 
concentrations (8-10 pM) noted in that study. Ammonia was generally less than 1pM 
except on the final survey on 25 September and NO3 was generally -0.2 yM. Thus, 
dissolved inorganic nitrogen to phosphorus ratio was well below the molar Redfield ratio 
of 16, (Wetzel, 2001) throughout the study period (Fig. 55). The molar ratio of dissolved 
inorganic N (NO3 + NH4) to SRP was low (<3) throughout the summer except for the 
outlier on 3 September at the N station and an increase observed on the last two sample 
dates. The ratio increased from -1 in mid-June to a peak of 2-3.5 at the end of July 
before decreasing back to -1 by mid-September. 

Fig. 55 Dissolved inorganic N:P ratio in upper 5 m of the water column 

Given the overall rates of phosphorus loading to Crowley Lake, the molar ratio of 
TN to TP was surprisingly high through most of the summer with the lakewide mean 
value ranging from 9.4 to 26.7 (Fig. 56). The seasonal trend of the lakewide mean was a 
minimum value of 11.5 on 19 June, increasing to 24.5 in mid-August and then declining 
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to 18.7 by the end of September. Only on the June date were values significantly below 
the Redfield ratio of 16. As with TN and TP, the N station differed from the other four 
stations through the period beginning in late July. Consistently lower ratios at the N 
station reflect the high phosphorus loading associated with Owens fiver inflows. The 
overall summer mean concentration was 18.5 (4~0.7, 1 SE). However, 2002 ratios are 
much higher compared to the ratios over a similar period in 2001. The ratios reported in 
2001 indicate that the lake was most likely N limited throughout most that summer. 

Because various pools of inorganic, organic, and particulate phosphorus and 
nitrogen may be recycled at different rates, dissolved inorganic pools may not accurately 
reflect the relative availability of nitrogen versus phosphorus. The use of particulate 
elemental ratios as a measure of nutrient limitation was developed with both marine 
(Goldman, 1980) and freshwater phytoplankton (Healey & Hendzel, 1980) and has 
become widely used. Molar carbon to nitrogen ratios of summer seston (planktonic 
particulates) in the upper 5 m ranged from 5 to 7 and were thus near the Redfield ratio of 
6.6 (Fig. 57). There was little variation among stations and only a slight seasonal 
decrease from a lakewide mean of 6.4 on 19 June to 5.9 on 25 September. The overall 
summer mean was 6 2  (SE, 0.1; n, 40). 

Fig. 56 Ratio of total N to total P in upper 5 m of the water column 

The molar nitrogen to phosphorus ratio of summer seston ranged fiom 14.5 to 
83.3 and would suggest phosphorus-limited growth by the plankton d~xing most of the 
summer (Fig. 58). Only at the N station on 19 June and on the 15 Auwst sampling date 
did sestonic N:P ratios approach the Redfield ratio of 16. A marked increase from 
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lakewide average of 21-3 1 during. June-August occurred following the 15 August survey 
as September values climbed to 50-83. The overall mean of June-August samples was 28 
(SE, 3) while the September mean of three sample dates was 66 (SE, 2). Both the C:N 
and N:P ratios are surprising given the low N:P loading ratios. suggest no nitrogen 
deficiency and severe phosphorus limitation during September. 

Fig. 57 C:N ratio of seston in upper 5 m of water column 
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Fig. 58 N:P ratio of seston in upper 5 m of water column 

Internal nitrogen loadi~zg andpelagic rzitrogerz$xation 

Freshwater lakes are generally limited by phosphorus, in part, 'because nitrogen 
fixation by cyanobacteria (blue-green algae) is often able to relieve nitrogen limitation. 
Many factors, including nutrient availability, pH, light penetration, turbulence, 
temperature and zooplankton community structure, play a role in cya~sophyte abundance 
and in turn, nitrogen fixation (MacKay & Elser, 1998; Elser, 1 999; Paterson et al, 2002). 
As a result timing, intensity, predictability and species composition of' blooms vary 
substantially (Elser, 1999). The presence of heterocystic cyanobacteria in Crowley Lake, 
the recurring algal blooms, and the low N:P loading ratios all suggest nitrogen fixation is 
an important part of the overall nitrogen budget. However, nitrogen fixation rates 
measured in pelagic samples during summer 2002 were low except for a slight increase to 

rn 4 

-15 pM W rn-j h-I in September. This increase coincided with the appearance of the 
nitrogen fixer, Aphanizomenonflos-aquae. Aphanizomenon has been reported previously 
in the lake as appearing late in the season (Melack and Lesack 1982, Warner 1965, EPA 
1978). The nitrogen fixer, Gloeotvichia, was present during the early summer. Measured 
rates on the 20 June and 2 July may not fully represent the nitrogen fixing capacity of this 
cyanophyte due to the low PAR under which the samples were incubated. Studies show 
that cyanophytes will utilize a m n i a ,  urea and nitrate from the water column before 
fixing nitrogen fiom the atmosphere (Presing et al, 2001). During miclsummer, sestonic 
ratios suggest phosphorus rather than nitrogen limitation. Aphanizomenon appears in 
Crowley late in the season. The appearance of Aphanizomenon in auhlmn coincides with 
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lower N:P ratios. These low ratios favor cyanophytes not only due to the ability to fix 
nitrogen from the atmosphere but also due to their higher storage capacity of nitrogen 
compared to other algal species (MacKay & Elser, 1998). 

The estimated lakewide nitrogen fixation from 3 April to 25 September was only 
-2 -1 -0.6 g N m-2 y-' or -1.0 g N m y if you include the higher rate measured from a 

sample collected at the dock on 29 May. These annual rates lie in the median of 17 
eutrophic lakes reported by Howarth et al. (1988). The surplus of measured exports over 

-2 -1 inputs during 2000-2001 runoff years was 4.8 and 5.8 g N m y , respectively. Thus, the 
measured nitrogen fixation during 2002 could only account for a fifth of the imbalance 
observed during the two previous years. 

