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ABSTRACT 

Bear Lake has undergone detailed limnological investigations since 1979 
t o  determine i f  t h i s  lake i s  a sui table  candidate for  a nutrient enrichment 
program. The f isheries  data has been summarized in Part I of t h i s  report and 
contains data since the inception of the Bear Lake coho salmon program in 
1963. Part I 1  summarizes the water qua1 i  ty and pelagic productivity of Bear 
Lake . 
A t  present, Bear Lake i s  in a transit ional s t a t e  between an oligotrophic 
and mesotrophic system and as such i s  considered a phosphorus-rich system. 
Consequently, the N:P  atom ra t io  must be raised t o  increase the competitive 
advantage of non blue-green algal species. This would resul t  in a more 
productive capacity of the lake by providing more edible species of phyto- 
plankton for  the zooplankton such as the green and diatom species. 

The recommendations for th i s  lake are to  increase the supply of nitrogen 
by application of a nitrate-ammonium f e r t i l i z e r  and to  l imit  the loading of 
phosphorus to  minimum levels. 



INTRODUCTION 

This report i s  designed primarily to  summarize sockeye and coho production 
in the Bear Lake system. Major emphasis i s  directed toward such salmon 
production data as origin of stocks, smolt and adult production, s i ze ,  
and age of f i sh  produced. The effects  of the 1963 and 1971 lake rehab- 
i l i t a t i o n  on subsequent coho fingerling releases, and t o  a lesser  extent,  
on sockeye productivity, are discussed. 

Bear Lake (180 hectares or 445 acres) i s  the largest s table  body of 
c lear  fresh water in the Resurrection River drainage. Since 1961, the 
Resurrection Bay coho sport f ishery has developed into the largest  marine 
sport fishery for  the species in Alaska (McHenry 1978). In 1963 the 
Sport Fish Division ( A D F & G )  decided to rehabi l i ta te  Bear Lake with 
rotenone t o  eradicate i t s  predator and competitor f i sh  species. Without 
predation and interspecif ic  competition, i t  was believed that  through 
annual coho fingerling releases, coho smolt production could be increased 
and tha t  adult returns would increase t o  sa t i s fy  the growing angler 
demand. 

Before the 1963 rehabi l i ta t ion,  upstream and downstream f ish migrations 
were monitored by a temporary weir located in lower Bear Creek. Annual 
upstream migrations averaged 921 adult coho (1961-1964), 4,801 adult 
sockeye (1961 -1965), and 10,543 Do1 ly Varden (1961 -1962). Downstream 
migrations (1  962-1963) averaged 5,421 coho smol t s ,  51,232 sockeye smol t s ,  
and 17,838 Dolly Varden. Threespine stickleback were n o t  counted a t  the 
temporary weir, but beach seining in Bear Lake indicated th i s  specie was 
abundant. Table 1 l i s t s  f ish species present in the Bear Lake drainage. 

Following detoxification of the lake, the f i r s t  stocking of Bear Lake 
with coho fingerlings took place in November and December of 1963. Coho 
fingerling releases continued until 1968, afterwhich the second Bear 
Lake rehabi 1 i t a t i  on was planned and conducted. Fol 1 owing the 1971 1 ake 
rehabi l i ta t ion,  fingerling releases resumed and are currently being 
conducted. 

The 1964 earthquake destroyed the out le t  dam in Bear Creek which allowed 
unobstructed entry of a l l  f i sh  migrating upstream into Bear Lake. 
Following the earthquake, Bear Lake gradually became reinfested with a 
considerable population of threespine stickleback. I t  i s  not known 
whether the reinfestation was caused by the destruction of the Bear Lake 
dam or by insufficient rotenone treatment. The take-over of the rearing 
environment by stickleback apparently decreased coho and sockeye smolt 
production and s ize ,  and also changed the age structure from age-1 t o  
predominantly age-2. 

Before the rapid expansion of the stickleback population, salmonid smolt 
production in Bear Lake increased several fold as a resu l t  of favorable 
rearing conditions during 1964-1966. This smolt production increased 
abundances of adult sockeye by 11 times and coho by 3.5 times a f t e r  
rehabi 1 i ta t ion.  Specifically,  coho smol t biomass production attained 
4.2 kg  for  each kg of fingerlings released in 1964. Smolt survival from 



Table 1.  L i s t  of f i s h  species present i n  the Eear Lake drainaqe*. 

Common Name Sc i en t i f i c  Name 

Dolly Varden 

Rainbow-steel head t r ou t  

Sockeye salmon 

Coho salmon 

Chum salmon 

Pink salmon 

Threespine st ickleback 

Prickly scul pi n 

Coas trange scul pi n 

Slimy sculpin 

S a l v e l i n u s  malma 

Salmo q a i r d n e r i  

Oncorhynchus n e r k a  

Oncorhynchus k i s u t c h  

Oncorhynchus k e t a  

Oncorhynchus yorbuscha 

G a s t e r o s t e u s  a c u l e a t u s  

C o t t u s  a s p e r  

C o t t u s  a l e u t i c u s  

C o t t u s  c o y n a t u s  

---- 

* Taken from Logan and !!cSienry ( I  973) . 



stocked coho fingerlings in Bear Lake was 43.5% and 48.1% from the 1964 
and 1965 releases, respectively. Correspondingly, smol t to  adult survivals 
from the 1964 and 1965 releases were 13.7% and 17.4%, respectively. After 
1967, coho f ingerl i ng releases were terminated (unti 1 1972)  because of 
poor smolt production which was due presumably to  the increasing 
stickleback population. 

Bear Lake was rehabili tated again in 1971, primarily to  eradicate the 
excessive population of stickleback. The lake remained toxic throughout 
the winter of 1971-1972 and f ina l ly  detoxified shortly a f t e r  the spring 
overturn. Coho fingerling releases resumed in 1972 a t  stocking densit ies 
thought to  be conservative. During 1972-1975, Bear Lake was stocked a t  
densit ies ranging from 2,461-2,503 per surface hectare. As a resu l t  of 
these stocking densit ies,  intense intraspecif ic  competition among 
f i ngerl i ngs occurred, causing depressed growth ra tes ,  1 owered survi val s , 
and extended rearing to  smoltification. Thus, i t  appears tha t  the 
cumulative e f fec t  of stocking Bear Lake a t  these densit ies resulted in 
overtaxing the rearing capacity. Since 1976, Bear Lake has been stocked 
a t  approximately one-ha1 f the 1972-1 975 densit ies (1,247-1,265 per surface 
hectare) t o  prevent overcrowding of the rearing area. 

The selection of coho brood stocks used a f t e r  the i n i t i a l  (1963) lake 
rehabili tation was limited to  sources most readily available. The brood 
stocks used during the 1963-1967 fingerling releases included Bear Creek, 
Dairy Creek-Seward Lagoon, Ketchikan Creek-Southeast Alaska, Swanson 
River-Kenai Peninsula, Pasagshak River-Kodiak, and one out-of-state stock 
from Big Creek, Oregon. Following the 1971 lake rehabi l i ta t ion,  most of 
the fingerling releases have been from Bear Lake, except during 1973 and 
1974 when brood stock from Kodiak was used. 

In 1966, coho smolt releases in the Resurrection Bay area were in i t ia ted  
for  the purpose of increasing adult returns for  the demanding marine 
sport  fishery. Coho smolts have been and currently are being released in 
Seward Lagoon, lower Bear Creek and Grouse Lake. Total adult returns 
for  these smolt release s i t e s  have attained 15.1% for  Seward Lagoon, 
6.1% for  lower Bear Creek, and 7.8% from smolts released in Grouse Lake. 

Brood stocks used in the coho smolt release program a t  Seward Lagoon, 
lower Bear Creek and Grouse Lake were of Bear Lake origin,  except for  the 
following: Kodiak brood stock was used in 1970 and 1972 a t  Seward Lagoon 
and in 1970 a t  lower Bear Creek, the Big Creek, Oregon brood stock was used 
in the 1968 and 1969 releases a t  Seward Lagoon and in the 1969 release a t  
lower Bear Creek. All smolt releases in Grouse Lake were of Bear Lake 
system origin,  



SOCKEYE SALMON PRODUCTION 

Post 1963 Lake Rehabil i tat ion 

Following the 1963 lake r ehab i l i t a t i on ,  sockeye salmon smolt production 
dramatically increased. In 1964, 1,287,471 smolts migrated from Bear 
Lake, which represented a 15.2% potential  egg-to-smolt survival 
(Table 2 ) .  As previously noted, these f i s h  were reared in Bear Lake 
during the  time of low st ickleback abundance. Age-1 smolt s i z e  increased 
from a mean of 63.5 mm in 1962-1963 t o  120.3 mm in 1965 and 82.0 mm in 
1966. Concurrently, the age s t ruc tu re  of these smol t s  changed pre- 
dominantly from age-2 t o  age-1 (Table 2 ) .  In addi t ion,  adu l t  production 
peaked as a r e s u l t  of the 1963 and 1964 brood years with respective 
smol t t o  adu l t  survivals  of 23.3% and 19.6% (Table 2 ) .  Total sockeye 
salmon adu l t  re turns  from one 1 i f e  cycle before the  1963 rehab i l i t a t ion  
averaged 4,801 (1961 -1965) f i sh .  After  lake r ehab i l i t a t i on ,  the  mean 
adu l t  re turn  increased t o  53,527 sockeye salmon f o r  the next l i f e  cycle 
(1 966-1 970). T h u s ,  adu l t  production fo l  lowing the  1963 1 ake rehabi 1 - 
i t a t i on  increased t o  the point t h a t  commercial and subsistence f i she r i e s  
were opened in Resurrection Bay. Catches in 1968 and 1969 reached 
74,473 and 99,859 adu l t  sockeye, respectively (Tab1 e 3 ) .  

However,, a f t e r  1967, sockeye smolt production began showing a marked 
decline in abundance, s i z e  and percentage of age-1 smolts. By 1969, 
sockeye smolt production was lower than t ha t  measured before rehab i l i t a t ion .  
Smol t mean length decreased from 120.3 mm t o  66.3 mm f o r  age-1 f i s h .  
Similar ly ,  the age s t ruc tu re  had reverted t o  age-2 smolts becoming more 
prevalent. 

