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METHODS AND MATERIALS

Table 1 is a summary of the limnological field
surveys done during 1980 at Twin Lakes. During
each of the surveys, data were collected in the
same manner. The following subsections give a
brief description of the methods used to collect
data for the activities listed in table 1.

Physical-Chemical Factors

Temperature, dissolved oxygen, conductivity,
hydrogen ion concentration (pH), and oxidation-
reduction potential were measured with a Hydro-
lab Corporation System 8000 multiparameter
probe. Water samples were collected from the
surface, mid-depth, and bottom of the lake water
column with a Van Dorn water sampler. Grab
type water samples were coilected from the
inflow and outflow. Water samples were sub-
jected to the following analyses:

e Major ions

e Trace metals (copper, zinc, iron, manganese,

e Plant nutrients (orthophosphate phosphor-
us, total phosphorus, total Kjeldah! nitrogen,
nitrate nitrogen, nitrite nitrogen, ammonia
nitrogen, and silica.)

Samples for the trace metal analysis were pre-
served immediately after collection with about
1 mL of concentrated nitric acid per 240 mL of
water. The nutrient analysis samples were fro-
zen immediately following collection. All sam-
ples were analyzed according to procedures in
the National Handbook of Recommended Meth-
ods for Water Data Acquisition [20]. Light pene-
tration was measured using both a standard
Secchi disk and a limnophotometer. Light extinc-
tion coefficients were calculated from the limno-
photometer measurements.

Primary Productivity
The rate of net primary production by carbon

dioxide uptake using radioactive carbon ('4C)
was done following the methods in Wood (1975)

and lead) [21]. Measurements were always made during
Table 1. — Field surveys at Twin Lakes during 1980
Activity performed
sDL?rt\ilee(;f Physical Chemical Primary Chioro- Phyto- Zoo-
factors factors prt?‘gt‘yc' phyil plankton  plankton Benthos
Jan. 9-11 X X X X X X X
Feb. 13-15 X X X b X X X
Mar. 11-14 X X X X X X X
Apr. 14-16 X X x X X X X
Apr. 24 X X
May 19-21 X X X X X X X
May 28 X X X X
June 11-13 X X X X X X X
June 18-19 X
June 27 X
July 14-16 X X X X X X X
Aug. 11-13 X X X X X X X
Sept. 8-9 X X X X X X X
Sept. 24-26 X X X X X X X
Oct. 8-10 X X X X X X X
Oct. 20-22 X 'Y X X X X X
Nov. 3-56 X X X X X X X
Nov. 19-21 X X X b X X X
Dec. 18 2x

1 Includes surveys of Twin Lakes and Lake Creek inflow and outflow (physical-chemical only).

2 Only inflow and cutflow sampled.
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INTRODUCTION

The ongoing ecological studies of Twin Lakes
began in 1971. The purpose of the studies is to
learn more about the interrelationships of an
acquatic ecosystem that is being influenced by
operations of a pumped-storage powerplant and,
in particular, about these interrelationships at
Twin Lakes, Colo. and the Mt. Elbert Pumped-
Storage Powerplant. Reports on the studies prior
to this report can be found in references [1
. through 171" In addition, quarterly activity
reports have been prepased since 1976 as
Applied Sciences Referral Memorandums and
are on file at the Bureau of Reclamation, Engi-
neering and Research Center, Denver, Colo.
Sartoris et al., (1977) {10}, present a compre-
hensive report on the physical and chemical
limnology of Twin Lakes through 1976. Reports
on the biological limnology of Twin Lakes since
1971, excluding the fishery, are now being pre-
pared. The data presented in this report are
almost exclusively from calendar year 1980.
Since the Mt. Elbert Pumped-Storage Power-
plant only began operation in August 1981, all
the report data presented has been for preopera-
tion conditions. The same limnological studies
will be repeated for a minimum of 3 years after
commencement of powerplant operation. In this
manner, a comprehensive and relatively accur-
ate analysis of the effects of operating the power-
plant on the aquatic ecology of Twin Lakes can
be made. The present plan is to continue the
field studies at Twin Lakes through 1984.

APPLICATION

Results of this study will be combined with other
preoperational data on the physical, chemical,
and biological limnology of Twin Lakes for com-
parison with postoperation conditions to assess
the impact of Mt. Elbert Powerplant. Information
from these studies is already being used by the
Bureau in preparing designs and plans for other
pumped-storage facilities. Those involved in
environmental effects of pumped-storage power-
plants will find data from these studies useful.
Results of these studies will also be of interest to
anyone involved in the study of lake ecosystems,
especially those located in montane regions.

' Numbers in brackets refer to entries in the Bibliography.

GENERAL DESCRIPTION

The Twin Lakes are located on Lake Creek at the
eastern front of the Sawatch Range in the upper
Arkansas River Valley of central Colorado (fig. 1).
The lakes are 2802 m above mean sea level. The
present topography of the western side of the
Arkansas River Valley in'the Twin Lakes area is
largely the result of glacial action on earlier
alluvial deposits (Buckles, 1973 [18]). Twin Lakes
probably originated with the moranic damming
of Lake Creek (Sartoris et al., 1977 [10]). The
shoreline and bottom topography of Twin Lakes
are shown on figures 2 and 3, respectively.

4\\
)
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S—A
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DIVIDE )( «DENVER
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___/
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Figure 1.—General location map of Twin Lakes, Colo.

The lower lake is the largest natural mountain
lake in Colorado (Pennak, 1966 [19]). Present
maximum water surface areas are about
263.4 ha for the upper lake and 736.5 ha for the
lower lake, with corresponding depths of about
28 and 27 m, respectively. Sartoris et al., (1977)
{10}, summarize the literature reporting results
of studies done from 1873 to 1977; LaBounty et
al., (1980)[16], update this summary. The physi-
cal and biological changes of Twin Lakes during
the past 100 years are also discussed in [10].

The instaliation of the outlet control works,
dredging of the channel between the two lakes,
human activities in the area, and the introduc-
tion of rainbow trout {Sa/mo gairdneri), ake trout
(Salvelinus namaycush), and mysis shrimp
{Mysis relictaj have altered the original ecology
of Twin Lakes and produced the present system.
In late 1980, use of the recently constructed
Twin Lakes Dam began; full use of this structure
is planned for 1982,
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INTRODUCTION

The ongoing ecological studies of Twin Lakes
began in 1971. The purpose of the studies is to
learn more about the interrelationships of an
acquatic ecosystem that is being influenced by
operations of a pumped-storage powerplant and,
in particular, about these interrelationships at
Twin Lakes, Colo. and the Mt. Eibert Pumped-
Storage Powerplant. Reports on the studies prior
to this report can be found in references [1

... through 17]." In addition, quarterly activity

reports have been prepaped since 1976 as
Applied Sciences Referral Memorandums and
are on file at the Bureau of Reclamation, Engi-
neering and Research Center, Denver, Colo.
Sartoris et al., (1977) [10)], present a compre-
hensive report on the physical and chemical
limnology of Twin Lakes through 1976. Reports
on the biological limnology of Twin Lakes since
1971, excluding the fishery, are now being pre-
pared. The data presented in this report are
almost exclusively from calendar year 1980.
Since the Mt. Elbert Pumped-Storage Power-
plant only began operation in August 1981, all
the report data presented has been for preopera-
tion conditions. The same limnological studies
will be repeated for a minimum of 3 years after
commencement of powerplant operation. In this
manner, a comprehensive and relatively accur-
ate analysis of the effects of operating the power-
plant on the aguatic ecology of Twin Lakes can
be made. The present plan is to continue the
field studies at Twin Lakes through 1984.

APPLICATION

Results of this study will be combined with other
preoperational data on the physical, chemical,
and biological limnology of Twin Lakes for com-
parisan with postoperation conditions to assess
the impact of Mt. Elbert Powerplant. Information
from these studies is already being used by the
Bureau in preparing designs and plans for other
pumped-storage facilities. Those involved in
environmental effects of pumped-storage power-
plants will find data from these studies useful.
Resuits of these studies will also be of interest to
anyone involved in the study of lake ecosystems,
especially those located in montane regions.

! Numbers in brackets refer to entries in the Bibliography.

GENERAL DESCRIPTION

The Twin Lakes are located on Lake Creek at the
eastern front of the Sawatch Range in the upper
Arkansas River Valley of central Colorado (fig. 1).
The lakes are 2802 m above mean sea level. The
present topography of the western side of the
Arkansas River Valley in'the Twin Lakes area is
largely the result of glacial action on earlier
alluvial deposits (Buckles, 1973 [18)). Twin Lakes
probably originated with the moranic damming
of Lake Creek (Sartoris et al.,, 1977 [10)). The
shoreline and bottom topography of Twin Lakes
are shown on figures 2 and 3, respectively.
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Figure 1.—General location map of Twin Lakes, Colo.

The lower lake is the largest natural mountain
lake in Colorado (Pennak, 1966 [19]). Present
maximum water surface areas are about
263.4 ha for the upper lake and 736.5 ha for the
lower lake, with corresponding depths of about
28 and 27 m, respectively. Sartoris et al., (1977)
{10}, summarize the literature reporting results
of studies done from 1873 to 1977; LaBounty et
al., (1980} [16], update this summary. The physi-
cal and biological changes of Twin Lakes during
the past 100 years are also discussed in [10].

The instaliation of the outlet control works,
dredging of the channel between the two lakes,
human activities in the area, and the introduc-
tion of rainbow trout ({Salmo gairdneri), lake trout
(Salvelinus namaycush), and mysis shrimp
(Mysis relicta) have altered the original ecology
of Twin Lakes and produced the present system.
In late 1980, use of the recently constructed
Twin Lakes Dam began; full use of this structure
is planned for 1982.
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METHODS AND MATERIALS

Table 1 is a summary of the limnological field
surveys done during 1980 at Twin Lakes. During
each of the surveys, data were collected in the
same manner. The following subsections give a
brief description of the methods used to collect
data for the activities listed in table 1.

Physical-Chemical Factors

Temperature, dissolved oxygen, conductivity,
hydrogen ion concentration (pH), and oxidation-
reduction potential were measured with a Hydro-
lab Corporation System 8000 multiparameter
probe. Water samples were collected from the
surface, mid-depth, and bottom of the lake water
column with a Van Dorn water sampler. Grab
type water samples were coilected from the
inflow and outflow. Water samples were sub-
jected to the following analyses:

¢ Major ions

e Trace metals {copper, zinc, iron, manganese,

e Plant nutrients (orthophosphate phosphor-
us, total phosphorus, total Kjeldahi nitrogen,
nitrate nitrogen, nitrite nitrogen, ammonia
nitrogen, and silica.)

Samples for the trace metal analysis were pre-
served immediately after collection with about
1 mL of concentrated nitric acid per 240 mL of
water. The nutrient analysis samples were fro-
zen immediately following collection. All sam-
ples were analyzed according to procedures in
the National Handbook of Recommended Meth-
ods for Water Data Acquisition [20). Light pene-
tration was measured using both a standard
Secchi disk and a limnophotometer. Light extinc-
tion coefficients were calculated from the limno-
photometer measurements.

