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INTRODUCTION

Coniferous Forest Biome studies of benthic communities in Lakes Washington,
Sammamish, Chester Morse, and Findley include research projects on sedi-
mentation, mineralization, macroinvertebrate populations, periphyton and
oxygen uptake. Past studies suggest that oxygen uptake by sediments can
be related to such trophic indicators as primary production, temperature,
and nutrient fluxes (Hargrave 1969a, 1969b, Mortimer 1971, Pamatmat 1968,
1969, 1971a,1971b, and 1973).

The purpose of this study is to relate oxygen uptake by sediments to in
situ temperature for lakes within the Lake Washington drainage system.

DESCRIPTION OF SAMPLING SITES

Lake Washington (Station 1 - Madison Park)

Lake Washington, Station 1 is located 1.6 km north of the Evergreen
Floating bridge and 0.1 miles from the west shore at a depth of 58-67 m.

Lake Sanvnamish (Station 612)

Lake Sammamish, Station 612 is located 1.6 km from the south end of the
lake, halfway across the lake, and at a depth of 25-29 m.

Lake Chester Morse (Station 1)

Lake Chester Morse, Station 1 is located 1.6 km from the outlet at
27-31 m.

Findley Lake (Station 1)

Findley Lake, Station 1 is located 30.6 m from the shore at 25-27 m.

Findley Lake is situated in a totally unmanipulated watershed.

METHODS AND MATERIALS

A Barnes-Lusk coring device was used to take all samples. The corer was
cocked and lowered to within one meter of the bottom, allowed to stabilize
vertically, and then lowered into the bottom sediments approximately 5-10 cm.
The corer was triggered sealing the core and ambient water within the corer.
The coring device was quickly brought to the surface where the core tube was
plugged, removed and wrapped in aluminum foil to minimize exposure to light.



The tubes were placed in a light-proof ice chest to be transported to the lab-

oratory. Caution was taken to prevent vibration, dropping, or settling out of

the flocculent layer of the core.

Upon reaching the laboratory, the cores were placed in a water bath at the in

situ temperature. The top corks were removed from each core tube and a 5-mm

(approximately 5 ml) layer of sterile mineral oil was pipetted onto each core
to make an airtight seal. The ambient water over each core was stirred with
a multi-stirrer to simulate in situ currents. The apparatus was covered at
all times to eliminate light.

Two dissolved oxygen determinations were made: the first determination was

made after allowing the cores to equilibrate at in situ temperature for 3-4

hr; the second was made at the end of the 12-14-hr incubation period. The

dissolved oxygen determinations were made using the Micro-Winkler methods

described by Carpenter (1965a, 1965b), McCormick (1972), and Van Dam (1935)

with the following modifications. A rubber tube with a three-way lure-lock

valve was attached to a calibrated glass syringe and used to draw off 2 ml

of water which was expelled through the second valve in the lure-lock. Two

separate samples were drawn and expelled so that the third and final sample

would be free of air. The final sample was taken slowly to minimize the

number of air bubbles and pressure change. The volume of the sample was
approximately 10.2 cc. Any incidental bubbles formed were removed at this
time by thumping the syringe with a finger thus causing the bubbles to coll-
ect at the top of the plunger and 0.2 cc of the sample was expelled. The sy-

ringe was quickly sealed with parafilm and shaken. The precipitate formed

was allowed to settle out 2/3 of the volume, shaken again, and allowed to

settle again 2/3 of the volume. The precipitate was then dissolved by in-

jecting 0.5 cc of 36N H2SO4. After cooling, the solution was titrated using

0.025N PAO and a stabilized starch indicator. The results were given in
mg/.-.t (ppm)

The formula used in computing initial and final oxygen concentrations was
taken from Golterman (1969):

02mg/tVtxNx8x1000

Vs

where Vt = volume titrant, N = normality of titrant, and Vs = volume of

water sample. The total oxygen uptake was obtained from the difference of
the initial and final oxygen concentrations (Initial mg02/2 - final mg02/Q)

and corrected for core area and incubation time as follows:

(mg02/R.) m-2 hr-1= [(mg02/k) _ (area of the core)] _ [incubation time)

This was transformed Into (mt02/1) m-2 hr-1 by multiplying mg02/t by the con-

stant 0.678 reference.

RESULTS AND DISCUSSION

The importance of in situ temperatures to total oxygen uptake in the benthic
communities of Lakes Washington, Sammamish, Chester Morse,and Findley was
assessed by regression analysis. Although the four lakes represent a variety

2



of trophic conditions, the logarithm of total oxygen uptake by sediments
appears related to temperature (Fig. 1). Only measurements on sediments
incubated in total darkness experiments are included in the regression
analysis (Table 1). Dark experiments are used because they are assumed
to be free of fluxes in oxygen concentrations caused by light shock to
sediment bacteria anr' oxygen production by recently accumulated phyto-
plankton on the sediment surface. The coefficient of determination (r2)
is used to indicate what proportion of the variance in Y (total oxygen up-

take) can be attributed to its regression on X (temperature). The

regression calculation yielded and r2 = 0.61 (Fig. 1) which indicates
that as temperature increases for water overlying sediments of four lakes
that 61% of the variation in rates of oxygen consumption can be accounted
for by temperature.