As a r e s u l t  of decreased smol t production, t o t a l  adu l t  re turns  a l so  
decreased dramatical ly  (Table 3 ) .  The 1971 and 1972 returns of 2,520 and 
803 sockeye salmon, respect ively ,  were much lower than those measured 
before rehabi 1 i t a t i on .  

Consequently, because of the above t rends ,  Sport Fish Division decided 
in  1970 t h a t  Bear Lake should be rehab i l i t a ted  again i f  high salmon 
production was ever t o  be achieved. In 1971, Bear Lake was rotenoned t o  
reclaim the  juvenile salmon rearing potent ia l .  

Post 1971 Lake Rehabil i tat ion 

Following the 1971 rehabil i t a t ion  and detoxif ica t ion of Bear Lake, the  
1 arges t  coho salmon f inger l  ing re lease  (450,000) was conducted. In 
subsequent years (1 971 -1974), coho f inger l  ing re leases  averaged 450,000 
per year f o r  a t o t a l  re lease  of 1.8 mil l ion coho f inger l ings .  

I t  i s  believed t h a t  the cumulative e f f ec t s  of the high coho salmon 
f inger l ing stocking dens i t i e s  and the  declining adu l t  sockeye re turns  
resu l t ing  from poor rearing conditions (s t ick1 eback take-over a f t e r  1967), 
caused sockeye production to  remain depressed following the 1971 Bear Lake 
rehab i l i t a t ion .  For example, potential  egg-to-smolt survival r a t e s  f o r  
sockeye a f t e r  the 1971 lake rehab i l i t a t ion  never surpassed 1.0% (Table 2 ) .  



Table 2. Summary o f  sockeye salmon smolt  p roduc t i on  f o l l o w i n g  the  IS63 and 1971 Bear Lake r e h a b i l i t a t i o n .  

Brood 
Year 

Smolt mp Mean Lenpth - Adu l t  . - -- Product ion  - . 
P o t e n t i a l  Egg Smolt Product ion  - - -  Smolt Age Composition % Smol t t o  A d u l t  

-. Depos i t i on  Number No./ha % Su rv i va l  1  _____- 2 3 1  2 3 To ta l  Number Su rv i va l  (%)  

11 No s i g n i f i c a n t  age-3 ~ m o l t s  were produced u n t i l  t he  1971 Bear Lake r e h a b i l i t a t i o n .  - 
2/ To ta l  a d u l t  and smolt  p roduc t i on  cou ld  n o t  be determined due t o  t he  1971 Bear Lake r e h a b i l i t a t i o n  - 
31 Only jacks  r e tu rned  i n  1975. - 



Table 3. Summary of Bear Lake adult sockeye salmon returns. 

Sex Ratio Number of Number of 
Year M/ F Ma 1 es Fema 1 es 

1 / Adult Return- 
Escapement HarvesW Total 

Cl osed 

Cl osed 

Closed 

Closed 

Closed 

Cl osed 

294 

74,473 

99,859 

1,876 

2,117 

77 

Cl osed 

Closed 

Closed 

Closed 

Closed 

Closed 

Closed 

1 /  Includes "jack" salmon. - 
2/  Includes estimated commercial and subsistence harvest. - 
3/ An e lectr ical  ground problem prevented adult sockeye from migrating to  the - 

weir. 



Even though t h e  mean length  of age-1 and age-2 sockeye smolts  a f t e r  1971 
s i g n i f i c a n t l y  increased  fol lowing rehabi 1 i t a t i o n  (age-1 from 66.3 t o  109.3 
m m ,  age-2 from 79.9 t o  149.9 mm), t h e  age composition included a s i g n i f i c a n t  
proport ion of age-3 sockeye smolts (Table 2 ) .  The occurrence of age-3 
sockeye smolts may s u p e r f i c i a l l y  suggest  t h a t  t h i s  was a r e s u l t  of compe- 
t i t i o n  with t h e  high dens i ty  coho f i n g e r l i n g  r e l e a s e s .  However, t h e  
occurrence of age-3 sockeye smol t s ,  concurrent  w i t h  t he  s i g n i f i c a n t  i nc rease  
in  l eng th ,  may have been t h e  r e s u l t  of poss ib le  development of a res idua l  
population of sockeye in  Bear Lake a t  t h a t  time. 

Only t h r e e  t o t a l  sockeye a d u l t  r e t u r n s  have occurred s i n c e  t h e  1971 
r e h a b i l i t a t i o n  (Table 2 ) .  The l a r g e s t  r e tu rn  was from t h e  1972 brood 
s t o c k ,  i n  which 614 a d u l t s  were produced from 13,097 smol t s ,  f o r  a 
surv iva l  of 4.7%. The sockeye a d u l t  r e tu rns  from t h e  1973 and 1974 
brood s tocks  were much lower. Smol t t o  a d u l t  surv iva l  s were 1 .0% and 
0.9%, r e spec t ive ly .  

COHO SALMON PRODUCTION 

Finger1 i  ng Re1 eases  

Post  1963 Lake Rehab i l i t a t i on :  

In t h e  yea r s  fol lowing t h e  i n i t i a l  (1963) l ake  r e h a b i l i t a t i o n  ( u n t i l  1968),  
Bear Lake was stocked annual ly with coho salmon f i n g e r l i n g s  from various 
brood s t o c k s ,  of var ious r e l e a s e  s i z e ,  and a t  d i f f e r e n t  t imes of t h e  yea r .  
Thus, comparisons of s u r v i v a l s  should be viewed accordingly.  In a d d i t i o n ,  
s i m i l a r  t o  t h e  sockeye smolt production i n  Bear Lake fol lowing t h e  1963 
r e h a b i l i t a t i o n ,  coho smolt production increased  during 1964-1966. Also, 
a f t e r  1966, t h e  high s t i ck l eback  abundance apparent ly  caused a decrease  i n  
coho smolt production. 

The top  por t ion  of Table 4 shows t h a t ,  a s  a r e s u l t  of t h e  v a r i a b l e  brood 
s tocks  being r e l eased  a t  d i f f e r e n t  t imes and d i f f e r e n t  s i z e s  i n  Bear Lake, 
and t h e  growing s t i ck l eback  problem, t h e  f i n g e r l  ing-to-smol t surv iva l  (during 
pos t  1963 l ake  r e h a b i l i t a t i o n )  va r i ed  from a high of 48.1% in  1965 t o  a 
low of 5.5% i n  1967. Peak coho smolt production coincided with peak 
sockeye smolt production fol lowing t h e  1963 l ake  r e h a b i l i t a t i o n .  For 
example, i n  1964 and 1965 coho smolt s u r v i v a l s  from f i n g e r l  ing r e l e a s e s  
were 43.5% and 48.1% re spec t ive ly .  In add i t i on ,  coho smolt s i z e  
increased  from a mean of 86.4 mm i n  1962-1963 t o  121.2 mm i n  1964 and 
107.3 mm i n  1965 f o r  age-1 smolts ,  and from a mean of 118.0 mm i n  
1962-1963 t o  155.7 mm in  1964 and 131.5 mm i n  1965 f o r  age-2 coho smol t s .  
The high coho smolt t o  a d u l t  surv iva l  i n  1964 and 1965, (13.9% and 17.4% 
r e s p e c t i v e l y )  i nd ica t ed  t h a t  marine surv iva l  was r e l a t e d  t o  t h e  s i z e  of  
seaward migrat ing smolts.  F ina l ly ,  t he  dominant age s t r u c t u r e  a l s o  changed, 
from age-2 t o  age-1 smolts.  

S imi l a r  t o  t he  sockeye smolt product ion,  by 1969 coho salmon smolts 
experienced a s i m i l a r  dec l ine  in  both abundance and s i z e ,  although t o  a 
l e s s e r  degree. The 1965 brood y e a r  (1968 smol t emigrat ion)  age s t r u c t u r e  
had r eve r t ed  t o  age-2 f i s h  (90.6%) being dominant (Table 4 ) .  



Table 4. Sui~nliary o f  Bear Lake coho sa ln~on f i n y e r l i n g  re leases .  

Number Mean Smolt  Age Snrol t ttean A d u l t  ~ r o d u c t i o d /  
Brood Dates o f  o f  F i s h  Number Snrol t Produc t ion  C o t ~ ~ p o s i t i o n  Length  (mm)  T F i n g e r l i n g  t o  Smolt t o  
Year Releases O r i  g i  n Released p e r  Pound Number No./ha % S u r v i v a l  1 ( % )  2 1 2 Number A d u l t  S u r v i v a l  A d u l t  S u r v i v a l  

( % I  L%J 
11/13-12/8 D i a r y  Cr. 

1963 Bear Cr. 
Swanson R. 

9/16 Swanson R. 
1964 Ketch ikan Cr.  

8/25-9/3 Skanson R. 

Swanson R. 

B i g  Cr. Ore. 
Pasagshak R?/ 

FINGERLING RELEASES 
Bear L. 

Bear L. 
L. Rose ~ e a & /  
Upper ~ t a t i o n z l  

1974 6/19-7/1 Bear L. 450,000 495 112,813 676.8 25.1 56.8 43.2 106.3 129.5 ?/ 
1975 

1975 6110-6/14 Bear L. 224,600 363 66,209 367.8 29.5 75.1 24.9 113.1 134.8 3/ 
1976 

1976 6/16 Bear L. 227,700 292 89,186 495.5 39.2 90.8 9 .2  120.0 146.2 31 
1977 

1977 6/20 Bear L. 225,800 337 117,438 652.4 52.0 82.7 17.3 120.6 134.8 3/ 
1978 

1978 5/24 Bear L. 225,500 663 54,580 303.2 2 4 . e /  121.8 3 1  - 
1979 

1979 6/12 Bear L. 150,000 248 5/ - - 5/ - 5/ 5/ 51 51 5/ 51 - 
1980 

1/ Inc ludes  s p o r t  h a r v e s t  es t imates  and " j a c k "  salmon. There i s  no commercial harves t  o f  coho salmon i n  R e s u r r e c t i o n  Bay. - 
21 These systems a r e  l o c a t e d  on Kodiak I s l a n d .  
3/ A f t e r  t h e  1974 a d u l t  r e t u r n ,  no s c a l e  a n a l y s i s  was conducted on r e t u r n i n g  a d u l t s  so s u r v i v a l s  cannot  be computed. - 
4/ Inc ludes  o n l y  aae-1 smolt  p roduc t ion .  
5/ No p r o d u c t i o n  has o c c u r r e d  t o  date. - 



Post 1971 Lake Rehabi 1 i ta t ion:  

From 1972-1975, Bear Lake was stocked with coho fingerlings (mainly Bear 
Lake brood stock) a t  high densit ies ( i  .e. >2,400 per surface hectare).  
The cumulative effect  of these stocking densit ies c r i t i ca l  ly overtaxed the 
lake 's  coho rearing habitat  in jus t  three years. 

