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Introduction

This report summarizes the results of water a quality sampling program for the Cook Inlet
Ecoregion in South-Central Alaska. The area of the state to be investigated for assessing
and establishing nutrient criteria is within the USGS level Il ecoregion number 115.

This region contains Anchorage, the western half of the Kenai Peninsula, and the
Matanuska-Susitna Valley (Mat-Su). Within this region, USGS has found over 200 lakes
which are larger than 20 acres. After logistical and resource considerations, the Mat-Su
Valley was chosen as the focus of the project and 24 lakes were proposed for sampling
during this initial phase.

The Mat-Su valley was selected for sampling, because this area has the fastest growing
population in the state and there is a high potential for human nutrient sources impacting
this region’s numerous water bodies. In addition, more lake monitoring data exists for
this valley than any other region in Alaska. It is generally accepted that most lakes
within ecoregion 115 have nutrient concentrations below the levels considered eutrophic.

Much of the area is inaccessible by road and many area lakes, therefore, are essentially
unaltered. This region also has the most lakes that are accessible by road in Alaska, thus
minimizing expense of travel. The fact that there are large areas of the region having
minimal contact and that there are large areas having road access may seem
contradictory. However, this large region (~24,600 square miles) is the size of West
Virginia, so these concepts are realistic.

The State of Alaska currently has no numerical criteria for nutrients. This report serves
as a first step in moving Alaska closer to fulfilling EPA’s sub-objective (2.2.1). Alaska
State general funds are not presently available for adequate data collection, analysis and
interpretation. One major caveat in interpreting this data set is that seasonality cannot be
addressed and all lakes have basically been sampled at one site, without adequate vertical
sampling and without areal coverage.

Methods
All sampling was pssr” formed within a week time, during September of 2007. Of the 24
lakes mitially chosen, 3 remained inaccessible and therefore only data for 21 lakes were

collected at this time (Table 1). An inflatable boat or float {‘?3&21{, was used to access each
lake, seeking the deepest part of each lake. Due to the considerable distances between
lakes (Figure 1), the sampling period covered a week’s duration. A Secchi disc reading,
ctd profile (SeaBird model SBE19), and water collection for nutrients and ¢ lorophyil
were carried out at one site in each lake. Observations on local land use were also noted.
All lake information: including the lake’s name, location and approximate depth are
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presented in Table 1. Initially, the lakes were deemed deep if greater than 6 meters depth
or shallow 1t less than 6 meters.

Table 1. Nutrient Criteria Lake information during September 2007 sampling

period.

Lake Name # Location Depth | Depth Comments

max | sampled

Big Lake 1 | 61°31; 149° 59° 27 20.8 | 303 (d) impaired
Byers Lake 21627 44" 150° 06 54 public use cabin
Homestead Lake 3 61731 587 149° 51" 19" 5 4.8
Horseshoe Lake 4 | 61° 34’ 33" 149° 55 47" 7.5 4.9 pike present
James Lake 5 | B1° 38 06" 150° 05" 427 2 5.3 public use cabin
Jim Lake 6 | B81° 33 13" 148° 55' 50" 1.8 1
Johnson Lake 7 1 81° 33 59" 149° 13 59" 2 1.7 remote, pristine?
Lake Louise S | 62° 16487 146° 31" 31" 38.0 14.3
Lake Lucille g | 61° 34447, 149° 27 38 4.8 5.5 303 (d) impaired
Lalen Lake 10 | 61° 36" 247, 149741177 3.6 3.7
ngng(}ng I.ake 11 | 61° 26 48"; 149° 56" 05" 9 4.5 remote, pristine?
Mud Lake 12 | 617357 149° 20' 5.2 0.6
Nancy Lake 13 1 61741 13" 150° 00" 14" 10.8 19.1 public use cabin
Redshirt Lake 14 | 617 37' 25", 150° 10’ 25" 1532 11.3 public use cabin
Shell Lake 15 | 61° 58 151° 33 58.7 17.7
Threemile Lake 16 | 61° 30, 149° 46’ 4.6 3.7
Vera Lake 17 | 617 42'42" 150° 08 '26" 7 53
Wasilla Lake 18 | 61°35, 149° 24’ 14.6 12.1 pike present
West Papoose 19 | 617 32 09" 150° 05" 42" ? 10.1
Lake
Wolverine Lake 20 | 817 347477 149° 147 277 2.8 3 fioatplane base
Zero Lake 21 0 B1° 38 527 149° 48 257 7 3 remote, pristine?
Falk Lake 22 | 61°33'24" 149° 03' 07" ? not sampled
Unknown #1 23 | 62°02' 03" 1497 58' 217 ? not sampled
Unknown #2 24 | 61°02'04" 148° 46' 11" ? not sampled

Nutrient sampling:

Nutrient samples were collected at all lakes. At each location, samples for nutrient
analyses were collected from near surface, the mixed layer and below the thermocline.
Exceptions at Mud Lake (at 0.6m depth), Johnson Lake (at 1.7m depth), Jim Lake (at
0.9m depth) and Wolverine Lake (at 1.5m depth), were due to the shallow depth only 1 or
2 samples could be taken with respect to depth.