Nutrient cycling can be linked to food web structure (Paterson et al, 2002). 
Daphnia, a freshwater planktonic crustacean, has a low N:P body ratio and retains P 
while releasing nitrogen to the surrounding water. Therefore, an increase in Daphnia 
populations can increase N:P ratios reducing the cyanophyte advantage (Elser, 1999). 
MacKay and Elser (1999), show evidence from the Experimental Lakes area in Ontario, 
Canada that Daphnia were not present during cyanophyte blooms and that cyanophytes 
were not able to establish themselves in enclosures containing Daphnia. The 
zooplankton community was not considered during this study, but cascading trophic level 
effects may accompany fish kills or the timing and magnitude of stocking events in 
Crowley Lake. 

While sediments usually act as a net sink, they may act as a source on seasonal 
time scales and over longer periods if the sediments are in disequilibrium due to long- . 
term changes in loading or release rates. High ammonia content in pore water is 
indicative of nitrification, the decomposition of organic material by heterotrophic 
bacteria. Denitrifying bacteria are well adapted to rapidly changing conditions in 
sediments. They are abundant and can have a large effect on nitrogen turnover 
(Hakanson and Jansson, 2002). While bacteria do not create new biomass or fix new 
energy, they act as a link returning nitrogen back into the water colu-. When external 
loading is reduced, sediments can release nutrients back into the water column in 
sufficient concentration to support algal growth for extended periods thus delaying 
improvement in water quality (Hu et al, 2001). 

While we were unable to measure sediment ammonia release with benthic 
chambers, ammonia release estimates were estimated based on porewater profiles. The 
estimated release rates ranged from 0.2 to 1.1 mmol N m-2 d-I or 1.0 - 5.6 g mm2 y-l. 

While this is of similar magnitude to the "missing" nitrogen source, in terms of the 
lakewide nitrogen budget, it will be offset by any deposition and burial occurring. This 
can only act as a net source if there has been a significant change in the retentive 
properties of the sediments or a large decrease in deposition so that current high rates of 
sediment release are due to high rates of deposition in the past. The porewater profiles of 
three of the four cores all showed a significant discontinuity at approximately 10 cm 
depth. This could be a result of either of these two possibilities. 
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It is informative to examine hypolimetic accumulation and upward fluxes of 
nitrogen compared to estimated sediment release rates. The upward flux estimates and 
hypolimetic accumulation are much larger than the estimated sediment release rates 
(Table 5). This implies depositional fluxes and remineralization rates within the 
hypolimnion are large relative to sediment-water interface fluxes. The estimated upward 
fluxes are large relative to the imbalance in the lakewide nitrogen budget. Thus, 
remineralization of decaying algal matter from one or two years previous may be 
contributing significantly to these fluxes. In this case, the nitrogen imbalance observed in 
2000 and 2001 may just represent temporal time lags. However, the thermal regimes 
were nearly identical among all three years and all were below normal. runoff years (68, 
57, and 5 1 % of normal for April-September). 

Table 5 Hypolimnetic accumulation, diffusive fluxes, and sediment release 

S ARY AND CONCLUSION8 

Hypolimetic 
accumulation 
(mrnol m-2 d-1) 

Summer (June -August) 2002 nitrogen fixation rates were generally low and, 
surprisingly, sestonic particulate ratios throughout the summer (including September) 
suggested P rather than N limitation. Estimates of lakewide nitrogen fixation were within 
the range observed in other eutrophic lakes, but could only account for one fifth of the 
imbalance between measured inputs and outputs of nitrogen during 2000 and 2001. 
However, no massive algal blooms, as have been observed during past years, were 
present at any of the stations sampled on the eight summer surveys during 2002. Also, 
sestonic molar N:P ratios were higher in 2002 compared to 2001, most likely indicating 
less nitrogen limitation. Nitrogen fixation may also continue into October-November and 
rates may have been higher during spring 2002 as evidenced by higher rates in a sample 
collected at the dock in late May. However, it is unlilcely that these factors could account 
for the entire imbalance. Both sediment release rates and upward ammonia fluxes were 
of similar magnitude to the imbalance in the N budget observed during 2000 and 2001 
but they do not necessarily constitute net sources. The discontinuity at -10 em in 
sediment ammonia porewater raises the intriguing possibility that either overall nutrient 
loading rates have decreased, possibly due to range best management practices initiated 

over the past ten years, or the sediment environment has changed in a manner which has 
reduced its retentive capacity. We are not able to distinguish between these two 
possibilities with the present limited data. However, sedimentation rates are fairly high 
(>1 cm yr-l) in Crowley Lake and revisiting the sediments in several years would allow 
distinguishing between these two possibilities. 

Upward Diffusive Flux 
at 12m 
(mmol m-2 d- 1) 

Estimated sediment 
release based on 
porewater profile 
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2 1. Respondent's formal education level: 

Number 
High school not completed 8 

. High school completed 23 
Some college 36 
College graduate 26 
Graduate school 6 

22. Respondent's household income: 

Under $10,000 
$10,000-$20,000 
$20,000-$30,000 
$30,000-$40,000 
$40,000-$50,000 
$50,000-$60,000 
$60,000-$80,000 
$80,000-$100,000 
$100,000-$200,000 
More than $200,000 
Refbsed 

Number 

5 
7 

15 
19 
12 
11 
15 
4 
5 
1 
5 

LAKE CROWLEY RESERVOIR 

Use-Estimating Methods 

Survey respondents at Lake Crowley were presented with information on planned reservoir water 
operations in 1992 and on four alternative scenarios. Scenarios 1 and 2 maintained stable water levels, 
and Scenarios 3 and 4 were characterized by fluctuating water levels. The median water level under 
Scenario 1 exceeded that under Scenario 2 by 18 feet, the same amount that the median level under 
Scenario 3 exceeded that under Scenario 4. Planned 1992 operations were moderately stable at a median 
level between that of Scenarios 1 and 2. The four alternative scenarios are presented in Figure W-2. 