Intense intraspeci f i c  competition among the released fingerl ings 
apparently depressed growth rates ,  lowered survival and extended rearing 
duration. Although the largest coho smolt emigration ever recorded for  
Bear Lake occurred from the 1972 brood year (Table 4), 70.5% were age-2 
smol t s  in relat ively poor condition. The increased s t ress  from 
overcrowding led to  a greater suscept ibi l i ty  of rearing fingerlings to  
natural diseases in Bear Lake. Consequently, many (13%) of the 1972 
age-2 coho smolts migrating from Bear Lake died e i ther  from "eye fluke",  
DipZostromuLwn spathacewn, or fungus, SaproZegnia sp. ,  diseases a t  the 
weir (McHenry 1978). 

Finally, biomass ra t ios  of smol t s  produced per fingerl ing release (Table 
5) show the abrupt decline from 16.0:1 (1973 release) to  3.1 :1 (1974 
release).  Similarly, coho smol t survival decreased from 49.1% in 1973 
t o  9.6% in 1974. 

From these findings, i t  was evident tha t  a reduction in Bear Lake's coho 
fingerling stocking density was necessary. Stocking densi t ies ,  beginning 
with the 1976 release, were reduced to one-ha1 f previous levels or 
approximately 1,250 per hectare. This resulted in increased smolt 
length and survival,  and an age structure change to  predominately age-1 
smol t s .  Specifically,  the 1975 and 1976 brood years (1976 and 1977 
releases) showed an increasing trend in fry-to-smol t survivals (29.5% 
and 39.2%, respectively) and a s h i f t  in the age composition to  pre- 
dominately age-1 (75.1% for  the 1976 release and 90.8% for  the 1977 
release) (Table 4 ) .  Similarly, mean lengths for age-1 and age-2 coho 
smolts from the 1976 and 1977 releases increased from 113.1 to  120.6 mm 
for  age-1, and from 134.8 to 146.2 mm for  age-2 f ish.  

Conversely, smolt biomass yield since the reduced coho fingerling 
stocking in 1976 has not shown an expected increase (Table 5 ) .  Instead, 
from the 1976-1978 releases, biomass rat ios  of smolts produced per 
fingerl ing have generally leveled off :  4.4: 1 (1976 release) ,  4.7: 1 (1977 
re1 ease). The 1978 re1 ease however, increased t o  7.6 : 1 . 
Smol t Releases in Resurrection Bay Area 

Coho smolt releases in Seward Lagoon, lower Bear Creek and Grouse Lake 
are  summarized in Tables 6 and 7. The 1970 release of 39,750 smolts in 
Seward Lagoon produced a return of 6,006 adults for  a return percent of 
15.1%. Lower Bear Creek produced i t s  highest adult return of 2,145 f ish 
(6.1%) from the 1977 release of 35,100 coho smol t s .  The 1977 release in 
Grouse Lake of 35,100 smolts also produced i t s  highest adult return of 
2,750 f ish (7.8%). Thus, smol t s  released in Seward Lagoon produced the 
largest  total  adult return percentage of the three release s i t e s .  



T a b l e  5. Summary of Bear  Lake coho salmon s m o l t  abundance and biomass produced s i n c e  1972 
from annual  f i n g e r 1  i n g  r e l e a s e s .  

Year o f  R e l e a s e  

1972 
Number 
Weight 
Weight 

1973 
Number 
Weight (kg)  
Weight r a t i o  

1974 
Number 
Weight (kg)  
Weight r a t i o  

1975 
Number 
Weight (kg)  
Weight r a t i o  

1976 
Number 
Weight (kg)  
Weight r a t i o  

1977 
Number 
Weight ( k g )  
Weight r a t i o  

1978 
Number 
Weight (kg)  
Weight r a t i o  

Number o f  
Fi n g e r l  i ngs T o t a l  Smolt  Yie ld  From 
and Weight Brood-Year S u r v i v a l  t o  

(kg)  No./ha Kg/ha Smol t  (%)1/ 

1 /  A low p e r c e n t a g e  o f  n a t u r a l  s m o l t  p r o d u c t i o n  was obse rved  b u t  n o t  i n c l u d e d  ( i  .e . ,  <8,000 - 
smol t s  p e r  y e a r ) .  

2/ Number t i m e s  mean we igh t  p e r  i n d i v i d u a l  f o r  combined a g e  c l a s s e s .  - 
3/ F i n g e r l i n g  t o  s m o l t  r a t i o .  - 



n
n

n
 

n
 n

 n
n

n
n

 

a
-

M
 

c
o

b
m

m
l

-
m

 
71 C

, 
fd

 

--I 
0
 

s
s

-
I

-
I

a
m

 
W

I 
r

s
,

 
-

5
1

:
 

- 
0
 

0
 

f
d

f
d

Y
f

d
J

-
I

-
I

c
0

-
I

 
0

5
,

L
L

.
r

-
l

f
d

-
I

 
-
I
 

a
J

~
f

d
f

d
U

 
.? 

L
 
L

 
L

O
L

 
L

L
a

,
a

J
o

u
u

u
f

d
f

d
f

d
z

f
d

 
O

O
m

m
Y

L
O

L
a

,
a

J
L

a
,

 
a, 

Y
f

d
M

M
f

d
M

 
M

 

5 
3
 

a, 
5 

s
 s
 

L
 

aJ 
3
 
U

 
t

'
L

 
a, 

a, 
cr a

 

L
 

- a
 

f
d
n
 

\
W

E
 

0
 
3

 
f

d
l

-
Z

 

a, 
u
 
ln
 

.
a

f
d

 
W

L
a

J
 

a, 
L

-
 

e
s

a
,

 
f

d
U

L
 

E
 
U
 

.
r
 
0
 +

' 
w

 - 
ln
 
ln
 
0
 

a, 
fd

 
E

 
r
 
ln
 

w
 

v
)
 s

o
 

a
0

 l 
>

.
r
 

L
w

m
 

rb 
0
 fd

 
-6

 
IS 
U

r
c

 
w

o
o

 
L

 
L

 
0

 
Q

L
 

a
 

fd
 

ln
 
o
 
a, 

ln
 

a, 
V

l-
 

u
a

f
d

 
S

 C
, .
r
 

- o
w

 
U

 
S

-
r
 

S
a

J
S

 
H

 0
 
H

 

n
 



Table 7. Summary of hatchery-reared coho salmon smolt r e l eases  in  lower Bear Creek and Grouse Lake. 

Brood 

1 1 Adult Return Data- 
Release Number Mean Number O+ Ocean ( j a c k )  1 -Ocean Total Return 

Year Ori gin Date of Fish Per Pound No. % No. % Number Percent 

1967 Oregon 5/8-51 1 3 47,470 13.8 8 0.02 17 0.04 2 5 0.05 
1969 

1968 Bear L.  5/27 6,400 10.3 7 6 1.2 285 4.5 30 1 5.6 
1970 

1969 Bear L .  5118-5/21 51,100 14.2 14 0.03 178 0 .4  192 0.4 
1971 

1970 Kodi ak 5115-5/24 155,500 14.8 155 0.1 470 0 .3  625 0.4 
1972 

1974 Bear L .  5112-5/14 35,600 11.4 16 0.1 756 2.1 772 2.2 
1976 

1975 Bear L .  5113-5/15 35,100 10.5 436 1.2 1,709 4.9 2,145 6.1 
1977 

I 1976 
--1 Seward t a g .  5/31 28,574 10.0 153 0.5 1,343 4.7 1,496 5.2 
ch) 1978 
' 1977 Bear L .  511 5 40,400 25.0 0 0.0 881 2.2 88 1 2.2 

1979 
1978 NO SMOLTS RELEASED 

1979 NO SMOLTS RELEASED 
Grouse Lake 

1974 Bear L .  5110-5/12 35,200 12.2 50 0.1 1,498 4.3 1,548 4.4 
1976 

1975 Bear L .  5/15-5117 35,100 10.1 446 1.3 2,304 6.6 2,750 7.8 
1977 

1976 Seward Lag. 5/30 53,555 11.3 118 0.2 801 1 .5  91 9 1.7 
1978 

1977 Bear L .  5/16 44,000 28.4 0 0.0 1,337 3 .0  1,337 3.0 
1979 

1978 NO SMOLTS RELEASED 

Bear L .  6/26 50,286 
19803/ 

1 / Includes s p o r t  harves t  es t imates .  - 
2/ Denotes no production has occurred t o  da te .  - 
31 I n i t i a l  year  of age-0 smolts r e l eases .  - 



Various brood stocks have been used in the  Resurrection Bay smolt re leases .  
However, the  highest adul t  returns f o r  the three re lease  s i t e s  were from 
the Bear Lake brood stock. The lowest adul t  returns from smolt releases 
in  Seward Lagoon and lower Bear Creek occurred from the 1969 re leases  when 
brood stock from Oregon was used. Logan (pers.  comm. 1980) explained t h a t  
the major reason t ha t  t h i s  brood stock produced poor adu l t  re turns  was 
l a t e  migration timing. 