Primary Productivity
The rate of net primary production by carbon

dioxide uptake using radioactive carbon (14C)
was done following the methods in Wood (1975)

and lead) [21]. Measurements were always made during
Table 1. — Field surveys at Twin Lakes during 1980
Activity performed
Date of .
survey' Physical Chemical "1™MaIY e, Phyto- Zoo- Benth
factors factors p:?\g:’yc' phyli plankton  plankton enthos
Jan. 9-11 X X X X X X X
Feb. 13-15 X X X X X X p
Mar. 11-14 X X X X X X X
Apr. 14-16 X X X X X X X
Apr. 24 X X
May 19-21 X X X X X X X
May 28 X X X X
June 11-13 X X X X X X X
June 18-19 X
June 27 X
July 14-16 X X X X X X X
Aug. 11-13 X X X X X X X
Sept. 8-9 X X X b X X X
Sept. 24-26 X X X X X X X
Oct. 8-10 X X X X X X X
Oct. 20-22 X X X X X X X
Nov. 3-5 X X X X X X X
Nov. 19-21 X X X X X X X
Dec. 18 2x

! Includes surveys of Twin Lakes and Lake Creek inflow and outflow {physical-chemica! only).

2 Only inflow and outflow sampled.



peak daylight hours. In March, primary produc-
tion rates were measured in a series of samples
that were spiked with luxuriant concentrations
of phosphate phosphorus and nitrate nitrogen.
Results of the special studies done in March will
be presented in a separate report.

Chlorophyll

Samples for chlorophyll analysis were collected
at 0.1-, 1-, 3-, 5-, 9-, and 15-m depths in each
lake. Following collection, 750-mL samples were
filtered through Millipore glass filter pads. Chlor-
ophyll extraction and analysis were done accord-
ing to methods outlined in Parsons and Strick-
land (1963) [22].

Phytopiankton and Zooplankton

Plankton were collected with a closing net hav-
ing a No. 20 {mesh opening =0.076 mm) silk net
and bucket. Vertical hauls were made from O to
5m,5t010m, 10to 15 m, and from 15 m to the
lake bottom. Samples were preserved with a 2
percent formalin solution for laboratory analy-
sis. Laboratory methods follow those of Welch
(1948) [23].

Benthos

Two or three samples of benthic muds were
collected from each station using an Ekman
dredge. These samples were screened through a
U.S. Standard Series No. 30 sieve size (sieve
opening =0.589 mm) and then preservedina 10
percent formalin solution for laboratory analysis.
All specimens were identified according to type,
and then counted and weighed. Both the wet
and dry biomass were obtained by methods from
APHA (1971) [24].

Meteorological-Limnological Instrumentation

Specially designed meteorological-limnological
monitoring instrumentation was purchased and
put into operation at Twin Lakes during 1980,
These instruments were designed and con-
structed by Hydrolab Corporation. Instrument
packages for three stations in the lower lake,
one station in the upper lake. and one station in
the forebay were received and basically tested
during 1980. All of the instrument packages are
mcunted on anchored rafts. Instruments at sta-
tions 2 (lower lake) and 4 (upper lake) monitor
underwater parameters at two depths. Station 1

instrumentation, located at the east end of the
lower lake, monitors underwater parameters at
one depth. The instruments on station 3, near
the tailrace in the lower lake, and station 5, in
the center of the forebay, monitor underwater
parameters at one depth in addition to selected
meteorological parameters. Underwater parame-
ters are temperature, dissolved oxygen, pH, and
oxidation-reduction potential (redox or ORP).
Meteorological parameters are air temperature,
average hourly windspeed, and brightness (light).
Data from the instrumentation are not com-
pletely presented in this report because most of
the units were received late in the year. The
meteorological and underwater unit at station 3
operated successfully for most of the ice-free
season. Also, the older Sierra Corporation instru-
ment that monitors air and water temperatures
and average hourly windspeed was operated
successfully for the ice-free season. A complete
analysis of the data collected by these instru-
ments will be presented in a separate report. For
purposes of this report, only selected meteoro-
logical data are summarized in the following
section.

RESULTS AND DISCUSSION
Light

Figure 4 is a plot of the 5-day average ambient
light flux measured between 0900 and 1500
hours daily at Twin Lakes from June 26 through
November 13, 1980. The dashed line on figure 4
connects points representing 5-day periods that
were nearly or completely cloud free; thus, this
line represents the theoretical maximum light
curve. The maximum average insolation of about
44 g-cal/(cm?-h) occurred over the 5-day period
July 16-20, 1980. From that period on, the
theoretical curve declines to a low average in-
solation of about 26 g-cal/{cm2-h) during the 5-
day period November 9-13, 1980. The solid line
on figure 4 connects the measured 5-day ave-
rage light fluxes. These data points indicate the
extreme variability in the amount of light during
the June-November period. For example, the
average insolation during the 5-day period Sep-
tember 9-13 was about 22 g-cal/{cm2-h). The-
oretically, if the skies had been mostly clear
during that period, the insolation value would
have been about 40 g-cai/(cm?2-h}. This means
that nearly 50 percent of the potentia! light was
shaded; that is, there was less light available
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Figure 4.—Five-day average ambient light flux at Twin Lakes, June-November 1980.

September 9-13 than on a clear day at the end of
November. Variations in cloud cover are char-
acteristic of the area; however, for extreme
variations, such as the one just described, there
is a significant loss of energy for primary pro-
duction in the lakes.

Two instruments to monitor light will be placed
in operation in 1981; one on the forebay and one
on station 3 near the tailrace channel in the
lower lake. From the data coliected by these
instruments, we should be able to estimate the
daily energy input to both the forebay and Twin
Lakes.

Wind

Wind is another very important meteorological
factor affecting the ecology of Twin Lakes. Wind
is partly responsible for the timing of ice forma-
tion, break-up of spring ice, length of time the
lakes continuously mix during spring turnover,

time and severity of fall turnover and mixing,
amount of mixing in the epilimnion during
summer, and the amount of snowpack on the
ice.

Figure b shows the 5-day average wind veloc-
ities from May 28 through November 13, 1980,
The average wind velocity over that time was
about 10 km/h. There is much variability in
average windspeed at Twin Lakes just as there
is with light; however, the average wind was
never below 8 km/h. The highest wind velocities
occurred after mid-September particularly dur-
ing late Gctober and November. The average
wind velocity during late October and early
November was 12.8 km/h. This was at the time
when the lakes were subject to fall turnover.
Thus, the greater the wind velocity, the more
mixing that occurs, and the more nutrients that
are brought into the water column from the
sediments and made available for primary pro-
ductivity.
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During 1981, wind velocities will be monitored
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the center of the forebay (sta. 5).
Temperature

Both air and water temperatures were monitored
at stations 2 and 3 in the lower lake from late
May to mid-November 1980. Temperature data
from station 2, center of lower lake, are shown
on figure 6. Water surface temperatures are
daily averages, and air temperatures are 5-day
averages. Average air temperatures ranged from
about -6 °C in early November to almost 16 °Cin
mid-July. Even though some variation in average
air temperature exists, these variations are not
nearly as great as with wind and light. By
averaging the temperatures, the variation was
reduced somewhat. With light and wind, ave-
raging the values did not change the variation
much. Average water surface temperatures at
station 2 ranged from about 4 °C in early
November, when the lake was isothermal, to
just over 16 °C in early to mid-August. The time
of turnover is evident from the drop in average
water temperature from above 10 °C to below
6 °C during mid-October. Other than that varia-
tion, the curve remains quite smooth. Average
daily water surface temperatures from station 3,
near the tailrace channel, are also shown on
figure 6. Average temperatures ranged from
about 6 °C in late May and early November to
just under 18 °C in early to mid-August. Fall
turnover is again indicated by the drop in aver-
age surface temperatures in mid-October. Aver-
age water surface temperatures were somewhat
warmer at station 3 because it is more sheltered
from prevailing westerly and northern winds,
and it is somewhat shallower than station 2.

However, the average water surface tempera-
ture at station 3 was influenced by the inflow
from the upper lake and took longer (mid-July) to
warm up to above 14 °C.
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(a) Daily average water surface temperatures at station 3.
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(b) Average air and water surface temperatures at sta-
tion 2.

Figure 6.—Temperature data for lower lake during May-
October 1980.

During 1981, air temperatures will be monitored
at station 3 and in the forebay. Water tempera-
tures will be monitored at station 3 (surface),
forebay (surface), station 1 (east end of lower
lake — surface), station 2 (middle of lower lake
— surface and hypolimnion), and station 4 (mid-
dle of upper lake — surface and hypolimnion).



Physical-Chemical Profiles

Temperature. — Figures 7 and 8 present 1980
water temperature isopleths for both the lower
and upper lakes, respectively. The lakes were ice
free from May 15 to December 9, or 208 days.
Also, the lakes were thermally stratified during
this period from about May 25 to about October
20, or about 148 days. This means that the lakes
remained subject to turnover for about 10 days
in the spring and 50 days in the fall. During
1980, the lakes were not ice free for as long as
any of the previous 9 years of this study. A pro-
longed cold spell in late April and early May kept
temperatures so low that the ice cover melted
more slowly than normal. Ice formation in 1980
occurred about December 9, which was the
latest date that ice formed during the 9 years of
study. This was because of mild weather expe-
rienced in the area during early winter. The
weather remained so mild that the ice cover was
not strong enough to work on through all of
December. This event is not related to the late
date of ice melting during the spring of 1980.

Figures 7 and 8 show that both lakes were
strongly stratified during the summer with peak
stratification occurring during the second week
of August. Water temperatures in the epilim-
nion were warmer than those of recent years.

Between mid-July and mid-August, surface
water temperatures in early August were 18 °C
to a depth of 3 meters. The epilimnion was gen-
erally above 16 °C from late June to early
September. During most of the recent years of
this study, the maximum sustained water sur-
face temperature was 16 °C. The 16 °C surface
temperature in the upper lake was sustained
from mid-July to early September; the maximum
surface temperature measured was 17.7 °C.
This maximum surface temperature remained
from late July to late August, or about 30 days.
The epilimnion of the upper lake was warmer
during 1980 than in previous years. In addition,
stratification in the upper lake was stronger
during 1980 than in previous years. There have
been years when classical thermocline forma-
tion in the upper lake did not occur. Because
of the relatively strong stratification in both
lakes during 1980, the hypolimnia of both lakes
remained comparatively cool. Bottom tempera-
tures in the lower lake remained below 9 °C all
year and below 8 °C until late September. Bot-
tom temperatures in the upper lake remained
below 6 °C all year. Since lake trout prefer 10 °C

‘and below, there was a great volume of optimum

space for them in both lakes. Although fall turn-
over usually occurs by the second week in Octo-
ber at the lakes, it was the last week in October
1980 before both lakes were mixed completely.
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Figure 7.—Temperature (°C) isopleths at station 2 on lower lake during 1980.
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Figure 8. —Temperature (°C) isopleths at station 4 on upper lake during 1980.

Figure 9 plots average monthly water tempera-
tures for both lakes during 1980. Ailso shown on
this figure are the 1974-79 average monthly
water temperatures. The monthly average was
calculated by including all water temperature
data from all depths and for all surveys done
during that month. These data indicate that, on
the average, both lakes were about 1 °C warmer
during the months when the lakes were covered
with ice. This was due to an early ice formation
in the fall of 1979 when the ice formed before
the cold fall winds supercooled the lake to 1 to
2 °C as usually happens. Thus, the lakes began
the winter a degree or two warmer than in pre-
vious years. Although both lakes were some-
what warmer in July, their temperatures were
close to the 1974-79 average. However, the
averages do not adequately reveal the exact
conditions in the lakes. As previously stated, the
lakes were strongly stratified in 1980 which
made them warmer on the surface and cooler on
the bottom. The average temperatures can be
somewhat deceptive unless the degree of strati-
fication is also considered.