Almost all respondents ranked Scenarios 1 and 3 over Scenario 2, and Scenario 2 over Scenario 
4. Scenarios 1 and 3 were not directly compared. These results indicate that users prefer higher water 
levels over lower levels and, at least at lower levels, prefer relatively stable water levels over fluctuating 
levels. 
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Respondents were asked how their use would change if various scenarios were substituted for 
planned 1992 operations, under which the lake level would average 6,767 feet. Under this scenario, use 
of Lake Crowley reservoir by all respondents would average 13.0 days. Relative to anticipated use, 
Scenario 4 elicited the largest use response, an average decrease of 5.1 days per visitor. Under Scenario 
3, average annual use would decrease by an average of 3.7 days. Annual per-visitor use would increase 
by an average of 3.1 days under Scenario 2 and by 4.4 days under Scenario 1. 

These results indicate that, on average, per-visitor use would increase by approximately 0.46 days 
for each 1-foot increase in the reservoir's median water level, a substantially greater rate of change than was 
estimated for Grant Lake reservoir (0.1 day per foot). 

Summary of User Survey Results 

Results fiomthe user surveys conducted at Lake Crowley reservoir between August and October 
1991 and during April 1992 are summarized below. 

1. Location of interview: 

South Landing 
North Landing 
Pleasant Valley reservoir 
Total 

Number 

2. Place of residence: 
Number 

Metropolitan Southern California 196 
San Francisco Bay area 4 
Mono Basin 32 
Elsewhere in California 8 8 
Out of state - 3 
Total 323 

3. Mean number of people in vehicle of respondent: 2.60 

4. Mean length of current trip (days): 8.3 1 

5 .  Mean length of time visiting Inyo and Mono Counties this trip (days): 6.95 
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6 .  Other destinations on this trip: 

Other Destinations on This Trip 
Bishop 
Convict LakeIConvict Creek 
Mammoth Lakes 
June Lake Loop 
Owens River 
Twin Lakes 
Lone Pine 
Hot Creek 
Pleasant Valley Reservoir 
McGee Creek 
Big Pine 

Saddlebafliogahillery Lakes 
Mono Lake 
Mt. Whitney 
Other 

Number 
86 tP 

57 
47 
20 
17 
13 
7 
6 
5 
4 
4 

7. Percent of respondents for whom Lake Crowley reservoir is the principal destination for current 
trip: 61 

8. Mean expenditures in Mono and Inyo Counties on this trip ($/person/day): 

Groceries and supplies $3.60 
Restaurants 2.84 

Lodging 4.05 
camping 0.49 
Auto expenses 3.3 1 

0 ther 0.19 
Total $14.48 

9. Mean number of days spent at Lake Crowley reservoir this trip: 3.79 

10. Mean number of hours spent at Lake Crowley reservoir today: 6.22 
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1 1. Activities participated in at Lake Crowley reservoir this trip (for respondents interviewed at Lake 
Cmwley reservoir only: 

Activity 

Boating 
Waterskiing 
win-g 
Trolling for trout 
Float-tubing for trout 
Shore fishing for trout 
Fishing for other species 
Wading 
Birdwatchindnature study 
Picnicking 
camping 
Hiking 
Bicycling 
Hunting 

Number for Whom 
Number Activity is Main 

Participating Reason for Visiting 

12. Percent who visited Monohyo County region in 1990: 80 

13. For 1990 visitors, mean number of separate visits to region in previous year: 4.04 

14. For 1990 visitors, mean number of days spent at Lake Crowley reservoir in previous year: 12.96 

15. Number of respondents visihng other eastern Sierra Lakes in previous year: 152 

16. Mean number of days spent at, or expected to be spent at, Lake Crowley reservoir in 199 1 : 

Fall 1991 survey respondents 
Spring 1992 survey respondents 
All respondents 

17. Percent of 199 1 respondents who visited Lake Crowley reservoir before June 1 : 48 
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Respondent satisfaction with Lake Crowley reservoir recreation opportunities in 1991 (for 
respondents who visited Lake Crowley reservoir in 199 1): 

Number 
Very satisfied 5 1 
Generally satisfied 137 
Not satisfied - 5 5 
Total 243 

Preferred reservoir level management alternative (see Figure W-2 for scenario description): 

Scenarios 

Scenarios Doesn't 
1 Compared - - 2 - 3 - 4 Matter 

(433) NA NA 63 6 18 
(471) 49 NA NA 2 7 
(332) NA 20 3 1 NA 19 
(231) 50 1 NA NA 11 
(432) NA 22 NA 5 14 

Mean number of people in respondent's household: 2.84 

Percent belonging to environmental or conservation group: 25 

Respondent's year of birth: 

Before 1926 
1926-1935 
1936-1945 
1946-1956 
1956-1965 
1966- 1975 
After 1985 
Total 

Number 

3 1 
42 
76 

100 
58. 
15 
0 - 

322 
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2 1. Respondent's formal education level: 

High school not completed 
High school completed 
Some college 
College graduate 
Graduate school 
Refused 
Total 

22. Respondent's household income: 

Under $10,000 
$10,000-$20,000 
$20,000-$30,000 
$30,000-$40,000 
$40,000-$50,000 
$50,000-$60,000 
$60,000-$80,000 
$80,000-$100,000 
$100,000-$200,000 
More than $200,000 
Refused 
Total 

Number 
24 
6 1 

105 
92 
3 8 
2 - 

322 

Number 
4 

24 
33 
45 
46 
24 
5 8 
3 2 
3 4 
12 
10 - 

322 
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PREFACE 
"Of the many fishable waters in the Inyo-Mono area of eastern 
California, Crowley Lake is the largest and perhaps the most 
used" (Pister, 1960). This statement, made over three decades 
ago, remains true with anglers seeking sustained high catch rates 
of quality put-and-grow rainbow trout; fast action and trophy 
Sacramento perch angling; and trophy catch-and-release trout 
angling. High angler satisfaction, even under heavy angling 
pressure, has become the Crowley trademark. Yet, these fishery 
resources remain dependent on weather cycles and human 
intervention. 