The t o t a l  adu l t  production ( f o r  years of completed re turns)  from a l l  smolts 
released in  Seward Lagoon, lower Bear Creek and Grouse Lake a r e  summarized 
in Table 8. Again, Seward Lagoon displayed the  highest t o t a l  smolt-to- 
adu l t  return survival (5.3%) during 1968-1980. Grouse Lake, during 
1976-1980, displayed a 3.9% smolt-to-adult return survival while coho smolt 
re leases  in lower Bear Creek from 1969-1980 displayed the  poorest smolt- 
to-adult  re turn  survival (1.6%).  The t o t a l  adu l t  return from coho smolts 
released a t  these three  s i t e s  was 57,602 which represented a t o t a l  smolt- 
t o  adu l t  re turn  of 4.1%. 

DISCUSSION 

Since the  1976 reduced stocking density of coho f inger l ing  re leases  in  Bear 
Lake, coho smolt production has shown an increasing trend (Table 4 ) .  Age 
composition of recent Bear Lake smolt emigrants reverted t o  the highest 
percentage of age-1 f i s h  ever recorded. Fingerling-to-smolt survivals  have 
increased t o  approximately 40% and smolt-to-adult survivals ,  s ince 1976, 
have increased 270% due t o  hea l th ie r ,  seaward mi grat ing smol t s  (McHenry 
1978). 

A t  present ,  without fu r the r  r e su l t s  of the e f f ec t s  of reduced stocking,  
the  optimum smol t production levels  suggested by McHenry (1978) of not t o  
exceed 100,000 coho smolts annually should be adhered t o .  Although Bear 
Lake has produced s l i g h t l y  l e s s  than 100,000 smolts annually s ince  the 1977 
re lease ,  t o t a l  smolt biomass has generally leveled o f f .  In f a c t ,  i n  three  
out of four years when f inger l ing re leases  were nearly double i n  s i z e  
compared t o  the  1976-1978 re leases ,  the t o t a l  biomass of smolts produced 
from both levels  of re lease  were not t h a t  d i f fe ren t .  For example, the  
average t o t a l  biomass of smol t s  (>70% age-2), a t  nearly 450,000 f inger l  ings 
released each year ,  averaged 1,902 kg, compared t o  an average smol t (>70% 
age-1 ) biomass of 1,737 kg, when the  stocking density was approximately 
225,000 f inger l  ings. T h u s ,  i t  appears t ha t  Bear Lake's rearing potential  
f o r  coho i s  roughly a t  o r  below 2,000 kg (11.1 kg/ha) of smol t s  produced 
per year (Table 5 ) .  

The leveling o f f  of coho smolt biomass production a t  high and intermediate 
stocking dens i t i e s ,  and the  resu l t ing  change in  smolt weight, length and 
age suggests t h a t  t o  increase the production of smolt biomass from Bear 
Lake, the  rearing capacity has t o  be increased. To t h i s  end, F R E D  
Division, in cooperation w i t h  Sport Fish Division, has been conducting a 
p re - fe r t i l  iza t ion program a t  Bear Lake since July 1979. I t  i s  hoped t h a t  
by increasing nu t r i en t  input,  zooplankton dens i t i e s  (biomass) wil l  increase 
as a r e s u l t  of a stimulation of primary production. The end r e s u l t  would 
be addit ional  food f o r  rearing f ry .  



Table  8. Summary of t o t a l  a d u l t  p roduc t ion  f o r  v e a r s  o f  completed 
r e t u r n s  from smolis r e l e a s e d  i n  Seward Lagoon, lower 
Bear Creek and Grouse Lake. 

Number o f  
Smol t s  Re1 eased  Tota l  Adul t  Return Return P e r c e n t  

842,249 Seward Lagoon 1968-1980 

Lower Bear Creek 1969-1980 

Grouse Lake 1976-1980 

T o t a l  



Super f ic ia l ly ,  the decline in the sockeye escapement would appear t o  be 
re la ted  t o  nu t r i en t  depletion in Bear Lake. For example, from 1961-1967 the 
r u n  of sockeye averaged 4,100 f i sh  (Table 3 ) .  The potential  e f f e c t  of the  
carcasses on the year ly  phosphorus loading would be an addit ional  21 mg/m2. 
After  1971 , the  average return of adul t s  decreased t o  232 f i s h  f o r  a loading 
of 1 mg/m2/ r. However, the present loading of phosphorus in to  the system Y i s  209 mg/m /yr .  Thus, the drop in phosphorus loading would be l e s s  than 
lo%,  an amount not ins ign i f i can t  b u t  ce r ta in ly  not alarming, especia l ly  
s ince  coho adu l t  returns t o  the lake have increased since 1971. 

Ind i rec t ly ,  the lower number of sockeye f r y  may have decreased coho smolt 
production s ince  sockeye f ry  have been suggested t o  be an excel lent  food 
source f o r  rearing coho f i ngerl i ngs (Foerster  1968). Compounding the above 
changes a r e  o ther  occurrences t o  these f i s h  stocks over the same period: 
1 )  reoccurring st ickleback problems, 2)  a h is tory  of d i f f e r en t  coho stocks 
s ince  1962, 3) d i f f e r en t  s i zes  of stocked f ry ,  4 )  two rotenone treatments, 
and 5) changing r a t i o s  of coho f r y  t o  sockeye f ry  which would bear on 
competition f o r  food. Correspondingly, the most consis tent  data a r e  from 
1972 and these data should be considered the more relevent  information on 
which t o  evaluate Bear Lake f o r  inclusion in to  a nu t r i en t  enrichment 
program. 

Final ly ,  s ince  the f i r s t  stocking of Bear Lake through 1975 ( t he  years of 
completed adu l t  r e t u rn s ) ,  a t o t a l  of 2,661,300 finger1 ings have been 
released t o  produce 31,670 adul ts  f o r  a return percent of 1.19. Com- 
para t ively ,  the  57,602 adul ts  produced from 1,410,248 smol t s  released in 
Seward Lagoon, lower Bear Creek and Grouse Lake represented a re turn  
percent of 4.1. The smolt re leases  yielded nearly a 4-fold increase in 
number of adul ts  produced compared t o  the f inger l ing re leases  in Bear 
Lake. Thus, an evaluation of increasing smolt re leases  should be 
considered as an a l t e rna t e  and/or complimentary program t o  lake 
enrichment of Bear Lake proper. 
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INTRODUCTION 

Bear Lake has been under d e t a i l e d  l i m n o l o g i c a l  i n v e s t i g a t i o n  s i nce  J u l y  1979 
t o  determine i f  t h e  l a k e  i s  a  s u i t a b l e  candidate f o r  a  n u t r i e n t  enr ichment 
program. The purpose o f  n u t r i e n t  enhancement ( p r i m a r i l y  n i t r o g e n  and 
phosphorus) i s  t o  r a i s e  t h e  p r imary  p r o d u c t i v i t y  o f  a  system i n  o rde r  t o  
produce more p e l a g i c  food (zooplankton)  f o r  r e a r i n g  coho and sockeye fry. 
The n u t r i e n t  a d d i t i o n s  would inc rease  t h e  p roduc t i on  o f  endemic spec ies o f  
d e s i r a b l e  phytop lankton,  which a re  then a v a i l a b l e  t o  g raz ing  zooplankton. 

D e t a i l e d  p r e - f e r t i l i z a t i o n  s tud ies  a re  necessary n o t  o n l y  t o  determine 
p r e - e x i s t i n g  n u t r i e n t  l o a d i n g  and t h e  pe rm iss ib l e  increase,  b u t  a l s o  t o  
a s c e r t a i n  t h e  species and numerical  abundance o f  t he  phy top lank ton  and 
zooplankton. I n  a d d i t i o n ,  chemical and phys i ca l  parameters a r e  fo l lowed 
on a  seasonal bas i s  t o  determine, as a  whole, t h e  bas i s  f o r  t h e  p roduc t i ve  
c a p a c i t y  o f  t h e  lake .  The purpose o f  t h e  Bear Lake s tudy  i s  t o  determine 
t h e  p resen t  p roduc t i ve  s t a t u s  o f  t h e  system, t o  determine any p o t e n t i a l  
i nc rease  i n  t h e  pe rm iss ib l e  l o a d i n g  o f  phosphorus, and t o  determine t h e  
f e a s i b i  1  i t y  o f  i n c r e a s i n g  t h e  qua1 i t y  o f  t h e  l a k e  as a  r e a r i n g  area f o r  
coho salmon. 

METHODS 

L imno log ica l  sampl ing t r i p s  t o  Bear Lake were made every t h r e e  weeks 
d u r i n g  t h e  p e r i o d  o f  i ce -on  t o  i c e - o u t  as w e l l  as one t o  t h r e e  t r i p s  d u r i n g  
t h e  i ce -ove r  per iod .  One s t a t i o n  was sampled f rom J u l y  1979 t o  June 1980 
a t  which t ime  a  second s t a t i o n  was added. The l a k e  was sampled f o r  a l g a l  
n u t r i e n t s  ( n i t r o g e n ,  phosphorus, s i l i c o n  and carbon) as w e l l  as o t h e r  water  
qua1 i t y  parameters (see Alaska Department o f  F i s h  and Game, Lake 
F e r t i  1  i z a t i o n  Guide1 i n e s )  f rom bo th  t h e  1  m  and mid-hypo1 i m n e t i c  zones. 
Water samples cons i s ted  o f  mu1 t i p l e  ( 4 )  cas ts  o f  a  non-metal1 i c  Van Dorn 
sampler which were pooled, s t o r e d  i n  8-10 l i t e r  t r a n s l u s c e n t  carboys, 
cooled, and t r anspo r ted  immediate ly  t o  Soldotna f o r  ana l ys i s .  Both t h e  
chemical and b i o l o g i c a l  samples were analyzed by methods d e t a i l e d  i n  t h e  
Alaska Department o f  F i s h  and Game l imno logy  manual. 