Dissolved Oxygen. — Figures 10 and 11 present
dissolved oxygen data from Twin Lakes during
1980. The highest dissolved oxygen readings of
12 mg/L occurred during the winter under the
ice when water temperatures were coldest. Both

lakes had low readings of between 3- and
4-mg/L (about 40 percent saturation) during
April near the bottom. During previous winters,
the concentrations were much lower at the
bottom, especially in the upper lake. The reasons
for these differences in dissolved oxygen levels
between winters are the amount of snow cover
in March and April, time of ice-on, amount of
nutrient input, volume of inflow, and degree of
winter thermal stratification. The lowest con-
centration measured in 1980 was 1.3 mg/L
(about 15 percent saturation) on October 21
in the lower lake. Concentrations were below
3 mg/L in this lake from at least late August to
late October. The lowest concentration during
the summer in the upper lake was 4 mg/L (35
percent saturation). The concentrations in both
lakes during the summer of 1980 were about
the same as in previous years, except that the
relatively late mixing of the lakes resulted in
lower values near the bottom later into October.

Hydrogen lon Concentration. — Figures 12 and
13 present the hydrogen ion concentration (pH)
isopleths for Twin Lakes during 1980. The pH
values for both lakes show the normal reflection
of thermal stratification. In January and Feb-
ruary, the pH ranged from 7.6 to 7.8 near the
water surface, and from 6.6 to 6.7 near the lake
bottom in March and April. During the summer,
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the range of pH values was much greater. The
lowest values of 6.3 and 6.5 in October for the
lower and upper lake, respectively, were at the
bottom of the hypolimnion where dissolved oxy-
gen concentrations were lowest, and where
decomposition rather than photosynthesis is
likely to occur. The highest pH values of 8.0 to
8.4, which occurred mostly in September and
October, reflect times of maximum stratification.
Twin Lakes water at this time has relatively
low conductance (less than 90 uS/cm) which
makes it poorly buffered. Generally, the pH varies
greatly because of the amount of biological activ-
ity in this poorly buffered water. Biological activ-
ity at Twin Lakes greatly influences the car-
bonate-bicarbonate shift. Upon turnover, the pH
decreases (7.2 to 7.5) and is relatively uniform
from surface to bottom; the resuspension of
material from the hypolimnion may be respon-
sible for this uniformity. This has also occurred
during previous years of this study. Import of
material by way of Lake Creek during peak
runoff also results in decreased pH. As soon as
runoff subsides and thermal stratification is estab-
lished, pH values in the epilimnion increase.

Conductivity. — Figure 14 presents average con-
ductivity data for Twin Lakes during 1980. Values
were averaged from surface to bottom for each
sampling date and the average plotted. The
values ranged from 62 to 90 uS/cm, in the
upper lake and from 66 to 88 uS/cm in the
lower lake. The data (fig. 14) indicate the influ-
ence of runoff on conductivity, especially in the
upper lake. After the runoff slowed, average
conductivity began to increase slowly, reaching
a peak during the winter in the upper lake.
Beginning in late May, this increased inflow to
the upper lake meant that its water, which in
mid-May had a conductance of 90 uS/cm, was
“pushed” into the iower lake and mixed. This
resulted in an average conductance of 86 uS/cm
for the lower lake in late May. By the second
week in June, runoff was sufficient to “‘dilute”
the conductance in both lakes to less than
75 uS/cm. The average of all conductivity meas-
urements during 1980 was 74 and 77 uS/cm
for the lower and upper lakes, respectively. The
1974-79 average conductivity for all measure-
ments made was 68 and 74 uS/cm for the lower
and upper lakes, respectively. Thus, the average
conductivity was 6 and 3 uS/cm higher in 1980
for the lower and upper lakes, respectively. This
difference is not statistically significant.

Oxidation-Reduction Potential. — Figure 15
shows the average oxidation-reduction potential
measured at the bottom of the lakes during 1980.
The values ranged between 350 and 550 mV for
the upper lake and between 350 and 500 mV for
the lower lake. There is no obvious biological
significance to any differences in these data.
The bottom of the lakes remained in an oxidizing
state during the entire year. During some pre-
vious years, significantly low redox values have
been measured at the bottom of the lakes, indi-

. cating that conditions were approaching or had
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reached a reducing state. A reducing state was
not approached anywhere in the water column
during 1980.

Monthly Inflow Volume

Figure 16 presents the total monthly inflow
volume to Twin Lakes by way of Lake Creek. The
dashed line indicates 1980 inflow volumes, and
the solid line indicates average monthly inflow
volumes for 1971-80. The total volume of inflow
during 1980 from Lake Creek, which includes
both natural flows and diverted western slope
flows, was close to the 10-year average for total
volume. However, inflow was slightly less in
1980 than the 1971-80 average and was also
more concentrated in June. Volumes in May,
July, and August 1980 were 15 to 50 percent
lower than the 1971-80 average, while June
was found to be average. The pattern of inflow
during 1980 was normal; that is, monthly vol-
umes for January through April remained less
than 2 million cubic meters. During May, the
volume of inflow was 15 million cubic meters,
almost eight times that for January-April. June
is usually the peak runoff month, and the volume
of inflow during June 1980 was about 75 million
cubic meters, almost 40 times that for January-
April. During this peak runoff, nutrients are
hrought into the lakes. Usually, most of these
nutrients are flushed through the upper lake to
the lower lake where they are generally utilized.
However, during years of low runoff these nutri-
ents are used to a greater extent in the upper lake
because they more readily accumulate there.
The volume of inflow in July dropped to almost
25 million cubic meters, which was about one-
third that of June. In August and September,
inflow volumes were below 5 million cubic
meters. In summary, the runoff begins to build
during May, peaks sharply in June, and then
drops quickly through September. The timing
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Figure 14.—Average conductivity for Twin Lakes during 1980.
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and magnitude of this runoff pattern heavily
influence the ecology of Twin Lakes and, there-
fore, reference to inflow patterns will often be
made in this report.

Light Extinction Coefficients

Figure 17 shows light extinction coefficients for
1980 (dashed line), and the average coefficients
for 1974-79 (solid line). The value of the light
extinction coefficient (n) is inversely proportional
to the clarity of the water, so the minimum
values indicate clearer conditions while the
maximum values reflect more turbid conditions.
As with inflow data, the pattern for both lakes
was generally typical during 1980; however,
there were some minor variations from the nor-
mal. Some exceptions were that the lower lake
was somewhat more turbid during the winter
(ice-on) season than normal and was somewhat
less turbid during the ice-free season. Althcugh
these differences are not significant, some
speculative explanations for them are presented.
The greater light extinction coefffcients in early
1980 (or reduced water clarity) are due to a
heavier snow cover during winter and the in-
creased concentrations of phytoplankton that
occur in late summer. Both of these conditions
occurred in 1980. The somewhat greater clarity
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of the lower lake during the ice-free season may
be due to a combination of a more sudden
peaking of runoff in June and a greater degree of
stratification, which resulted in an increase of
layering of plankton near the bottom of the
thermocline. However, the main point is that the
pattern was similar to that normally found at
Twin Lakes.

The bottom graph on figure 17 for the upper lake
shows a much different pattern than the lower
lake. First, it must be noted that the 1980 data
and the 1974-79 average data are fairly close
except for July and August. This differ-
ence is reflected in the runoff data (fig. 16)
where the volume of runoff was lower than
normal in July and August. Decreased runoff
results in decreased turbidity. The main effect of
the annual runoff pattern on turbidity is twofold.
First, the upper lake acts as a settling basin,
especially during high or average runoff years,
allowing greater nutrient input but less sedi-
ment loading to the lower lake. Typically, this
results in greater production in the lower lake.
Second, the upper lake, especially during high or
average runoff years, tends to be severely
flushed of its plankton population. The increased
turbidity, at least for a time, may limit biological
production. Thus, there is a good association
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involving the volume of runoff, light extinction
coefficient, and aquatic production in Twin
Lakes.

Water Chemistry

Waters of Twin Lakes and its tributaries can be
characterized as calcium bicarbonate and/or
calcium sulfate water. Sartoris etal., (1977)[10],
discuss in greater detail the anions and cations
in Twin Lakes. Generally, the waters in Twin
Lakes can be referred to as extremely soft. Table
2 shows the 1980 maximum and minimum
water chemistry data for Twin Lakes and Lake
Creek. Figures 18 through 30 graphically show
some of the chemical trends.

Figure 18 presents data on TDS (total dissolved
solids) in water samples collected during 1980
from both lakes and the inflow and outflow of

Lake Creek. These data are arranged chrono-
logically from left to right, and upstream to
downstream from top to bottom. The TDS ranged
from 24 to 130 mg/L. Two major trends in the
data are notable. First, during the peak inflow
period (June-August), the TDS concentrations
were lowest. Conversely, when flows were low-
est (fall and winter), TDS concentrations were
highest. The second notable trend is that TDS
concentrations generally decrease downstream,
indicating that solids settle out in the lakes.
Likens (1975) [25] categorizes lakes with total
inorganic solids concentrations between 10 and
200 mg/L as oligomesotrophic. Twin Lakes has
always been in the lower or middle range of
these limits,

Field measurements of alkalinity were averaged
for each collection date and plotted on figure 19.
These alkalinity values are for the bicarbonate

Table 2. — Minimum and maximum water chemistry values for Twin Lakes and Lake Creek
during 1980

Twin Lakes

Lake Creek Lake Creek
inflow Upper Lake Lower Lake outflow
Element - - - :
max. min. max. min. max. min. max. min.
(mg/L)
Total dissolved 130 34 76 24 64 32 104 24
solids
Calcium 18.4 9.6 9.6 7.2 10.4 9.6 11.2 104
Magnesium 244 244 1.46 0.98 3.05 0.98 1.46 0.49
Sodium 2.30 0.69 0.92 0.69 1.15 0.69 1.38 0.69
Potassium 1.17 0.78 1.17 0.39 117 0.39 1.17 0.78
Carbonate 0 0 0 0] 0 0 0] 0
Bicarbonate 29.3 22.6 21.3 20.1 25.0 22.6 24.4 22.6
Sulfate 34.1 16.3 13.0 8.16 13.9 11.0 13.0 16.8
Chioride 0.72 0 0.7 0.71 4.97 0.71 0.7 0
Iron 3.540 ND!? 1.220 ND 0.186 ND 1.340 ND
Lead 0.006 ND 0.002 ND 0.006 ND 0.001 ND
Copper 0.031 ND 0.011 ND 0.014 ND 0.007 ND
Manganese 0.053 ND 0.610 ND 0.320 ND 0.020 ND
Zinc 0.020 ND 0.010 ND 0.020 ND 0.010 ND
Orthophosphate P 0.003 ND 0.005 ND 0.006 ND 0.004 ND
Total P 0.030 ND 0.030 ND 0.045 ND 0.045 ND
Total Kjeldah! N 0.180 ND 0.240 0.070 0.367 0.060 0.150 ND
Nitrite N 0.004 ND 0.002 ND 0.003 ND 0.005 ND
Nitrate N 0.180 0.045 0.074 0.021 0.102 ND 0.040 ND
Ammonia N 0.09 ND 0.05 ND 0.06 ND 0.05 ND

' ND = not detectable.
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{HCO3) form because the field pH measurements
were always lower than 8.3, the point above
-which the carbonate form begins to exist. The
range of bicarbonate alkalinity values for the
upper lake was 17 to 24 mg/L. Alkalinity was
highest in this lake during the low runoff periods
and lowest during high runoff. The high alkalin-
ity values correspond with times when the TDS
concentrations were also high (fig. 18). This
relationship does not hold for data from the
lower lake, which indicates a chemical shift in
the lower lake or the influence of the upper lake
as a settling basin. Alkalinity concentrations in
the lower lake tend to remain relatively constant
between 19 and 21 mg/L. Alkalinity of Twin
Lakes water is always quite low, about half the
average concentration for the world’s rivers and
lakes (Livingstone, 1963 [26]).