Samples were collected from the near surface to determine the nutrients available t
.

blooms resulting from nutrient loadings. Deeper samples were collected to examine the

b
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stratified waters. After collection all samples were placed in ice chests and transported
back to the lab for analysis. Nutrient samples were processed for nitrate, ammonium,
silicate, and phosphate concentrations using an automated nutrient analyzer (ALPKEM
model RFA 300). Detection limits are approximately 0.05 uM for nitrate, nitrite and
silicate and approximately 0.1 uM for orthophosphate and ammonium.

DByers Loke

Figure 2. Map showing the iecaﬁan of lakes sampleé éarm 2007 nutrient criteria
program. Note that Byers lake lies to the north of the maps “northern boundary.

Chlorophyll sampling:

Chlorophyll samples were collected by using a Niskin water sampling bottle to obtain
one liter of sample water from depths similar to that of the nutrient sampling schema.
The liter of water was then passed through a sample filter (GF/F glass fiber filter, with
nominal pore size of 0.7 um) using a hand pump. The liter of water and filtering process
was shielded as much as possible to prevent photodegradation of chlorophyll. Sample
filters were wrapped in aluminium foil and placed on ice within ice chests for transport to
the laboratory for analysis. All filters were extracted in 90% acetone and read
fluorometrically as per methods outlined in Holm-Hansen et al., (1965).

Results

General information collected for each lake is summarized in Table 2. Secchi disc depths
ranged from 2.3 to 8.5 m. By the classification scheme adopted by the Michigan DEQ
for Secchi disc measurements, 6 Mat-Su Valley lakes appeared to be oligotrophic and 11

L
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lakes appeared as mesotrophic. Typically the deeper lakes tended to yield deeper Secchi
values. Surface water temperatures during this fall sampling period ranged between 14
and 17.7 °C. Mixed lavers were highly variable with, two of the shallow lakes
(Threemile Lake and Vera Lake) having a distinct thermocline from surface to the
bottom. Most lakes had mixed layers in excess of 10 m.

Table 2. Nutrient Criteria Lake Survey data collected during September 2007 sampling period,
in conjunction with nutrient and chlorophyll sampling.

DEC Lake
Sampling
2007
Depth Mixed Layer
Lake Date Secchi Depth Type Urbanization Temp Depth

Surface >6m or

Values Sampled {m) {m) <6m (°C) {m)
Big Lake 1 9/7/2007 8.50" 20.8 Deep High 16.9 23
Byers Lake 2 9/8/2007 6.50" 137.2 Deep L none
Homestead
Lake 3 9/4/2007 3.50* 48  Shallow L 17.7 7.5
Horseshoe
Lake 4 9/10/2007 3.80™ 49  Shallow Med none
James Lake 5 /512007 4.00% 53  Shallow L 17.0 10
Jim Lake 6  9/6/2007 0.9  Shallow L none
Johnson Lake 7 9/6/2007 1.7  Shallow L none
Lake Louise 8  9/7/2007 6.00* 14.3 Deep Med 14.0 28.3
Lake Lucille 9 9/7/2007 3.00™ 55  Shallow M-H 15.5 10
Lalen Lake 10 5/3/2007 2.30% 37  Shallow M-H 17.2 9
Loonsong
Lake 11 9/5/2007 2.90™ 45  Shallow L 16.7 14.8
Mud Lake 12 9/6/2007 06  Shallow High 0
Nancy Lake 13 9/10/20607 3.00* 19.1 Deep Med none
Redshirt Lake 14 9/5/2007 5.00% 11.3 Deep L 17.0 18
Shell Lake 15 9/5/2007 4.50" 17.7 Deep L 15.9 20
Threemile thermo to
Lake 16 9/7/2007 3.20% 3.7  Shallow L 16.0 bottom

thermo to

Yera Lake 17 9/4/2007 4.00% 53 Shallow L 17.3 bottom
Wasiila Lake 18 9/6/2007 2.50™ 12.1 Deep High 15.9 17.5
West Papoose 189 9/5/2007 5.00% 101 Deep L 16.9 20
Wolverine
Lake 20 9/5/2007 1.5  Shallow Med 148 5
Zero Lake 2% 9/3/2007 5007 a3 Deep L 17.3 19

*oligotrophic, “mesotrophic

Nutrient sampling.

