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Aspects of the limnology and benthic ecology of Upper Kiamath

Lake, Oregon, are described emphasizing those features that identi-

fy its uniqueness. The lake is large, shallow, and characterized by

nuisance abundances of Aphanizomenon flos-aquae and midge flies.

Results of this study indicate that it does not stratify and dissolved

oxygen is sufficient to support game fish except in localized embay-

ments. Although temperatures exceed 70°F and pH is between 9 and

10 during late summer, the lake supports a gopd trout fishery.

Light penetration is limited with extinction coefficients between

1. 3Z and 11. 56. Turbidity was demonstrated to result from both the

massive blooms of Aphanizomenon and the resuspension of bottom

sediments. Water mass movements of the order of 0. 02 ft/sec or

more was needed to resuspend bottom sediments. This resuspen-

sion occurred almost daily and sediments were mixed throughout the
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column of water. An estimate of the oxygen demand of bottom sedi-

ments was 1. 14 mg/sq. ft/day.

Zooplankton, benthos, and fishes were collected, identified,

and categorized by habitat type, Daphnia schodleri, Diaptomus, and

Cyclops are the most abundant zooplankters. The diatomaceous

ooze that covers nearly 100 percent of the bottom of the lake is in-

habited primarily by Oligochaete worms, leeches (Helobdella and

Glossiphonia), midge larvae, and snails in that respective order of

abundance. A large variety of benthic organisms inhabit the many

habitats found at the edge of the lake. Artificial substrate experi-

ments carried out in the lake indicated that some species are limit-

ed in their distributions by a lack of proper substrate. Apparent

substrate preferences were demonstrated to be influenced by size

of the organism, time of incubation of the sampler, and possibly by

predation by leeches,
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LIMNOLOGY OF UPPER KLAMATH LAKE, OREGON,
WITH EMPHASIS ON BENTHOS

INTRODUCTION

Use of Upper Klamath Lake for production of food, transporta-

tion, and recreation extends into the past well beyond settlement of

the area in the 1850's. In these ways it has amply provided for the

needs of those living around it. Production of animals and plants,

both wild and domestic, is at a high level. However, in the past

several years complaints about odor, unsightly concentrations of

algae, dead fish and birds, unpalatable fish and drinking water, etc.,

have increased in frequency, especially during the summer.

Generally, Upper Klamath Lake and its northerly extension, Agency

Lake are considered to be in an advanced stage of eutrophication.

The lake is large, shallow, and rich in nutrients producing blue-

green algae and midge flies at nuisance levels from July to Septem-

ber.

Because nuisance conditions associated with the lake infringe

on both aesthetic and economic values in Klamath County, a study

was conducted to determine some of the relationships between

these nuisances and a current beneficial use of the lake, the fishery.

In this study, an attempt was made to describe features of the

ecology of the lake in a waythat allows estimates of some of the
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effects that dense growths of Aphanizomenon have on the fishery.

Research was conducted from June 1, 1964, to May 31, 1967, under

grant number WP00625 of the Federal Water Pollution Control Ad-

mini strati on.

Only a few biological surveys had been carried out in Upper

Klamath Lake, and very little was known about its ecology. The

results of several surveys of fishes were published around the turn

of the century (Cope, 1879; Evermann and Meek, 1898; Gilbert,

1898; and Snyder, 1908). Kemmerer et al. (1923) did a one-day

limnological survey of the lake in 1913.

By 1932 adult midges were a nuisance to ranchers and the

lumbering industry. This problem was studied by Davis, Jewett,

and Mote (1938). Since early in the century, nuisance populations of

blue-green algae have become an ever bigger problem. Species

identification and seasonal changes in populations of algae were

described by Phinney and Peek (1961). Some estimates of the rela-

tionships between these algae and their nutrient sources were inves-

tigated by Peek (1963). Reports on aspects of the quality of influent

and effluent waters were made by the Oregon State Sanitary Authority

(anon., 1964). In summary, these studies brought to hand a list of

fishes of uncertain value by today's standards, an estimate of the

magnitude of the midge and algae populations, a comprehensive list-

ing of the species of algae, and some thoughtful concepts of the
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ecology of the lake.

Because of a lack of basic biological information about the

lake, we found necessary the measurement of a diverse array of

factors that included almost all those usually considered except

systematics of algae and concentrations of nutrients. At initiation

of this study, the work of Phinney and Peek on algae (1961) had been

recently completed and the Federal Water Pollution Control Admin-

istration (Miller and Tash, 1967) was studying the nutrient budget

and primary productivity of the lake.

Within the bounds of the research grant, a program was

initiated to describe the distribution and relative abundance of fishes

and was reported on by Vincent (1968). Samples were also collected

of zooplankton, benthos, sediments, seston, and values of tempera-

ture, light penetration, dissolved oxygen, pH, and alkalinity were

recorded. In addition to the above, experimental studies were made

of the concentration of dissolved oxygen at the mudwater interface,

flux of sediment between the bottom and the water column, and sub-

strate preferences of selected aquatic invertebrates. Because our

general purpose was to discover, describe, and, if possible, quanti-

fy relationships between blue-green algae and the fishes of Upper

Klamath Lake, the interpretation of results is oriented in this

direction. Indirect relationships relative to sediments and the food

supply are most prevalent among those discussed, and they add to
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our total understanding of the ecology of the lake.

Study Area

Upper Kiamath Lake is located in south central Oregon at the

eastern edge of the Cascade Mountains (Figure 1). It has a surface

area of about 154 square miles in a basin of 7450 square miles, and

is at an elevation of 4143 feet at maximum depth.

According to Smith and Greenup (1939) Upper Klamath Lake is

of rather recent origin and the only tectonic basin in the region

having external drainage. In Hutchinson's (1957) classification of

lakes, it is a fault block basin enclosed on both sides by infacing es-

carpments.

The basin contains an interconnected series of marshes,

streams, and lakes all draining toward Upper Klamath Lake. Drain-

age from the lake is by way of Klamath River 236 miles to the ocean.

Major tributaries to the lake are Williamson River, Wood River, and

Seven Mile Canal. These have annual flow ranges of approximately

500-2000 cfs, 200-500 cfs, and 70-2 00 cfs, respectively.

Figure 2 is a bathymetric map of the lake redrawn from one

made by the U. S. Bureau of Reclamation in 1953. Depths are at

surface elevation of 4140 feet and may be two feet more or less de-

pending on stage of lake.

The basin is sparsely populated. Chiloquin is the largest
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Figure 1. Vicinity of Upper Kiamath Lake showing the location of
major tributaries.



Figure Z. Bathymetric map, Upper Kiamath Lake. Depth in feet
with surface elevation of 4140 feet.
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community,with a population of 950. Most of the villages, such as

Bly, Beatty, Fort Kiamath, etc., have 50 to 150 people. Domestic

wastes from these communities are at least partially treated

(Oregon Sanitary Authority, 1964). The major portion of the man-

related nutrient load entering local streams originates primarily

from agriculture. Additional organic matter entering the lake may

come from 212 square miles of marsh and 144 square miles of irri-

gated peat land. Miller and Tash (1967) estimate that 20 percent of

the nitrogen, and 26 percent of the phosphorus entering the lake is

from agricultural sources.