A decline in Crowley Lake angling success, beginning in 1987 and 
persisting through several seasons,, roused much public concern. 
Angling groups, including a newly-formed "Committee to Save 
Crowley Lake", requested action from the California Department of 
Fish and Game (Department). A study to evaluate the Department's 
management of put-and-grow hatchery stocks and t o  better 
understand wild trout fisheries was initiated in 1989. In June, 
1991, a meeting held at the Department's Bishop office provided a 
forum for participation by concerned organizations and agencies 
to develop a management plan for Crowley Lake and its tributary 
waters. Issues identified by the group are addressed in this 
management plan. 

I The Department emphasizes management of fish and wildlife 
resources on an ecosystem or watershed basis using strategic 
planning and management concepts. These "units" represent 

~ specific geographical areas requiring coordinated resource 
management. Programs need to be developed and implemented which 

i -  "manage diverse fish, wildlife, and plant resources, including 

' h  the habitats upon which they depend, for their ecological values 
and their use and enjoyment by the public" (Department Mission 

- - 
Statement). The "unit1' covered by this plan includes Crowley 
Lake and tributary waters which are linked to Crowley Lake 

I II- fisheries, along w i t h  the lands associated with these resources. 
This plan does not include the upper reaches of some tributary 

I j -  waters. 

This plan incorporates certain recommendations from A F I S H E R I E S  
E -. MANAGEMENT PLAN FOR THE MAMMOTH LAKES B A S I N  AND CERTAIN ADJACENT 

I 3 WATERS, MONO AND MADERA COUNTIES,  C A L I F O R N I A  (von Geldern, 1989) . 
Two issues regarding Crowley Lake and tributary waters that were 
discussed in the MammoYh Lakes Basin management plan have been, 
or are being, remedied. These are "Damage by grazing cattle on 
public portions of the Owens River and other tributaries1', and 

L- 
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F:O R E ' W  O R  D* a , * + .  . 
. . 

. . 
. ,  The. National Eutrophication Survey was i n i t i a t e d  in.  197.2 i n '  . - .  . .: 

- !  

response 'a an Administration c o h i  tment to. invest4 gate *the nation- ' .  . , . .  . 
w'i.de threat o f  iiecelerated eutrophication to freshwater lakes and 

s ,  reservoi rs.. . :  . . 
. . . . 

'. . . , 
'OBJECTIVES . . 

. . '    he Survey 'was designed t o  develop, i n  conjunction w i th  s ta te .  
environmental agencies, information on nu t r jen t  sources, concentrations, 
and i r w c t  on selected freshwater lakes as a basis f o r  formulating 
comprehensive and coordi naied ,national , regional, and s ta te  ngnage~~rnt 
practices relatSng to point-source di.scharge reduction'and non-point , . *  ~ 
sourcepollution.abatement'in lake watersheds. ., . . 

ANALYTIC APPROACH ' . . 
2 .  

The mathematical and s t a t i s t i c a l  procedures selected for ' the 
~ u r v e y ' s  eutrophication analysis are, based on re la ted  concepts that: 

. . 
' a. '. A general ized represe&tion o r  model ielarjk m$)- b f l \ ~ c ~  ' 

sources, .concentrations, and impacts can be constructed. : . 

b. By applying measurements o f .  re1 evant parameters 
associated w i th  lake degradation, .the' general ized m d e l  
can be transformed. i n t o  an operational representation o f  
a lake, i t s  drainage basin, and re lated nutr ients.  . . ,  

c. With such a transformation, an assessment o f  the 
potent ial  f o r  eutrophication control can be made. 

LAKE ANALYSIS 
\ 

I n  t h i s  report, the f i r s t  stage o f  eval.uation o f  lake and water- 
shed data col lected from the study lake and i t s  drainage basin i s  
documented. The repor t  i s  formatted t o  provide s ta te  environmental ! . .  

agencies w i th  spec i f l c  information f o r  basin planning [§303(e)], water - i 

qua1 i t y  c r i  ter ia /s  tandards review [5303(c)], clean 1 akes [§314(a, b)], i 
and water qual i t y  monitoring [§I06 and 5305(b)] a c t i v i t i e s  mandated' 
by the Federal Water Po l lu t ion  Control Act Amendments o f  1972. 
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. . 

, . . . . . 
Beyond the si 'ngle lake' analys is ,  broader based corre.lations 

between nu t r ien t  .   on cent ration (and 1 oad'ing) and, trophic condi - - . . tion are.bei'ng made. t o  'adxan.ce'the ra t iona le  .and da ta ,  base .for 
ref inmerat  .of nutrf en t  water qua1 i ty c r i " t e i i a .  f o r  the..rla t i o n ' s  

. . fresh..water lakes. Likewise,' mu1 t ivar i .a te  +v,a,l.uations, f o r  .the ' 

' 

- .' . ,re1 ationships'  between 1 and use, .nu t r ien t  export, '  and trophic . 
. . . . ' .  condit.ion,'.by lake c l a s s  o r  w e ,  a r e  being 'developed t o  a s s i s t  

. . . ' i n  t h e ' f o v u l a t i o n  of p lann ing  guide9 ines and polic,ies by €PA . . 
and to augment plans  imp1 ementation by fhe'state's.  