Table 3 displays the sample summary for all nutrient samples. Data are presented for
phosphate (POy), silicate (S104), nitrite (NO,}, ammonium (NHy), nitrate (NOz) and
dissolved norganic nitrogen (DIN). Surface phosphate concentrations ranged from
helow detection (Horseshoe Lake) to 2.411 pM (Zero Lake), but were typically below 1
uM. Surface nitrate concentrations were typically below 1 uM, ranging from 0.035 uM
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(Zero Lake) to 29.002 uM (Shell Lake). The ratio of nitrogen to phosphate was typically
below 16 suggesting phosphate limitation to primary productivity. Exceptions, with N:P
values in excess of 16 were Byers Lake, Horseshoe Lake, and Shell Lake. Both Byvers
Lake and Shell Lake had the highest concentrations of nitrate at depth, with values in

excess of 30 uM

Table 3. Nutrient Criteria Lake Survey nutrient summary. All values in pmoles of nutrient

per liter. Data collected during September 2007.
DEPTH PO4 5104 N+N NO2 NH4 NO3 DIN
Lake Name m uM uM uM M pM M uM

Big Lake 1 G 0.970 107.856 0.060 0.025 0.368 0.035 0.428
Big Lake 1 10 1.0658 141.163 0.060 0.025 0.276  0.035 0.336
Big Lake 1 20 0.670 182.495 9.576 0.025 1.908 9.551 11.484
Byvers Lake 2 o 0.423 85.034 6.823 (0.025 0.536 6.798 7.358
Byers Lake 2 14 G.723 29.448 21.845% 0.025% 0.160 21.820 22.005
Byers Lake 2 28 0.388 29.780 30.7063 0.025 1.038 30.678 131.741
Homestead Lake 3 0 6.753 3.748 0.479  0.025 0.269 0.454 0.748
Homestead Lake 3 2 0.394 3.871  0.239  0.025 0.310 0.214 6.549
Homestead Lake 3 4 0.441 3.994  (0.060 0.025 0.377 0.035 0.437
Horseshoe Lake 4 0 §.000 34.656  1.496  0.025 0.425 1.471 1.922
Horseshoe Lake 4 2 1.57¢ 78.331  0.120 0.025 0.3054 0.094 0.42¢6
Horseshoe Lake 4 5 0.741 99.669 0.180 90.025 0.281 0.154 0.461
J 5 G 1.298 18.762 0.060 0.025 0.202 0.035 0.262
J 5 2 0.976 19.034 0.060 0.025 0.216 0.035 0.275
J 5 3.5 1.111 18.713 0.060 0.025 0.202 0.035 G.262
& O 1.058 £3.646 1.017 0.025 2.861 0.992 3.579
& 1 1.041 64.125 1.137 0.025 2.334  1.112 3.471
7 0 0.953 8.830 0.060 0.025 0.188 0.035 0.248
8 O 0.882 18.333 0.0860 0.025 0.311 0.035 0.371
g 7 0.708 14.375 0.239 0.025 0.286 0.214 0.526
8 14 0.582 32.162  0.120 0.025 0.423 0.0%94 0.542
9 Z G.847 173.133 0.060 0.025% 06.507 0.03% 0.567
9 5 0.370 177.635 (.120 0.02% 0.5 0.094 0.6556
10 0 $.929 21.8732  2.03%  0.025 2.0 2.010 4.069
} 4 1 7 1%.801 0.120 0.025 2.155 0.094 2.27%

G 0. 14 6.2%% ¢ 0. O

SR s T W
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Three: 16 1 0.759 124.953 0.060  0.025 0.944 0.035 1.004
Threemi 16 3.5 0.864 120.45¢ 0.778 0.025 1.107 0.753 1.885
fer 17 0 o 46.130 0.239 0.025% 0.18% 0.214 0.428
Ver 17 3 . 43.5%0 0.59% 0.02% 0.269 0.573 0.868
Vera Lé 17 4 1. 31.731 0.419 0.025 O0.B08 0.394 1.227
Wasgilla i8 G 1 89.457 £.858  0.025% 0.23% 0.832 1.182
asilla i8 5 1 7 92.747 0.080 0.025 0.223 0.03% 0.283
Wasilla 18 10 1.235 97.073 0.080 0.025 0.238 (0.035 0.288
West 19 0 1.017 35.848  3.950 0.025 0.674 3.32% 4.624
West i9 5 1.082 41.297  0.120 0.025 ($.458 0.0%4 0.578
West Papoose 19 9 0.723 28.255  1.377 0.025 0.471  1.351 1.848
Wolverine Lake 20 0 1.000 33.038  0.888 0.025 1.488 0.872 2.366
Wolverine Lake 20 1.5 1.382 30.498 0.898 0.025 1.212 0.872 2.110
Zero Lake 21 O 2.411 11.884 0.080 0.025 0.148 0.035 0.208
Zero Lake 21 5 0.853 9.1396 0.060 0.025% 0.148 0.035 0.208
Zero Lake 21 5 1.200 3.688 0.060 0.025 0.418 0.035 0.477

Surface Nitrate and Phosphate

35.00 po - - 3.00
30.00 | t 2.50
25.00 - - 2.00
20.00 1 - 1.50

- 1.00

15.00 +
0.50
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Figure 2. Surface nitrate and phosphate concentration for 21 lakes sampled in 2007.
Concentrations of nitrate and phosphate measured in pmoles per liter. Note
Lake 15, with exceptionally high nitrate, is Shell Lake. Lake 21 with
exceptionally high phosphate is Zero Lake.
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Surface DIN and N:P ratio

4l e o e _?ﬂv ?_:?,_:a_? - |
1234567 8 91011121314151617 18182021

Lake Number

for 21 lakes sampled in 2007. The concentration of DIN is expressed pmoles
nitrogen per liter. Highest DIN concentrations are found in Lake 15 (Shell
Lake) and Lake 2 (Byers Lake). Also note with undetectable phosphate in Lake
4 (Horseshoe Lake) the N:P ration could not be calculated.