From about 1850 to the present, logging, ranching and tour-

ism have been primary industries in the basin. According to re-

search done by Devere Helfrich (1965) of Klamath Falls, the first

documented entry of white men into Klamath Basin was in 1825 by

the McDonald-McKay-Hudson Bay Company party. Although other

white men had passed through the area, it was Capt. John C.

Fremont who left the first authentic written record of seeing and

using boats on the lake about 1846. These boats were the dugout

canoes of Modoc Indians. After 1865, Upper Klarnath Lake was a

major trade route in the basin. A 65 foot steamboat, the General

Howard, went into service on the lake in 1882. The last large boat

of commercial importance on the lake was the three-decked stern-

wheeler, Winema, which was operated from 1905 to 1919. It was



displaced by railroads and highways.

Climate

About 80 percent of the time mean annual precipitation has

ranged between 9.50 and 17.00 inches with 50 year extremes of

8.31 and 20.91. Approximately 70 percent of the precipitation occurs

as snow between October and March. There are occasional thunder-

storms during the summer. The sun may shine as much as 90 per-

cent of the time during July, and only in January does it shine as

little as 33 percent. From June through September overcast days

are rare.

The 50 year extremes in temperature are from minus 16°F to

105°F; however, for at least half of these years extreme tempera-

tures were above zero and less than 96°F. The average relative

humidity is less than 50 percent except from November through

February when it is 53 to 76 percent.

Prevailing winds on the lake are southerly during the wet

season and northerly at other times. They average about 5 m. p.h.

but frequently exceed 15 m.p.h. (U. S. Bureau of Comm., Weather

Station, Kiamath Falls, Oregon).

Limnology

A party investigating biological and chemical characteristics



of Northwestern lakes worked at Kiamath on July 29, 1913 (Kemmerer

et al., 1923). Their impression of the lake, as quoted below general-..

l.y remains valid today.

The lake is noted for its rainbow trout (Salmo irideus)
fishing, which, considering the warm water.. . and the
abundant growth of algae, appeared interesting. Two
trout that weighed from 4 to 5 pounds each were caught
near Eagle Ridge. They took a small spoon readily
(they would not take a fly, but were reported doing so
earlier in the season) and fought well. The flesh
seemed hard and firm, but when cooked it had a very
marked weedy taste similar to the trout from Henry
Lake, Idaho. The best fishing was reported at the
mouth of streams where the cooler water occurred.

Because of the shallowness of the lake, the phyto-
plankton flourishes and tends to decrease very
materially the transparency of the water. The
Secchi disk disappeared from view at a depth of less
than 1 M. The lake was so shallow that the waves
kept the water in circulation from top to bottom, and
no thermocline had formed.

Kemmerer's party was at the lake before the Bureau of Re-

clamation dam was constructed, thus it was shallower then than now.

Since 1913 there has been a change in the dominant species of plank-

ton.

Davis, Jewett, and Mote (1938) investigated the biology of

Klamath midges, (Chironomus) which were a serious nuisance during

the 1930's. Their report, which also includes information gathered

by Dimick on fish in the lake, is an unpublished report on file in the

0. S. U. Department of Entomology. Bonnell and Mote (1942) using

information from the previously cited report described some
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features of the biology of a midge (Chironomus utahensis) resident in

the lake. They brought out in their study that Aphanizomenon flos-

aguae was abundant and cited a maximum of ZO X 106 filaments per

cubic meter.

Aphanizomenon concentrations were observed to be as high as

194, 756 per ml by Phinney and Peek (1961). If this number per ml

is expressed as number per cubic meter in order to compare it to

the previously listed ZO X 106 per cubic meter, it is about 10, 000

times as great. Although this comparison is not to be considered

accurate in any sense, it does support the thesis that the concentra-

tion of Aphanizomenon has increased greatly over the last 50 years.

This increase is also supported by conversations with older resi-

dents who recall conditions in the lake previous to about 1917.

The level of the original lake was raised about six feet with the

construction of a dam in 1917 by the Bureau of Reclamation. It is

now operated by the Pacific Power and Light Company. In addition

to diversion for power, which flows parallel to Link River, irriga-

tion water is diverted through "A" Canal into the Lost River drain-

age (Orlob and Woods, 1964). A fish ladder allows fish to migrate

upstream over the dam; however, it should be noted that both irri-

gation and power diversions lack fish-screens. The combined out-

flow from the lake ranges from about 1400 to Z500 cfs.



11

ME THODS

Limnology

Dissolved oxygen (D.O.) was determined using the Pomeroy-

Kirschman-Alsterberg azide modification of the Winkler Method, as

suggested in Standard Methods for the Examination of Water and

Wastewater, 11th Edition, for waters high in organic content and

where concentrations of D.O. may exceed 15 mg/i. Samples of

water were collected with a Kemmerer bottle and fixed through the

acid stage. They were held in closed containers until evening when

they were titrated with 0. OZ5N phenylarsene oxide (PAO) purchased

from the Hach Chemical Company.

Alkalinity was determined using standard methods with methyl

orange indicator. Hydrogen ion activity was estimated with a

battery-powered pH meter manufactured by Summit Instrument

Company of New Jersey. This meter has a reported accuracy of

0. 1 pH; however, we experienced considerable difficulty obtaining

measurements within ± 0. 2 pH in comparison tests with a Beckman

Model G meter. Temperatures were taken with a thermistor type

thermometer.

Extinction coefficients of visible light were estimated from

data obtained using a submarine photometer manufactured by the

G. M. Manufacturing Company. Light penetration data was taken



12

only on clear days and in calm water. Measurements were made at

intervals of 0. 5 feet.

The abundance of seston, retained by a cone-type plankton net

of special design and constructed of Number 25 bolting cloth (nylon)

was used as an index to the concentration of Aphanizomenon in the

lake (Figure 3). This net was cast from a boat and allowed to sink,

and then a nearly vertical 10 foot tow was made. With an opening of

six inches diameter the net theoretically filtered 55 liters, how-

ever, the actual volume filtered is unknown because of clogging of

the net. After being brought aboard it was hung vertically and ex-

cess water drained from the sample. While still in the tube,

samples were smoothed to a thickness of about 1/4 inch and amounts

of residue were measured and recorded in inches. Two such tows

were made, and the average of the two were used to represent the

abundance of seston. Reproducibility of results was checked by

comparisons of inches measured with dry weight of the samples.

Zooplankton were collected with a Juday Plankton Trap using

Number 12 nylon netting except during the fall when a Number 12

cone-type net was used. Zooplankton were preserved in five per-

cent formalin or 70 percent ethanol until identified and counted.

Benthos samples were taken with an Ekman Dredge. Organ-

isms were separated by washing sediments through a U. S. Number

35 sieve with an opening of 0.495 mm. The retained residue was
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Figure 3. Cone type net used to estimate the concentration of net
seston in inches.
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preserved in 70 percent alcohol until hand-picked. Samples were

collected by hand in rocky areas and from marsh plants.

