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Geologic and Glacial 
Lake Clark Na

The primary objective of our ongoing studies of sur­
ace water quality in Alaska's national parks IS the estab­
ishment of baseline data. The initial phase of each study 
ttempts to relate variation in surface water chemistry to 
egional geomorphology, while the second phase exam­
nes biological factors that may be responsible for ob­
erved seasonal vanatlon. Most of the characteristics 
ithin a watershed or lake ecosystem cannot be sam­
led with true replication. Non-parametric statistical 
eans must be employed to dist1nguish among sam­

ling stations. Compansons among watershed/lake eco­
ystems generally are done with co-variance analyses. 
he end resuH of such analyses permits us to locate the 
tat1ons that are representative of the natural vanation 
1th1n the park and. perhaps. some of the ecosystem 
omponents or processes likely to be sensitive to natural 
r human-Imposed ecosystem stress. 
Lake Clar~ Nat1onal Park and Preserve (LACL), 

about 1 46 m1llion ha ). IS located about 340 km south· 
est of Anchorage. Geologically 1t lies at the south· 
rn most end of the AlasKa Range and the northernmost 
ort1on of the Aleut1an Range. Lake Clark. 65 km long 
nd up to 6 km w1de. IS the largest body of water 1n the 
ark. LACL makes up a sigmficant fract1on ol the water­
hed feeding Bnstol Bay. one of the world's most valu· 
ble flshenes. The Taz1m1na R1ver. wh1ch dra1ns 1nto the 
outheastern end of Lake Clark. IS the largest spawmng 
rea for salmon 1n LACL For some t1me 11 has been 
hought that migrat~ng salmon might be a major nutnent 
ource for Lake Clark. The relat1ve prox1m1ty of LACL to 
he Anchorage area v1a small plane and the consider· 
ble pnvate 1nhold1ngs w1th1n the park and adJacent 
ake Clark make the park subject to development 1n the 
ery near future. A major concern is whether th1s will 
ccelerate eutrophication of this largely oligotrophiC lake 
nd watershed system. 
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ig. 1. Current Creek, one of the major sources of suspen
Influences on Surface Water Chemistry, 
tional Park and Preserve, Alaska 
By Robert Stottlemyer and Daniel Chamberlain 
ig. 2. Eastern end of Turquoise Lake, one of the more northe

 . These inputs generally peak 1n late July. result1ng in a 
duction of compensation depth (depth to wh1ch lake 

nmary production by phytoplankton can occur) to 2 m 
h1le 11 rema1ns at 1ts pre-runoff value of 20 m at the 
utheastern (SE) end of the lake. Dunng August and 

eptember. glacial flour input moves down the lake, 
sulting 1n decreasing compensation depths through· 
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Runoff 1nto Lake Clark IS dominated by glac1al meltwa­
ter and "flour" from the Tllkak1la River and Current Creek 
located near the northeastern (NE) end of the lake (Fig. 

out. 
Th1s glac1al flour and associated filterable solids could 

be a major source of phosphate. It's been hypothesized 
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ded and dissolved solids into Lake Clark. 

23 
rn lakes in Lake Clark NatiOnal Park and Preserve. 

t phosphate is the nutnent limiting pnmary produciiV· 
n this lake, thus the concern over cultural eutrophica­
. Our ObJeCtive was to quantify some of these poten­
sources of natural vanat1on in crit1cal nutnents and 
ary production to better qualify our parkwide base· 

 data set. 
e began our study in 1985. Lake Clark had 15 per­

nent stations located in 11 along with 7 additional 
ions periodically sampled. All maJor tributaries to the 
 were sampled. Ten additional lakes along a 135 km 

th-south gradient which included Lake Clark also 
e monitored. Sampling was conducted monthly from 
e to September with an index station sampled more 
uently. Data collected include complete chem1cal 
lyses of inorganics: dissolved carbon: total nitrogen: 
idity, filterable and non-filterable solids (suspended 
 non-suspended sediments); light, temperature, and 
olved oxygen profiles. Several carefully selected 
ions within Lake Clark also were measured for pri· 
ry productiOn rates and the effect on production of 
ing varying levels of phosphate and nitrate to the 
bation bottles. 
he lakes throughout the park show a pronounced 
d in surface water chemistry that reflects change in 
rock mineralogy. Most ev1dent is the ecologically 
ortant nutrient potassium, wh1ch sharply increases 
ke concentration as one goes north in the park (F1g. 
onversely, n1trate input, which is mostly from biolog­