Mat-Su Lakes 2007

— !-f1_;.:_i_;—,’Eiz—.‘E_ﬂ:.;..-;.B‘.gz_j,, 0.0
12 3 456 7 8 910112131415 16817181920 2%
Station Number

Figure 4. Surface dissolved inorganic nitrogen and phosphate concentrations in
Mat-Su Lakes during September 2007.
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Valdez Transect Lakes

1 2 3 4 5 6 7 8
Station Number

Flaure 5. Surface dissolved inorganic nitrogen and phﬂsphate concentrations in
lakes accessible from the highway between Valdez and Fairbanks in July 2005.

Chlorophyll sampling.

Table 4 displays the sample summary for surface chiorophvli concentration by lake.
Surface values range from 1.18 to 57.69 ug Chl L', with only 7 lakes having values less
than 5 ug Chl L™, All chlomphyii data are presented in Table 5. Certainly the lakes in
excess of 10 pg Chl L indicate signs of eutrophication. Chlorophyll values of >20 are
not uncommon within the Mat-Su lakes sampled, yet Lake Lucille, Wasilla Lake, and
Zero Lake all had chlorophyll concentrations comparable to eutrophic lakes. Chlorophyll
concentrations in Jim Lake, Johnson Lake, Lake Lucille, and Redshirt Lake were all low
and characteristic of oligotrophic systems.

Table 4. DEC Lake Sampling 2007, surface chlorophyll and
phaeopigment data. Concentrations in ug Chl L™ and in ng phaeo L.

Lake Date Depth Chl  Phaeo Chl:Phaeo
Surface Values Sampled m (mgL" (ugL"
Big Lake 1 9/7/20607 0 6.91 0.97 7.15
Byers Lake 2 9/8/2007 0 11.97 0.89 13.47
Homestead
Lake 0 13.11 1.46 9.01
Horseshoe Lake 0 2.23 0.42 5.33
James Lake 0 [R8.53 2.54 6.31
Jim Lake 0 1.44 (.69 2.09
Johnson Lake 0 1.37 (.04 3589
Lake Louise 0 1.18 0.11 11.06
Lake Lucille 0 57.69 12.68 4.55
Lalen Lake G 28.49 1.93 14.75
0 23.08 3.39 6.82

Loonsong Lake
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Mud Lake
Nancy Lake
Redshirt Lake
Shell Lake
Threemile Lake
Vera Lake
Wasilla Lake
West Papoose
Wolverine Lake
Zero Lake

12
13
14
15
16
17
18
19
20

21

9/6/2007
9/10/2007
9/5/2007
9/5/2007
9/7/2007
9/4/2007
9/6/2007
9/5/2007
9/5/2007
9/3/2007

ok e e S o i oo N o e S o oo B

22.03
5.86
1.73
1.79
2.01

10.63

33.04

13.29

16.78

14.42

5.46
0.65
0.35
0.21
0.18
2.06
0.47
1.57
542

1.01

4.03
9.08
4.91
§.43
11.32
5.16
70.31
8.44
3.10
14.26

Table 5. DEC Lake Sampling 2007, all chlorophyll and phaeopigment data.
Concentrations in pg Chl L™ and in pg phaeo L

Lake Name

Big Lake
Big Lake
Big Lake

Byers Lake
Byers Lake
Byers Lake

Homestead Lake
Homestead Lake
Homestead Lake

Horseshoe Lake
Horseshoe Lake
Horseshoe Lake

James Lake
James Lake
James Lake

Hm Lake
Jim Lake

Date
Sampled

1 9/72007
1 9/7/2007

1 9/7/2007
2 9/8/2007
2 9/8/2007
2 9/8/2007
3 942007
3 9/4/2007
3 9/42007

4 9/10/2007
4 9/10/2007
4 9/10/2007

Depth Chl
(m)  (pgChlL)
0 6.91
10 34.00
20 0.41
0 11.97
14 12.52
28 0.56
0 13.11
2 13.29
4 23.77
) 2.273
2 2.95
5 2.69
O 18.53
2 20.98
3.5 19.58
0 1.44
i 10.84

Phaeo
(pg phaeo L'I)