Experimental Procedures

Studies of concentrations of D.O. near the bottom, the settling

flux of seston, and substrate preferences of benthic invertebrates

required special techniques and materials; consequently, the

methods and materials used are described in the appropriate mdi-

vidual sections of this report.

The locations where samples were taken were either chosen

randomly, by throwing a die to fix a position, or at stations select-

ed for continuous study. The lake was divided into three zones (I-

south end, Il-midle, Ill-north end) using information obtained from

collections made during preliminary investigations carried out in

1964. Each zone was divided into three parts and then bisected.

Each bisected zone was further divided into six nearly-equal areas.

A number, one through six, was assigned to each of these areas with

odd numbers on the westerly side. Each area was subdivided again

into three sections of equal size in relation to shore line length and

designated by a letter, either a, b, or c (Figure 4). Stations select-

ed for special experiments are shown in the figure by a star.

Schematic sketches of the four standard stations are in Figure 5.
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RESULTS

Temperature

Surface temperatures during the year vary from 32°F (0°C) to

75°F (24°C). The lake freezes over about the first of the year and

thaws in late February or early March. Temperatures are above

50°F from April to November, and above 60°F from May through

September. During the warmest period of July and August, the

usual temperatures are 70 to 75°F (Figure 6).

There is no thermocline. When there was little wind activity

there were temperature differences between surface and bottom

(depths of six to ten feet) of 2 to 4°F. Measurements of tempera-

tures during July and August, 1966, at six standard stations are

given in Appendix A.

Light Penetration

For purposes of comparison within the lake, extinction co-

efficients (K) were calculated for subsurface light measurements at

depths of one and three feet, using a formula modified from

Sverdrup, Johnson and Fleming (1942).

(Log I - Log 13)

K = 2.3X 0. 609 meters
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During the period of March 21 through September 30, 1965, K

values ranged from 1.32 to 11.56 and were usually from 2.0 to

3. 0. Similar values were observed in waters of the Sacramento-

San Joaquin Delta by Charles Seeley (personal communication). In

Kiamath Lake, the depth at which 1 percent of the surface light

remained was often two to three feet. Reid (1961) mentions a range

of depths for western Lake Erie of 3.9 to 25 feet. The observed

extinction coefficients along with Secchi disc and inches of net-

seston are given in Appendix B.

Gross differences in K between zones and areas were not evi-

dent except for those observations made at the North Shore Station

(N.S.). On only two occasions were K factors determined for all

three zones during the same day, March 23, and June 28 (Table I).

Although K was similar in value on those two days, the form of

turbidity was quite different. On March 23 the lake was at a low

level of depth, and much of the turbidity resulted from bottom sedi-

ments which had been suspended by wind action. On June 28 turbid-

ity resulted from a dense growth of algae (Aphanizomenon).

The K factors calculated for these two stations are shown in

Table I and the average K at Hanks Marsh (H. M.) is almost twice

that at Northshore (N.S.). The N.S. station had lower K factors

than other stations. Although both N.S. and H.M. stations are adja-

cent to large marshes, they are used here to illustrate a difference



Table I. A-Values of K Taken on Two Days at Seven Locations. B-Observed Values of K at Hanks
Marsh (H.M.) and North Shore (N.S.) During 1965.

Date HPB CBI HM ER BH CBS NS

A 3/23/65 2.40 2.79 2.56 2.89 3.70 2.27 2.17
6/28/65 1.86 2.54 3.29 2.51 1.98 2.61 1.59

B 7/19/65 2.31 -

7/19/65 3.19 -

7/22/65 - 1.41
7/22/65 - 1.51
7/23/65 2.63 -

7/23/65 2.50 -

7/24/65 3.02 -

7/26/65 7.66 -

7/27/65 - 1.32
8/01/65 - 1.70
9/30/65 - 2.23

Mean 2.13 2.67 3.27 2.70 2.84 2.44 1.70
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between the two areas.

Inside both marshes during the summer the water is relative-

ly clear and Aphanizomenon is not abundant, but in comparison, in

the open lake adjacent to these marshes algae and other suspended

solids are extremely abundant. FT. M. station is situated in the

main circulation pattern of open lake water and therefore contains

abundant algae, while water at N.S. is to a large extent water flow-

ing from the marsh into the lake. This flow of marsh water is

especially evident during prolonged periods of northerly winds.

With southerly winds, the water at N.S. may be more representa-

tive of open lake water, thus very turbid.

Seasonally, mean K may vary from about two to five. Lower

values of K were observed during the spring and early summer in-

creasing to maximum in August and September (Figure 7). During

the period May through October, light penetration is influenced

primarily by the density of Aphanizomenon. Variations during

other periods result from sediments stirred up by wind action and

blooms of diatoms (Melosira). The relationship between K and the

quantity of net-se ston is shown in Figure 8. Although the net-

seston contained considerable quantities of zooplankton and detritus,

variations in K at values over about two were primarily the result

of concentrations of Aphanizomenon.
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Hydrogen Ion Activity

During 1965 and 1966, pH varied from near 7.0 to 10.0.

Variation was correlated with temperature and the bloom of

Aphanizomenon with a low value of 6.2 on December 7, 1965, in

Zone II and a high value of 10.0 on July 21, 1965, in Zone I (Table

II). Generally pH was less than 8. 0 from November through April

and greater than 9. 0 during July and August. There was very little

variation from surface to bottom. Inside marsh areas, pH varied

from about 6. 5 to 7. 5 throughout the year. At Hanks Marsh on July

23 pH was 7. 4 seventy-five yards inside the marsh, 9.4 at its edge

and 9. 8 twenty-five yards into the lake.

Alkalinity

Alkalinity as mg/i calcium varied as follows: Zone I, 45. 3-

55. 0; Zone II, 28. 5-65. 5; and Zone III, 45.0-78.5. There was

some indication that alkalinity increased slightly throughout the

summer. Diel changes in alkalinities were not measured, but from

one day to the next the average difference in July 1965 was 1.9 mg/i

(N = 36).

Dissolved Oxygen

In very eutrophic lakes, such as Klamath Lake, dissolved
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Table II. Seasonal Values of pH in Kiamath Lake Compiled From
Measurements Made During This Study and Those Report-
ed for Link River* During January and February by the
Oregon Sanitary Authority (1964).

Month High Low
1965

Median (N)

January* 9.1 7.2 -

February* 7 4 7 3

March 9.0 7.5 -

April 7.6 7.3 -

May 7.5 7.4 -

June 8.3 7.4 8.1 (8)

July 10.0 6.8 9.0 (146)

August 9.6 8.6 9.0 (68)

September 9.6 8.0 8.5 (16)

October 9.2 8.0 8.4 (15)

November 7.7 7.1 7.3 (72)

December 9.1 6.2 6.9 (27)

*Sample collected in Link River near outflow from Kiamath Lake.



oxygen is often depleted in the deeper parts leaving much of the

mass of water anaerobic for considerable periods of time. This

was not the case in Klamath Lake. Although concentrations were

slightly less near the bottom, there was only a small amount of

stratification and then only during the warmer months. Unfortunate-

ly, no information on dissolved oxygen was obtained during time of

ice cover. Dissolved oxygen was recorded in Klamath Lake between

March 1965 and December 1966. Concentrations of dissolved oxy-

gen were found to range from near 0 to 17.3 mg/i, with most ob-

served concentrations between 6 and 13 mg/i. In Table III is a list

of low concentrations that are thought (Doudoroff and Shumway, 1967)

to be detrimental to ecological stability. Most of these observations

were made in Howard and Shoalwater Bays, which were anaerobic

on several occasions. In support of the general observations that

low dissolved oxygen concentrations adversely effect fish, the catch

per gill net set (Figure 9) was reduced in the lake where concentra-

tions were at or less than 3 mg/i.

