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ABSTRACT

The objectives for year have been the gathering of existing in-
formation, initiation of nrni toeing water quality, evaluation of analytical
methods and procedures for r easor1.ng nutrient regents ar i on in the sediment-

water interface, and the shady of f row,th..environment correlations in

Findley Lake, Chester 1_aa n Reservoir, and fakes ;ammamish and Washing=.
Progress was made in all phn s, An annual budget of total chemical
elements entering and ire ay;t4 t,- I.c a_rnmr raasl. should he largely completed

during 1971. Preliminary ; < n indicate that years after the major
portion of phosphorus w d c i ;tow LsLe ,a wm +ri.sh , the chemical
and biological characters ?... only ski ;ht and probably insignificant
changes compared to what W r trE°+ n observed in Lake Washington. The

chemical and biological c era i t.icA of Lie lakes reveal a graded
sequence in chemical comgo ion and .productivity A 4- to .0- fold
increase in concentration .ibsorv -4 with ,tort rhe;;ti. al and biological
parameters when Find leg 'r.. a,i 1, iq±r f_or:E= Lakes ore compared to Lake
Washington. Phytopiau t; 'lm,.i vlty 0.50on assimilation rate)
and total biomass (:F, 1 roa:in t) : 1 aw 1a pr gi ssi ve increase from
Findley Lake (extu time of i p v u gLy) co Lake Washington (moderate cutrophy).
Based on particle site disc + but iou 4n d carbon: nitrogen rations in,
surface sediments, the WK.- of '. ; ndiey and Chester Morse Lakes appear
to be different from tftu r' Kkn- 0=Y -ii and Each I.ngton. Higher ratios
,of carbon to nitrogen and .nr d:asie.nts axe observed in the upper
Cedar River drainage 10,

To accomplish the = it 5j, t. ive of the full, course of the study--
that is , to measure the val pat (how! cal cI_ mmnts :ire fv. sh water lakes
as a means of evoieotir g w!ti Kwi Dn o i given e .ement to the
biologic productivity in i;?x,, ia,°a, vu-.._ra series of critical objectives have
been chosen for focus of
objectives of the study it
measuring exchange rates 01
were expanded to SLIM-
of monitoring lake water
correlations in I indlcy
and Washington.

After a detailed m aplil
monitoring of the chemical
it itiated by sampling

M rse Reservoir, and Lakes Sammamish

or tho Lake F omm amish basin, monthly
and biological quality of the lake water was

o. 1970. Later in the sir=ri n

ina t,:i; i_ phases. Inns, the main
the development car procedures for
_: be i.ween lake sediments and water,

nod inflow and outflov early in the fall
of 1971, hind i y and. (nester Morse Lakes,

as well as Lake Washington, WrO included in the study. - the Lake

of existing "formation, initiation
nvA the study of growth -environment



Washington study was related to the 'characterization of sediments and the
measurements of water quality parameters other. than those monitored by
Or, Edmondson's group under other funding.

An annual budget of total chemical elements entering and leaving
Lake : ammamish, should he largely completed during 1971. 1 iologicral
response to nutrient diversion has been studied during 1970 and 1971 and,
although the results are incomplete, come have been compared with a
1965-1965 prediverei.o i study l the Nuni_cipality of Metropolitan Seattle.
Comparisons include surface water content of total P, No,-N, chlorophyll a,
and primary productivity, as well as water clarity measured with a Secchi
disk. The results of sewage diversion from Lake Sammami sh, when com-
pared to those observed in Lake Washington after sewage diversion
during 1963-1967, are difficult to interpret. Winter maximum concen-
tration of P in Lake Washington declined by 71 percent from 1962 to 1969.
Little chanson in surface P coni.orit is apparent in Lake Sammami sh after

diversion. Phrar.phoruc content increases to 70-100, pg per liter following
turnover in Novenbox but instead of remaining high all winter, as it does
in Lake Washington, the content in Sammamish decreases to around 20 pg per
liter within; a mouth or two. Although more than 500 pe per liter of
N03 t+ is removed during UP spring ou -.bun t of diatoms in lake Sammamish,
P is reduced by only ebrut 10-15 ug per liter!' This removal rate of N/P
seems weighted heat, iiv to N and suggest > the the P turnover rate is irnrch
greater than that for N. Thus., P in L.al:c Sammamish behaves differently
than in Lake Washington, particularly during winter, which suggests that
in view of the similar reduction in P income in both lakes, interactions
wit.}. P may he pr. sent in Lake 7 mmamish that are less significant in Lake
Washington. Such iifteractions may be the shallower mean depth of Sammamish
(17.7 compared to 34cm) or the greater percentage of surface area that
is shallower than the thermocline in `.rarnmami sh . These factors could suggest
a greater inter actin" of sediment: s With water in controlling P concentrations
in lake S ainmomi sh . Pi olopi cal change In Sainin. Uni sh are equally as un-
impressive are changes in Nutrient content, This ir in great contrast
to observations in eke Washington. Maximum Sccchi disk depth,: an index
of the suspended ma ten) has increase(! in Sammamish from 5 to over. 6 meters