0.97
0.60
0.32

0.89
1.24

0.25

1.46
2.46

5.33

0.42
0.39
0.44

2.94

372

0.69
4.76
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Johnson Lake

Lake Louise
Lake Louise
Lake Louise

Lake Lucille
Lake Lucille
Lake Lucille

Lalen Lake
Lalen Lake
Lalen Lake

Loonsong Lake
Loonsong Lake
Loonsong Lake

Mud Lake

Nancy Lake
Nancy Lake
Nancy Lake

Redshirt Lake
Redshirt Lake
Redshirt Lake

Shell Lake
Shell Lake
Shell Lake

Threemile Lake
Threemile Lake
Threemile Lake

Vera Lake

Vera Lake

Wasilla Lake

10
10
10

11
i1
1

9/6/2007

9/7/2007
9/7/2007
9/7/2007

9/5/2007
9/5/2007
9/5/2007

9/6/2007

9/10/2007
9/10/2007
9/10/2007

9/5/2007
9/5/2007
9/5/2007

9/5/2007
9/5/2007
9/5/2007

9/7/2007
97772007
)/ 712007

9/4/2007
9/4/2007
9/4/2007

9/6/2007

10

o RS-

Lo

EEN

O -
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20

W O
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foo

0
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P Wil
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57.69
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28.49
27.27
38.81
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0.93
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73
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1.79
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2.01
18.88
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10.63
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Wasilla Lake 18 9/6/2007 5 40.38 0.47
Wasilla Lake 18 9/6/2007 10 15.03 72.22
West Papoose 19 9/5/2007 0 13.29 1.57
West Papoose 19 9/5/2007 5 14.33 2.14
West Papoose 19 9/5/2007 9 81.81 29.96
Wolverine Lake 20 9/5/2007 0 16.78 5.42
Wolverine Lake 20 9/5/2007 1.5 1.92 0.85
Zero Lake 21 9/3/2007 0 14.42 1.01
Zero Lake 21 9/3/2007 4 16.96 1.78
Zero Lake 21 9/3/2007 8 35.31 25.51

Figures 6 and 7 demonstrate the variability between lakes when surface chlorophyll
concentrations are compared to either DIN or N:P ratios. Byers Lake (Lake 2) and Shell
Lake (Lake 15) both show elevated DIN and N:P ratios, primary due in increase nitrate
concentrations. Lakes 9 (Lake Lucille), 10 (Lalen Lake), 11 (Loonsong Lake) and 12
(Mud Lake) are all shallow lakes (<5m depth) showing elevated chlorophyll
concentrations. Lake 18 (Wasilla Lake) 1s the only deep lake showing high surface
chlorophyll concentrations.

Surface Chlorophyll and DIN

70.0 —
60.0 -
50.0 +
40.0 -
30.0 4
20.0 -
10.0
1234567 8 91011121314151617 18192021
Station Number

Chlorophyll

o U IS - o Ty

Figure 6. Surface chlorophyll distribution by lake, concentrations in pg Chl L™
Surface dissolved inorganic nitrogen (DIN) concentrations are given in pmole
nitrogen per liter.

11
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Surface Chlorophyil and N:P

Station Number

12 3 4 5 6 78 9’?0?!’%2’%314‘75161??8192@21
Chlorophyll

Figure 7. Surface chlorophyll distribution by lake, concentrations in pg Chl L™
Ratio of nitrogen to phosphate for surface nutrient concentrations.

Discussion

Nutrient samples were collected in 21 lakes on the Mat-Su valley for the purpose of
obtaining an indication whether anthropogenic eutrophication is a management issue that
might need to be considered in the future. With this possible objective in mind, it is
helpful to consider the context of ambient nutrient and chlorophyll data to some general
physical, chemical and biological processes that occur in lake waters.

The ambient concentrations of major biogenic nutrients especially orthophosphate,
nitrate, nitrite, ammonium and dissolved silicon (silicate) can be used to assess the
nutrient availability in marine and freshwaters but care must be taken to avoid the
mistake of assuming that an instantaneous concentration measurement of a nutrient
accurately represents a longer term value. A single measurement of nutrient
concentrations can provide a quick glimpse of the possible nutrient status but a series of
measurements over time can provide much more information about the long term nutrient
status. The temporal scale of variability of nutrients in the Mat-Su lakes certainly exhibit
a seasonal signal but it is probable that short term variations over days to weeks are also
important as well as possible long term variation over years

The Mat-Su nutrient/chlorophyll samples were collected in late summer/early autumn so
the typical seasonal cycle of nutrient utilization by the phytoplankton would typically be
at a low level with an annual minimum in the nutrient concentrations. That would be
especia ii@ true for @ﬁi‘%@z}hm;}%a{ﬁ. nitrate, nitrite and silicate but ammonium may display
a different pattern since it is derived from microbial decomposition of dissolved and
particulate organic matter. The chemica ;% forms of nitrogen may also show variations due
to transformation between chemical species (e.g. oxidation of ammonium to nitrate)
depending on oxidation-reduction reactions in ?% water column and within the
sediments. The presence of organic forms of the nutrients can also §:}§: significant éﬁzié@f
depending on the environmental conditions. So, a quick survey may provide indication

[y



DEC Final Report: Nutrient Criteria
Stockwell, DA & Whitlege, TE

of excess nutrient concentrations or plant growth (phytoplankton and attached algae) but
a longer time series of measurements over the annual cycle that includes all nutrients in
their vartous oxidation states and inorganic/organic forms must be attained before a valid
nutrient criteria characterization can be made. When nutrient concentrations are observed
to be low in samples, the chlorophyll concentrations are often useful indicators of
phytoplankton growth that occurred previous to the sampling. It is not unusual to
measure low nutrient and high chlorophyll concentrations in a very productive lake.
Table 6 contains the estimated amounts of nitrate in each of the Mat-Su lakes that would
account for the ambient nitrate concentrations plus the amount of nitrate required to
produce the observed chlorophyll. The total nitrogen in the dissolved and particulate
forms of nitrogen was <10 :M in ten of the Mat-Su lakes, 10-20 :M in five lakes, 20-30
‘M in 3 lakes and >30 :M in two lakes. It is noteworthy that the highest value was
registered in Lake Lucille adjacent to the urban area of Wasilla.