Because the solubility of oxygen varies in respect to tempera-

ture and biological activity, dissolved oxygen observed at one time

can best be compared to that of another time if values are reported

as percent saturation, assuming that influences other than tempera-

ture are similar. In Upper Klamath Lake an adjustment for an

elevation of 4100 feet was made according to the method of Rawson
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(1944). In Figures 10 and 11 surface and bottom observations in per-

cent saturation at Hanks Marsh and Housepit Beach were plotted

against temperature. In this illustration, temperature was also

used as an index to season. At cooler temperatures that prevail

from November through March, observed percent saturations were

grouped around 75 percent, and there was little difference from one

place in the lake to another, or from surface to bottom. During this

time of year, Aphanizomenon was not a dominant algal form.

Melosira was dominant, and the lake was often very turbid due to

the resuspension of bottom sediments. The range of observed per-

cent saturation values at temperatures above 60°F was much great-

er than at colder temperatures.

Table III. Observed concentrations of dissolved oxygen considered
to be detrimental to fish and wildlife during 1965 and
1966.

Date Surface Bottom Zone

7-01-65 6.70 2.60 II

7-20-65 0. 07 0.00 II

7-21-65 0.00 0.00 II

7-29-65 3.30 1.00 II

8-04-65 2.40 4.60 I

9-29-65 3.20 2.70 II

9-30-65 0. 07 0. 07 III

10-05-65 0.11 0.08 III

7-Z1-66 7.00 0.20 III
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In order to learn something of possible differences in levels

of dissolved oxygen among the Standard Sampling Stations, percent

saturations were plotted on normal probability paper as shown in

Figures 12 through 16. The approximately linear distribution of

points indicates (Li, 1960) that within a 60-70°F temperature and

1000-1400 hour time range percent saturations were randomly dis-

tributed at each station. With all observations from all stations

grouped, the mean for the bottom was at 80 percent and the surface

at 120 percent saturation. Interpretation of the grouped data mdi-

cates that percent of saturation was less than 50 percent about 10

percent of the time at the bottom and less than 50 percent about one

percent of the time near the surface. We may infer from this ana-

lysis that during the warmer part of the season which lasts about

150 days, dissolved oxygen at saturations less than 50 percent may

occur at midday on 2-5 days. This means dissolved oxygen values

less than 5. 0 mg/i at 60°F and 4. 5 mg/i at 70°F on 2-5 days.

From actual determinations of dissolved oxygen it was found at

some locations to be less than S mg/i on 16 of 57 days in 1965 and

on 17 of 33 days in 1966.

The largest variation in oxygen concentrations were observed

in Zone III. These variations were both between surface and bottom

and between stations. The greatest differences occurred at the

North Shore Station. Near the bottom at North Shore saturations
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were below 50 percent about 35 percent of the time; conversely,

surface readings remained near 100 percent saturation.

The center station in Zone III shows little difference between

surface and bottom and also remains near 100 percent saturation.

Observations at the center of the lake in Zones I and III were simi-

lar to each other as shown in Figure 16.

Low concentrations of dissolved oxygen were observed to be a

problem to fish only in Howard and Shoalwater Bays. During times

when there was little wind, dissolved oxygen near the bottom

lowered to less than 3 mg/i on many days but remained above

1 mg/i. As substantiated by data from center of lake stations,

turbulence caused by the prevailing winds seems to be essential to

the maintenance of dissolved oxygen levels near 100 percent satura-

tion throughout the column of water.

Diel variation in dissolved oxygen was found to be about

4mg/i (Figure 17).

Srdrrnts

Two samples of sediments were taken at each location with an

Ekman Dredge and placed in plastic bags, labeled, and returned to

the laboratory for mechanical analysis. Samples were split into

sizes convenient for analysis, and one aliquot was dried and

weighed. Another sub-sample was washed through sieves with
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openings of 12.7, 2, 1, 0.5, 0.25, and 0.088 mm. Sediments re-

tamed by these sieves were dried and weighed. The difference be-

tween the totals of these separate weights and the starting weight

was taken to be the weight of the fines which passed through the

0. 088 mm sieve.

Miller and Tash (1967) report that "The quantity of nitrogen

and phosphorus in only the upper 1 inch of lake sediments is as great

as that quantity which would flow into the lake during the next 60

years if the present rate of inflow continues." Their chemical ana-

lysis of bottom sediments is given in Table IV. Many other nutri-

tive substances both organic and inorganic are also very abundant.

An estimate of the organic content of bottom sediments was

made using two different methods. Aliquots of samples from the

center of Zones I and III were oxidized with 30 percent hydrogen

peroxide and in a Parr 1411 Calorimeter. For Zone I, hydrogen

peroxide oxidation indicated an organic content of 69. 5 mg/gr dry

weight (N = 10, standard error = 4.45). Calorimeter results were

197.5 mg/gr (N = 2).

Organic content for Zone III by hydrogen peroxide was 69. 7

mg/gr (N = 10, Standard Error = 4.32), and by calorimetry it was

198. 1 mg/gr (N = 2). In respect to these two tests there appears to

be no difference in the organic content of bottom sediments at the

centers of Zones I and III.
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Table IV Bottom Sediment Analysis (Acid Soluble)1.

Micrograms/gram Tons in Lake Area
Constituent Dry Weight 1 Inch Deep

Aluminum 1, 750 34, 665
Barium 25 496
Beryllium 0. 04 0. 8

Boron 98 1,942
Cadmium 14 28

Calcium 3,900 77,271
Chromium 4 79

Cobalt 7 139

Copper 4 79

Iron 11,400 235,870

Lead 14 278

Manganese 183 3,626
Nickel 7 139

Ammonia
Nitrogen as N 270 5, 349

Nitrate
Nitrogen as N 150 2,972

Organic
Nitrogen as N 3,400 67, 364

Total
Phosphorus as P 1,600 31, 701

Potassium 1,560 30,910
Silicon as Si 24, 000 475, 517
Silver 0.70 14

Sodium 780 15,453
Strontium 5 99
Sulfur as S 2, 500 49, 533
Vanadium 14 28

Zinc 14 28

'Miller, W. E. and J. C. Tash. 1967. Jnterim Report Upper Klamath
Lake Studies, Oregon F. W. P. C. A. Pubi. WP-20-8.
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The size of particles in eighty to ninety percent of sediments

under open lake waters are less than one-tenth millimeter (Figure

18). Undisturbed sediments during the summer may be brown to

black in color and appear to be flocculent. Under magnification

these sediments are amorphous and look very similar to the fecal

pellets of invertebrates. The residue left after oxidation with

hydrogen peroxide is diatom frustules. Larger particles that show

up during mechanical analysis are vascular plant fibers. A very

large proportion of the bottom of the lake is covered with this type

of sediment.