. . 

. . 
. The s t a f f  of the  National ~ u t r o ~ h i c a t i o n  ~ u r v . 6 ~  (Office of 

Research & Development, U. 5 .  Environmental Protection Agency) 1 
I ' 

expresses. s incere  a7preciat ion t o  the Cal i fornia  S t a t e  Water . 
I 
I Resources Co.\trol 'Board and the nine .  Regional Water Qua1 i ty. : . .  . . 

control' Boards f o r  professional involvement , t o  ' the Cal i ,fornia i National Guard ' for  conducting the  tr ibutary.  sampl ing phase of 
the Survey, and to  those Cal i fo rn la  wastewater treatment plant  . ~ ; .  ' operators who voluntar i ly  provided e f f luen t  samples and flow . . 1 

I 
data. . . . . 

. . 

The s t a f f  of the  D.ivisicn of Planning and Research of the 
I Sta te  Water Resources Control Board provided ' invaluable 1 ake ~ docurnenta t ion  and counsel duri'ng the Survey, coordinated the  

reviews of the  preliminary repor ts ,  and provided c r i t i ques  
most useful i n  the. preparation of t h i s  Working Paper- s e r i e s .  

I Major General Glen C. 'Ames, the Adjutant Genera1 of Cali- . I 

I . fornia,  and Project  Off icer  Sec~nd  Li .e~tenant  Terry L.  Barrie,  
who directed the volunteer e f f o r t s  of the  California National 
Guardsmen,. are a1 so g ra te fu l ly  acknowledged f o r  t he i r  ass i s  tance 
to the Survey. 
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. . . . .  . . . . .  . , 
. . I, INTRODUCTION 

. . . . . . . . .  : . . . . . ! .  
. . .- 

. ~a ke Crowley. . . was, included i n .  the National Eutrophication Survey . . .  . . -. . . . . . ) .  . -. ' 
2 8 . . .  

as a water body of ' i n t e re s t  t b ,  t hkka l  i fgrnia  State ~ a t e r  ~ e ~ o u i c e s  % i . . 

a ' . Control '~oard. ~ r i b l t a r i e i  'and nutrient sources. were no t  sampled, ' . 
. . 

and this report, relate's only reservoir sampiihg data. . .  , . . .  

... . I I. CONCLUSIONS - . . , . . 

A. ~ r o p h i c  Condi tion*: 

Survey da'ta indicate that  Lake Crow1 ey i s  eutrophic , I t  

ranked fourteenth in overall trophic' qua1 i t y  when the 24 i'. I 
i , .  . I .  8 .  

: s 

I 
I 

8 .  C a l  i fornia 1 akes and  reservoi'rs . . . . :. . 
. . i. 

using a combination of s ix  parametersf*. Sixteen of the 

water bodies . . had less  median ' total  phosphorus, 18 had less  

I median dissolved orthophosphorus, f ive  had l e s s  median 

I inorganic nitrogen, 13 had less  mean chlorophyll - a ,  and eight 

had greater mean,Secchi disc transparency. Depression of I I 
hygolimnetic disso.lved oxygen occurred a t  sampling s t a t i o r ~  1 I I 
i n  June (2.8 mg/l a t  25.9 meters). ' I 

Survey limnologists noted surface concentrations of 

a1 gae  i n  June and ~overnber, and depression o f  dissolved oxy- 

gen and f i s h  k i l l s  have been reported to occur i n  the reservoir 
I 

, (Johns, 1975). 

* Trophic assessment i s  based on 1 eve1 s o f  n u t r i e n t s ,  d i s s o l  ved oxygen, and 
c h l ~ r o p h y l l  a ;  p h y t o p l a n k t o n  k i n d s  and numbers; and transparancy (Allurn 
e t  a t . ,  1977r. 

** See Appendix A &-A 



. .. . . ~ The algai &ay results i nd ica th  the reservol r was n i  tro&,l 
. I 

- 
. . 1 imited i n  early June.,.  he reiervoir . d z t a  indicate n i  trogpn 

. . .  . . 
. . . . 

1, imitat ion a t  $11 sampling stat ions and times. , '  

/ 
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. . .  . , I I I .  . RESER~OI::  AND DRAINAGE EASIN C'HARACTERISTICS+ . ' . - 

. . 
t '  . 

. . .  . . 
. . . . A. ~ o r ~ h o m e t i ~ t f :  , .  . . 

. ,  ;z 5.283 4, 1. 
C 

$ , ' ~ 5 , ~  1 .- 1 :  
- I 

: ' 1 .  . surface area:* ij. 38 k.j'lo&tersi. . - . . . . ,  . 
9 ' . . , e 

. 8 

9 .  
. , . '  2. Mean depth: 10.6 meters. ' , = 

, . . . . . 
. 3. Maximyn depth: 3 8 . 4 m e t e r s . ~  = . 

. , 

1,. Year o f  sampl'ing: . 8.1 centimeters. 3#2 '  
2. Hean annual : 1 a. 5 centimeters; , . 57 ' 

t Tab1 r of metrlc equivalents--Appendix 8. 
t4 Dendy, 1974. 
* See Workfng Paper No. 775, .... Survey Methods. 1973-1976". 



IV. LAKE. HATER, QUALITY SUMMARY 
, ' ' 

. . . .  , 
. . 

. .  . . Lake Clawley was .sampled t h r ee .  times during. the open-water seasor, 
' .  . . . 

. of  1975 by means of a pontoon-equipped Huey he1 icopter. The f i r s t ' .  i 

. 'time, samples t o t  :and ch&i.c41,' parameters W&P col l e c k d  . . . . .~ 
. . . . ,  .' . 

. from a number o f  d e p t h s  a t  two- s t a t i ons  and thereaf ter  from-three , 
. . . .. 