F i  1  t e r a b l  e  r e a c t i  ve phosphorus (FRP) was analyzed by t h e  mo1 ybdate b1 ue- 
asco rb i c  a c i d  method o f  S t r i c k l a n d  and Parsons (1  972) as mod i f i ed  by 
E i sen re i ch  e t  a l .  (1975). T o t a l  phosphorus was determined by t h e  
FRP procedure a f t e r  p e r s u l f a t e  d i g e s t i o n .  N i t r a t e  and n i t r i t e  were 
determined as n i t r i t e  f o l l o w i n g  S t a i n t o n  e t  a l .  (1977) a f t e r  cadmium 
r e d u c t i o n  o f  n i t r a t e .  Ammonium a n a l y s i s  f o l l o w e d  S t a i n t o n  e t  a1 . (1977) 
us ing  t h e  phenol hypochl o r i  t e  method01 ogy , whi 1  e  s  i 1  i ca a n a l y s i  s  f o l  1  owed t h e  
procedure o f  S t r i c k l  and and Parsons (1  972). I no rgan i c  carbon was c a l c u l a t e d  
accord ing  t o  Saunders e t  a l .  (1962) a f t e r  de te rmin ing  a l k a l i n i t y  by a c i d  
t i t r a t i o n  t o  pH 4.5 us ing  a  Corn ing model 399A s p e c i f i c  i o n  meter. 

To es t ima te  p a r t i c u l a t e  n u t r i e n t s ,  app rop r i a te  sample volumes (1-2 1  i t e r s )  
were f i l t e r e d  through pre-cleaned 4.2 cm GF/F f i l t e r s  and s t o r e d  f r ozen  i n  
p l e x i s l i d e s .  F i l t e r e d  and u n f i l t e r e d  water  samples were s t o r e d  e i t h e r  
r e f r i g e r a t e d  o r  f rozen i n  a c i d  c leaned p o l y b o t t l e s .  



Primary production (standing crop) was estimated by chlorophyll a analys is  
a f t e r  S t r i  ckland and Parsons (1972) using the low strength acid addition 
recommended by Reimann (1 978) t o  est imate phaeophytin. Samples (1 -2 1 i t e r s )  
were f i l t e r e d  through 4.2 cm Whatman GF/F  f i l t e r s  t o  which a few mls of 
sa tura ted MgC03 solution were added during f i l t r a t i o n ,  and then were frozen 
in p lexis l ides .  

Primary productivi ty ( r a t e  of production) was assayed by use of radioactive 
carbon (C14) following the method of Saunders e t  a1 . (1962. ) Samples (two 
1 i gh t ,  one dark, and one dark-kil led) were placed in s i t u  f o r  four hours a t  
1 m y  mid-euphotic and  1% incident  l i g h t  levels  during mid-day incubation 
periods (10:OO a.m. t o  2:00 p.m.) .  After incubation, the  samples (100 ml) 
were f ixed with 1 ml of Lugols-acetate and transported t o  the  Soldotna lab  
fo r  analys is .  F i l t e r ing  was on 2.4 cm GF/F glass  f i be r  f i l t e r s  under low 
vacuum t o  prevent c e l l u l a r  rupture. The f i l t e r s  were placed in p l a s t i c  
s c i n t i l l a t i o n  v i a l s ,  ac id i f i ed  with IN HCL (Lean and Burnison 1979) t o  
remove residual  inorganic carbon-14, and assayed a f t e r  adding 10 ml of 
Aquasol s c i n t i l l a t i o n  f l uo r  on a Packard Tri-carb l iquid  s c i n t i l l a t i o n  
spectrometer. 

Zooplankton were col lec ted from duplicate bottom to  surface ver t i ca l  tows 
using a 0.5 m diameter, 153 u mesh conical zooplankton net .  The ne t  was 
pulled a t  a constant Im/sec, and washed well before preserving the organisms 
in 10% neutral ized sugar-formal in (Haney and Hal 1 1973). Ident i f ica t ion 
followed t h a t  of Brooks (1959) and Wilson and Yeatman (1959), while 
enumeration consisted of counting t r i p l i c a t e  1 ml subsamples taken with a 
Hansen-Stempel p ipet te  in a 1 ml Sedgewick-Rafter c e l l .  

Photosynthetic avai lable  radia t ion ( P A R )  was determined with a Protomatic 
underwater photometer (Wetzel and Likens 1979) which measures only the 
400-700 nm wave1 engths of 1 ight .  Temperature and dissolved oxygen profi 1 es 
were determined with a YSI model 57 meter equipped with a 30 m cable. 

RESULTS 

Bear Lake i s  located approximately 9 km north of Seward, Alaska and drains 
in to  Resurrection Bay via Bear Creek (Figure 1 ) .  The lake i s  small (180 ha) 
and shallow (maximum depth i s  20 m before the 1964 earthquake and 18 m a f t e r  
the earthquake) with a generally fores ted mountainous watershed. The lake 
i s  morphometrical ly  a po ten t ia l ly  productive system having a mean depth of 
11 m and a water renewal (or re tent ion)  time of 0.8 years.  Water renewal 
i s  primarily by i ce  and snow melt in the spring and by r a in f a l l  in the f a l l  
(Oct. - Nov.) The ice-f ree  period i s  from May through October o r  November 
with an approximately 1 rn accumulation of i ce  and snow during the  
ice-over period. Maximum flow through the lake usually occurs in the f a l l  
with the t o t a l  discharge of Bear Creek increasing 5-fold during the spring 
t o  summer period. 





Physical Parameters 

Temperature: 

The lake aper iodical ly  mixes from top t o  bottom a f t e r  i c e  out due t o  a slow 
warming of the  lake in layers of 5"-6°C before rapidly developing a complete 
thermocline in June (Figure 2 ) .  The thermocline then deepens t o  approxi- 
mately 10 m during July and August. Cooling begins in September and by 
October the lake i s  isothermal a t  nearly 7°C. During November, the lake 
continues t o  cool from top t o  bottom as complete mixing (overturn) progresses 
through the  f a l l .  Under the i ce  during the winter ,  the lake temperatures 
(from surface t o  bottom) often remain a t  <Z°C. 

During summer stagnation,  the hypolimnion i s  7-8 m deep, and the epilimnion 
nearly 10 m .  Maximum epil imnetic temperatures a r e  achieved in July and can 
exceed 20°C with temperatures above 15°C not uncommon from l a t e  June t o  
August. Hypo1 imnetic temperatures approach 7-10°C in l a t e  summer, but a r e  
highest during the i n i t i a l  period of f a l l  overturn when warm surface water 
i s  i n i t i a l l y  mixed with the  cooler hypolimnetic layer.  Finally,  there  i s  
evidence f o r  the  introduction of ground water (6°C) a t  the bottom of the 
lake during the l a t e  summer and ea r ly  f a l l  period (Figure 2 ) .  

Discharge: 

Timing and r a t e  of system flushing has important consequences f o r  the 
nu t r i en t  economy of Bear Lake. The lake f lushes rapidly with an estimated 
water re tent ion time of 0.8 years. Usually, the maximum r a t e  of Bear Creek 
discharge occurs in the f a l l  with t o t a l  discharge of spring t o  summer (May 
through July)  being only 15% of the  t o t a l  discharge f o r  the May through 
mid-November period. An  example of t h i s  typical  cycle i s  seen in the  
discharge f o r  1979 (Figure 3 ) .  In 1980, not only did the  t o t a l  discharge 
increase by 20%, b u t  more importantly, the  discharge during the  spring t o  
summer period increased t o  60% of the t o t a l  May through mid-November 
discharge. That i s  compared t o  1979 when the spring period discharge 
increased by nearly 400% while the f a l l  f lushing decreased by 40%. 

Following the lowered f a l l  f lushing in 1980, the spring discharge i n  1981 
was very low as a r e s u l t  of near record low snowfall during the 1980-81 
winter. However, in both years (1979 and 1980) the  lowest r a t e  
of discharge occurred in the September t o  October period with a subsequent 
rapid increase in October through the middle of November. 

Light Levels: 

Light penetration [photosynthetically avai lable  radia t ion ( P A R ) ]  varied 
considerably in the lake with deepest penetration (10-11 m )  occuring in 
the summer period (Figure 4 ) .  A general decrease occurred in the depth of 
the  euphotic zone ( i  . e . ,  surface t o  1% of incident  l i g h t )  t o  (5 m during 
the spring and f a l l  periods. A t  these times, snow and i c e  melt along with 
r a in f a l l  contributed noticeable amounts of debr is  t o  the lake from the  
mountainous watershed which r e s t r i c t ed  l i g h t  penetration. In addi t ion,  
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Figure 3.  Discharge est imates of Bear Creek a s  measured a t  the  Bear 
Creek weir. Points a r e  weekly averages of da i l y  readings. 





the lake underwent pa r t i a l  spring and complete fa1 1 mixing which contributed 
s i gn i f i c an t  amounts of hypolimnetic algae t o  the water column, t h u s  fu r the r  
reducing l i g h t  penetrat ion.  Secchi disk depths range from 3-11 m and were 
generally a t  the  6% incident  l i g h t  level .  In Bear Lake, 1% PAR levels  were 
generally double the  secchi disk depth. 

Chemical Parameters 

Dissolved Oxygen: 

Dissolved oxygen ( D . O .  ) prof i l es  indicated a we1 1 sa tura ted epi 1 imnion 
throughout the year while a de f i n i t e  depression of D . O .  occurred near the  
bottom of the lake. Maximum recorded levels  of D . O .  occurred a t  10-11 m in 
August where values greater  than 140% oxygen sa tura t ion were achieved. 
Minimum levels  were recorded in September a t  (7% satura t ion near the bottom 
of the  lake. 

Phosphorus : 

Total phosphorus ( to ta l -P)  values f o r  the epil  imnion of Bear Lake a r e  
generally high, b u t  exh ib i t  a de f i n i t e  seasonal trend (Figure 5A). Concen- 
t r a t i ons  were above 10-1 1 pg L-1 , during the fa1 1 (1 979 and 1980) and spring 
(1981) overturn periods, 5-6 pg L-1 during the  spring overturn period 
(1980), and f e l l  t o  a low of ((3 pg L-1) during the summer period (July 
and August). In the  hypol imnion ( i  .e. , >10 m )  , the quanti ty of t o t a l  - P  
rose dramatically t o  >24 pg L-1 with a de f i n i t e  peak during the summer 
period i . e . ,  between spring and f a l l  overturn. This lower layer  exhibited 
a seasonal cycle t h a t  was just the opposite of the  1 m l ayer ,  with phosphorus 
levels  increasing over the summer growing season. 

