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INTRODUCTION SUMMARY
Limnological data were collected 1n cooperation with the State of

Alaska Department of Fish and Game from six lakes in southeast Alaska
during the summer of 1974. The purpose of this study was to provide
information for the management of the sport fishery resources of these
lakes and to supply the U.S. Geological Survey with basic data that will
facilitate the characterization of the lakes in this region. This study
was supported in part by Federal Aid in Fish Restoration Funds, Dingell-
Johnson F-9-7 project G-I-A granted to the State of Alaska, Department
of Fish and Game.

Except for Redoubt, all of these lakes are chemically similar. The
small differences in chemical composition probably reflect variations in
geology of the drainage basins, altitudes, and morphometric charac-
teristics of the lakes. The very low specific conductance, small
amount of chlorophyll, low dissolved solids, nitrogen and phosphorus
concentrations, and high transparency indicate that all the lakes
studied have low productivity. It was not possible to determine from
reconnaissance sampling the most or least productive of the Takes.
Nutrients were low in all these lakes; phosphorus was at the limit of
detection (0.01 mg/L) by the methods employed. The principal species
of nitrogen was nitrate, but lesser amounts of organic nitrogen and
ammonia were measured. With the exception of meromictic Redoubt Lake,
all the other lakes are probably dimictic and holomictic.

Spurt Point, Swan, Green, Blue, Osprey, and Redoubt Lakes were

visited twice during 1974. An attempt was made to reach each lake as
soon as possible after the ice melted but before summer stratification,
and again in late summer when stratification was well developed. This
schedule was not met at all the lakes because of logistical problems and
delays caused by bad weather. Spurt Point Lake had already become
stratified before the first sampling trip, and Swan and Spurt Point
Lakes had begun to Tose stratification when visited in Tate September.
Except for Blue Lake where the outlet was inaccessible, samples for
chemical analysis were obtained from the outlet and from the center of
each lake at depths of 1-2 m. [If thermal stratification was noted, then
two chemical samples were obtained, one from above and one from below
the steepest part of the temperature gradient.
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REDOUBT LAKE NEAR SITKA

Redoubt is an elongated subrectangular meromictic lake lying in a cryptodepression
at the head of Redoubt Bay on the west side of Baranof Island, 10.7 km south of
Sitka. The data collected thus far indicate that Redoubt Lake is anomalous when
compared not only with other described lakes in southeastern Alaska but also to
lakes in this hemisphere. It is likely that other large meromictic lakes exist in
southeastern Alaska; however, none have been documented. A search of the literature
does not reveal information on meromictic lakes that approach Redoubt in size or in
the depth of the chemocline and monimolimnion (Walker, 1974; Takahashi and others,
19683 Edmondson and Anderson, 1965; Brunskill and Ludlam, 1969; Weimer and Lee,
1973)-