Different types of sediments are found near shore. These

bottom types range from large boulders (Eagle Ridge), to sand

(mouth of Williamson River) and peat (marshes). However, in al-

most all cases these near shore sediments grade to fines in water six

to eight feet deep and 100 feet or so from shore.

In order to describe the substrates at four standard stations

(Figures 4 and 5) sediment samples were collected at ten foot inter-

vals from the high water mark to a distance 100 feet from shore.

The results of these analyses are shown in Figures 19, 20, 21, and

22. At Hanks Marsh and North Shore the larger particles are root

and leaf remains from marsh plants. The finer components are

similar in composition to those farther out in the lake except they

are compact i. e. not flocculent. The larger plant remains at
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distances of 80, 90, and 100 feet at Hanks Marsh are in deep water

and mixed into the compact mud bottom.

The graded sand and gravel at Housepit Beach extend more than

100 feet off-shore to water depths of 10 to 15 feet. Southerly storms

periodically scour this beach.

Sediments at Bailey Hill grade from gravel and granular near

shore to fine sand at distances of 50 to 80 feet from shore. Much of

the larger sized matter at 90 and 100 feet from shore was tree

limbs, bark, and other plant materials.

Because much of the surface layer of the bottom is resuspend-

ed periodically, the fines that are on rocky beaches are very unstable.

With an almost daily resuspension of bottom sediments rich in ele-

mental and organic nutrients, there is no conceivable shortage of

nutritive matter for most planktonic and benthic organisms, but with

a pH near 10 there may be a carbon shortage for algae.

Dissolved Oxygen at Mud Water Interface

Because sampling for dissolved oxygen with a Kemmerer

bottle does not give information on concentration at the mud-water

interface, a method described by Fremling and Evans (1963) that is

reported to give this information was used. In summary, their

method is as follows: A 4 x 9 inch polyethylene bag (0. OOZ in. thick)

is filled with tap water, tied at the top, and weighted to conform to



the contour of the bottom. Oxygen diffuses from a higher to lower

concentration across the wall of the bag until an equilibrium of

pressure is reached. After a defined period of time, the bag is

retrieved from the bottom and emptied into a bottle without undue

aeration. The sample is then chemically treated for determination

of dissolved oxygen.

Our original attempts at using this technique were as described

by Fremling and Evans (1963) except lead weights were used instead

of marbles and an azide modification of the Winkler (1888) Method

was used rather than the standard Winkler method. Two bags were

attached to a weighted line at distances of 16, 3Z, 48, and 66 feet

from shore at each standard station. These distances correspond

to varying depths (to nine feet) which can be determined from de-

scriptions of standard sampling stations in the methods section

(Figure 5). Plastic bags remained in the lake for a period of three

days before retrieval. Results of the first two experiments using

the methods described above are shown in Table V.

During these initial tests, dissolved oxygen determinations for

lake water and those observed for water in bags were associated,

but they did not directly correspond (Figure 23). Because in most

cases the observed dissolved oxygen near the bottom was higher

than that in the bags, it was assumed that dissolved oxygen in a thin

layer over the bottom was significantly lower than in the thicker



Table V. Means of Two Determinations of Dissolved Oxygen in Water Left in Plastic Bags on the
Bottom of Upper Kiamath Lake, and Observed Dissolved Oxygen at the Bottom at the Time
Bags were Placed in and Taken out of the Lake. Duplicate Bags were Used at Each Location
and Time.

Distance from Shore in Feet
(Approximate Depth) Lake Water

16(2) 32(5) 48(6) 66(7) Bottom "In" Bottom 'Out"

Housepit Beach
6/13 6/16 6.2 6.2 6.6 6.0 7.2 4.6

6/20 - 6/23 8.0 7.6 7.3 7.9 7.8 9.0

Hank's Marsh
6/13 - 6/16 6.4 6.2 6.3 4.9 7.8 8.6

6/20 - 6/23 5.5 4.6 5.5 6.0 7.6 9.8

Bailey Hill
6/14 - 6/17 6.2 5.3 4.6 5.4 6.0 9.4

6/21 - 6/24 8.5 9.1 6.8 3.7 10.4 8.6

North Shore
6/14 - 6/17 4.2 - 4.2 5.1 7.2 9.0

6/21 6/24 6.6 6.4 6.7 6.4 7.6 4.6
'0
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layer of water sampled with a Kernmerer bottle. A difficulty of the

test was that the weighted bags did not always lie flat on the bottom.

Wind-generated water currents were strong enough to move them.

This was thought to have influenced the results. In order to secure

the position of the bag on the bottom, a different type of anchoring

system was devised.

Garden hose was filled with lead shot and fastened together to

form a hoop. Bags were fastened inside the hoop, using nylon cord,

so that they would lie flat on the substrate. The results of tests

made after the modification are shown in Table VI. The dissolved

oxygen in the lake at time of retrieval at surface and bottom was

tabulated also.

The dissolved oxygen in bags at the bottom diminished with

distance from shore and increased depth. The fact that dissolved

oxygen in the bag is closely associated with concentrations in the

lake can be ascertained by comparing bag dissolved oxygen with

that observed in situ. Bags at the 16 foot locations were at a depth

of about two feet and showed dissolved oxygen concentration similar

to that of surface water while concentration at the 48 foot locations,

depths over five feet, correspond to that obtained from near the

bottom with a Kemmerer sampler.

In addition to differences corresponding to depth, dissolved

oxygen in bags was observed to be somewhat lower than in the



52

Table VI. The Average Dissolved Oxygen in mg/l in Two Plastic
Bags at Listed Locations and Dates. DO, in Lake was
Taken at Time of Retrieval at Surface and Near the
Bottom in Deepest Water at Station.

Distances from Shore and
(Depth) in Feet Lake Water

Date 16(Z) 32(5) 48(6) Surface Bottom

Housepit Beach

7/15 6.8 6.4 7.0 9.0 3.2
7/21 3.9 7.2 2.4 13.4 4.1
8/12 8.4 9,0 7.8 10.2 6.5
8/20 8.1 5.6 5.8 10.2 7.2
8/31 4.9 4.6 3.1 10.6 6.2

Mean 6.42 6.56 5.22 10.68 5.44

Hanks Marsh

7/15 4.0 5.3 3.0
7/21 4.2 3.2 5.0 4.6
8/09 7.4 5.0 4.0 7.6 5.0
8/12 5.0 3.0 1.2 8.2 6.4
8/20 8.3 6.3 5.7 10.2 3.6
8/31 6.4 4.6 3.9 10.2 3.6

Mean 6.22 4. 73 3. 50 8.24 4.64

Bailey Hill

7/15 4.25 5.3 3.0 8.6 3.4
7/21 8.10 - 3.3 15.6 7.6
8/14 8.10 7.8 4.7 - 7.6
8/21 7.0 4.6 1.8 10.2 6.2

Mean 6.86 5.90 3.20 11.70 6.20

North Shore

7/15 7.9 4.3 3.3 8.2 4.6
8/14 7.7 7.9 5.0 - 4.6
8/21 7.4 7.0 2.4 7.6 4.8

Mean 7. 67 6.40 3. 57 7.90 4.67



53

surrounding water. Lowering of dissolved oxygen in the bag may

occur because of the oxygen demand of the bottom sediments on

which they rest. With the bag firmly positioned on the sediment,

that part of the bag on the bottom would be subject to a constant

withdrawal of oxygen whereas parts in contact with water may either

gain or lose oxygen. In respect to equilibrium between the contents

of the bag and the layer of water at the mud-water interface, this

oxygen demand of the bottom sediments may tend to lower dis-

solved oxygen in the bag below what is actually the average in the

surrounding water.