During the turnover periods, levels  of total-P decreased in the bottom 
layer  and increased in the surface as water from both layers completely 
mixed. T h u s ,  the  epil imnetic water reached 9-10 pg L-1 durin both f a l l  9 overturn periods and the hypolimnion decreased t o  8-10 pg L- . 
Like the  seasonal trend in total-P concentrat ions,  the amount of 
pa r t i cu la te  phosphorus (part-P) in the epilimnion reached a low ((3 pg L-1) 
during the  summer growing season, but rose as  turnover approached (Figure 
5B). In con t ras t ,  the hypol imnion exhibited much higher part-P levels  
(>I8 pg L-1) during the  summer period. During f a l l  overturn, part-P 
levels  of the  epilimnion increased as  hypolimnetic levels  decreased t o  an 
intermediate level in both layers of 6-7 pg L-1. 

The physical mixing of upper and lower layers during the spring and f a l l  
overturn periods i s  extremely important as  i t  can r ed i s t r i bu t e  the 
concentration of nu t r i en t s  within a lake. For example, during periods of 
complete mixing, phosphorus l eve l s  a r e  generally increased within the  
epilimnion during the spring (e .g . ,  1981) however, as in 1980, an 
incomplete spring overturn reduced phosphorus input t o  the epilimnion. 
Since the calculated volumes of the epi 1 imnion (44% of the t o t a l  ) and 
hypolimnion (56% of the t o t a l )  in Bear Lake a r e  roughly equal ,  physical 
mixing alone can r e s u l t  i n  an equalizat ion of phosphorus levels  found 
within d i s c r e t e  layers before overturn. This i s  exactly what has been 
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found t o  a l so  occur in Bear Lake during the  fa11 overturn periods. The 
mixing reduced the hypolimnetic accumulation of phosphorus, and potent ia l ly  
could fu r the r  reduce the concentration of phosphorus within the lake when 
overturn i s  coupled with periods of high r a i n f a l l .  In combination, these 
two fac to rs  could subs tan t ia l ly  f lush nu t r i en t s  from the e n t i r e  system. 

Reactive phosphorus (o r  inorganic phosphate) was consis tent ly  1 ow t o  
undetectable in Bear Lake a t  levels  <1 pg L-1. These low levels  a r e  due t o  
the high demand f o r  inorganic phosphate by the plankton. Because of t h i s ,  
and the f a c t  t h a t  phosphorus i s  cycled very rapidly between the  water and 
the plankton, to ta l -P l eve l s  a r e  used as a more relevant  measure of the 
phosphorus capable of being metabolized in f resh  water. 

Inorganic Nitrogen: 

Ni t ra te  + n i t r i t e  levels  (predominantly n i t r a t e )  were low in the  epilimnion 
of Bear Lake, b u t  l i k e  total-P exhibited a de f i n i t e  seasonal cycle (Figure 
6 ) .  In general ,  during both years n i t r a t e  levels  began t o  increase j u s t  
beofre the f a l l  overturn from a low the previous summer. The n i t r a t e  
concentration builds t o  a maximum of (60 ~g L-1 under the i ce  j u s t  p r io r  
t o  spring overturn, and then decreases dramatically t o  a low of (0.5 ~g L-1 
during the mid-summer period. 

In con t ras t  t o  the  n i t r a t e  cycle, ammonium concentrations in the  epilimnion 
reached a maximum during the  summer period a t  20 ug L-1 (1979), and then 
decreased a t  approximately the same r a t e  as the n i t r a t e  increased t o  reach 
a low ((0.5 ug L-1) in June 1980 (Figure 6 ) .  Ammonium values then rose 
t o  a small summer maximum, decreased, and then rose s l i g h t l y  during the  
winter ice-over period of 1980. The lower concentration found f o r  the f a l l  
period of 1980 (6  pg L-1) compared t o  1979 (20 ~g L-1) could have resul ted  
from the g rea te r  r a t e  of lake f lushing t h a t  occurred in 1980 compared t o  
1979. 

Nitrogen t o  Phosphorus Ratio: 

Since inorganic phosphorus i s  u t i l i z ed  very rapidly and can be stored in 
excess of immediate needs by the phytoplankton, the  t o t a l  amount of 
phosphorus i s  used as the more r e l i a b l e  index t o  the phosphorus avai lable  
t o  the  plankton (Lund 1965). In addi t ion,  the r e l a t i ve  requirements of 
healthy populations of phytoplankton a r e  known f o r  some of the  essen t ia l  
nu t r i en t s ;  f o r  example, carbon, nitrogen and phosphorus a r e  used in atom 
r a t i o s  of 100:15:1 (Lund 1965, Fuhs 1972, Golterman 1975). T h u s ,  I  
calculated seasonal inorganic nitrogen t o  to ta l  phosphorus r a t i o s  f o r  Bear 
Lake (Figure 7) .  

Adequate epil imnetic concentrations of inorganic nitrogen f o r  the  amount of 
phosphorus present were found only in the winter period ( i  . e . ,  N:P r a t i o  
>15:1). Nutrient r a t i o s  f e l l  below 1 :1 during the summer period, indicating 
a de f i n i t e  low supply of inorganic nitrogen o r  an over supply of phos horus. 
However, t o t a l  -P values reached minimal levels  (Figure 5A) of 3 ~g L -  7 
during the summer period suggesting t ha t  the problem l i e s  more in a low 
supply of inorganic nitrogen. Such an imbalance can cause the competitive 
advantage f o r  nutr ients  t o  s h i f t  from desi rable  species of phytoplankton t o  
undesirable species. 
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Figure 6 .  Seasonal l e v e l s  of inorganic  n i t rogen (arrmonium and n i t r a t e  
+ ni t r i  t e )  w i t h f n  t h e  epilirnnion of Bear,Lake. 
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Figure 7.  Seasonal t r ends  in  t he  r a t i o  of inorganic  n i t rogen ( a m n i u m  
and n i t r a t e  + n i t r l t e )  t o  t o t a l  phosphorus by atoms wi th in  t he  
epilirnnion of Bear Lake. 



S i l i c a  and Inorgan ic  Carbon: 

S i l  i c a  l e v e l s  (F igure  8A) remained f a i r l y  cons i s ten t  throughout 1980, 
however, t h e  bottom water conta ined s l i g h t 1  e leva ted  l e v e l s  (>2,000 pg L-1) T compared t o  t h e  sur face  water (<4,000 ug L-  ) du r i ng  the  summer per iod .  
Yet i n  1979, s i l i c a  values i n  t he  ep i l imn ion  decreased t o  a  low p o i n t  
((400 pg L-1) i n  October and November when the  c h l o r o p h y l l  a l e v e l s  were a t  
t h e i r  seasonal maximum. Since development o f  popu la t ions  of diatoms i s  
accompanied almost i n v a r i a b l y  by a  marked decrease i n  t h e  amount o f  s i l i c a  
i n  s o l u t i o n  (Lund 1965), i t  i s  suggested t h a t  i n  1979 the  low s i l i c a  concen- 
t r a i o n s  were caused by a  popu la t i on  o f  diatoms which were n o t  a  major p a r t  
of t h e  p lank ton  community i n  the  f a l l  o f  1980. 

I no rgan i c  carbon l e v e l s  a l so  increased seasonal ly  i n  Bear Lake. They were 
lower i n  t h e  s p r i n g  and summer and rose  du r i ng  the  f a l l  e s p e c i a l l y  du r i ng  
ove r tu rn  (F igure  8 ~ ) .  I n  a d d i t i o n  t o  t he  seasonal cyc le,  t he re  appears t o  
be a  t r e n d  f o r  h igher  concentrat ions o f  i no rgan i c  carbon i n  t h e  hypol imnion 
when compared t o  t he  ep i l imn ion .  However, du r i ng  the  i c e - f r e e  pe r i od  of 
1980 ( i  . e. , June-November) t h e  ep i  1  imnion conta ined a  mean value of 
8,130 pg L-1 (n=14) w h i l e  the  hypo1 imnion conta ined a  mean value of 8,830 
pg L-1 (n=14). The o v e r a l l  d i f f e rence  i s  s l i g h t ,  b u t  one reason f o r  t h i s  
observed t r e n d  may be t h e  presence o f  a  l a r g e r  q u a n t i t y  of organic  ac ids  
i n  t he  hypol imnion which cou ld  be de tec tab le  (and thus be an a r t i f a c t )  by 
t h e  a c i d  t i t r a t i o n  used t o  determine the  amount o f  inorgan ic  carbon. 

B i o l o g i c a l  Paramters 

Ch lorophy l l  : 

Phytoplankton standing crop (p r imary  p roduc t ion)  e x h i b i t e d  bo th  a  d e f i n i t e  
seasonal cyc le ,  and l a r g e  d i f f e rences  between the  ep i l imn ion  (1  m) and the  
hypol imnion (>I0 m) (F igure  9 ) .  Ch lo rophy l l  a  ( c h l  a )  l e v e l s  i n  t h e  
ep i  1  imnion were gene ra l l y  l e s s  than 1  pg L-1 &ring t h e  summer o f  1979, 
and increased t o  n e a r l y  7  pg L-1 a t  t he  beginning of t he  f a l l  ove r tu rn  
per iod,  I n  con t ras t ,  the  l e v e l s  o f  c h l  a  i n  t he  hypol imnion ranged from 
5-7 pg L-1 du r i ng  the  summer, remained a t  t h a t  l e v e l  through the  f a l l  
over turn,  and decreased be fore  freeze-up. 

I n  t he  s p r i n g  o f  1980 and through t h e  summer, c h l  a  remained (2 pg L-1 i n  
t h e  e  i l i m n i o n  and again cl imbed du r i ng  t h e  f a l l  ove r tu rn  pe r i od  t o  7-8 
ug L-7. I n  t h e  hypol imnion, c h l  a  equa l led  t h e  e p i l i m n e t i c  concent ra t ion  
a t  2  pg L-1 du r i ng  the  spr ing,  bu t  c l imbed t o  >18 ug L-1 i n  t he  summer. 
Dur ing the  f a l l  over turn,  hypol imnet ic  c h l  a l e v e l s  dropped t o  7-8 ug L-1, 
a  l e v e l  equal t o  t h a t  of t he  e p i l i m i o n .  I t  i s  impor tan t  t o  note t h a t  
c h l  a l e v e l s  were minimal du r i ng  the  summer p e r i o d  i n  t he  ep i  1  imnion and 
increased t o  t h e i r  maximum l e v e l s  i n  t he  f a l l  du r i ng  l a k e  ove r tu rn  by 
m ix ing  w i t h  t he  dense hypo l imnet ic  concent ra t ion  o f  c h l  a. I n  c o n t r a s t  
t o  t h e  ep i l imn ion ,  hypol imnet ic  c h l  a  reached a  maximum & r i n g  the  
summer and subsequently decreased duFing over tu rn ,  
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Figure 8. The seasonal cycle of s i l i c a  (A) and inorganic carbon (B) 
within the  epi l imnet ic  and hypolimnetic zones of Bear Lake. 