The kinetics of phytoplankton nutrient utilization is often a useful tool to assist in
determining whether a specific nutrient value observed in a lake is considered either high
or low. In general, the two variables of maximum uptake rate, VMAX, and the half
saturation constant, Ks, are used to describe the growth potential of phytoplankton in
relation to nutrient substrate concentrations. The value of Ks is normally considered to
be a useful concentration of nutrient substrate that below which indicates a possible
nutrient limitation. For instance, the Ks for nitrate is approximately 1 uM so nitrate
concentrations less than 0.5uM may be considered near the threshold of a limiting
concentration. All nitrate values above Ks would support good growth and values that
are twice the Ks, 1.e. 2uM, would support a maximal growth rate. All of the nutrients
conform to uptake kinetics as long as some other substrate (nutrient or light) does not
become limiting.

Observations of nutrient concentrations in lakes can be greatly influenced by the physical
characteristics of the lake, especially water depth and thermal stratification. Shallow
lakes are most likely to have higher summer temperatures which can increase growth
rates and microbial decomposition. In addition, shallow lakes may have larger amounts
of sunlight penetration of the waters and support benthic primary production. Shallow
lakes therefore have more extreme conditions and may show higher effects of nutrient
enrichment and plant growth. In contrast, deeper lakes (>6meters) can be thermally
stratified which limits the vertical circulation in the lake except during a short time in the
spring and fall seasons. For these reasons surface sampling may be adequate in shallow
lakes while samples from the surface and near the bottom may be most informative in
deeper lakes.

Comparisons with other lakes:

A two year sampling program conducted by ADF&G in two lakes on Kodiak Island,
demonstrated marked seasonality in nutrient loadings (Figs. 7 and 8). Phosphate values
in these two lakes were low and remained below 0.2 1 mole/ Ez%f:z‘ but seasonal variability
is also é; uite evident. These aaims were comparable to phosphate values found along the
Valdez Highway trar 15¢ ct samples (Fig.4). This suggests that phosphate loadings within
all 2% Mat-Su valley i«;a, are somewhat clevated above expected concentrations and
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could be classified as mesotrophic. Nitrate concentrations in the two lakes showed a
prominent seasonal cycle with spring drawdown as bloom conditions developed, with a
summer depletion for 2 months and then with a fall enrichment that resulted from
convective overturn and reduced rates of plankton productivity. The total nitrogen values
could also qualify about half of the Mat-Su lakes as potentially mesotrophic. No obvious

trends related to relative depth of the lakes were noted.

Kodiak Lakes 2005
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Figure 8. Seasonal surface phosphate concentrations found in Karluk Lake and

Spiridon Lake, Kodiak Island, during 2005.
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Figure 9. Seasonal surface nitrate concentrations found in Karluk Lake and
Spiridon Lake, Kodiak Island, during 2005.
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Potential: Based on the chlorophyll values present in each lake and DIN concentrations
(shown in Table 5) estimates of initial total nitrogen potentially available for each lake
were calculated.

Table 6. Using chlorophyll to estimate nitrate (at 0.7 pmole nitrate per 1
pg Chl/L), total nitrogen concentration for each lake was estimated. DEC
Lake Sampling 2007, surface values only.

Total
Lake Name Chi DIN  Conversion N
(ngL) M Chl to NO;
Big Lake 1 6.91 0.43 483 5.26
Byers Lake 2 11.97 7.36 8.38 15.74
Homestead Lake 3 13.11 0.75 9.18 9.93
Horseshoe Lake 4 2.23 1.92 1.56 3.48
James Lake 5 18.53 0.26 12.97 13.23
Jim Lake 6 1.44 3.58 1.01 4.59
Johnson Lake 7 1.37 0.25 0.96 1.21
Lake Louise 8 1.18 0.37 0.83 1.20
Lake Lucille 9 57.69 0.64 40.38 41.02
Lalen Lake 10 2849 4.07 19.95 24.01
Loonsong Lake 11 23.08 5.21 16.15 21.36
Mud Lake 12 22.03 0.51 1542 15.93
Nancy Lake 13 5.86 3.39 4.10 7.49
Redshirt Lake 14 1.73 3.40 1.21 4.60
Shell Lake 15 1.79 29.23 1.25 30.48
Threemile Lake 16 2.01 1.67 1.41 3.08
Vera Lake 17 10.63 0.43 7.44 7.87
Wasilla Lake 18 33.04 1.19 23.13 24.32
West Papoose 19 13.29 4.62 9.30 13.92
Wolverine Lake 20 16.78 2.37 11.75 14.11
Recommendations

Due to the extreme seasonality throughout the drainage basin in both timing and volume
of drainage is quite variable. Additionally, recreational usage peaks during the summer
and diminishes during the winter. Therefore, before natural or background levels can be
determined for lakes in the Mat-Su Valley, a multi-year and seasonally variable study
must be completed if this relates to Alaska’s attempts to develop nutrient criteria.