Observed concentrations of five trace metals
(iron, manganese, lead, zinc, and copper)in Twin
Lakes water are plotted on figures 20 through
24, The data are arranged chronologically from
left to right, and from upstream at top to down-
stream at bottom. The lakes are located in the
mineralized belt that runs through Colorado, and
are heavily influenced by a heavy metals input

19

by way of Lake Creek. This influence and the
ecological implications on the input of heavy
metals are discussed in detail elsewhere (Sar-
toris et al., 1977 [10]). Large amounts of heavy
metals are brought into Twin Lakes during run-
off, the major source of this input is from the
South Fork of Lake Creek. Apparently, the metals
come from natural sources found above an ele-
vation of 3600 meters. This is not to say that
human influence in the area, such as mining
activities, roadbuilding, and forest harvesting,
has not been a factor, especially by increasing
erosion in the Lake Creek watershed. These
metals, which include large concentrations of
iron, enter the lakes mostly in the particulate
state. Settling then occurs, resulting in a large
buildup of heavy metals in the sediments. Berg-
ersen (1976)[6] presented an analysis of metals
at various depths in the sediments of Twin
Lakes. During times when stratification and oxy-
gen depletion occur in the hypolimnion of either
lake, metals can be converted to their ionic
forms. Metals in their ionic form can be toxic to
aquatic life in very low concentrations. This
phenomenon occurred during late winter 1975,
and the lower end of the food chain was reduced
significantly. The food chain took almost 3 years
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Figure 21.—Manganese concentrations for Twin Lakes and Lake Creek inflow and outflow during 1980.
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Figure 24.—Zinc concentrations for Twin Lakes and Lake Creek inflow and outflow during 1980.




to fully recover to previous levels. No indication
of this phenomenon has been observed since;
however, if certain conditions were present, it
could happen again. The presence of relatively
high concentrations of metals and relatively low
concentrations of TDS could result in a poison-
ing of the biota within the hypolimnion of the
lakes if anoxic conditions occur in the future.
This condition is very natural and probably has
occurred many times in the past; however, cer-
tain changes in the aquatic ecology of the lakes,
such as an increase in eutrophication, could
result in an increase in the frequency of this
phenomenon due to decomposition of organic
material.

Two important aspects of the data plotted on
figures 20 through 24 are: (1) iron concentra-
tions were greatest in the inflow, especially just
prior to peak runoff; however, in five of the nine
months from March through November, concen-
trations in the outflow were greater than they
were in the lower lake due to construction activi-
ties of the new Twin Lakes Dam; and (2) copper
concentrations were greatest in the inflow and
increased in the lakes when they were stratified
for a time, such as in April and August. Since the
analytical detection limits for metals changed
frequently (4 times for manganese) and radically
{1 to 250 mg/L for manganese), little else can be
said about these data.

Figures 25 through 30 are bar graphs of some of
the nitrogen, phosphorus, and silica nutrients
data collected from Twin Lakes during 1980. The
same chronological, upstream to downstream,
arrangement of data previously mentioned is
also used on these figures. Figure 25 is for TKN
(total Kjeldahl nitrogen). Generally, concentra-
tions of this chemical element were greater in
the lakes than in the inflow or outflow, reaching
a maximum of 367 mg/L in the lower lake
during February. LaBounty et al., (1980) [16]
reported the average TKN concentrations during
1979 as 106 mg/L in the lakes and 96 mg/L
for the inflow. Average concentrations for 1980
were 135 mg/L in the lakes and 65 mg/L for
the inflow. The average concentration for the
outflow was 78 mg/L. The estimated mass of
TKN imported to Twin Lakes during 1980 was
8.2 x 10% kg while 9.9 x 10° kg was exported.
Data in figure 26 indicate clearly that nitrate-
nitrogen concentrations in the inflow were sig-
nificantly greater than in either lake or in the
outflow. Also notable is the fact that nitrate
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concentrations decreased progressively down-
stream. The estimated mass of nitrate-nitrogen
imported to Twin Lakes by way of Lake Creek
during 1980 was 15.5 x 10° kg. The total amount
exported was 1.8 x 10° kg, or a net decrease of
13.7 x 108 kg. The TKN data indicate the fate of
this unexported nitrogen. The average TKN, or
organic plus ammonia nitrogen, increased from
65 to 135 ug/L from inflow to Twin Lakes. The
inorganic nitrate that is used in primary pro-
duction remains tied up in biomass, which is
reflected in the TKN data. The final fate of this
nitrogen is in the fish. They may be caught and
removed from the lake, or they may die and,
along with much of the other biota, end up in the
sediments. This same kind of transformation of
various components’ of the nitrogen budget is
described by Ashton (1981)[27] for an impound-
ment in South Africa.

The ammonia-nitrogen component of the nitro-
gen budget for Twin Lakes is shown on figure
27. Data on this figure indicate ammonia to
be most abundant in late spring and late fall
when the lakes are turning over. Most of the
ammonia-nitrogen, one end product of decom-
position of organic matter, is generated by
heterotrophic bacteria at the sediment-water
interface. At the same time, many generations
of the bacteria are completed by turnover. Thus,
higher levels of ammonia-nitrogen would be
expected at these times and complete mixing of
the lakes would distribute it throughout the
water column.

Figures 28 and 29 contain data on the orthophos-
phate-phosphorus and total phosphorus concen-
trations of water samples collected from Twin
Lakes during 1980. As in previous years, phos-
phorus continues to be extremely limiting. Con-
centrations of either orthophosphate or total
phosphorus were always less than 5 ug/L during
1980, with the greatest concentrations occur-
ring after spring turnover. According to the
classification of {akes based on total phosphorus
concentrations presented by Likens (1975) [25],
Twin Lakes is an ultraoligotrophic lake. However,
orthophosphate-phosphorus concentrations dur-
ing 1980 were detectable (> 1 ug/L) much more
frequently than during 1979, 42 percent of the
time as compared to less than 1 percent in 1979.
Conversely, total phosphorus was detectable
only half as often during 1980 (15 percent of the
time) as it was during 1979 (30 percent). The
cause and significance of these observations are
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Figure 26.—Nitrate-nitrogen concentrations for Twin Lakes and Lake Creek inflow and outflow during 1980.
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Figure 27.—Ammonia-nitrogen concentrations for Twin Lakes and Lake Creek inflow and outflow during 1980.
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Figure 28.—Orthophosphate-phosphorus concentrations for Twin Lakes and Lake Creek inflow and outflow during 1980.




o€

TOTAL PHOSPHORUS, mg/L

oo -

Nubmob_

N W s O 0D-

w

N W b

N oWosu

oo -

|
i LAKE CREEK INFLOW
L n | @ bl A O | m mmmmFm
i UPPER LAKE
I 7
i 2
- 7 n 7187, m@ ) nnl m 7 W 7
i LOWER LAKE
-
- o n | m nealn g o n a % % 78 7
- LAKE CREEK OUTFLOW
! __L_Lﬂlllﬂll;_LM_M_L@lllllmm ] ELIZIIIL4
510152025 S 10152025 S5 10152025 510152025 510152025 510152025 5 10 152025 510152025 5 1015202% 5 10152025 5 10152025 S 10152025
JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
i980

Figure 29.—Total phosphorus concentrations for Twin Lakes and Lake Creek inflow and outflow during 1980.




not totally clear; however, as discussed later in
this report, there was a shift in dominant species
of phytoplankton during 1980.

Figure 30 shows silica concentrations ranging
between 4.1 and 6.7 mg/L in water samples
coliected during 1980. Occurrences of maximum
and minimum concentrations were similar to
those of the total dissolved solids. However, the
silica content has been found to be less variable
than other inorganic constituents (Wetzel, 1975
[28]). Cole (1979) [29] noted that concentrations
of silica commonly range between 2 and 25 mg/L
in rivers and lakes, and Livingstone (1963) [26]
showed 13 mg/L for the world’s freshwater
average. While the range of 4.5 to 6.7 mg/L of
silica found in Twin Lakes may seem somewhat
low, there is still sufficient silica to not limit
phytoplankton growth. Further evidence for this
is the fact that silica concentrations. do not
fluctuate during the most productive period of
the year. If silica were in fact limiting, concen-
trations at Twin Lakes should drop to less than
1 mg/L during the most productive times of the
year. This phenomenon is found to occur often
in more eutrophic habitats, as silica depletion
has been reported to reflect eutrophication in
some lakes {Schelske, 1975 [30])).

Summarizing the physical-chemical data col-
lected during 1980, the lakes continue to be
oligotrophic and highly phosphorous limited. Bio-
logical data from the several years of this study
seem to indicate that temperature, light not-
withstanding, is the physical factor which most
limits production qualitatively and quantitatively.
When light is sufficient and water temperatures
near the surface remain above 16 to 17 °C for at
least 2 to 3 weeks, many species of phytoplank-
ton normally found in very low numbers in Twin
Lakes begin appearing. Likewise, the abundance
of other algae increases. This results in an
increase in zooplankton, especially rotifers. This
subject is discussed in more detail in the next
section.

Biological Parameters

Primary Productivity. — Primary productivity
determination using the '4C technique is a
method for measuring the instantaneous rate at
which algae are fixing carbon in cellular devel-
opment. This method was used on each of the
Twin Lakes 15 different times during 1980. Data
from these surveys are plotted on figures 31 and
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32. Figure 31 contains the calculated areal pro-
duction in mg C/{m2.d) (milligrams of carbon
fixed per square meter of lake per day). Per day
means the time between sunrise and sunset. The
points plotted represent values obtained from
the surveys accomplished during each month.
The following paragraph is a general description
of annual events at Twin Lakes.

Rates of production are generally lower in the
upper lake than in the lower lake, and both lakes
decrease in production during the winter when
they are covered with snow and ice. Production
rates are generally highest in the lower lake just
after spring or fall turnover, while the rates drop
off during midsummer when stratification is
strongest and runoff has subsided. Three peaks
in productivity data collected from the upper lake
are indicative of different events that occurred
during 1980. The first peak followed ice-off and
spring turnover, which occur 3 to 4 weeks
before runoff begins. Data in figure 16 indicate
the intensity and abruptness of runoff, which
severely depresses primary phytoplankton pro-
duction. Both flushing and reduced light pene-
tration due to turbidity generally occur for a 3- to
4-week period in late June and early July. The
magnitude of these effects is highly dependent
on the runoff volume. For example, during 1976
and 1978, runoff was relatively low and early
season productivity was not depressed to any
significant degree. The second peak in primary
productivity data occurred in July after the run-
off had subsided, thus allowing increased light
penetration to the point where nutrients could
be used in production. Low values found during
August, corresponding to a similar reduction in
the lower lake, indicate that the lakes were
stratified and nutrient limited. That is, runoff
was low and stratification sealed the autoch-
thonous nutrients in the hypolimnion. The third
peak occurred as rates began to increase during
the fall as the lakes turned over and nutrients
were mixed into the lighted upper zone of the
water column. The pattern just described is
similar to that observed at Twin Lakes during
most years since 1973.