Carbon Uptake Rates: 

By the  use of carbon-14, we were able t o  determine the  r a t e  of carbon 
incorporation by the phytoplankton (Figure 10B). I t  i s  apparent t h a t  
maximum r a t e  of plankton production occurred in the epi l  imnion in the  spring 
and f a l l  with minimal aci t i v i  t y  during the summer period. Thus, both algal  
standing crop (chl a) (Figure 9 )  and r a t e  of carbon incorporation (Figure 
10B) within the epilimnion were minimal in the summer and reached maximum 
leve l s  in the spring and f a l l  overturn periods. 

By incubating samples a t  varying depth-related 1 ight  i n t ens i t i e s  (0.5 m ,  
1.0 m and 1% incident  l i g h t  l e v e l ) ,  the r e l a t i ve  productivi ty of each 
stratum could be estimated (Figure 10A). Again, the general trend of 
increasing carbon incorporation from July through November i s  indicated 
however, from July t o  ea r ly  September, the bottom layer  was the most 
productive, followed by the 1 m layer  and then by the 0.5 m stratum. A t  
the end of September, the  r a t e  of carbon uptake begins t o  become higher i n  
the upper layers ,  and then dramatically increases in October and November. 
That i s ,  algal  production i s  largely  confined t o  the upper layers of the 
euphotic zone only during f a l l  overturn and reaches a maximum in  October. 

This pa r t i t ion ing  of the  productivi ty of the lake in to  layers  i s  ref lec ted 
in the  l i g h t  penetration and secchi disk v i s i b i l i t y .  In the  summer, when 
production i s  g rea te r  in the lower layers (hypo1 imnion), the ep i l  imnion 
remains c l e a r  of plankton and the 1% incident  l i g h t  level increases t o  
10-11 m. In the  f a l l ,  maximum production takes place in the upper euphotic 
zone which decreased l i g h t  penetrat ion,  and thus the 1% incident  l i g h t  
level f e l l  t o  ( 5  m. 

A1 gal Taxa and Numerical Abundance: 

The algae dominating the f l o r a  of Bear Lake during the  spring a r e  species 
of the diatom CycloteZZa, and species of the blue-green alga OscilZatoria 
(Figure 11 ). Bl ue-green a1 gae represent  nearly 70% of the vol ume (biomass) 
of the plankton and almost 40% of the  t o t a l  number of algal  c e l l s .  Diatoms 
(p r inc ipa l ly  CYcZoteZZa) account f o r  only 17% of the t o t a l  volume (biomass) 
and 33% of t o t a l  numbers. Green algae represent only 7% of the a lgal  f l o r a  
by volume and 22% by numbers. 

The phytoplankton preferred ( i  .e. , diatoms and greens) by grazing 
zooplankton represent  l e s s  than one-quarter of the  primary production 
(biomass) within the epilimnion of the lake. This means t h a t  over 75% of 
the biomass i s  contained within non-edible phytoplankton. T h u s ,  much of 
the productive capacity of Bear Lake i s  current ly  being channeled in to  a 
bi 01 ogi cal dead-end. 

Zooplankton: 

The zooplankton community consisted of four important taxa (excl udi ng 
r o t i  f e r s )  , two copepods and two cl  adocerans. Cal anoi d copepods formed a 
s ign igf ican t  portion of the population, b u t  cyclopoid copepods were present 
a t  only t race  l eve l s  (Figure 12).  Thus, the two major taxa were Daphnia 
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Figure 9.  Seasonal l e v e l s  of chlorophyl l  a  wi th in  t he  ep i l lmne t i c  and 
hypolimnetic zones of Bear Lake. 
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Figure 10. A comparison of carbon uptake r a t e s  by the  plankton of Bear Lake 
a t  varylng depths i n  1980 ( A ) ,  and seasonal l e v e l s  of p roduc t iv i ty  
wi th in  t he  epil imnion ( 8 ) .  Note t h a t  the  lower incubat ion  depth 
i n  ( A )  i s  a t  t he  1% inc iden t  l i g h t  l eve l .  
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and Bosrnina which generally reached combined maximum numbers (>250,000/m2) 
and dens i t i e s  (>16,000/m3) in the l a t e  summer (August) through the f a l l  
(October) and then decreased with the onset of winter. 

In 1979 zooplankton levels  in September decreased by 60% from a high of 
9,500/m3 during A u g u s t ,  and showed only a moderate increase during the 
turnover period i n  October t o  7,000/m3 (Figure 13) .  Under the  i c e ,  in March 
1980, the  zooplankton population was very low <500/m3 but slowly began t o  
build a f t e r  ice-out in to  the f i r s t  week of June. Beginning in July ,  the 
density of zooplankton ra id ly  increased from levels  s l i g h t l y  l e s s  than 5 7,000/m3 t o  over 12,00O/m in l a t e  July.  From August through October, levels  
f luctuated around 16,000/m3 before decreasing t o  <9,000/m3. The mean t o t a l  
numbers of zooplankton in the July t o  November period of 1979 equalled 
23,000/m2 o r  5,700/m3 (n=4) compared t o  43,300/m2 o r  15,000/m3 (n=8) during 
the  same time period of 1980. I t  should be noted t h a t  biomass est imates of 
the zooplankton were a l so  made, b u t  because of the large (and var iable)  
amounts of filimentous blue-green algae,  the values were not meaningful. 
In addi t ion,  zooplankton net  e f f i c i enc i e s  were d r a s t i c a l l y  a l t e red  by algae 
clogging the  ne t ,  and subsequent counting of organisms was extremely 
d i f f i c u l t .  Thus, the numbers of organisms presented above may not be 
s t r i c t l y  comparable from one date t o  another. 

However, i t  i s  evident t h a t  the rapid increase in zooplankton in the spring 
of 1980 came primarily from Daphnid and Bosminid zooplankton--both f i l t e r  
feeders with parthanogenic reproductive s t a t eg i e s .  The generation time f o r  
cladocerans can be measured i n  weeks so dramatic increases in population 
numbers can be acheived in very shor t  time periods, as was evident in Bear 
Lake (Fi gure 12).  In con t ras t ,  copepods reproduce sexual l y  with generation 
times measured in  terms of months. Population increases a r e  thus l e s s  
dramatic and occur over longer periods of time. 

DISCUSSION 

Algal succession overtime i s  t r iggered o r  caused by a var ie ty  of fac to rs  
namely temperature, l i g h t ,  f lushing r a t e ,  nu t r i en t s ,  dissolved oxygen, 
zooplankton grazing, and organic matter a l l  of which lead t o  changing 
competitive advantages of one species over another (Por ter  1977). Not a l l  
increases in algal  productivi ty a r e  des i rable .  Blooms of some green and 
blue-green algae represent dead-ends i n  planktonic food chains because they 
a re  not immediately avai lable  t o  planktonic herbivores. Thus, the composi- 
t ion  as well as the  quanti ty of algae wil l  have t o  be monitored (and 
regulated) in management programs t h a t  seek t o  mai ntai  n and/or increase 
water qual i ty .  Since the changing combination of the above fac to rs  leads 
t o  seasonal changes i n  the water qua l i ty  of Bear Lake, a deta i led  discussion 
of these in ter- re la t ionships  i s  presented below. 

Lake S t r a t i f i c a t i o n ,  Flushing, and Oxygen 

I t  i s  evident from the dissolved oxygen and temperature p rof i l e s  (Figure 
14) t h a t  Bear Lake i s  not a c l a s s i c  ol igotrophic system. In the  spring,  
the lake undergoes overturn except f o r  a small layer  below 12 m t h a t  remains 
a t  (4°C and i s  below 100% oxygen sa tura t ion (e .g . ,  6 June 1980). Later i n  
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the summer (July 23, 1980), the lake warms to nearly 17°C (maximum recorded 
surface temperatures approach 20°C) and the bottom layers warm to 6°C. 
However, D . O .  1 evels remain a t  4 0 0 %  saturation below the 12 m level.  By 
August 1980, the epilimnion has deepened to  8 m and has cooled to  14°C. A t  
the same time, oxygen i s  close to  100% saturation a t  the surface, b u t  
exceeds 125% saturation (140% a t  s ta t ion B )  a t  the 10-11 m depth just  a t  or 
below the 1% l ight  level. By early f a l l  ( i . e . ,  September 1980, the lake 
continues to  cool as the epilimnion decreases to 9"C, and the thermocline 
has deepend to 13 m .  Below 8 m y  the D . O .  begins t o  rapidly decrease as the 
plankton bloom (responsible for  the 125-140% oxygen saturation noted a t  
10-11 m in August) decline and begins t o  decompose and  use oxygen. Later 
in the f a l l  (October 1980), the lake becomes isothermal a t  7°C and i s  in 
the overturn period Consequently, D.O.  levels are very close to  100% 
saturation a t  a l l  depths. As winter approaches the lake rapidly cools to  
below 4°C and rapidly flushes due t o  the heavy rains. Following freeze-up 
(February, 1981), the lake remains we11 below 4°C from top to  bottom which 
helps to  reduce the rate  of microbial decomposition and allows the lake to  
remain well oxygenated except, again, fo r  the layer below 12 m. 