In order to obtain some idea of the oxygen demand of the bot-

torn, duplicate bags were placed on the bottom in such a way that

they were either shielded from the bottom or the overlaying column

of water by a layer of 10 mu plastic. That is, oxygen transfer from

the bag would be between that contained in the bag and either the

sediments or the water column. Naturally the isolation of water and

sediments could not be done with 100 percent efficiency, but it did

give interesting results (Table VII).

After August 10 the concentration of dissolved oxygen in bags

open to the water but shielded from sediments was much lower than

had previously been observed in similar non-shielded tests carried

out at about the same time and place (see Hanks Marsh, Table VI).

The hoop and shielding apparatus may have reduced water movement



Table VII. The Concentration in Mg/L of Dissolved Oxygen in Bags at Retrieval after Seven Days Incubation Either Shielded from Water
or Sediment and in Bags* at Start of Test.

Depth in Feet
2 4 6

Position In Bags In On Sed. In On Sed. In On Sed.

at Start Water Sed. Demand Water Sed. Demand Water Sed. Demand

8/05/66 6.2 4.6 0.5 5.7 4.7 0.4 5.8 4.4 0.1 6.1

8/10/66 8.0 5.3 1. 5 6. 5 5. 1 0.6 7. 4 4.4 0.0 8.0

8/17/66 6.2 1.4 1.1 5.1 1.6 1.2 5.0 1.7 0.5 5.7

9/10/66 8.0 1.5 0.0 8.0 0.9 0.0 8.0 1.1 0.2 7.8
(10 days)

Mean demand in
Mg/L per day. 0. 87 0. 90 0. 93

*
Bag resting on bottom covered approximately 0. 28 sq. ft. and contained approximately 1. 25 liters of tap water.

u-I



around the bags, thus reducing the inflow of higher oxygen concen-

trations from above. Also, organic debris may have collected on

and around the bag.

Bags resting on the sediment and shielded from the water

column showed consistency in the amount of oxygen lost per day

over the incubation period. With all bags grouped the mean and

standard deviation are 0.91 mg/i and 0.50 mg/i, respectively.

The bag covered about 0. 28 square feet of bottom and contained

approximately 1.25 liters of water. Based on this bag size, oxygen

demand of the bottom was estimated to be 1. 14 mg/sq. ft. /day.

As a means of estimating the concentration of dissolved oxygen

at the mud-water interface, the method of Fremling and Evans

(1963) was found to be unsuitable for situations where sediments

have an appreciable oxygen demand. The method may possibly be

modified by shielding the bag from the sediments to obtain an esti-

mate of average conditions near the bottom or at various depths in

the water column.

By shielding the bag from the water column an estimate may

be made of the oxygen demand of bottom sediments. The accuracy

of the method is unknown, but results approximated expected rela-

tive values. The oxygen demand increased with distance from

shore (depth), i. e. finer particle size and an increased organic

content caused a greater demand of oxygen. The effects of the bag
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on the natural metabolic processes of organisms in the sediments is

unknown. Improvement of the method for estimating the oxygen de-

mand of the bottom may yield information as appropriate to a de-

scription of a natural system as that gained by measuring oxygen de-

mand in respirometers.

Water Mass Movement

A four-finned drogue was used to obtain an idea of the velocity

of water mass movement at four standard stations (H. P. B., H. M.,

B. H., and N.S.). The aluminum fins were 18" x 18" giving a total

width of 36". The fins were supported on a brass chain from a

polystyrene float that was weighted to a point where it barely float-

ed, leaving only 1/8 to 1/4 inch above the surface. This technique

lessened the direct effect of wind on drogue movement. The center

of the fins was suspended at a depth of three feet. The drogue was

used in water depths from six to 1Z feet.

To measure movement the drogue was released from a point

marked by an anchored bouy to which it was attached by 25 feet of

monofilament fishing line. The time required to extend this line,

direction of travel, and an arbitrary estimate of wind velocity were

recorded (Table VIII). Drift rates were from zero to 0.208 feet

per second (.141 miles per hour). Surface velocities were much

greater than one-tenth M.P.H. Velocities were comparable in
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Table VIII. Velocity of Water Mass Movement at Four Standard
Stations.

Wind Velocity (mph)

Date Depth Estimated Recorded* Drogue Vel. -
1966 Feet Max. Mm. Dir. (fps)

Housepit Beach

7/ 5 9 0 12 6 0.034-S
7/ 6 9 12 18 8 0.083-N
7/12 6 0 14 6 0.018-N
7/13 6 3 17 6 0.104-S
7/20 10 7 22 14 0.104-SSW
7/21 10 10 20 14 0.092-SSW
7/27 12 5 14 11 0.060-SSE
7/28 12 0 13 9 0.000
8/ 4 9 5 26 12 0.060-S
8/ 5 9 25 19 14 0.104-S
8/ 9 8 20 16 11 0.104-SSW
8/10 8 15 25 16 0.092-SSE
8/17 8 5 - - 0.076-SSW
8/18 8 5 - - 0.006-SSE
8/24 9 25 25 12 --
8/25 9 7 22 11 0.060-NE

Mean 9
Range 0-25 0-0. 104

Hanks Marsh

7/ 5 8 15 0.007-N
7/ 6 8 5 0.205-S
7/12 8 0 0.006-S
7/13 8 5 0.028-SSE
7/20 7 5 0.042-S
7/21 7 10 0.042-5
7/27 8 5 0.028-S
7/28 8 0 0.000
8/ 4 8 5 0.060-SE
8/ 5 8 25 0. 125-S
8/9 7 5 0.060-S
8/10 7 15 0.069-SSE
8/17 7 5 0.060-SSE

Continued



Table VIII Continued.

Wind Velocity (mph)

Date Depth Estimated Recorded* Drogue Vel. -

1966 Feet Max. Mm. Dir. (fps)

Hanks Marsh Cont.