ressivelroddecreased progressivelygpecrell a content, sefrom 1965 to 1070. tlaxi.riam chlorophy
in Lake Washington following diversion, however, and was correlated with
the decrease in maximum P content. Thus , three years after the major
portion of P was diverted from halve S mimamish , the chemical and biological
characteristics are showing only slight id probably insignificant changes
compared to what bee been of ,r' a a«d in neighboring Lake Washington.

The survey of chemical cbr.arecteri .tics of waters in the Lake Washington
drainage rc .coal a graded seejoun.ce in chemical composition from the upper
Cedar River basin to take Washington. Tables] and 2 show,the mean summer
average concentrations of several chemical constituents in surface waters
of selected lakes and streams of Lake Washington dr.ainag°e. Issaquah Creek,
the main nutrient inflow to L.r,l;e Sanarnamisli, carries about 85-90 percent
of the chemical elements to the lake. Sammamish River is the only surface
outflow of Lake Sainmamish, which, together with Cedar River, is the major
source of chemical elements for Lake Washington: A .1- to 10-fold increase
in concentration is observed with most chemical parameters, when Findley
and Chester Florae Lakes are compared to Lake Washington. These radical
difference; in c.hemicraI quality of to waters in the lake Washington drainage
result from the diversified human use of the lake basin and the lake water
itself.



Preliminary measurements of P release in the sediment-water interface
using Lake Sammamish sediments provided basic data for the construction

of a laboratory simulation system for studying P regeneration from
sediments of the four lakes. These experiments are still incomplete.
To supplement the laboratory sediment P-release data, a monitoring of
the P concentration in the lake water colu:ma as a function of season
and other limnological parameters has been undertaken. The physical,
mineralogical, and chemical characterization of surface lake sediments
in relation to the depth of the water column and the type of lake also has

been initiated. Preliminary results of particle size distribution and

C:N ratios in sediments of Findley and Chester Morse Lakes, Lake Washington,

and Lake Sammamish are presented in Tables 3 and 4. As was found with

the chemical quality of the lake waater,'Findley and Chester Morse Lake

sediments are distinctly different from those of Lake Washington and

Lake Sammamish with respect to both the C:N ration and the particle,

size distribution. The sediments of the upper Cedar River basin lakes
are generally coarser and have a markedly higher C:N ratio.

PLANKTON I'R0 ucriVIT'Y AND 131r11ASS

The four lakes in the Cedar River watershed represent a trophic
series from extreme oligotrophy to moderate cutrophy. Although precise
comparison must await more complete data, available data are.summarized
in Table 2. Phytoplankton pioduct.i.v.ity (carbon assimilation rate) and
biomass (chlorophyll) show a progressive increase from remote Findl.ey
Lake to Lake Washington in Seattle Based on evaluations of North
European lakes, a mean productivity of 1,000 mg Cm 2 day-1 during
the growing season is said to indicate the lower limit of eutrophy.
Thus, Lake Washington appeals to be around the threshold of cutrophy
and'mesotrophy based on productivity. The lower levels of chlorophyll
and productivity from Lake Samma.mish indicate a mesotiophic condition.
This difference it even more apparent if one considers the lesser
quantity of blue-green algae in Lake Sammamish during midsummer than
in Lake Washington.

Oligotrophic Findley and Chester tk)rse Lakes have very low plankton
algae abundance as indicated by chlorophyll content. Productivity

may appear greater than expected from comparative chlorophyll content
among the four lakes, but the greater clarity of the two oligotrophic

lakes probably accounts for this, as productivity is summed over greater

photic zone depths.
Nutrient availability is usually the principal factor that determines

lake productivity, and increases of available nutrients contribute
to advancing eutrophy. Nutrient availability is dependent upon rates
of supply from several sources; surface and ground water inflow, sediment-
water interchange, and biochemical regeneration within the water column..
Nutrient concentrations may be only an indicator of this availability
because, depending on the season, they singaly may represent a difference
between availability and assimilation. Nutrient content in Findley'
and Chester Morse takes, however, does seem to be related to productivity
and hi onass . In Lakes SamTsmi sh and Washington, contents of N and
P :ire inverse to productivity and biomass. These twr lakes are clearly
thr most enriched of the four, but, as mentioned previously, concentrations
may not indicate availability, An objective of futuae work will be,
to estimate nutrient supply rates from the above-mei tioned sources



to provide more precise estimates of nutrient availability as input

data for modeling.
Zooplankton abundance is much greater in the two richer lakes

than in the two oligotrophic lakes. Analyses are not far enough along

to provide data at. this time. Cladocerans in Lake Sammamish are principally

Daphnia and Bosmina lonZirostris; copepods are Uiaptomus ashlandi
and Cvclos bicu idatus; and roterifers are Keratella, KeTficottia
and Polyarthra. Samples are not yet analyzed rom the two olitgotrophic

lakes, but the large copepod Limnocalanus has been conspicuous in
both lakes.