References
Holm-Hansen, O., C. I. Lorenzen, R. W. Holmes and J. D. H. Strickland. 1965.
Fluorometric Determination of Chlorophyll. Journal du Conseil 30(1):3-15.
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DEC Lake Sampling 2007
Lake

Lalen Lake
Lalen Lake
Lalen Lake

Zero Lake
Zero Lake
Zero Lake

Vera Lake
Vera Lake
Vera Lake

Homestead Lake
Homestead Lake
Homestead Lake

Loongsong Lake
Loongsong Lake
Loongsong Lake

West Papoose
West Papoose
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Redshirt Lake
Redshirt Lake
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Shell Lake
Shell Lake

James Lake
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Woverine Lake

Jim Lake
Jim Laks
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Wasilla Lake
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Mud Lake

Date
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81.81

1.73
1.94
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1.85
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2.14
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0.33
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6.21
0.18
3.65
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3.72
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.85

0.69
4.76
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5.46



Johnson Lake

lake Louise
Lake Louise
Lake Louise

Lake Lucille
Lake Lucille
Lake Lucille

Threemile Lake
Threemile Lake
Threemile Lake

Big Lake
Big Lake
Big Lake

Byers Lake
Byers Lake
Byers Lake

Nancy Lake
Nancy Lake
Nancy Lake

Horseshoe Lake
Horseshoe Lake
Horseshoe Lake

9/6/2007

9/7/12007
G/712007
9/7/2007

9712007
9/7/2007
9/7/2007

9/7/2007
9/7/2007
9/7/2007
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9/7/2007
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9/8/2007
9/8/2007
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9/10/2007
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1.37

1.18
1.23
0.56

57.69
60.83
6.53

2.01
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2.69

6.91
34.00
0.41

11.97
12.52
0.56

5.86
0.93
0.68
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0.08
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2.44
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1.24
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Lake Name

Lat

Lon

Depth (ft)

Clear to

Bottom?

Lalen Lake 61.60104 149.69048 12.2 No
Zero Lake 61.64794 149.80600 30.6 No
Vera Lake 61.71444 150.13974 17.3 No
Homestead Lake 51.51595 149.85535 18.7 No
Loonsong Lake 6146799 140.94843 14.8 No
West Papoose Lake 61.53682 150.09546 33 No
Redshirt Lake 61.62325 150.17119 371 No
Shell Lake 61.95455 151.54263 58 No
James Lake 61.63729 150.08946 175 No
Wolverine Lake 61.66526 148.96277 5 Yes
Jim Lake 61.56297 14894710 3.1 Yes
Wasilla Lake 61.58176 149.418086 39.7 No
Mud Lake 6159772 14934750 2 Yes
Johnson Lake 61.56759 149.23633 5.6

Lake Louise 62.28861 146.52020 47 No
Lake Lucille 61.57750 14946178 17.9 No
Threemile Lake 61.49754 149.75626 12.1 No
Big Lake 61.52923 149.93700 68.1 No
Byers Lake 62.73953 150.11482 450 No
Nancy Lake 61.68750 150.00726 62.6 No
Horseshoe Lake 61.57470 14991785 16 No




Nutrient Criteria Development Plan
Lakes sampled in 2007 by DEC and UAF

S G “ellartad {1 it Sa ws O
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Zero Lake 2007 Yes 416 None G1.64794 14980600 3086 £ 10 Mt 4 Mut % Hul & 56
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Shigll Lake QIBIR007 Mone 61.95455 181 54263 >4 10 20 Mt 23 Mt 24
James Lake YBI007 None 6183729 150.08946 »1 2 3.8 Nt 26 Nt 27
Wotvering Lake Mone B1.66526 14896277 1 il Mt 28
Jis La Light B1.E6257 14884710 >4 1
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Morte 6159777 149.34750 2 1

Johngon Lake /6/2007 W10 Nor Flat 14925633 58 Mgt 36
Lake Lovise BITIO0T 11:00 Mone Ripplas 146.5202 47 7 14 Mt 37 Mot 38
L QTR0 12:40 None Flat G1.57750 149 48178 17.8 2 & Mt 40 Mt 41 Pt 42
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Horseshow Lake B0/2007 Yes 1008 Light 8167470 14991785 1% =1 2 5 Mut 85 Nut 56 Mt 57
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37 N Suld not abtain homeowner pramission to acress
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Mat-Su Lake Classification Matrix- Draft