. .  ' . I .  . 
. . ~ i a t i ~ n i  on t3s r e s e r ~  ( s ee  niap, 'p'ag2.v). Ouring eac'h v i s i t ,  a s'ing1.e ' ' 

. . . . 
depth- integrated (4.6 m , surface) sarnbl i was, composi f e d  f mm t h e  ~ - 

. .  . 
s ta t ions  f o r  phy.toplankton. i den t i f i c a t i on .  and enumeration.; and during . . 

the f i r s t  v i s i t ,  a s ingle  18.9- l i ter  depth-integrated sample was . 

I 
composi ted f o r  a1 gal assays. A7 so each time, a depth-i ntegrated 

sample was collected from each of the .  s t a t ions . . fo r  'chlorophyll 2 ' 

.. - - . .. -.. . . 

analysis. Themaxirmrn depths sampled were 2'5.9 meters a t  s t a t i on  1, ' 

14. 6imeters at s t a t i o n  2, and 7.9 meters a t  ;:ation '3.. . .  . . 
' I 

The sampling results a r e  p resen ted  i n  f u l l  in. ~ ~ p e n d i x  C and are 

sumartzed in the following ta'ble. 



TEMP U i C )  

P H  (SPANU UNITS)  

T O T  P (MG/L) 

OPTNO 4J (Hl.j/L) 

SECCWP (METERS) 

. . . . 
. . 

. . . . . . .  

. . . , 

A .  SUMK ARY OF P ~ Y S  I CAL AND CHEMICAL C ~ ( A ~ A C T E . H I S T  ICS F O ~ '  CHO*L.EI L A K E  - . . 
STORET CODE 0605. . . .  

. . '. . 
1ST Sbr@LlhcG t 6/10./75) ZhO SAMPLING ( 6 / 3 0 / 7 5 1  ' '3WO SAMPLIhG (11 /  5 /75]  . 

' . '3 S I T E S .  3 S I T E S . .  . .  

RANGE MEAN MEDIAN RANGE WEAN H E I ) I A I ~  SANbE HEyN HEnl AN 

. . 
5.4 - 7.8 6.9 . 7.3 683 7.6  8.0 '.- 9.4 8.6 - k\.b 

169. - 233. 211.' 213. 231. - 2 7 1 .  250.  2.50. . 23>.'.- 248. ' 241. 241. 

7.3 - 8.5 8 -  3 d 4 7.8 - B.8 8.4 8.5 -8.6 - 8.8 8 :7 A,. 7 . ' 



I .a . 
. . 6 

. . . . 

.. . . .  . . . '  
. . : . 

I .  . . . . .  
. . .  a. . 

, ' B: ~ i o l o b i c a l  ch'ar&teristics : ' . . .  a. . . . 
, . . . . . 

I .  . . . .  
. . 1 . :  phytoplankton - ' . , &  

Sampl i n g  
Date - . . 

 gina ant 
Genera 

. 1. Chroomonas (?)  9. ' 
2. : Asterionella z. , . 

.: 3 .' Dinobryon SJ, 
4. .  Fraqi laria*;%.: . . . 
5. Cryptamonas SJ. 

I 
. . . . 

. . Total'. 

. . 

A J ~ ~ I  Units. , 

pep ml . . 



2 . . % , .  

: 2; '. chiorophyll a - - .  I .I . . . L 8 .  - 
.- : . . . , .  . . . . . , .3 . . . . .  . .$ .  . . 

Sampling . .Stati..on ' .  . ~ h l  orophy'l 1 a . . . . t. 
Date . . 3 Number . ' ( v g / l I  ..j . . . . 

. . . .  . . ,  3 . : 
: .' 06[10/.75 . ' 1. 1.7 . ' 2 : .  

. . I . . 
' . .  , 2 ' .  . 1 .o 3. 
. . . 3 . .  . .  ~ 

- 
, . s 

. . . . 
8 .  

a . .  
06/30/175 . . . . I  ". 

4 : 

. . :2 * .  .:, . . 3 
, . . . . . . ;  

* .  . . .  11/:05/75 . . I .  : . 
. . .  2 . . . . 

' 3 . 9 . 3 .  
' . 

. . .  Limiting.Nutrient study: 3 

. . 
A" tocl aved, fi I te r  

.-", '- d' 
>-. :..:' 
f;": .- 

37 b : <2 /.<+ 7 l;+. l,.? , ,.. 

Spike (mg/!) 
. ' 

hntrol { li. j U,;L..*{ 

Oi050 P 
0.050 P .+ 1.0 N. 

I 1 . o N  . 

Discussion - 

.ed, and n u t r i e n t  sp iked  - 
ortho P . 1norgani.c N . 
Conc . (ing/ 1 )' Co nc . ' (mg/'l'l 

. s 

The control yield of the assay alga, Sel enastrum capri - i i ,I l* i 1  .\,,;. .yr. *7 - 
. cornutum, indicates that the potential primary productivity by; )0 3 /, I t  I 

.'-; $7 -. $<'; 
* ! -  

of Lake Crowley was high a t  -the time the samp.1e'was col- t .  . : b 
i *", ; +&q 

)., Li 
.I . ' 2,i 

lected (06/10/75). Also, a s ignif icant  increase i n  yield ;h . :. i - , 4d . f  , 
" 6 r k ' f  . ̂  

I - 3  . l 3 

w i t h  the addition o f  nitrogen alone indicates tha t  t h k  rese-rvpir \' ' '. p -> 
--..- . . .  . . . . . . . . . . . .  -, . .  . . . . . . . . . . .  .J$ ;fl 

cP$ \:+ . ,:f { ;: 
was limited by nitrogen a t  t h a t  time. Note that  the addition 3 . ,, A' ,- :, . 