Similar experiments on Marion Lake, British Columbia, and Puget Sound,
Washington indicated that temperature may be more important to rates of
oxygen uptake by benthic communities in fresh water than in marine ev-
vironments. Hargrave's (1969a, 1969b) studies of Marion Lake and litera-
ture values for several lakes (different types of sediments using a variety
of techniques) indicated that the logarithm of sediment oxygen uptake is
significantly correlated with the logarithm of in situ temperatures. In

Marion Lake experiments temperature was the most important variable affect-
ing oxygen consumption. Over 70% of the variation could be accounted for by
this variable. In contrast, Pamatmat and Banse (1969) found that temper-
ature accounted for only 30% of the variation in rates of oxygen uptake in
Puget Sound. They suggested that seasonal changes in rate differences be-

tween stations and supply of organic matter from the water column were pro-
bably the main causes of variation besides temperature.

Errors in Technique

There were several sources of error in the oxygen uptake experiments. The

first was the use of a small diameter core. A larger core would have given
more surface area and less extrapolation error. The second was the use of
a 0.025N titrating solution in only 8 ml of solution. The greatest accuracy
possible with the available equipment was 0.01, ml of titrant or 320 (mg02/t)
M-2. A more sensitive method needs to be employed. Thirdly, small air bub-
bles were occasionally noticed in the syringe after injecting the oxygen-
fixing chemicals. Also, in situ bath temperature occasionally varied from
the start to the finish of the incubations. Prior to the total dark in-
cubations the volume of the water interface varied from core to core.

For future experiments, it is suggested that the cores be light-proof and
at least 7 cm in diamter. All cores taken should be of the same depth or
adjusted to make the water interface volume equal. Last, the titrant nor-
mality should be less than 0.005 in order to detect small differences in
oxygen concentration.

Additional Lake Washington Data

Additional data from Pamatmat's 1972 Coniferous Biome project is included in
this report (Table 2). These data are part of a published paper by M. M.
Pamatmat and A. M. Bhagwat (1973), "Anaerobic Metabolism in Lake Washington
Sediments." Total oxygen uptake (Table 2) was estimated with oxygen elect-



rodes at 10°C for cores from different depths during a four day cruise, 16-20

October. An average of 27.2 (m 02/k) m 2 hr-1 and range 18.0 to 48.75 (mg02/f')

rn 2 hr-1 for the four days and 19 different stations.
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Table 1. Total oxygen uptake data for Lakes Washington, Sammamish, Chester

Morse, and Findley sediments.

02 uptake Depth

Lake Date
Temperature

(°G) (m902m-2hr-1) (m2.02m"2hr-1) (m)

Washington 3/23/73 6.5 63.6 44.41 1

4/10/73 10.5 107.41 74.97 1

4/24/73 8.0 83.65 58.39 1

5/10/73 10.0 79.32 .55.37 45

6/27/73 7.6 185.90 129.77 51

7/31/73 8.0 51.28 35.80 63

8/23/73 8.0 106.84 74.58 64

10/25/73 8.0 240.36 162.96 60

12/17/73 9.0 333.33 226.00 60

Sammamish 4/13/73 6.2 77.96 54.52 26

4/27/73 7.8 17.04 11.89 26

8/02/73 7.0 73.45 51.27 25

8/21/73 7.8 -0.86 -0.57 25

10/01/73 8.0 0.67 0.45 27

12/05/73a 9.0 320.51 217.31 27

1/08/74x 5.5 47.13 31.96 27

Chester Morse 3/20/73 4.0 15.50 9.12 30

5/01/73 5.8 15.03 10.49 32

6/05/73 6.8 145.93 101.87 30

7/10/73 7.0 208.91 145.83 34

9/11/73P 7.0 213.68 144.88 31

10/09/73x 7.0 285.70 193.70 27

11/13/73 7.0 53.42 36.22 27

12/12/73x 6.0 106.84 72.44 27

Findley 5/24/73 4.0 33.05 23.07 24

8/ 16/73 5.5 1.42 0.99 27

8/30/73 6.0 49.31 34.42 26

9/ 13/73 6.0 -1.83 -1.24 25

10/04/73 7.0 285.70 193.70 27

a Data obtained by using total dark incubations, all other incubations were con-

ducted in the light.



S Table 2. Lake Washington, 16-20 October, 1972 (Pamatmat, 1972).

Total 02 uptake
Depth Temperature - 2 i

Station (m) (°C) (mI02m 2hr`1) ( mg02m hr' )

1 15

2 47

3 40

4 40

5 50

6 48

7 62

8 58

9 53

10 58

11 40

12 41

13 40

14 48

15 47

16 39

17 32

18 21

19 18

13.9 19 27.17

8.2 19.4 27.74

8.5 30.25 43.26

8.3 30.4 43.47

8.0 46.0 22.88

8.0 28.75 41.11

7.8 18.5 26.46

7.8 48.75 69.71

7.9 19.8 28.31

7.8 33.75 48.26

8.4 21.40 30.60

8.3 37.40 53.48

7.9 22.25 31.82

8.0 27.5 39.33

8.4 20.6 29.45

8.2 18.0 25.74

8.8 24.3 34.80

11.7 24.75 35.39

13.3 25.50 36.47
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Figure 1. Total benthic oxygen uptake versus temperature in Lakes Washington (0),
Sammamish (A), Chester Morse (0), Findley (X), and Pamatmat's
Lake Washington (0).