The data indicate that the chemical composition of the mixolimnion is affected by
upward movement of dissolved constituents from the monimolimnion. This probably re-
sults in part from diffusion and in part from slight mixing at the interface during
periods of turnover in the mixolimnion. The absence of dissolved oxygen and pre-
sence of hydrogen sulfide in the monimolimnion indicate that it is isolated and
probably permanently anoxic. It is probable that Redoubt Lake was formerly a fiord
and lies in a depression that was gradually closed off by uplift (Hutchinson, 1957,
p. 191). The concentrations of sodium and chloride are much too high to be a result
of rain and wind-driven salt spray, and periodic high tides probably could not
account for this phenomenon. The geology of this area seems to preclude intrusion
of saltwater either through permeable soil or rock or by way of fissures or folia-
tion in the bedrock (Loney and others, 1964; G.S. Anderson and W.W. Barnwell, oral
commun., 1975).
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Location of the six Takes in southeast Alaska.
. . .
Water-quality data for six lakes in southeast Alaska, May 16 to September 28, 1974.
Dissolved | Dissolved | Dissolved | Dissolved | Dissolved | Dissolved | Dissolved | Bicarbonate | Carbon | Dissolved | Dissolved | Dissolved | Dissolved Hardness Color Total Nitrite plus | Total Total Total Total Dissolved | Total Total Total | Total | Total Total Total Total | Total | Total Total
ShAtToH hare Sample | silica iron manganese | calcium magnesium | sodium potassium (HCO4) dioxide | sulfate chloride fluoride solids, as CaC0 Specific (Platinum nitrogen |nitrate (N) | ammonia organic | Kjeldahl | phosphorus | ortho- aluminum | nickel | barium | boron | molybdenum | vanadium | titanium | copper | lead strontium | zinc
5 Date depth (Si02) (Fe) (Mn) (ca) Mg) (Na) (K) (co,) (S04) (c1) (F) calculated (Ca, Mgg conductance pH | cobalt Remarks as N nitrogen | nitrogen | nitrogen (P) phosphorus (A1) (Ni) (Ba) (B) (Mo) (v) (Ti) Cu) | (Pb) (sr) (zn)
and location S 5 = N)
M [WiTTigrams (umhos at 25°C) units) Diss. | Total (N) (N) ( (P)
per liter | Micrograms per Titer Milligrams per liter Total gg::‘z;' Milligrams per liter Micrograms per 1liter
Redoubt Lake
OQutlet 74-05-16 0.3 21 20 0 3.3 4.4 35 1.7 7.0 1.5 9.0 65 0.1 126 26 18 283 7.9 5 .12 | 0.06 | 0.06 0.04 0.02 0.06 0.01 0.00 <100 = = 120 1 2.0 = <10 o b 10
Central basin | 74-05-16 | 16 2.2 10 3.2 4.5 36 1.8 . = 1.0 63 .0 121 27 18 292 7.0 7 .31 07| - .04 .20 .24 .01 .01 <100 o - 220 0 2.0 i 20 3 3 0
74-05-16 | 98 3,0 50 490 11 29 530 9.4 36.6 6.5 82 690 2 1,380 150 1 110 3,160 7.0 8 | H,S present .38 031 .o .34 .00 .34 01 .01 - = 410 1 4.5 - 30 - = 1,000
Outlet 74-08-19 0.3 1.7 50 0 2.7 2.6 22 1.3 7.4 2.3 6.3 42 ] 84 17 9 172 6.7 2 31 01 01 29 .01 30 06 .00 - - 30 - - i <10 v 7 -
Central basin | 74-08-20 6 1.7 20 0 3.0 2.9 20 1.2 13 2.6 6.1 38 .0 79 19 9 162 7.2 3 .15 .02 .02 .10 .03 8 .06 .00 - = - 230 - - = <10 = = -
74-08-20 29 2.1 20 0 3.3 4.3 33 1.8 10 - 8.4 63 .0 121 26 18 237 7.0 6 HoS present .54 .07 .07 .45 .02 .47 .07 .00 - = = 50 - - = <10 5 7 -
74-08-20 | 100 16 50 730 240 720 6,000 200 635 - 1,000 11,000 5 19,500 3,600 |3,000 27,000 7.3 50 H,S present 8.9 01 02 10 8.8 8.9 .35 <31 - = = 550 = = < 10 3 = =