The warming of the hypolimnion above 4°C in the summer, and subsequent 
cooling below 4°C before freeze-up in the winter i s  typical of shallow lakes 
with a great deal of wind generated, early spring and l a t e  f a l l  mixing. The 
increased temperature of the hypolimnion during the summer promotes rapid 
planktonic growth which accounts for  the oxygen supersaturation noted in 
August. The rapid cooling of the lake during the l a t e r  part  of the summer 
and early f a l l ,  plus the tendency of the lake to rapidly flush a t  t h i s  time 
(due to  f a l l  r a ins ) ,  enables the lake to  remain saturated with oxygen above 
the 10 m depth, and most importantly, flushes out much of summer's plankton 
production. As a consequence of the f a l l  flushing a n d  low winter water 
temperatures, which retard the ra te  of microbial decomposition, the lake 
remains well supplied with oxygen, except for  the >10 m stratum of water. 

Nutrients and Algal Abundance 

Because of the basin configuration and location of inflowing streams [e.g., 
the primary i n l e t  i s  stream #3 (Figure 1 )  in the southeast part of the 
watershed], a layer of non-renewed water develops in summer and winter below 
the 12 m depth. During periods of incomplete spring mixing, t h i s  lower 
layer prevents the return of nitrogen and phosphorus to  the epilimnion, 
reducing subsequent primary production within the euphotic zone during the 
spring to  summer period. In addition, intense zooplankton grazing further 
reduces the standing crop of desirable species of phytoplankton. Thus, 
epil imnetic chl a levels were reduced t o  below 2 pg L-1. This i s  seen in 
the drast ic  increase in l igh t  penetration (Figure 4) and secchi disk depths 
(Figure 14)  during August and early September. A t  the same time, total-P 
and part-P concentrations were reduced to 3-5 pg L-1 and 2-3 pg L-1 
respectively , and inorganic nitrogen values (especi a1 ly n i t r a t e  and 
n i t r i t e )  f e l l  t o  undetectable levels. In contrast ,  chl a levels in the 
shallow hypolimnion reached 18 pg L-1, nearly 10 times t h a t  found in 
the epilimnion. Likewise, total-P values rose to  nearly 26 pg L-1 and 
part-P increased to  18 py L-1. However, l ike  the epilimnion, inorganic 
nitrogen values were very low. 



Interestingly enough, even though a large difference existed between the 
primary production of the two layers, s i l i c a  values of the hypolimnion in 
1980 were very close to ,  or even s l ight ly  higher than those within the 
epilimnion. The reason for  th i s  s l igh t  r i s e  may be ground water seepage 
which was detected in the 6°C bottom water isotherm (Figure 2 ) .  Since the 
bloom of phytoplankton that  developed a t  or below 1 2  m did not depress the 
hypo1 imnetic level of s i l i c a  (as seen in 1979), the increase could not have 
come from the growth of diatoms. In addition, the bloom developed below the 
1 %  incident l igh t  level (or  l igh t  compensation depth) under severely low N:P 
ra t ios .  Thus, conditions were ideal for  the growth of filimentous blue-green 
a1 gae. 

A1 gal Production and Zooplankton Abundance 

Blue-green algae are not desirable food for  f i l t e r  feeding cladocerans 
which dominate the zooplankton community of Bear Lake (Figure 12).  Because 
of intense zooplankton grazing, the levels of edible species of phyto- 
plankton were drast ical ly  reduced leaving the plankton community dominated 
by bl ue-greens (Figure 11 ) ,  This intense cropping of desirable species 
maintained chl a levels in the epilimnion below 2 fig L-1 during the summer, 
and a1 lowed thezooplankton populations t o  expand the i r  numbers into July 
and August. However, by early September the zooplankton began to  deplete 
the level of desirable food, and zooplankton numbers began to decline. By 
the l a t e r  part  of September and early October, the lake began to cool and 
increased rainfal l  began to  flush nitrogen into the lake. A t  t h i s  point 
in time, epilimnetic chl a levels were rising (as the lake began to  mix) 
from senescent ce l l s  of hypo1 imnetic blue-green algae (Figure 9 ) .  The 
actual turnover of carbon (Figure 10) was in part from these blue-greens, 
b u t  also consisted of more edible species of phytoplankton which allowed 
the zooplankton t o  maintain maximum densities t h r o u g h  October. 

This unusual si tuation of a hypolimnetic maximum of primary production 
developed because blue-green algae can develop shade adapted species which 
thr ive a t  <0.01% of surface irradiance (Wetzel and Likens 1979), and the i r  
faculative photoheterotrophy may help to  explain why blue-greens are  often 
found below the thermocline as in Bear Lake. In such s t r a t a ,  the irradiance 
i s  low and mineralization processes resu l t  in the release of organic 
substances or molecules, some of which may form a substrate for  hetero- 
trophic nutri t ion of blue-green a1 gae such as OsciZZatoria (Go1 terman 1975). 
In addition, nitrogen fixation does occur in nonheterocyst containing 
filamentous algae (such as ~ s c i Z l a t o r i a )  and in unicell ular bl ue-green 
a1 gae, b u t  only in micro-aerophi 1 i c  conditions i . e. , organisms which grow 
optimal ly a t  lower oxygen concentrations (Go1 terman 1975, Saunders 1972). 
Usually, cyanophyta (blue-greens) are  only abundant in summer and autumn, 
however, a few species (mainly those of 0sciZZatoria) do appear much 
earl i e r  (Lund  1965). I t  i s  interesting that  OsciZZatoria (possibly 
Oscillatoria rubesins) has been i denti f i ed within Bear Lake during the 
spring (Figure 11),  

Nitrogen-fixation by blue-greens has also been positively correlated with 
concentrations of dissolved organic nitrogen ( D O N )  occurring in the water. 
Algae secrete many simple and complex organic carbon and nitrogen compounds 



i .e. , secretion of the DON re f lec ts  the growth of the bl ue-green algal 
populations and concurrant N-fixation (Wetzel 1976). This release of 
organic substances may account for  the s l igh t  r i s e  (and apparent anomal ly )  
in inorganic carbon observed in the hypolimnion during the summer-fall 
period of 1981 (Figure 8B). 

Trophic Level and Water Qual i ty  

Bear Lake was i n i t i a l l y  deceiving because the usually productive trophogenic 
zone of the lake (euphotic zone) i s  almost 01 igotrophic in nature whereas 
the usually tropholytic zone (hypo1 imnion) i s  the most productive zone and 
meso-eutrophic to  eutrophic in nature. This i s  just  the opposite of most, 
i f  not a l l ,  deep water lakes studied in Alaska. In essence, the lake i s  not 
phosphorus limited since i t  i s  a t  100-110% of i t s  permissible P loading 
(Vol lenweider 1976), b u t  does develop severely low levels of inorganic 
nitrogen. Thus, the application of phosphorus to  Bear Lake would not 
increase the production of desirable species of phytoplankton, in f ac t ,  
i t  would further deteriorate the water quality of the lake. 

Currently, most of the pelagic primary production i s  channeled into 
non-edi bl e (by zooplankton) a1 gae and thus, i s non-transferabl e up  the 
food chain to  ultimately feed rearing coho fry.  To be more specif ic ,  the 
problem l i e s  not in a lack of production, b u t  rather centers on the low 
qua1 i ty phytoplankton (or zooplankton food) being produced. 

Finally, any decrease in the flushing ra te  would compound an already 
serious condition of diminishing oxygen levels and increasing phosphorus 
concentrations. A decrease in the flushing ra te  (ei ther  during the spring 
or f a l l )  in combination with a warm sunny summer could resu l t  in a drast ic  
reduction in water quality,  and may re su l t  in near winter k i l l  conditions 
during the following winter. The potential for  th i s  to  occur i s  readily 
seen by comparing total  phosphorus values during f a l l  and spring turnover 
periods (Figure 5 ) .  During fa1 1 overturn, concentrations of total  -P were 
a t  10-11 ug L - ~  (mostly part-P from the summer's plankton production). 
However, spring turnover values ( a f t e r  heavy f a l l  and spring flushing) only 
reached 5 pg L-1 in 1980, b u t  in 1981 reached 10-11 pg L-1 , which was a 
resu l t  of low f a l l  and spring rainfal l  suppressing the flushing of 
decomposable plankton (phosphorus) o u t  of the lake. 

As a whole, Bear Lake i s  transit ional between an oligotrophic and a meso- 
trophic system and, a t  present, cannot be considered as a candidate for  a 
phosphorus enrichment program. The lake can also be viewed as being in a 
transit ional s t a t e  t o  a non-salmonid system unless the trend in evidence 
for  the l a s t  two years i s  reversed. This reversal should begin with an 
increase in the flushing ra te  (and cooling) of the system, i f  possible, and 
the changing of nutrient ra t ios  within the lake. The N:P atom ra t io  must be 
raised to  increase the competitive advantage of non blue-green species of 
algae. This would resu l t  in more of the pre-existing productive capacity 
of the lake being channeled into zooplankton edible species of phytoplankton, 
i . e . ,  greens and diatoms instead of a biological dead-end such as blue-greens. 



RECOMMENDATIONS 

1 )  Ensure t h a t  a decrease i n  t h e  f l u s h i n g  r a t e  o f  Bear Lake does n o t  
occur  e i t h e r  by i n f l o w  d i v e r s i o n  and/or damming o r  by a d d i t i o n a l  
groundwater drawdown by w e l l  o p e r a t i o n  f rom a growing Bear Creek 
subd i v i s i on .  

2 )  Ensure t h a t  t h e r e  i s  n o t  an inc rease  i n  phosphorus l o a d i n g  t o  t h e  l a k e  
v i a  s e p t i c  systems o r  fa rming  a c t i v i t i e s .  

3) Increase t h e  supply  o f  n i t r o g e n  t o  the  system by j u d i c i o u s  a p p l i c a t i o n  
o f  nitrate-ammonium f e r t i l i z e r .  Th i s  would inc rease  t h e  compe t i t i ve  
advantage of non blue-green algae. 

4 )  Unless t h e  above can be accomplished, t he  l o n g  term use o f  t h e  l a k e  as 
a ma jo r  coho r e a r i n g  system should be viewed as a very  unsure 
p r o p o s i t i o n  and a l t e r n a t i v e s  should be i d e n t i f i e d .  

5 )  Cont inue m o n i t o r i n g  Bear Lake t o  judge t h e  e f f e c t s  o f  N -add i t i on  on 
t h e  phyto-and zooplankton communi t i e s  . 
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