This annual report is necessarily brief. More detail will be

forthcoming upon the tabulation of the summer data and the completion
of a number of M.S. and Ph.I). theses by the end of 1971 and in 1972.

A list of the prospective titles of the theses from which the data
presented in this report has been abstracted is included.



Masters and Ph.D. Theses, Completed or Nearing Completion,

on Lakes of Lake Washington Drainage

BARNES, R. S. 1971. Trace Metal Survey of Lake Washington Drainage
from Alpine Regions to Lowland Lakes. M.S. thesis, Univ. Wash.,
Seattle, Wash.

BAUER, U. H. 1971. Nitrogen and Carbon Contents of Surface Sediments from

Selected Lake Washington Drainage Lakes. U.S. thesis, Univ. Wash., Seattle,

Wash. December.

EMERY, R. M. 1972. The Response of Lake Sammamish Linmoplankton to
Nutrient Diversion. Ph,D. thesis, Univ. Wash., Seattle, Wash.

IIENDREY, G. R. 1972. Productivity and Nutrient Assimilation in Findley

and Chester Morse Lakes. Ph.D. thesis, Univ. Wash., Seattle, Wash.

MORTON, M. A. 1971. The Chemistry of Phosphorus in Lake Sammamish.

H.S. thesis, Univ. Wash., Seattle, Wash. December.

KOSMERCIIOCK, M. R. 1971, Zooplankton Grazing Rates Estimated in situ in
Lakes of Lake Washington Drainage. U.S. thesis, Univ. Wash., Seattle,
Wash. December.

LANICII, J. S. 1971. Mineralogy and Cation-Exchange Capacity of Surface
Sediments from Selected Lakes of Lake Washington Drainage. U.S.. thesis,
Univ. Wash., Seattle, Wash. December.

MOON, C. E., 1971. The Effect of Waste Water Diversion on the Nutrient
Budget of Lake Sammamish. U.S. thesis, Univ. Wash., Seattle, Wash.
December.

RODGERS, A. V. 1972. Seasonal Changes in Abundance and Dominant Species
of Zooplankton in Lakes of Lake Washington Drainage. Ph.D. thesis.
Univ. Wash., Seattle, Wash. Fall.

Zadorojny, C. 1971. Chemical Water Quality of Lake Sammamish. U.S. thesis.
Univ. Wash., Seattle, Wash. June.



't'able 1. Chemical Composition of ,Surface .Waters of Lake Washington
Drainage (Summer (1-)71).

Lake or
stream ItC03 S04 C1 Ca Mg Na Specific. conductance

Mg 1 1 Micromhos cm 1 at 25 C

Issaquah
Creek at
L. Sammamish 53.2 6.8 2.8 6.9 4.8 5.1 116

L. Saunmamish 41.5 6.9 2.4 S.0 5.0 4.3 102

Sammamish
River at
L. Sammamish
outlet 2.0 .9 .6 .0 .2 .2 03

Findley Lake 9.8 0.4 0.6 0.8 0.5 0.8 21

Chester Morse
Lake 10.4 0.5 0.8 1.0 0.6 1.4 28

Cedar River
at L.
Washington 38.1 4.0 1.4 3.2 3.8 3.3 93

L. Washington 36.2 7.2 2.8 4.6 5.4 4.7 104



Table 2. Mean Summer Averages of Plankton Productivity (Daily Rate of
Carbon Assimilation) and Biomass (Chlorophyll) and Inorganic Nutrient
Concentrations in Lake Surface Waters of Lake Washington Drainage.

Total Ortho Chloro- Transparency
Lake P P04-P N03-N Si phyll Carbon (Secchi disks)

1191
i mg C m z

Findley
(1971) 4.94 0.96 2.98 75.88 0.31 370.26 15.6

Chester Morse
(1971) 5.07 1.03 16.32 373.32 1.61 520.43 7.3

'Sammamish

(1970) 48.0 7.0 86.0 1100.0 7.1 770.0 3.5

Washington*
(1970) 18.7 1.1 56.5 ----- 9.5 1070.0 2.3

*Data furnished by W. T. Edmondson, Dept. Zoology, Univ. of Washington.