Data plotted in figure 32 show more graphically
the seasonality of production, and some other
points are illustrated. First, the influence of snow
and ice cover is particularly obvious. Not only
does ice cover decrease the dispersal of plant
nutrients in the water column, it also severely
limits light penetration. Both are essential for
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Figure 31.—Areal primary productivity rates for Twin Lakes during 1980.

primary production. However, it is suspected
that light is the major limiting factor of phyto-
plankton production during winter, since in past
years, when snow cover has been slight or non-
existent, primary productivity under the ice has
been substantial. Following ice-off in May 1980,
production increased throughout the water col-
umn. As stated earlier, silt-laden inflow and its
flushing effect limit upper lake productivity until
mid-July. On the other hand, since the upper
lake acts as a sediment catch basin, the lower
lake benefits from a substantial input of nutri-
ents (without turbidity), especially nitrate and
phosphorous. This is reflected in the relatively
high rates of primary production in the lower
lake during May through mid-July. From late July
to late September, primary productivity remained
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relatively low. From mid-September until the
day that ice formed on the lakes, primary pro-
ductivity rates increased. It especially increases
during mid-October when fall turnover occurs.

LaBounty et al., (1980), reported that the highest
rate of primary production measured at Twin
Lakes was 21.7 mg C/(m2-h). This value was
obtained on May 19, 1979, only 1 day after ice-
off and spring turnover. During most years, the
maximum rates are obtained in October and
November. The second highest rate measured
was 144 mg C/(m2-h) on October 5, 1978.
The highest rate measured during 1980 was
13.8 mg C/(m2-h) on November 4. Not uncom-
mon to oligotrophic lakes is the phenomenon
where the rate of primary production is greatest
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at some depth below the surface. This commonly
occurs at Twin Lakes, especially in or near the
thermocline, This is due, in part, to light inhibi-
tion of photosynthesis at the water surface and
the increased availability of nutrients at the top
of the thermocline.

Table 3 shows a comparison of primary produc-
tion rates at Twin Lakes with those from other
localities selected from table 14-10 in Wetzel
(1975) [28]. The mean daily and annual pro-
ductivity are displayed along with the observed
ranges for each locality. On an annual basis,
both of the Twin Lakes fall in the oligotrophic

category. The low annual productivity of the
upper lake reflects the influence of runoff. The
annual values for the lower lake compare favor-
ably with those from other oligotrophic alpine
lakes. A publication now in preparation will
discuss in more detail primary productivity data
collected in Twin Lakes since 1973.

Chlorophyll-a Concentration. — Chlorophyll a is
an estimate of the phytoplankton biomass. Fig-
ure 33 displays the trends for chlorophyll a
concentrations during 1980. Data in this figure
are presented in profile; that is, abundance of
chlorophyll a is presented from the surface to a
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Table 3. — Comparison of primary production rates for phytoplankton in Twin Lakes with other
selected lakes

Mean daily
productivity Range Annual
Lake Remarks for entire observed, productivity,
year, mg C/(m2-d} g C/(m2.yr})
mg C/(m?2-d)
Twin Lakes 1979 — influenced by 20 1-65 8
{upper, N' = 13) heavy spring runoff
Twin Lakes 1980 — influenceq by 27 2-60 9
{upper, N = 15) heavy spring runoff
Twin Lakes 1979 86 5-308 30
(lower, N = 13)
Twin Lakes 1980 76 11-141 22
{lower, N = 15)
Castle (Calif.) [28] Deep, alpine 98 6-317 36
Lawrence (Mich.) [28] Small, hard water; 112.6 5-497 411
, 7-year average
Char (Canada) [31]? 80 percent of total 1.1 0-35 4.1
production by
benthic flora
Meretta (Canada) [31]2 Polluted by sewage 31 0-170 11
Clear (Calif.) [32]2 Very large, shallow 438 2-2440 160
Erken (Sweden) [33]2 Large, deep, naturally 285 40-2205 104
productive
Minnetonka (Minn.) [34]2 Extremely complex 3820 3300

basin, large, deep

' N = Number of samples taken.
2 Data extracted from table 14-10, Wetzel (1975) [28].
3 Estimated.

depth of 15 m from 14 sampling dates for each
lake. Three conclusions are apparent from these
data. First, there is a seasonal trend for chloro-

phyll in both lakes, with low concentrations

occurring during late winter through early sum-
mer. Maximum values occurred during Septem-
ber-November when the thermocline was sink-
ing, which exposed more and more of the bottom
to turnover.

35

The second conclusion is the effect that thermal
stratification has on chlorophyll a concentra-
tions. When the lakes are isothermal, April-June
and late October-December, the concentrations
are nearly equal at all depths. This is due to
circulation by turbulence from the inflow, wind
action, and clarity of the lake water (later in the
season). During periods of stratification, phy-
toplankton are concentrated somewhere in or



around the thermocline, at least during part of
the year. Some years, this layer of phytoplankton
persists until turnover and actually sinks as the
thermocline sinks. In other years, the concentra-
tion of phytoplankton somehow mysteriously
breaks up, disappears, or disperses. The absence
or presence of nutrients needed for phytoplank-
ton reproduction is probably the cause of this
phenomenon. In 1980, the pattern of phyto-
plankton stratification existed near the thermo-
cline for short intervals. Since the life of some of
these species of algae may be just a few days,
we are probably seeing the constant dying and
replacement of the population. The magnitude of
this replacement undoubtedly depends on nutri-
ent availability.

The third conclusion is that there were greater
concentrations of chlorophyll a in the upper lake
than in the lower lake during late 1980. How-
ever, primary productivity rates and algae cell
counts from the upper lake were less. The aver-
age concentrations for the upper and lower
lakes during 1980 were 3.6 and 3.0 mg/ms3,
respectively, or 17 percent higher in the upper
lake. The opposite has been true during previous
years. For example during 1979, the average
values were 1.5 and 3.8 mg/m?3 for the upper
and lower lakes, respectively.

Likens (1975) [25] categorized lakes with
chlorophyll a concentrations between 0.3 and
3.0 mg/m?3 as oligotrophic and those with con-
centrations between 2 and 15 mg/m?3 as meso-
trophic. Based on this classification, both of the
Twin Lakes are on the border between oligo-

.trophic and mesotrophic. However, this is only
one category. When other categories are con-
sidered such as rate of primary production and
phosphorous concentration, the Twin Lakes are
classified as oligotrophic, or relatively low in
production. This is discussed later in this report
in mor= detail.

Plankton Abundance. — Figures 34, 35, and 36
present data on the trends and composition of
the phytoplankton and zooplankton poputations
of Twin Lakes during 1980. Figure 34 shows
plots of the average concentrations on each of
the 16 sampling dates. Populations in both lakes
follow the now familiar abhundance pattern of
late winter low, midsummer high, a slight late
summer drop, and late fall resurgence.

Phytoplankton concentrations ranged between
about 1 cell per liter to just under 1000 cells per

36

liter in the upper lake and from 28 to just over
13 000 cells per liter in the lower fake. The 1980
averages were 314 and 2717 cells per liter for
the upper and lower lakes, respectively, aimost
nine times more in the lower lake. During 1979,
the average densities were 1000 and 4000 cells
per liter for the upper and lower lakes, respec-
tively (LaBounty et al.,, 1980 [16]), four times
greater in the lower lake.

Average zooplankton concentrations (fig. 34)
ranged between 1.4 and 65.9 individuals per
liter in the upper lake and between 8.6 and
125.8 individuals per liter in the lower lake.
Overall concentrations during 1980 were 23
and 46 individuals per liter for the upper and
lower lakes, respectively. These values com-
pare to 13 and 47 individuals per liter for the
upper and lower lakes, respectively, during 1979
{LaBounty et al., 1980 [16]). Concentrations in
the lower lake during 1980 were similar to those
in 1979; however, zooplankton were, on the
average, almost twice as abundant in the upper
lake during 1980 than during 1979.

Species composition of the phytoplankton popu-
lation during 1980 are displayed in figure 35,
when Synedra and Asterionella dominated both
lakes most of the year. Synedra was especially
abundant in the lower lake during 1980, unlike
other years of this study when this species has
been far less common. Synedra seems to have
displaced both Asterionella, which has very simi-
lar nutrient requirements, and Dinobryon, which
has an upper tolerance for phosphorus less than
that of either Asterionella or Synedra. This spe-
cies switch is not easy to explain, especially
since Twin Lakes is such a phosphorus-poor
system. It is probably the result of many factors,
including temperature, which was higher in the
epilimnion during 1980 than during other recent
years. Temperature seems to be the likely factor
because both Synedra and Asterionella were far
more abundant in the upper lake during 1980
than during recent years. At the same time,
water temperatures in the epilimnion of the
upper lake were much higher. These relatively
higher water temperatures in the epilimnia of
both lakes seem to have resuited in an increased
abundance of several species of phytoplankton
other than the three previously mentioned. These
inciude the green algal species Dictyosphaerium
and Spherocystis and the golden-brown species
Mallomonas. During February, April, and Sep-
tember, these three species made up about 50
percent of the phytoplankton population in the
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upper lake. The diatom Tabellaria was found
during late June and into November in both
lakes, but not in concentrations large enough to
be plotted. The biue-green species, Oscillatoria,
which has been found in Twin Lakes during
previous years in small concentrations, was not
detected during 1980. Since its presence indi-
cates enrichment, its absence is a positive indi-
cation that Twin Lakes is in normal condition
ecologically for a high mountain oligotrophic
lake.

As in previous years, the lakes were dominated
by Dinobryon, Asterionella, and Synedra, with
the latter two being most abundant during win-
ter to midsummer and Dinobryon most abundant
from midsummer to early winter. Dinobryon was
most abundant when phosphorous was most
limiting. Wetzel (1975) [28] suggested that Dino-
bryon tolerates phosphorous levels lower than
Asterionella, and the data from Twin Lakes sup-
port this suggestion. However, total and ortho-
phosphate phosphorus are always found in con-
centrations less than 5 ug/L, which indicate
Twin Lakes to be extremely phosphorus-poor. It
is difficult to state that any one of these species
is favored by a lower concentration of phos-
phorus than the other since all three are known
to both tolerate and have optimum growth in
lakes with phosphorus concentrations below
20 ug/L {Hutchinson, 1957 [35], Wetzel, 1975
[28]; and Cole, 1979 {29]).