 fixation in this region of low atmospheric contamina­
, shows an opposite trend with the highest levels in 
 southern lakes and tributaries. This reflects dif­
nces in biological fixation espec1ally the presence of 

ers in the lower elevation portions of the park. Inputs 
 Lake Clark proper also demonstrate this. For exam­

ple, nitrate input is highest from those tributaries which 

have alders present. The tributary with the highest car· 
bon input. the Chulitna River. has the lowest nitrate input 



as a result of little or no alde
its extens1ve wetland area

In Lake Clark most chem
concentrations early 1n the 
NE sect1on of the lake. T
nitrate. Nitrate declined thr
down lake on each samplin
suggesting that nitrate w
throughout the season, es
tion. Such a situation increa
fix1ng aquatic spec1es. suc
have. 

What about phosphate?
ways below the level of dete
measurement. However, o
which nutrients are limiting
ing the pnmary productio
varying concentrations of 
individually and in combin

Most of the phosphate ad
comes from weathering of 
from the lake bottom. How
able depth (280m) makes 
unlikely. We hypothesized
inputs of glac1al flour earl
phosphate relat1vely abund
lake, and n1trate could then
season w1th the continued
glac1al 1nput of filterable 
(wh1ch we quant1f1ed), mtrt
more lim1t1ng. This might th
in spec1es toward more planktonic nitrogen fixers. And 
that is essentially what happened. 

In June at the most NE station the addition of high 
nitrate concentrations to the incubating bottles stimu­
lated pnmary production .... 50 percent wh1le the addition 
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nutrient generally was nitrate. However, here for the first 
time the addition of high concentration phosphate had a 
significant positive effect on primary productivity rates. 
By September, the filterable solid load had decreased 
and with it the likely phosphate load to the Jake. 

In sum. this two-phased approach has g1ven us the 
following evidence regarding the character and variation 
of surface water chemistry in LACL. 1) Regional varia· 
lion 1n geology is strongly reflected 1n surface water 
chem1stry, and if one wanted to invest 1n the monitoring 
of "representative" ecosystems several would have to 
be selected. 2) Within Lake Clark proper the nutrients 
limiting primary productivity vary both spatially and sea· 
sonally. 3) Phosphate inputs appear dominated by gla· 
c1al flour and not migrating salmon. 4) The h1gh produc­
tivity response to nitrate additiOn means that s1gmficant 
portions of the lake's biota would likely respond to mtrate 
1nputs, as from atmosphenc contamination. 5) Overall, 
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hosphate had no effect or slightly lowered productiv· 
Conversely, at the lower stations both nitrate and 
sphate increased primary production by about 15 
ent. By late summer (August), the period of max­

m primary productivity (2 · 2.5x the rate observed in 
 and September), the only station that showed re­
nse to nutrient addition was the most NE station, 
h responded to nitrate. Interestingly, in August the 
te concentration in Lake Clark shows no NE • SW 
line in concentration. In fact it beg1ns to increase in 
centration south of mid-lake. suggesting the pres­
e of aquatic nitrogen fixers. By September this lake 
te concentration trend IS gone and the most limiting 
rs and likely denitrification in 
s. 
ical species had their highest 
season and in the uppermost 
his was especially true for 

oughout the season and also 
g date except in late summer, 
as becoming more limiting 
pecially in the lower SE sec· 
ses the advantage nitrogen· 

h as blue-green algae, would 

 Phosphate levels were al· 
ction. which limits their direct 
ne can get a relative idea of 
 over the season by inoculat· 
n incubation chambers with 
phosphate and nitrate, both 
ation. 
ded to an aquat1c ecosystem 
m~nerals or possibly recycling 
ever, Lake Clark's consider· 
recycling from deep sources 
 the following. The very high 
y in the season would make 
ant in the NE section of the 
 become limiting. Later in the 
 increase and spread of this 
solids throughout the lake, 
e would there, also, become 
en result 1n a biological sh1ft 
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 evidence suggests that on a seasonal basis phos· 
te is not the limiting nutrient over much of Lake Clark. 
tottlemyer is a Research Scientist and Chamberlain 
 Research Assistant at the NPS Great Lakes Area 

search Studies Unit. 