't'able 3. Particle Size Distribution of Surface

Sediments from Selected Lake Washington Drainage
Likes

Lake Depth Moisture Sand Silt Clay

Iii 4 0 %

Sammamish 19.0 52.9 5.3 80.9 13.7

11.5 S6.0 8.4 80.5 11.1

6.5 74.0 13.4 71.9 14.7

25.0 68.5 1.6 72.1 26,3

11.0 38.9 62.9 28.7 8.3

26.0 74.0 3.9 62.3 33.8

2.02 80.0 7.6 66.0 26A
1

19.0 82.9 7.5 65.0 27.4

21.0 78.5 9.6 70.9 19.5
20.0 81.0 4.4 56.6 .38.9

18.5 79.2 19.6 60.3 20.2

10.0 83.9 27.6 53.9 18.5

18.0 83.7 9.5 56.6 33.9

28,0 74.6 3.4 57.5 39.0

20.5 73.8 12.2 62.0 25.7

24.0 -81.4. 6.5 58.0 35.5

'19.0 76.12 14.9 58.8 26.3

16,5 73.0 40.7 43.2 16.0

22.0 82.4 3.4 54.9 41.6

20.0 79.3 16.5 55.1 28.4

19.5 31.0 8.5 60.7 30.8

p .0 87.5 213 .11 46.8 30.1

9.0 86.0 13, 8 51.6 34.6
25.0 81.0 4.3 55.1 40.6

22.0 80.0 4.1 .63.3 32.6

20.0 73,0 4.5 70.0 25.4

Findley 25.0 87.2 25.0 43.4 31.6

5.0 66.8 77.0 13.9 9.1

14.0 86.0 47.8 29.6 22.6

7.0 . 85.9 31.6 40.8 27.6

9.0 73.5 44.7 34.9 20.4

Chester Morse 25.0 .74.7 9.6 64.9 25.5
351.0 75.5 6.0 67.3 26.6

35.0 77.4 6.9 70.7 22.4
30.0 74.5 31.3 52.1 16.5

4.0 22.7 97.3 1.8 0.9

Washington 10.0 71.6 1.7 77.7 20.6

58.0 79.6 2.2 62.7 35..2

(;2.0 81.2 4.6 61.7 33.7

62.0 82.9 1.5 58.5 40.0

30.0 68.7 1.7 66.8 31.5



Table 4. Nitrogen and Carbon Contents of Surface Sediments from

Selected Lake Washington Drainage Lakes

Total Total C:N N11444, in

Lake Depth N C Ratio sediment

P1 Mg qsedirnent yy

Sammamis'h 19.02.26 2.90 12.3 115.0

11.5 1.79 3.01 16.8 39.5

6.5 3.86 4.70 12.2' 55.0
25,0 3.05 3.40 11.2 111.0

1.1.0 1.18 1.62 11.2 35.0

26.03.49 3.49 10.0 110.0

22.04.41 4.51 10.2 93.0
19.04.87 4.94 10.1 93.0

21.0 4.21. 4.21 10.0 71.0

20.04.35 4.22 9.7 70.0

18.5 4.46 4.56 10.0 87.0
10.05.81 5.35 9.2 97.0

18.05.73 6.89 12.0 33.0

28.03.66 3.63 9.9 123.0

20.5 4.36 4.91 11.3 108.0

24.0 X1,87 4.97 10.2 .110.0
19.04.40 5.11. 10.4 102.0

1.6.5 3.25 .3.13 9.6 40.0

22.04.53 4.45 9.8 119.0

20.05.57 5.75 10.3 102.0

20.05.61 5.44 10.4 99.0
19.5 5.70 5.23 9.2 115.0

8.0 10.61 12.93 12.2 53.0
9.0 9.03 10.15 11.2 60.0

9.0 9.33 1.0.15 10.9 71.0

9.0 8.39 9.06 1C.8 71.0

25.04.33 3.73 8.6 129.0
1.2 .0 4.54 3.98 3.8 9S.0
22.05.11 4.31 8.4 75.0

20.0 3.15. 3.48 11.0 116.0

Findlev 25.06.51 10.43 16.0 65.5

5.0 5.60 10.61 19.0 9.5
14.05.87 8.28 14.1 49.5
7.0 5.20 6.51 12.5 10.0

9;0 2.43 3.22 13.3 3.0

9.0 2.42 3.29 13.6 4.0

Chester Morse 25.03.68 6.39 17.3 93.5.
35.0 3.6.7 6.78 18.5 111.0
25.03.83 61.44 16.8 107.0

35.03.74 5.78 15.4 83.0

30.02.57 3.59 14.0 25.5.

Washington 10.02.96 - 3.92 1:.

58,0 4.05 3.97 9.8 145.5
02-0 4.3S 5.21 12.0 146.0
(1.0 3.72 4.70 12.6 138.0

62.0 3.57 3.86 10.8 172.0

?0.0 2.20 '2.53 1 1.5 148.0