Four kinds of zooplankton are commonly found
at Twin Lakes: mysis shrimp, cladocerans or
water fleas, copepods, and rotifers. Mysis is a
nocturnal species and will occur in samples of
plankton collected during the night hours in the
littoral zone. Mysis are also considered along
with the benthos since they dwell on the bottom
during the day. Mysids, copepods, and rotifers
are by far the most abundant kinds found, with
cladocerans occurring only occasionally and in
the form of the relatively small-bodied species
Bosmina sp. Juday (19086) [36] reported that
cladocerans, including Daphnia spp., made up
from 20 to 45 percent of the adult zooplankton
population of Twin Lakes during 1902-03. From
1974 through 1979, cladocerans (exclusively
Bosmina) never made up more than 1 percent
of the zooplankton population (LaBounty et al.,
1980[16]). On August 11, 1980, Bosmina made
up 5 percent of the zooplankton population of
the upper lake. On several other occasions, after
late July, Bosmina made up 1 percent or less of
the population of each lake. Mysis shrimp were
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introduced in 1957. They are extremely preda-
ceous to species of zooplankton that are smaller-
bodied than they are. The newly constructed
forebay, which is connected to the lower lake,
was filled with water for a year during 1978-79.
Cladocerans, especially Daphnia, were very
abundant in this forebay. Cladocerans are also
abundant in all reservoirs, lakes and ponds in
the vicinity of Twin Lakes where sampling has
been done. Therefore, the paucity of cladoceran
species in Twin Lakes is presently directly attrib-
utable to predation by mysis shrimp. Goldman
et al.,, (1979) [37] described a similar alteration
in the zooplankton fauna following the introduc-
tion of mysis in Lake Tahoe. Rotifers included
predominantly three species: Kellicotia sp.,
Keratella sp., and Polyarthra sp. However,
Branchionus sp. and Asplanchna sp. were also
found later in the year. Rotifers began to dom-
inate the lower lake in June and the upper lake
in August (fig. 36). This situation followed the
dominance of the zooplankton fauna by copepod
nauplii, which occurred from March to July in
the lower lake and from May through August in
the upper lake. Some species of rotifers (e.g.
Polyarthra) are reported to feed on copepods
(Buikema, Jr., A. L. et al., 1978 [38]). Some
rotifers in Twin Lakes could be using copepod
nauplii as a food source. If true, this would result
in both a “bloom™ in the rotifer population and a
decline in the copepod population. Evidence to
support this observation is seen in the relative
stability of the Cyclops and Diaptomus popula-
tion (in numbers, not percent composition) after
nauplii dwindle in abundance. That is, recruit-
ment of nauplii to adult copepods seems ex-
tremely low. Therefore, the nauplii either just
die off or are consumed by predators. Also, the
mysis shrimp may be preying on copepods. This
is especially likely in Twin Lakes since other
sources of food are uncommon. In addition,
rotifers must especially crop the nauplii in order
to support the rather large expansion that their
populations experience just after nauplii are
most abundant. Cyclops is the most abundant
of the two copepods. This situation does not
change much from year to year; however, over-
all abundance does change. Data on this subject
will be presented in a later comprehensive report
on the zooplankton of Twin Lakes.

The data shown on figure 36 provides further
illustration of an important aspect about the
ecology of Twin Lakes. That is, the upper lake
not only contains significantly smaller zooplank-
ton populations than the lower lake, but the
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zooplankton is also 1 to 2 months behind in
biological succession following spring turnover.
The copepod nauplii and rotifer population illu-
strate this best. Just as the nauplii population of
the lower lake peaks, it is just developing in the
upper lake. Later in the summer, just as the
rotifer population peaks in the lower lake, the
upper lake’s nauplii population is finally reaching
a maximum, and its rotifer population is begin-
ning to develop. Thus, there is a delay in the
annual cycle of the upper lake. The obvious
reason for this is that the upper lake acts as a
“cushion’ for the lower lake as it catches the
cold, silty spring runoff from Lake Creek. This
means that temperatures are cooler, and light is
more limiting. Both of these physical factors
limit biological production. This condition in the
upper lake does not subside significantly until
mid-to-late July. The upper lake continues to
receive the relatively cold Lake Creek inflow
whife the lower lake is receiving the relatively
warmer epilimnetic water from the upper lake by
way of the channel. Even though this appears to
be the most obvious and plausible answer, it is
not the only reason why the biological cycle of
the lower lake is 1 to 2 months ahead of the
cycle in the upper lake. Consideration must also
be given to the fact that as biota (nauplii, roti-
fers, Astinonella, Dinobryon, etc.) develop in the
upper lake, some of it is flushed into the lower
lake. This is especially true early in the year
when, under certain flows, nearly all of the
plankton can be flushed into the lower lake in
just a few days. At the same time, during the
early part of the year, flows out of the lower lake
are kept minimal as both lakes are allowed to fill.
This means that plankton is concentrated in the
lower lake even though some of it is produced in
the upper lake. Good quantitative evidence for
this observation is not yet available from Twin
Lakes.

Benthos. — Four types of benthic animals are
collected in dredge samples from Twin Lakes.
Chironomids, or the nonbiting midges (family
Chironomidae-Tendipedae), are representatives
of the order of flies (Diptera) and are best known
as the predominant insect of lake sediments
{Mundie, 1957 [39]). They are sometimes pres-
ent in great numbers and may be detritus,
animal, or plant feeders participating in the
exchange of material within the sediments and
between them and the outside water. The sec-
ond type is the oligochaetes (family Oligochaeta).
These are aquatic earthworms that, like chirono-
mids, burrow in the bottom sediments and take
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part in the exchange of substances within the
sediments and between them and the outside
water. The third type are the fingernail clams
(family Sphaeriidae) who are part of a group of
very small bivalved freshwater organisms with
marine ancestry (Cole, 1979 [29]). Clams found
at Twin Lakes belong to the genus Pisidium, the
tiny pea clam. The clams are represented by two
species: the nearly worldwide Pisidium caser-
tanum (Poli), found in a wide range of habitats,
and the North American P. pauperculum Sterki,
limited to lakes and larger streams (personal
communication, Dr. Dwight W. Taylor, Pacific
Marine Station, Dillon Beach, Calif.}. The fourth
type of benthos are the mysids or opposum
shrimps (order Mysidacea) which, as previously
mentioned, are considered both plankton and
benthos. They stay on the bottom during daylight
hours where they are collected in dredge sam-
ples taken during the day. At night, they migrate
to the surface and are collected with other
zooplankton. Mysis shrimp resemble transpar-
ent crayfish and reach maximum lengths of
about 30 mm. Mysis relicta Loven was intro-
duced into Twin Lakes in 1957 as a potential
food source for the introduced lake trout Sa/-
velinus namaycush Walbaum [40, 41). This intro-
duction was extremely successful. Nesler (1981)
[41] reported densities of Mysis in Twin Lakes up
to 510 per square meter using a benthic, sled-
type trawl.

Table 4 summarizes the benthos data collected
during 1980 from Twin Lakes, and figures 37
and 38 contain graphic presentations of the
benthos data from 1979 and 1980. Mean, stand-
ard deviaton, and range for each of the four
kinds of benthos are plotted. Chironomids and
fingernail clams were both more abundant in
the lower lake, chironomids by one-third and
clams by 16 times. Based on preliminary data,
mysis shrimp were about twice as abundant in
the lower lake; however, discussion of mysis
abundance is somewhat provisional since suc-
cessful phototrawl methods of estimating mysis
density are just now being developed. Oligo-
chaetes were about three times more abundant
in tha upper lake where sediments contained
much more debris in the form of wood and bark
chips and leaf litter. Biomass data indicate
similar trends; however, chironomid biomass in
the lower lake was about 3.5 times greater than
in the upper lake. This indicates that chironomids
in the lower lake are larger, perhaps more
mature, or even consist of different species
typically larger than those found in the upper
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Table 4. — Summary of benthos data from Twin Lakes during 1980

Avg. no. per Avg. dry mass,
Station Organism square meter g/m?
(28 samples) (28 samples)
2 Chironomids 1700 248
Oligochaetes 503 0.12
Pisidium spp., 558 .20
Mysis relicta 22 .04
4 Chironomids 1063 73
Oligochaetes 1677 43
Pisidium spp. 34 01
Moysis relicta 9 .01

lake. Data on figures 37 and 38 show the simi-
larity between benthos data collected in 1979
and 1980, except for clams in the lower lake
where their abundance was significantly greater
in 1980. However, this difference was not
apparent in the clam biomass data from Twin
Lakes, which indicates that there must have
been a recent large recruitment of small indi-
viduals into the benthic clam population. Two
summary observations from the data shown on
figures 37 and 38 are: (1) there is proportionally
greater abundance and biomass of chironomids
compared to other benthos in the lower lake,
and (2) there is somewhat greater abundance
but slightly lesser biomass of oligochaetes rela-
tive to chironomids in the upper lake. The abun-
dance of chironomids, oligochaetes, and finger-
nail clams at stations 2 and 4 during 1980 are
plotted on figures 39, 40, and 41, respectively.
Scatter of the data, especially in September and
December, represents slight differences in col-
lecting techniques used by different individuals;
however, the trends are apparent. Chironomids
became less abundant during the year, especi-
ally in May just after ice-off. This trend indicates
maturity and metamorphosis to terrestrial adult
midge flies, and the subsequent recruitment of
small immature larvae into a size class large
enough to be retained in our sieves. This is best
shown in the biomass data between May and
September (fig. 39). Abundance and biomass of
chironomids were always greater at station 2.
The opposite is true for oligochaetes; that is, the
abundance (with one exception) and biomass
were greater at station 4 (fig. 40). This difference
between the benthos of the two lakes may be
due to a number of factors. First, the botiom of
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the upper lake collects a lot of leaf and wood
litter as well as heavy metal-laden sediment,
especially during June and July when runoff is
greatest. This could result in smothering of
chironomid larvae just when they are beginning
to develop into small larvae and grow. Also,
components of the silt, such as some heavy
metals, could preclude chironomid larvae devel-
opment and growth. Second, conditions at the
lake bottom, such as dissolved oxygen concen-
trations, temperature, particle size of stratum,
and organic content, could be more conducive
for chironomids and less conducive for oligo-
chaetes in the lower lake, and less conducive for
oligochaetes and more conducive for chirono-
mids in the upper lake. Cole (1979) [29] notes
that oligochaetes feed mainly on bacteria, while
chironomids feed mainly on organic material
settling out of the water column. Production is
higher in the lower lake, which provides a more
abundant food source for chironomids, while the
bacteria in a llochthonous organic debris in the
upper lake may be a food source for oligochaetes.
For whatever reason, oligochaetes have always
been more abundant in the upper lake and
chironomids more abundant in the lower lake.

Abundance and biomass data for pea (fingernail)
clams (Pisidium spp.) during 1980 are displayed
in figure 41. Again, there is some scatter in the
data, particularly in September and October.
This may be a result of different individuals
using different collecting techniques. This seems
particularly true for benthos collections. Never-
theless, the evidence is unmistakable that the
lower lake has a far greater abundance of pea
clarns than the upper lake. This fact has been
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Figure 40.—Density and biomass of oligochaetes in Twin Lakes during 1980.
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true since the study began in 1971, There have
been years (1973-76) when no clams were col-
lected from the upper lake. One reason may be
that physical and chemical conditions in the
upper lake do not favor development of this kind
of benthos. In addition, recolonization by clams
would be extremely slow since they are limited
in their movement to the upper lake. Abundance
data (fig. 41) indicate that at station 2 there is a
significant drop in abundance by March and
then recovery over the next 4 months. Recovery
late in the year from a nearly nonexistent clam
fauna is also indicated for the upper lake. Since
this benthic animal seems to be quite sensitive
to environmental stress, as evidenced by the
paucity of clams in the upper lake, any increase
in abundance is positive evidence of favorable
conditions for aquatic biota that thrive in oligo-
trophic lakes. In summary, the Twin Lakes seem
to be ecologically healthy at the end of 1980.

Abundance and biomass data for samples of
Mysis relicta collected from Twin Lakes with the
benthic dredge during 1980 were not plotted.
There is a limited value to these data since our
methods of collection are not conducive to accur-
ate estimation of mysid densities. Nesler (1981)
[41] presents the most accurate analysis of the
relative abundance of mysis in Twin Lakes based
on data obtained using a benthic trawl. Densities
of mysis, varying considerably for the 204 sam-
ples collected in 1977-79, ranged from O to 355
per square meter. Mysis densities were greatest
at the deep lower lake sampling locations. The
abundance of mysis seems to reflect that of the
zooplankton population as a whole (Nesler, 1981
[41].