74-08-20 | 110 19 40 300 280 840 6,900 240 734 “ 1,200 13,000 = 22,800 4,200 {3,600 32,200 7.3 90 | HpS present 7.1 00 | .04 32 6.8 7l 90 .68 - - - 3,400 - - = 20 = § -
74-08-20 | 125 20 10 90 270 | 820 7,000 250 764 3 1,100 13,000 g 22.800 4,100 |3,400 32,200 73 200 | HpS present 1.9 00 | .00 34 1.6 1.9 1.4 1.00 80 = 40 | 3,600 - - = 20 = 6,100 <100
Blue Lake
Center 74-05-17 | 12 1.8 30 40 6.9 0.3 1.6 0.5 1.4 12.5 3.4 2.6 0 25 18 6 43 6.9 3 2 17 1 .03 .03 06 01 00 <100 = = 110 0 5.7 - 10 - = 5
74-08-21 e SR 20 10 4.2 4 1.5 4 8.0 7.1 4.6 2.4 0 21 12 2 30 6.8 1 13 05 07 -06 .00 06 00 00 32 1 10 4 0 0.6 2 2 5 9 5
74-08-21 | 15 ifes 20 10 4.0 2 55 .4 10 A 3.2 2.0 0 19 1 0 27 6lE 2 15 08 08 .07 .00 07 o1 00 - - - 4 - - - <10 5 & &
Green Lake
East basin 74-05-18 8 2.5 80 0 5.7 .5 1.8 .6 15.9 3.8 4.8 3.4 .0 28 16 3 47 6.9 8 .24 A4 8 .06 .00 .06 .01 .00 <100 5 = 120 0 5.2 - 100 - - 90
Outlet 74-05-18 0.9 2.6 80 10 5.9 5 1.9 .8 13.4 2.8 3.9 3.0 .0 28 17 3 49 6.9 7 .20 A4 1 18 .02 .02 .04 .01 .00 <100 - - 110 1 5.9 - <10 - - 230
East basin 74-08-22 5 b 40 0 3.6 .4 0.8 4 10 - 2.8 025 .0 16 n 3 29 6.7 2 -09 .04 .07 .02 .00 .02 .00 .00 - < = 4 - - - <10 = - -
Outlet 74-08-22 0.3 15 20 0 3.5 .5 1.5 .5 10 = 2.6 17 .0 17 n 3 31 6.5 2 .07 J2 | 3 .02 .02 .04 .00 .00 110 1 17 3 0 4 6 0 2 0 4
Osprey Lake
West end 74-05-30 0.3 Bl 50 20 1.0 o3 2.6 = 2.2 2.5 1.4 2.2 0 22 4 2 22 5.8 8 26 07 06 .04 .16 20 00 01 0 - = 30 0 - - <10 = - 30
Outlet | 74-05-30 0.3 1.1 30 30 1.0 3 2:2 .3 3 = 1.6 352 0 21 4 2 21 5.8 8 27 06 06 .05 .16 21 00 00 0 = 3 60 0 = - 10 = - 10
West end | 74-08-23 4 0.6 30 0 1.9 @ 1.8 2 4 - 1.0 - 0 16 6 3 16 6.4 4 09 03 03 .03 .03 06 00 00 - = - 20 - - - <10 - - <
| 74-08-23 | 15 8 20 0 - 51 1.9 2 4 - - 3.6 0 21 13 10 21 6.1 3 e 04 05 .03 .05 08 19 00 - = - 4 = - - <10 = - o
Outlet | 74-08-23 0.3 i 60 0 1.4 .0 - .6 4 - 0.9 %2 0 18 4 1 18 6.3 2 1 05 07 .03 .01 04 00 00 - = “ 4 < - - <10 - - -
|
Spurt Point Lake |
outlet | 74-07-09 0.3 1.6 40 10 1.8 A3 4 5 6.2 5.8 1.8 | 0 13 6 0 16 6.3 5 25 o1 02 04 .19 23 .00 00 400 g 2 z 0 - - <10 - = 30
North end 74-07-09 1 1.6 40 10 2.1 & 4 u 5 - 1.9 1.0 0 11 6 0 i 6.3 5 29 00 02 07 20 i27 .00 00 300 = = 7 0 = = <10 * = 30
| 7a-07-08 | 10 1.8 40 0 2.1 2 .5 3 5 = 1.8 1.3 0 11 § 2 16 6.0 7 20 00 05 16 .00 15 .01 00 300 = - 10 0 - = <10 - % 30
outlet | 74-09-26 0.6 1.9 70 0 2 1.5 2.1 1 7 - 5.4 0.3 0 17 12 6 16 6.4 20 23 03 02 03 .18 21 .10 01 300 e o 70 0 - - <10 - - 20
North end | 74-09-26 8 1.7 40 20 2.3 & 1.9 1 7 = 3.5 7 0 15 9 3 13 6.0 20 62 05 08 10 .44 54 .06 01 100 = = 70 0 = = <10 = = 20
Swan Lake 1
Outlet 74-07-11 1 2l 30 0 4.0 -2 .5 .3 12 8.6 1.6 6 .0 15 1 1 24 6.7 2 17 00 08 00 .09 .09 00 01 200 - = 5 0 - - <10 = © 10
West end 74-07-11 1 2.0 40 0 307 2 10 4 12 9.3 1.5 7 0 16 10 0 23 6.6 2 14 04 04 00 .10 .10 00 00 200 = 10 0 - - 10 = - 20
Qutlet 74-09-28 0.6 1.4 10 10 1.7 1.6 155a) 2] 9 = 4.5 1 .0 16 ] 4 16 6.5 3 19 01 01 02 sl .18 01 00 200 1 16 110 0 .5 20 1 2 12 38
Center 74-09-28 4 1.2 200 ) 2.0 1.5 1.8 8 9 5 4.5 1 .0 16 n 4 16 6.3 5 17 05 07 01 .09 .10 01 00 200 = - 100 0 ’ - <10 = ~ 70
Silver (Ag), cobalt (Co), cadmium (Cd), Tithium (Li), beryllium (Be), bismuth (Bi),
chromium (Cr), gallium (Ga), germanium (Ge), tin (Sn), and zirconium (Zr) were
not present in detectable quantities.
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BLUE LAKE NEAR SITKA