8/18 7 5 0.040-SSE
8/24 8 25 0.208-NW
8/25 8 7 0.038-NW

Mean 9 0.064
Range 0-25 0-0.208

Bailey Hill

7/ 6 6 7 0.083-E
7/ 7 6 20 0.208-NW
7/12 8 10 0.104-N
7/13 8 10 0.083-N
7/20 7 5 0. 038-SSE
7/21 7 5 0.035-SSE
7/28 5.5 0 0.000
7/29 5.5 0 0.000
8/11 8 5 0.035-SSE
8/12 8 5 0.035-S
8/23 7 0 0.000
8/24 7 15 0.042-SE

Mean 7 0. 055
Range 0-20 0-0.208

North Shore

7/ 6 6 5 0.083-E
7/ 7 6 1 0.104-W
7/12 7 5 0.035-E
7/13 7 10 0.060-E
7/20 7 0 0.000
7/21 7 0 0.000
7/28 6 0 0.000
7/29 6 0 0.000
8/11 9 5 0.006-SE
8/12 9 5 0.056-E

Continued



Table VIII Continued.

Date
1966

Depth
Feet

Wind Velocity (mph)

Estimated Recorded
Max. Mm.

Drogue Vel. -

Dir. (fps)

North Shore Cont.

8/18 7 15 O.055-E
8/19 7 5 O.044-E
8/Z3 8 0 0.000
8/24 8 15 0.059-E

Mean 5 0.036
Range 0-15 0-0.104

*Maximum and 24 hour average in miles per hour recorded at
Pacific Power and Light Company station at Kiarnath Falls.



mean and range between B. H., H.P. B., and H. M., but were notice-

able less at N.S. During periods of north wind, N.S. is protected by

a lee shore which may account for the difference.

Generally, velocity of movement was to some extent propor-

tional to estimated wind velocities except at H. P. B. There appeared

to be an eddy at this station during periods of strong wind (Figure

Z4). Wind direction and drogue direction showed fair agreement.

Because wind velocities were broadly estimated the values represent

wind speed in a relative manner from none to very strong. Esti-

mated velocities correspond poorly with data recorded at the south-

em end of the lake by instruments of the Pacific Power and Light

Company. Because of mountains around the lake, wind direction and

velocity is probably unpredictable for any particular location. At

winds estimated to be 10 to 15 m. p. h. waves were about six inches

high and were 18 inches high at Z5 m.p.h.

Resuspension of Bottom Sediments

Sediments over most of the bottom of Kiamath Lake seem to be

resuspended almost daily by wind-induced currents. These periodic

additions to the water mass of particulate matter from the bottom

are not completely accounted for in measurements of seston,

especially if we assume that resuspended particles settle out faster

than other components. This assumption seems reasonable since
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fractions of the seston during summer are Aphanizomenon and zoo-

plankton, which usually do not settle while alive.

To obtain some idea of the flux of particulate matter between

the bottom and the overlying water, the sampling gear illustrated in

Figure 25 was constructed and placed in the lake at four locations

for 24 hours on eight days between July 5 and August 24, 1966.

Samplers were placed in six to eight feet of water on a level bottom

25 to 50 yards from shore.

The residue collected in 3 x 5 inch plastic containers was

rinsed into 32 oz. jars, returned to the laboratory, centrifuged, de-

canted and then rinsed from the centrifuge tubes with distilled water

into tared pans. These pans were dried at 130°F overnight and then

weighed. The dry residue was oxidized with 30 percent hydrogen

peroxide, added at about 15 ml per two grams of dry residue, and

the resulting loss of weight was used as an estimate of organic con-

tent. The results of 31 such tests are given in Table IX. The mass

of settleable material collected is expressed as mg/cm2/24 hours

at the specified depths. Mean organic matter in mg/cm2/24 hours

was computed from the individual samples at a particular depth.

Live organisms such as Daphnia, Aphanizomenon, and

Tendipes were often trapped in the collectors. Zooplankters

and benthos large enough to be seen by the unaided eye were re-

moved from centrifuged samples before drying. The average
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Figure 25. "Christmas-tree sampling device used to estimate flux
of resuspended sediments.



Table IX. The Dry Weight of Seston in Milligrams per Square Centimeter Collected in 24 Hours at Distances of 6., 18, and 36 Inthes from the Bottom.

Total Organic Percent

Date - 1966 Seston Seston Organic

7/5 7/12 7/20 7/27 8/4 8/9 8/17 8/24 Mean Mean Seston

HOUSE PIT BEACH

36" 48 35 344 140 312 241 155 57 166 23 14.0

18" 141 3178 1030 594 1378 456 1170 721 1084 114 10. 5

6" 1957 4902 2012 3555 2582 479 3390 2814 2712 275 10. 1

HANKS MARSH

36" -- 177 146 563 731 628 719 232 456 81 17.7

18" -- 306 648 2044 1256 1636 2077 820 1255 235 18.7

6" -- 1969 1008 3335 2736 1345 4459 2899 2536 427 16.8

7/6 7/12 7/20 7/28 8/5 8/11 8/18 8/23

BAILEY HILL

36" 160 17 104 808 29 114 150 569 244 35 14.3

18" 754 524 277 1134 801 880 1166 563 762 169 22.2

6" 2130 562 2728 3875 3403 1286 3296 2822 2537 389 15. 3

NORTH SHORE

36" 22 88 82 16 49 408 251 113 129 31 24.2

18" 45 132 742 61 558 472 217 658 360 87 24.0

6" 1578 4437 2193 1194 2067 1553 3156 3555 2467 528 214
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number of different kinds of organisms removed from the collecting

tubes are given in Table X. With the exception of Oligochaeta and

Tendipedidae, organisms caught in the sediment traps corresponded

with those found in samples of zooplankton.

The accumulation of sediment was greater the nearer the

sample to the bottom (Figure 26); however, the organic fraction

lessened slightly nearer the bottom. A similar situation in Lower

York River, Virginia was reported by Patton et al. (1966). The

stations adjacent to marshes (N.S. and H.M.) had higher organic

content than those near rocky beaches (B.H. and H.P.B.).

An association was observed between the total sediment ob-

tamed and velocity of water mass movement as determined with the

drogue (Figure 27). With increases in drogue velocity there were

increases in the amount of sediment captured. This association was

most evident at the 18 inch location but less noticeable at six and

36 inches. The samplers six inches from the bottom probably filled

during the early part of a 24 hour period and then failed to function

in a manner comparable to samplers located at the other two depths

which obscured the true effect of six inches.

After a cursory analysis of the data, it was concluded that

bottom sediments appear to be resuspended when water mass move-

ment has a velocity greater than about 0. 02 feet per second or when

wind velocities are two to five miles per hour. The average wind



Table X. Average Number of Organisms Removed From Collection Tubes Positioned 6, 18, and 36
Inches From the Bottom.