. . . . .  . . . . .  ?-, 

. . , -, >. ' L  

p ', , ,??, * 
of phosphorus. alone d i d  not r e su l t '  i n  an increased yield. . -%. 1 ' -' ,., .- 

. .  . .- ., . .  ' . *  
. -. . . .  - .  '$3 

The reservoi r data a1 so indicate nitrogen 1 imitation; i .e. ,  , .>. 4 j 
I f1 1 . 

.--3 ':, . - 
the mean inorganic n i  trogen/orthophosphorus ra t ios  were 

' 

3/'1 o r  l e s s  each sampling time. 
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. APPENDIX A 
: 

, .LAKE' RANKINGS ' ' . 



0b0(  A*AbJr AESEHVOL* 0.060 . . 
0.390 

ObOZ dOCA LAKE . 0.012 0.04U 

Oh03 L A l C  H p l l l U ' d  0 . 0 b l  0.115 

a 6 0 6  CASI1AS RCSERVIJL~ 0.029 . . 0.0sO 

06US CPObLET LAKE ' 0.046 0.045 

0 6 0 9  FALLEN LEAF UCSERVOIR 

Oau9 LAME HCNNESSLV 

0 6 1 0  LANE MCMSH4d 

O b l l  IYON GATE RESEkVOIR 

o b ~ s  LOPEZ LAKE 

0626 TULLJCK RESEWOIR 

0625 IICPER IUIN LAKES 

0626 ~ 0 d E u  TWIN LA6ES 

. . 
, ,2.550 . 10.bOO . 0.002 . ; - 

. . 
3. i o o  9.400 0.OOb . . C U -. 



M E ~ ~ A N  U L O I W  500- 
TOTAL P ' l ~ o r J G  H WEAN 5EC 

*AN '.. I S -  ' . M U 1  AN 
CnCOAA ' U I N  0 0  , DfSS OQTHO P 

9 I 21. 17 1 r i .  20 1 61 , 

91 1 21) 100 1 231 91 1 201 0602 BOCA L A M E  @9 ( 201 98 ( 221 10 1 161 

L A U L  l 4 o I T l O Y  

C I S I T A S  RESEaYOlR 

c a o u L E y  LAKE 

WN PEQPO HLSEUVOIR 

L A K E  E L S I N O k E  

F A L L E N  L E A F  RESERVOIR LOO 1 231 b7 I I 9 1  100 1 '231. 

48 I Ill S4 1 11). 39 1 91 

13 .1 31 .33 1 7 )  13 1 31 

9 ' 1 2 1  O ( 0 t .  2 6 ( " b l  

4 1 '11 26 1 6 )  . 7 4  1 111 

9 6 1 . 2 2 )  8 1 , ! L 9 l  9 1 1 2 1 1  

65 ( 151 ,73 1 1 6 )  30 1 ,  1 1  

26 ( 61 '9  1 2)  4 1 I 1  

22 '1' 51 I 3  1 3) 2 2 ' 1  51 

5 7 0 3 1  4 1 1  9) 9 1  21 

39 ( 91 ' 3 3  ( 7 )  S2 1 I21  

61 1 141 54 1 11) b l  ( 141 

?I 1 111 41 1 9 1  83 b I91 

8 9 t 2 0 1  b s o s ~  7 8 1 i e 1  

52 '  ( 121 54 1 L1) 35 t . .  8)  

10 1 1 0 1  9 8 1 . 2 2 1  8 7 1 ' 2 0 1  
, . 

7 4 1 1 7 1  b ? 1 1 9 )  9 6 ( 2 2 1  

L A K E  HENSHAU 

2 6 . t  61 , 4 1  11 . LO* I R O N  GATE RESCRVOIR 

L O P E Z  L A K E  

L A K E  MARY ' 

L A N E  UEHOOCINO , 

W l C A b I O  RESEAVOI* 

LOUER 0111 RESERVOIR 

L b 6 E  P r L L S q U 4 1  

SANTA WARGARl lA LANE 

S n A S T A  L A ~ C  

SWAVCR , 

S I L V E H  L b K C  

TULLOC6 RESERVUIR 

UPP~R TYIN'LWES 

LOWER TWIN L A n E S  



LANES P A W E D  BV 1 N D C I  hOS. 

*A-lc LAKE C O M  L I R E  QAME 

Ob23 

0615 

0625 

0626 

0622 

060b 

Oblb 

0621 

0624 

0604 

0619 

ObOS 

0600 

0620 

0117 

S ILVER CA*E 

LARE uARr  

u o r E n  TWIN L A K ~ S  

L O ~ R  1 r l Y  LAKES 

S n A v L R  

DOH PEORO RESERVOIR 

L A n E  UCNDOCLNO 

S n A S f  A CAKE 

TULLOCK RESERVOIR 

CASIIAS R tSLRVOIR  

L ARE PILLSBUHY 

CPOdLEY LAKE 

~ ~ W F S S E V  

S A N I A  UARGA*ITA LAKE 

N I C A S l U  IILSEHVOID 

18 0603 LARE d * l l l O ~  

19 06lC LOPEZ LAKE 

20 Oh01 AMADOR RESLdVOlR 

21 0610 L A K E  HCNSMA4 

22 0610 L O r E A  OTAV UESERVOIH 

23 0607 LAKE ELSIYO.(E 

26 0611 I ~ U N  GATE R t S E R V O l a  



CONV ERS I ON FACTORS 



' . . . .  . . . . . I '  

. .. .- . -. . . . .- . . . .---- --...-..-.-- --.- . . . I... . .. _ . .. 
8 .  

Kilometers x 0.6214 = miles' . .  

Meters x 3.281 '=  f e e t  . . 

Square kilometers x 0.3861 = square miles . . ' 

. .I 

Cubic meters/sec x 35.315 - cubic feet/sec 

Centimeters x 0..3937 = inches . 

Kilograms x 2.205 pounds . 
. . 

. ~ilog.rams/square kilometer x 5 .711  = lbs/square mile *. 