Other forms of benthos are present in Twin
Lakes which have not been mentioned. These
include a benthic cladoceran (Alona sp.), gas-
tropods, trichoptera, hemiptera, ephemeroptera,
and amphipods (Krieger, 1980[12]). These forms
were all found in the stomachs of benthic feeding
suckers collected from Twin Lakes. The conven-
tional methods of collecting samples of benthic
muds with dredges and straining them through
sieves are not conducive to successful collection
of these forms because many forms of benthos
live among macrophytes, rocks, and other sub-
strates making collection difficult. Samples were
taken at the deepest points in the lakes, and
are therefore representative of the deep lake
environment.
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Table 5 compares the average abundance of
benthos in Twin Lakes, excluding mollusks, with
those of other locations selected from the litera-
ture. This comparison indicates that the benthic
fauna of Twin Lakes represents that of a healthy
and moderately productive oligotrophic lake, at
least during the past 2 years. This observation is
not only substantiated by comparisons made
with other lakes but also by the kinds of animals
that make up the benthic fauna: chironomids,
oligochaetes, pea clams, mysis shrimp, and the
other forms found in the stomachs of suckers.

SUMMARY

Tables 6 and 7 summarize the extreme values of
some of the limnological data collected from
Twin Lakes during 1980. The extremes of most
limnological parameters fall within the normal
range of all data collected since 1973. In 1980
however, both lakes were somewhat warmer
near the surface and cooler at the bottom than
average. This means that stratification was
stronger than normal; this was especially true
for the upper lake. The upper lake continues to
be far less productive than the lower lake. The
upper lake is subject to the influence of turbid
runoff laden with heavy metals, especially dur-
ing maximum runoff. Tables 6 and 7, besides
presenting the extremes for each parameter,
also present the month when each extreme was
observed. Analysis of these data indicates that
about 70 percent of the minimums for both
lakes occurred during the late fall and early
winter while about 70 percent of the maximums
occurred during the summer through early fall.
The obvious conclusion is that the season influ-
ences the lake’'s ecology, and the grouping of
parameters in different ways reveals the degree
to which this is true. For example, in the lower
lake, primary productivity, chlorophyll a concen-
tration, phyto- and zooplankton concentrations,
and oligochaete and clam densities were all at a
minimum in January, February, or March. Note
that these are all biological parameters. At the
same time, runoff, total Kjeldahl nitrogen, total
phosphorus, and orthophosphate phosphorus
were also at their lowest. These are all fac-
tors that have direct influence on the biological
parameters. Runoff is one of the most influential
parameters in biological production since it
brings in the necessary nutrients. There is also
the combined influence of temperature, ice and



snow cover, and light. All of the various physical
factors, as well as the timing of their extremes,
can influence the ecology of Twin Lakes for
years to come. Documentation of the effects of a
severe winter is presented by Sartoris et al.,,
(1977) [10], and discussed by LaBounty et al.,
(1980) [16]. Further detailed discussion of all
ecological events at Twin Lakes will be pre-
sented in separate reports on various aspects of
the biological limnology of Twin Lakes.

Table 8 summarizes the general trophic parame-
ters of Twin Lakes based on data collected
during 1980. In addition, a portion of table 9-4
from Likens (1975) [25] is included in table 8 to
show his trophic classifications based on the
various parameters. Table 9 is a qualitative sum-
mary based on the data presented in table 8.
Based on data collected during 1980, the Twin
Lakes are categorized as oligotrophic in seven of
seven parameters.

Table 5. — Comparison of abundances of benthic fauna (excluding mollusks) at Twin Lakes and
other selected locations.

Location

Number per
square meter

Bibliography
Reference

Twin Lakes (upper, 1979, N' = 34)
Twin Lakes (upper, 1980, N = 28)
Twin Lakes (lower, 1979, N = 34)
Twin Lakes (lower, 1980, N = 28)
Great Slave Lake (Canada)

Seminoe Reservoir (Wyo.)
(4-year average)

Alcova Reservoir (Wyo.)
(3-year average)

Waterton Lake {Canada)
Loch Levan (Scotland)
Lake Pocasse (S. Dak.)
Candlewood Lake (Conn.)

Lake Cayuga (N.Y.)

1814 LaBounty et al., 1980 [16]

2740 —

2453 LaBounty et al., 1980 [16]

2203 —

1603 Rawson, 1953 [41]

1518 Sartoris et al., 1981 [43]

4175 Sartoris et al., 1981 [43]
370 Rawson, 1942 [43]

2027 Maitland et al., 1970 [45]

O to 5220 Roline and LaBounty, 1980 [46]
5500 Deevey, 1941 [47]
6000 Henson, 1954 [48]

' N = Number of samples taken.
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Table 6. — Extremes of some of the limnological data collected from the lower lake during 1980

Parameter Units Maximum Month Minimum Month
, measured measured
Ambient light' g-cal/{cm?-h) 44 July 225 Sept.
Wind* km/h 9.5 Sept. 5 Oct.
Air temp.! °C 15.5 July -6 Oct.
Water surface °C 16 Aug. 4 Oct.
temp.!
Water temp.’ °C 18 Aug. 0 Dec.-Apr.
Stratification °C 10 Aug. 0 Oct., Nov.,
temp. and May
difference
Water temp. °C 11 Aug. 2.2 Dec.
(monthly
mean)
Dissolved mg/L 9 June 1.3 Oct.
oxygen
pH 8.3 Sept. 6.3 Oct.
Conductivity uS/cm 89 May 65 Feb.
Redox potential mV 500 Sept. 350 Nov.
Light extinction m’ 0.26 Jan. 0.44 July
coefficient
Secchi depth m 6.3 Oct. 3.0 July
Alkalinity mg/L 21 Nov. 18.5 Sept.
TKN ug/L 367 Feb. 60 Mar.
Nitrate - N ug/ L 60 Sept. <10 Nov.
Ammonia - N ug/L 60 Apr. <5 Jan.-Feb.,
June-Sept.
Ortho-P ug/L 3 June <1 Feb.-Apr.;
Nov.
Total P ug/ L 2 July-Oct. <1 Jan.-June;
Nov.
Silica mg/L 5.5 Apr. 4.2 Nov.
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Table 6. — Extremes of some of the limnological data collected
from the lower lake during 1980 — Continued

. . ; Month - Month
Parameter Units Maximum measured Minimum measured
Primary produc- mg C/(m?.d) 143.5 Nov. 10.6 Jan.
tivity (areal)
Primary produc- mg C/(m?-h) 2.0 Nov. 0 Apr. (below
tivity 9 m)
Chiorophyll a mg/m?3 7.7 Sept. 0.6 Apr. (below
concentration 15 m)
Avg. phyto- No./L 13 007 Aug. 28 Mar.
piankton con-
centration
Avg. zooplank- No./L 125.8 Aug. 8.6 Mar.
ton concen-
tration
Density of No./m? 2922 Apr. 800 Nov.
chironomid
larvae
Density of No./m? 800 Nov. 216 May
oligiochaetes
Density of pea No./m? 974 Nov. 129 Mar.

clams

' b-day average

Table 7. — Extremes of some of the limnological data collected from the upper lake during 1 980

Parameter Units Maximum Month Minimum Month
measured measured

Water temp. °C 17 Aug. 0 Dec.-Apr.

Stratification °C 12 Aug. o Oct., Nov.,
temp. and May
difference

Water temp. °C 1 Aug. 2 Dec.
{monthly
mean)

Dissolved mg/L 10 June 3.6 Mar.
oxygen

pH 8.3 Oct. 6.5 Oct.

Conductivity uS/cm 90 Apr.-May 64 July
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Table 7. — Extremes of some of the limnological data
collected from the upper lake during 1980 — Continued

Parameter Units Maximum Month Minimum Month
measured measured
Redox potential mV 550 Sept. 350 Nov.
Inflow volume m3 x 107 7.5 June 0.07 Feb.
Light extinction m™' 0.33 Mar. 1.01 June
coefficient
Secchi depth m 6.2 May 20 June
-Alkalinity mg/L 24 May 17 July
TKN ug/ L 240 Feb. 50 Aug.
Nitrate - N ug/L 90 May 20 Nov.
Ammonia - N ug/L 65 Apr. <5 Jan.; June-
Sept.
Ortho-P ug/L 2 May-July; <1 Jan.-Apr.;
Nov. Aug.-Oct.
Total P ug/L 2 Oct. <1 Jan.-Sept.;
Nov.
Silica mg/L 6.2 Mar. 4.6 July
Primary produc- mg C/(m2.d) 579 Oct. 1.6 Jan.
tivity (areal)
Primary produc- mg C/(m?3-h) 0.9 Oct. ¢} Apr. (below
tivity 3m)
Chlorophyil a mg/m? 18.0 Sept. 0.3 July (below
concentration 15 m)
Avg. phyto- No./L 997 Nov. 1 Mar.
plankton con-
centration
Avg. zooplank- No./L 65.9 Aug. 1.4 Mar.
ton concen-
tration
Density of No./m? 1969 Apr. 627 Nov.
chironomid
larvae
Density of No./m? 2813 July 714 Feb.
oligiochaetes
Density of pea No./m?2 173 Jan. 0 Mar.-June;
clams Aug.-Sept.

52



Table 8. — Some general limnological characteristics of Twin Lakes compared to parameters by
Likens (1975) [25] to categorize trophic status

Mean Total — cporo- : Light  Total  Total
Lake primary organic phyll a Dominant extinction P N
productivity, carbon, mg/m; phytoplankton m-! ! u }L /'L
mg C/(m2-d) mg/L g e
Twin Lakes 76.4 11.6-2.1 0.6-5.3 Chrysophyceae 0.26-044 <1-2 60-367
{lower, 1980)
Twin Lakes 19.6 1.4-1.7 0.3-7.9 Bacillario- 0.33-1.01 <«1-2 50-240
{upper, 1980) phyceae
Ultra- <50 0.01-0.5 Chrysophyceae, 0.03-08 <1-5 <«1-250
oligotrophic Cryptophyceae ‘
Oligotrophic 50-300 <1-3 0.03-3 Dinophyceae, 0.05-1.0
Bacillario-
phyceae
Oligo- 5-10 250-600
mesotrophic
Mesotrophic 250-1000 <1-5 2-15 0.1-2.0
Mesoeutrophic 10-30 500-1100
Eutrophic >1000 5-30 10-500 0.5-4.0

' As measured in 1975

Table 9. — Categorization of trophic status of Twin Lakes based on data in table 8

Parameter Upper Lake Lower Lake
Primary productivity Ultraoligotrophic Oligotrophic
Chlorophyll a Oligotrophic Oligotrophic
Dominant phytoplankton Oligotrophic Oligotrophic
Light extinction coefficient Oligotrophic Oligotrophic
Total organic carbon Oligotrophic Oligotrophic

Total P

Total N

Ultraoligotrophic

Ultraoligotrophic

Ultraoligotrophic

Ultraoligotrophic

53



(1]

(2]

[3]

(4]

[5]

(6]

(71

(8]

BIBLIOGRAPHY

LaBounty, J. F., Second Workshop on
Ecology of Pumped-Storage Research at
Twin Lakes, Colorado, Bureau of Reclama-
tion, Engineering and Research Center, 48
pp., Denver, Colo., 1975.

LaBounty, J. F., Third Workshop on Ecology
of Pumped-Storage Research at Twin Lakes,
Colorado, and Other Localities, Bureau of
Reclamation, Engineering and Research
Center, 107 pp., Denver, Colo., 1976.

taBounty, J. F., and J. J. Sartoris, “The
Profundal Benthic Environment of Twin
Lakes, Colorado,” /n: LaBounty, J. F. (ed.),
Studies of the Benthic Environment of Twin
Lakes, Colorado, Bureau of Recliamation
Report No. REC-ERC-76-12, pp. 1-28, Den-
ver, Colo., 1976.