— — — — August 21, 1974

May 17,1974

Blue Lake is 8.4 km east of Sitka on Baranof Island. It is a natural lake, but the
water level has been raised approximately 40.5-m and regulated by a dam and penstock
at the west end. The major tributary creek flows into the east end. Except for the
flood plain at the east end, the slopes around the lake are steep and covered with
spruce. The shoreline has been stripped of vegetation and there has been consider-
able erosion as a result.
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Blue and Green Lakes were chemically similar despite their dissimilar morphometric
characteristics; however, Blue Lake had a considerably higher average chlorophyll
concentration than did Green Lake.

Spurt Point Lake is on mainland Alaska approximately 1.6 km west of Thomas Bay and
30.1 km north of Petersburg.
drained, consisting of muskeg, peat moss, and associated acidophilic (acid tolerant)
plants.
barren mountain slope.
the midpoint divides the lake into two basins.

EXPLANATION
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x44-Measured depth,in meters
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The dissolved-solids concentrations were low, and the range of pH in the vertical

profile was the greatest noted in any of the six lakes studied. The ratios of the
major inorganic ions changed from July to September. Color and nitrogen and phos-
phorus concentrations increased between sampling periods. The aluminum concentra-
tion was greater in Spurt Point Lake than in any of the other lakes. The presence
of aluminum in these amounts is unexplained at this time but may be related to Tow

Much of the surrounding terrain is flat and poorly

The overstory is small spruce and hemlock. At the north end is a steep
Spurt Point Lake is narrow and elongated; a shallow area at
The main tributary is a creek at the

north end of the lake and the lake is drained by a creek on the northeast side. pH.

Maximum depth — — — — — — — —143 m
Average depth —-— — — — — —— 52,1 m
7.0 km?
5.4 km?