. 060501 . 
3 1  35 16.0 I16 42 33.0 3 ' ' . , 

C d O w ~ t i Y  LAKE ' 

. . I .  

IlEPALES 751126 2111202 - . . . .  
0080' F i E T  .DEPTH CLASS 30 . . .  

. . j 

I 

00010 00300 00077 00094 00400 00410 00610 OObZS 00630 00671 . . ' 

T R A N ~ P  C N O ~ ~ C T V Y  T '  ALK : NH3-N . TOT ,KJEL' N.OZLN03 PHOS-UIS 
1 

D A T E  T I M E  OEPlcI WATER . DO PH 
FROM OF TEMP SECCHI  F I E L O  CACo3 T O l A L  N . N-TOTAL . ORTHO :. . i 

TO D A Y  FEET CENT , qG/L INCHES M ICROMHO SU MGCL Mti/L , HG/L . MG/L HG/L . P ' . i . . :I . I 

7 5 / 0 6 / 1 8  13 50 0000 . 17.6 7.8 216 222 &.SO 104 0.020 0.200 ':0.030 0.035 
13 50 0005 16.9 x7 225 8.29 104 0.020 00.200 " O.OPOU 0.036 

1%' 13 50 0015 16.2 7.8 211 8.50 ' 105 0.030 : , , . ~ ; 2 0 : b s ' .  0,020.K 0.035.' . . . 
: , - .  . ! i 

13 50 0031 11.2 6.6 1 6 9 .  8.20 67 0.030 "'0,200 0.02OK 0 . 0 4 2 .  , , .  
i 

. .. . 13 50 0055 10.3 ' 5.4 ~?02 . (3.50 111 . OoO4U . 0.200 ' 0.020 0 .066~ .  
I . .  

1 3  r;n a n t 6  16.0 5.4 ' 705 7 - 9 0  - 11s ' 0 . 0 ~ 0  . 0 . ~ 0 0  . 0.024 . 0.012 - .. 75 /36 /3@ 15 45 0000 20.3 . 8.8 - 6 b  271 8. d j  -110 . 0.040 0.500 . . 0.02OK. 0.021 -. 
. . .  I S  45  0005 20.2 268 8.75 112 0 041) 0.O2OK .0.026,. 0.600 n.8 

1 . 0.030 0 - 5 0 0  '- 0 . 0 2 0 ~  0.037 ' 15 45 0020 16.d 
. . . . . .  15 45 0050 15.5 -040 0 , 4 0 0 ,  . 0.02"K. 0.045 ' 

15 k5  OOdS 13.d . i 20 )  : 0.600' - 0.030 . 0.122 . . 
. . . .  

7 S /  1 1/05 11 30 0000 0.0206 .O. 200  .o.ozon 0 . 0 1 ~  8. I 
11 30 0005 7 .9  8.6 0.UZOh . 0.2006 , 00020h . 0.0'11 . 

. . . . . . .  11 30 0016 7.9 0 . 0 2 0 ~  0 .300 0 . 0 2 ~ 1 ~  ., 8 . 0 1 ~  . 
. . 8.2 . . . .  . . . .  11 30 0045 7.9 , 8.6 0.020K . 0'0200 - O.OZ'OK 0;015 . . 

11 30 'OOdi? 7.5 8.2 0.02UK. 0.200 0.U20K .0.0,13 , , w ! ' .  
CI I 
- 0  i 

. . .  i 

00665 3221 7 30031 
D A T E  T I M E  OEPTH Pr(O5-TOT CHLRPHVL IYCOT LT 
FROM OF A QE'W 1 k G  

U A Y  FEET , MG/L P . U ro 
-/---., 

7S/Ob/d0 13 50 0000 ,,--0.0.34 .*, 
13 50 00CS i 3.03', 
13 50 001s L~a;-d5r' 
13 50 3031 3.039 
13 50 0055 0.058 

!-, 

? 5 / O b / 3 0  IS 45 3000 -~3.646.".~ b. 8 
. i 

I 

r@.e(fac 
I( VALUE KYO*hl Ti) 8E 



000 10 
DATE T I M E  OEPTH dATER 
FROM Of TEMP 

T 0 QAY FEET CEhT 

, l l E r n ~ E S  151126 2111Zli2 
0067 FEE1 0EP.fn CLASS 00 

00671 . 
00077 00094 00400 00410 00a10 oop2s O O ~ A O  00300 

NH3-(U 131 KJEL NOLbN03 P ~ O S - ~ ~ S  00 THAYSP CNOUCTVY PH I ALU 
SECCHI F I E L O '  cAco3 TorAL. .N N-TWAL OPTnO . . 

1 N C  ME S H 1 CROMHO %I . MG/L M b / L  w 6 / L  . . Mb/L  ' ,Mcj/L P ' ' YG/L  



. . . . . . 
Uh0503 

3 1  3 a  J3-0 118 44 06.0 3 . . 
CdOwt.EV L A K E  . . .  

06051. CALiFOkPtIb - . . 
. . . . 

. , 
. . . . t . . . . . .  - .  

I.)F.PALES 751204 .2111202 - '. 
. . 

0039 FEET OEPTn CLASS, 00 
. 8 

4 . . . . 
00630 . 00671 : . 

E J O ~ O  00300 00077 00094 so4on . 0 04! 0 '00610 00625 
I R A C S P  CNDUCTVY' PH T ALU hn3-t.4 ,101 KJEL FOZLN'J3 PMS.-bIS : . , R E  TIME o~rrrc rtATLR 00 . . . 4 'PJ-~OTAL UHTHO' 

RlKlN . OF TCHiJ SECCHI : FIELO . . 
l N C h E S  HlCROMHO su . WGIL Mil/!, To 0 A Y  FEET CENT YG/L . I .  . . . ~ . 8 