LaBounty, J. F., and J. J. Sartoris, “Effects
of Drought on Colorado and Wyoming Im-
poundments,” Proceedings of the Sym-
posium on Surface-Water Impoundments,
ASCE, vol. 2, pp. 1451-1464, New York,
N.Y., 1981.

LaBounty, J. F., R. A. Crysdale, and D. W.
Eller, Dive Studies at Twin Lakes, Colorado,
1974-75, Bureau of Reclamation Report
No. REC-ERC-76-15, 23 pp., Denver, Colo.,
1976.

Bergersen, E. P., “Aging and Evaluation of
Twin Lakes Sediments,” pp. 29-40 /n. La-
Bounty, J. F., (ed.) Studies of the Benthic
Environment of Twin Lakes, Colorado,
Bureau of Reclamation Report No. REC-
ERC-76-12, 47 pp., Denver, Colo., 1976.

Deason, W. D., “‘Bacteriological Survey of
Twin Lakes, Colorado,” /n: LaBounty, J. F.
(ed.), Studies of the Benthic Environment of
Twin Lakes, Colorado, Bureau of Reclama-
tion Report No. REC-ERC-76-12, pp. 42-47,
Denver, Colo., 1976.

Gregg, R. E., Ecolegy of Mysis relicta in
Twin Lakes, Colorado, Bureau of Reclama-
tion Report No. REC-ERC-76-14, 70 pp.,
Denver, Colo., 1976.

54

[9] Griest, J. R., The Lake Trout of Twin Lakes,

[10]

(111

2]

[13]

[14]

[15]

[16]

Colorado, Bureau of Reclamation Report
No. REC-ERC-77-4, 29 pp., Denver, Colo.,

1977.

Sartoris, J. J., J. F. LaBounty, and H. D.
Newkirk, Historical, Physical, and Chemical
Limnology of Twin Lakes, Colorado, Bureau
of Reclamation Report No. REC-ERC-77-
13, 86 pp., Denver, Colo., 1977.

Walch, L. A., Movement of Lake Trout in
Twin Lakes, Colorado, in Relation to a
Pumped-Storage Powerplant, Water and
Power Resources Service Report No. REC-
ERC-79-17, 71 pp., Denver, Colo., 1980.

Krieger, D. A, Life Histories of Catostomids
in Twin Lakes, Colorado, in Relation to a
Pumped-Storage Powerplant, Water and
Power Resources Service Report No. REC-
ERC-80-2, 47 pp., Denver, Colo., 1980.

Finnell, L. M., Results of Fishery Investiga-
tions at Twin Lakes, Colorado: 1974-76,
Water and Power Resources Service Report
No. REC-ERC-80-5, Denver, Colo., 1980.

LaBounty, J. F., and R. A. Roline, 'Studies
of the Effects of Operating the Mt. Elbert
Pumped-Storage Powerplant,” /n: Clug-
ston, J. (ed.), Proceedings of the Clemson
Workshop on the Environmental Effects of
Pumped-Storage Hydroelectric Operations,
U.S. Fish and Wildlife Service Report No.
FWS/0BS-80/28, pp. 54-56, Clemson, S.
C., 1980.

Keefe, T. J., Statistical Review of the Lim-
nological Data Collected at Twin Lakes,
Colorado, 1974-1978, Prepared for Bureau
of Reclamation, Denver, Colo., under Con-
tract No. 8-07-83-V0710, Envirostat Asso-
ciates, Fort Collins, Colo., 1980.

LaBounty, J. F., J. J. Sartoris, S. G. Camp-
bell, J. R. Boehmke, and R. A. Roline,
Studies of the Effects of Operating the Mt.
Elbert Pumped-Storage Powerplant on Twin
Lakes, Colorado: 1979 Report of Findings,
Water and Power Resources Service Re-
port No. REC-ERC-80-7, 66 pp., Denver,
Colo., 1980.



(17] Thorne, R. E., and G. L. Thomas, Hydro-

[18]

acoustic Surveys of Fish Abundance and
Distribution in Twin Lakes, Colorado, Water
and Power Resources Service Report No.
REC-ERC-81-4, 14 pp., Denver, Colo., 1981.

Buckles, W. G., Archeological Salvage for
the Fryingpan-Arkansas Project in Lake,
Chaffee, and Pitkin Counties, Colorado, in
7972, National Park Service Contract No.
2-929-P-20073, 157 pp., Anthropology
Laboratory, Southern Colorado State Col-
lege, Pueblo, Colo., 1973.

{19] Pennak, R. W., "Rocky Mountain States,”

(20]

nnnnnnnnnnnnn

University of Wisconsin Press, pp. 349-
369, Madison, Wis., 1966.

U.S. Geological Survey, National Handbook
of Recommended Methods for Water-Data
Acquisition, Reston, Va., 1977.

[21] Wood, R. D., Hydrobotanical Methods, Uni-

[22]

(23]

[24]

[25]

[26]

versity Park Press, 173 pp., Baltimore, Md.,
1975.

Parsons, T. R, and J. D. H. Strickland,
“Discussion of Spectrophotometric Deter-
mination of Marine-Plant Pigments with
Revised Equations for Ascertaining Chloro-
phylls and Carotenoids,” Journal of Marine
Research, vol. 21, No. 3, pp. 155-163,
1963.

Welch, P. S., Limnological Methods,
McGraw-Hill, inc., New York, N.Y., 381 pp.,
1948.

Standard Methods for the Examination of
Water and Wastewater, American Public
Health Association, 874 pp., New York,
N.Y., 1971.

Likens, G. E., “’"Primary Productivity of Inland
Aquatic Ecosystems,” In: Lieth, H., and R.
H. Whittaker, {ed.), Primary Productivity of
the Biosphere, pp. 185-202, Springer-Ver-
log, New York, N.Y., 1975,

Livingstone, D. A. Chemical Composition
of Rivers and Lakes, USGS Professional
Paper No. 440-G, 64 pp., GPO, Washing-
ton, D.C., 1963.

55

[27] Ashton, P. J., Nitrogen Fixation and the

Nitrogen Budget of a Eutrophic Impound-
ment,”” Water Research, vol. 15, No. 7, pp.
823-833, 1981.

[28] Wetzel, R. G., Limnology, W. B. Saunders

[29]

(30]

[31]

[32]

Company, 743 pp., Philadelphia, Pa., 1975.

Cole, G. A., Textbook of Limnology. The C.
V. Mosby Company, 426 pp., St. Louis, Mo.,
1979.

Schelske, C. L., 'Silica and Nitrate Deple-
tion as Related to Rate of Eutrophication in
Lakes Michigan, Huron, and Superior,” In:
Water Systems, Springer-VerIo;, ﬁ;w-Y:)rlZ
N.Y. 1975,

Kalff, J., and H. E. Welch, *‘Phytoplankton
Production in Char Lake, a Natural Polar
Lake, and in Meretta Lake, a Poliuted Polar
Lake, Cornwallis Island, Northwest Terri-
tories,”” Journal of the Fishing Research
Board of Canada, vol. 31, pp. 621-6386,
1974.

Goldman, C. R. and R. G. Wetzel, A Study
of the Primary Productivity of Clear Lake,
Lake County, California,” Ecology, vol. 44,
pp. 283-294, 1963.

[33] Rodhe, W., ““‘Primarproduktion und

(34]

(35]

Seetypen,” Verk. Int. Er. Lemnol., vol. 13,
pp. 121-141, 1958,

Megard, R. O., "Phytoplankton, Photosyn-
thesis, and Phosphorous in Lake Minne-
tonka, Minnesota,”” Limnology and Ocean-
ography, vol. 17, pp. 68-87, 1972.

Hutchinson, G. E., A Treatise on Limnology,
vol. 1, 1,015, pp., John Wiley and Sons,
Inc., New York, N.Y., 1957.

[36] Juday, C., A Study of Twin Lakes, Colorado,

(371

with Aspectual Consideration of the Food
of the Trouts, Bureau of the Fisheries,
Document No. 616, pp. 148-178, 1906.

Goldman, C. R.,, M. D. Morgan, S. T.
Threlkeld, and N. Angeli, A Populaticn
Dynamics Analysis of Cladoceran Disap-
pearance from Lake Tahoe, California-
Nevada,”” Limnology and Oceanography,
vol. 24, No. 2, pp. 297-298, 1979.



[38]

(39]

[40]

(41]

[42]

[43]

Buikema, Jr., A. L., J. D. Miller, and W. H.
Yongue, Jr., “Effects of Algae and Proto-
zoans on the Dynamics of Polyarthra Vul-
garis,” Verh. int. Verein, Limnol., vol. 20,
pp. 2395-2399, 1978.

Mundie, J. H., “The Ecology of Chirono-
midae in Storage Reservoirs,”” Transactions
Royal Entomological Society, vol. 109, No.
5, pp. 149-232, London, England, 1957.

Klein, W. D., An Experimental Plant of the
Small Crustacean, Mysis, Colorado Depart-
ment of Fish and Game, Fishery Leaflet No.
53, Colorado Division of Wildlife, Fort Col-
lins, Colo., 1957. '

Nesler, T. P., Studies of the Relative Abun-
dance of Mysis relicta in Twin Lakes, Colo-
rado, Using a Benthic Trawl, Final Report to
the Bureau of Reclamation under contract
No. 7-07-83-V0707, 39 pp., Colorado Divi-
sion of Wildlife, Fort Collins, Colo., 1981.

Rawson, D. S., “The Bottom Fauna of Great
Slave Lake,” Journal of the Fisheries
Research Board of Canada, vol. 10, No. 8,
pp. 486-520, 1953.

Sartoris, J. J., J. F. LaBounty, S. G. Camp-
bell, and J. R. Boehmke, Limnology of the
Upper North Platte Reservoir System,
Wyoming, Bureau of Reclamation Report
No. REC-ERC-81-10, Denver, Colo., 1981.

56

[44] Rawson, D. S., “A Comparison of Some
Large Alpine Lakes in Western Canada,”
Ecological Monographs, vol. 23, No. 2, pp.
143-161, 1942.

[45] Maitland, P. S., C. W. Nigel, N. C. Morgan,
K. East, and M. C. Gray, “Preliminary Re-
search on the Production of Chironomidae
in Lock Levan, Scotland,”” Productivity
Problems of Freshwater, pp. 795-812,
Warszawa-Krakow, 1970.

[46] Roline, R. A, and J. F. LaBounty, Results of
a Limnological Study of Lake Pocasse,
South Dakota, Water and Power Resources
Service Report No. REC-ERC-80-4, 42 pp.,
Denver, Colo., 1980.

[47] Deevey, E. S., “Limnological Studies of Con-
necticut VI, The Quality and Composition of
the Bottom Fauna of Thirty-six Connecticut
and New York Lakes,” Ecological Mono-
graphs, vol. 11, No. 4, pp. 414-455, 1941.

(48] Henson, E. B., “"The Profundal Bottom Fauna
of Cayuga Lakes,”” Ph.D. Dissertation, Cor-
nell University, Ithaca, N.Y., 1954,

Note: From Nov. 1979 to May 1981, the Bureau of Reclama-

tion was known as the Water and Power Resources Service;
consider the names synonymous in-this Bibliography.

GPO 835-551




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