TaR®
typology
based
upon lake depth
previous {m) AKMAP Open
Lake Name Lat Lon studies max Lake Basin? | anadromous? Stocked?
Jim 61.56297 148.94710 1.8 Y Y
Threemile 61.40754 149.75626 4.6 Y Y Y
Shallow xogmmg% Lake 61.51505 149 85535 5 Y
<6m Wolverine 61.66526 148.96277 2.8 Y Y
Lalen 61.60104 149.69048 3.6 Y Y
Mud 61.59772 149.34750 stained 5.2 Y Y
Lake Lucille 61.57750 149.46178 stained 5.47 Y Y
Vera Lake 61.71444 150.13974 7 Y Y
Red Shirt 61.62325 150.17119 stained 15.2 Y Y
Byers 62.73953 150.11482 clear 54 Y Y
Shell 6105455 151.54263 stained 58.7 Y
Deep »6m Horseshoe 61.57470 149.91785 stained 7.5 Y
Narnicy 61.68750 150.00726 stained 19.8 Y Y
Lake Louise 62.28861 146.52020 38.0 Y
Wasilla 61.58176 149.41806 stained 14.6 Y Y
Big Lake 61.52923 149.93700 clear 27 Y Y
James 61.63729 150.08946
West Papose 61.53682 150.09546 Y
Unknown Johnson Lake 61.56759 14923633
Loonsong Lake 61.46799 149.94843
Zero Lake 61.64794 149.80600




Mat-Su Lake Classification Matrix- Draft

approx.
comparative
watershed 303 {d)
Bathymetric | urbanization Volunteer Impaired
map? (H,M, L) USGS Data | ADF&G Data Data Waterbody Comment
Y L Jim Lake Master Data xis
Y L
Y L
Y M floatplane base
Y Med-High
H ADF&G 25 lakes
Y M-H ,\Wiﬁuﬂmwﬁw 25 lakes Lake Luciis Mastor Das xls yes
Y L
Y L USGS b lakes ADF&G 25 lakes public use cabin
Y L ADF&G 25 lakes public use cabin
L ADF&G 25 lakes
Y M LUSGS 5 lakes ADF&G 25 Jakes Pike present
Y M USGS b lakes  JADF&G 25 lakes public use cabin
Med Lake Louise Master xls
H ADF&G 25 lakes Pike present
Y H USGS 5 Lakes |ADF&G 25 lakes yes
L public use ¢abin
L
L small, remote
L small, remote
L

small, remote




2007 Nutrient Lakes
Seabird 19 Data

Depth [fresh | Conductivity | Temperature # scans
Site 1 ate water, m} fuS/emi [175-50, deg C1] averged in bin] Comments
Lalen Lake 9/3/2007 0.0 670.6505 17.2603 10
0.5 -179.387 17.1731 42
1.6 1321169 17.118 i1
1.5 1286841 17.0551 10
2.0 1185437 16977 10
2.5 105.2549  16.8981 11
3.0 9516906 169253 24
3.5 7667375 17.2018 4
Zero Lake 9/3/2007 0.0 2613289 17.3037 29
0.5 2068477 17.3853 37
1.0 19.83985 17.3823 2
1.5 18.79724 17.2832
2.0 3592275 17.212 26
2.5 2284115  17.2006 2
3.0 20.54593 17.1876 5
3.5 20.32842 17.1736 4
4.0 1959796 17.1624 6
4.5 20.60286 17.1552 7
5.0 21.07604 17.124 11
55 20.16749 16.9931 7
6.0 15.67668 16,1277 4
6.5 18.98048 14.3431 6
7.0 1891663 13.0243 5
7.5  18.9167 11.8604 6
8.0 1982109 11.0098 5
8.5 2031003 10.7748 5
8.0 2649719 10.2714 8
Homestead Lake 8/4/2007 0.0 8.325673 17.6588 41
0.5 7.740245 17.6821 7
1.0 7.598328 17.6941 9
1.5 7.689791 17.6961 13
2.0 7.58025 176821 13
2.5 7.541863  17.658% 12
3.0 7.52178% 175803 10
35 7.503869 175109 11
4.0 7.491593 17.5348 13
Yera Lake 9/4/2007 0.0 6414431  17.3422 46
0.5 61.40465 17.3534 i3
1.0 61.20228 173358 i1
1.5 60.93009 17.309% i1
2.0 6080639  17.2943 12
2.5 6080797  17.2811 10

3.0 6065191 17.2501 11



James Lake

Loonsong Lake

Redshirt Lake

9/5/2007

9/5/2007

9/5/2007

2007 Nutrient Lakes
Seabird 19 Data
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Shell Lake

West Papoose Lake
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9/5/2007
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Threemile Lake

Big Lake

Lake Louise

9/7/2007

9/7/2007

8/7/2007

2007 Nutrient Lakes
Seabird 19 Data
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2007 Nutrient Lakes
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Seabird 19 Data
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11.02594
10.5418
10.2964
10.116
9.9764
9.8943
9.8457
9.7452
9.6313
9.5837
9.5303
9.4591
9.3717
9.2934
9.1862
9.0572
8.8882
8.6649
8.4162
8.243
8.0503
7.85599
7.708
7.6375
7.4822
7.3855

15
21
18
18
21
30
23
20
i3
12
15
16
15
14
13
13
14
12
10

11
11
10
13
12
18
19
17
11

10
12
11
1z
13
19
16
23
15
i1
22
26
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