281 hm?
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Green Lake is on Baranof Island approximately 0.8 km east of the head of Silver Bay
and 15.3 km southeast of Sitka. A bar 0.3-1 m below the surface of the water divides
the lake into east and west basins. The major tributary is the Vodopad River which
flows into the east end of the lake. The outlet is at the extreme west end of the
lake. Green Lake is subrectanguiar and is almost surrounded by steep slopes which
are heavily forested with large spruce; at the west end is a flat flood plain covered
with alder.

Vertical profiles of the two basins are similar except that water in the west basin
is warmer and exhibits slightly greater temperature stratification, probably because
of the warming of lake water as it passes over the shallow bar and to the smaller
fetch in the west basin. Stratification is so weak in both basins of this Take that
warming occurs to the bottom and wind action may mix the lake periodically during
periods of open water. Based on the average total organic carbon and chlorophyll
concentrations, Green Lake appeared to be the least productive lake in this study.
Except for Redoubt Lake, Green and nearby Blue Lake had higher dissolved-solids
concentrations than any of the other lakes studied.

May 18,1974 8 meters August 22,1974 15 meters
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Swan Lake is 27 km northwest of Petersburg and 3.7 km from tidewater of Thomas Bay.
It Ties in a single subrectangular basin of glacial origin with steep sides that are
covered with spruce interspersed with numerous rock slides. The major tributary is a
creek at the .northeast end. The flow-through time was calculated to be 1.0 years on
the basis of streamflow data from Cascade Creek which drains the lake at the west
end.

On July 11, a small part of the lake was still ice covered. Thermal stratification
in this lake was not well developed in September, but dissolved oxygen decreased to
nearly 50 percent saturation at 100 m depth. The high values for chlorophyll and

total organic carbon in Swan Lake suggest it may be more productive than the other
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lakes studied except possibly Blue Lake which had a Tower total organic carbon con-
centration but a slightly higher average chlorophyll concentration. The changes in
concentrations of dissolved solids, major inorganic constituents, and nutrients
between July and September were very small; the calcium magnesium ratio, however,
changed markedly. The cause of this change is not apparent but it may be related to
changes in amounts of dissolved minerals in the surface runoff (which has greater
contact with exposed bedrock in the summer) or it may reflect a change in the re-
lative amounts of ground water and surface water entering the lake. Rainfall in
September is normally more than in the summer months, and these changes may reflect
the greater amounts of precipitation and runoff. Aluminum was present in measurable
quantities in this lake.

September 28,1974 3 meters
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OSPREY LAKE
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Maximum depth — — — — — — — 120 m

Average depth— — — — — — — 60 m
Drainage area — — — — — — — 7.0 km?
Surface areg — — — — — — — 1.09 km?
Volumg — — — — — — — — — 65.0 hm3

Altitude above mean sea level— 58 m
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The shoreline is steep forested slopes.

Take.

Tower specific conductance.

exception of Redoubt.

Secchi disc reading.

OSPREY LAKE NEAR PORT WALTER

Osprey Lake is on the southeast side of Baranof Island, 0.4 km north of Port Walter.

southeast end, and the major tributary is a small creek at the northwest end of the

Osprey Lake was one of the more dilute lakes sampled; only Spurt Point Lake had a
Thermal stratification was present to 50 m, but dis-
solved oxygen exceeded 75 percent saturation to the bottom of the profile. The
percentages of sodium and chloride were higher than in the other lakes with the

Since rain at low altitudes near the sea may contain sodium
and chloride, the slight differences in the percentages of sodium and chloride may be
due to differences in average annual precipitation which exceeds 5,080 mm per year at
Port Walter, is about 4,060 mm near Sitka, and is approximately 2,030 mm near
Petersburg (Feulner, Childers, and Norman, 1971).
tions increased between sampling periods.
higher concentration of total organic carbon.

The lake is drained by a stream at the
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Calcium and bicarbonate concentra-
0f the Takes studied, only Swan Lake had a
Osprey Lake had the greatest average
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LIMNOLOGICAL INVESTIGATION OF SIX LAKES IN SOUTHEAST ALASKA
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