Tendip- Clad- Cope- Amphi- Iso- Ostra- Ephemer- Oligo-
edidae ocera poda poda poda coda optera chaeta

House Pit Beach (N=8)

36" 2.38 12.85 0.43 0 0.43 0.71 0 0.28
18" 1.37 7.71 1.57 0 0 1.00 0.14 0.14
6" 1.65 8.00 0.14 0 0 0.43 0 0.14

Hanks Marsh (N=7)

36" 1.57 14.86 0.71 0 0 1.71 0 0.14
18" 1.57 15.14 0.29 0.14 0 1.71 0 0.14

6" 1.00 19.43 0.29 0 0 1.86 0 0.14

Bailey Hill (N=8)

36" 0.71 10.43 0 0 0 0.29 0 0.14
18" 2.43 9.29 0 0 0.57 1.71 0 0

6" 6.43 15. 00 0. 57 0 0 6. 71 0 0.29

North Shore (N=8)

36" 1. 00 7.28 0.86 0 0 1. 71 0 0.43
18" 1.14 15.00 0.14 0 0 2.14 0 0.29

6" 0.14 12.85 0.43 0 0 3.00 0 0.14
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Figure 6. The average dry weight of settleable solids collected at
three depths at four standard stations.
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velocity recorded at the weather station at Klamath Falls is 6. 1

miles per hour and monthly means range from 4. 7 to 7. 7 (Bureau of

Commerce, 1965) during the ice-free months. Thus, during ice-

free months bottom sediments are probably in daily flux with the

overlying water mass. A preponderance of this flow of particulate

matter occurs in the lower three feet of the water column.

Samples collected at North Shore and B. H. accumulated less

seston and had higher percentages of organic matter than H. P. B.

and H. M. Although percentage of organic matter in sediments from

Zones I and III were shown to be the same (198 mg/gr), higher or-

ganic content of seston at Zone III stations probably resulted from a

proportionally greater amount of phytoplankton as opposed to bottom

sediments in the seston.

The relatively large number of oligochaetes, tendipedids, and

ostracods collected illustrate the degree of turbulence that must

occur at the mud-water interface. These benthic organisms are

rarely taken in plankton samples, however they did form a part of

the sediment flux.

Algae

Phinney and Peek (1961) report that at least 29 species of

algae occur in Upper Kiamath Lake. Four species of bluegreen

and two diatoms are most abundant. From May to November 90 to
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99 percent of the algal population is Aphanizomenon flos-aguae. A

few Gloeotrichia, Anabaena, and Anacystis are often seen in grab

samples. Small localized blooms of Anacystis were encountered in

spring and early summer near shore in Zone III. Diatoms, Aster-

ionella and Melosira, predominate during the winter.

Phinney and Peek (1961) made cell counts of plankton during

1956 and 1957. They reported a maximum count of 196, 361 per ml

for total phytoplankton off Eagle Ridge during August, 1956.

Generally, for this sampling period, their counts were from 10 to

30 thousand per ml. Miller and Tash (1967) measured biomass of

phytoplankton during 1965 and reported a maximum value of about

26 mg/i for the last week of July (Figure 28).

We found seasonal variations in phytoplankton density similar

to those reported by the previously cited authors. As shown in

Figure 29, there was a wide range in observed density during any

one sampling period. The abundance of Aphanizomenon decreased

sharply in autumn with the drop in water temperature. Aphanizo-

menon appeared to concentrate in certain areas, and these concen-

trations are undoubtedly a function of the previous history of wind

velocities and directions. Superabundances were often located off

Eagle Ridge, Shaolwater Bay, and in Howard Bay. Both bays were

anaerobic on occasion late in the summer. These anaerobic condi-

tions resulted in part from the decomposition of large masses of
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Aphanizomenon that accumulated in the bays.

As measured in inches of net plankton, Zone II had less varia-

tion in standing crop than Zones I and III. At times, areas along the

north shore were almost free of algae. The interior of the marshes

were relatively free of algae. No evidence was noted that bluegreen

algae in the lake are toxic to fish. Both trout and other native

species were abundant in areas of large Aphanizomenon blooms.

Only during conditions of low concentrations of dissolved oxygen in

bays were fish absent (Figure 9).

Z ooplankton

Zooplankton were collected in Upper Klamath Lake from Sep-

ten-iber, 1964, to July, 1965. Samples were taken near the surface

and bottom with a Juday plankton trap except for the period from

December, 1964 to March, 1965,when a cone type plankton net was

used. Zooplankton were preserved in five percent formalin or 70

percent alcohol. Identification of Cladocera and Copepoda were

either made or confirmed by Dr. Jerry Tash of the Federal Water

Pollution Control Administration, Klamath Lake Project. Counts

were made of the major groups in each sample.

The frequency of occurrence of the species in the three zones

of the lake are given in Table XI. Frequency of occurrence generally

corresponds with abundance. Daphnia schodleri, Chydorus



Table XI. The Relative Frequency in Percent of Zooplankton Species Collected in Surface, Bottom,
and AliSamples in the Three Zones of Upper Kiamath Lake (1964-65).

Zone I Z one II Zone III

Sur. Bot. All Sur. Bot. All Sur. Bot. All

C LADOCERA
Daphnia schodleri 100
Daphnia galeata 14
Daphnia rosea 0

Leptodora kindti 57
Eurycercus lamellatus 7

Eurycercus glacialis 0

Bosmia longirostris 7

Alona affinis 0
Chydorus sphaericus 78
Ceriodaphnia quadrangula 14

COPE PODA
Diaptomas ashlandi 93
Diaptomas leptopus 7

Diaptomas clavipes 0

Diaptomas lintoni 0

Cyclops bicuspidatus thomasi 57
Cyclops vernalis 43
Diaphansoma brachyurum 0

Epischura nevadensis 28
Canthocampus staphylinoides 0

100 100 100 100 100 95 100 98
27 16 41 19 19 15 26 17

0 0 0 0 0 5 0 2

45 33 76 50 48 40 53 32
0 7 0 0 0 5 5 4
0 0 0 0 0 5 0 2

0 2 6 12 6 25 21 30
9 2 6 0 4 0 0 0

91 63 71 88 71 65 58 66
9 9 0 6 2 5 0 4

91 95 100 100 98 80 95 85
0 2 6 0 2 0 0 0

0 0 0 0 0 0 0 2

0 0 0 0 0 10 0 4
64 72 53 62 64 40 53 55
36 23 35 44 48 55 63 40
36 12 12 6 7 25 26 19
18 14 0 6 4 15 21 11

0 2 6 0 4 5 0 2

C ontinued



Table XI Continued.

Sur.

Zone I

Bot. All Sur.

Zone II

Bot. All Sur.

Zone III

Bot, All

COPEPODA (Cont.)
Eucyclops agilis 0 9 2 0 0 0 5 5 2

Macrocyclops albidus 0 9 5 0 0 6 15 0 19

OSTRACODA 14 18 7 24 12 8 20 21 11

ROTIFERA 0 0 0 6 6 4 0 0 0

NUMBER OF SAMPLES 14 11 43 17 16 52 20 19 47

-J
U.'
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sphaericus, and Leptodora kindti were the most abundant clado-

cerans. Diaptomus ashlandi and Cyclops spp. were the most abun-

dant copepods. Rotifera were found only occasionally off Eagle

Ridge. Ostracoda were of a sessile type not encountered very fre-

quently in the zooplankton. Eurycercus, Ceriodaphnia, Diaphan-

soma, and Epischura were associated more with marsh areas than

the open lake.

During July, 1913 when a survey of the lake was made by

Kemmerer, et al. (1923), Copepoda were the most abundant of the

zooplankton with Diaphans oma leuchtenbergianum and Diaptomus

ashlandi listed as the two species present. No mention was made of

Daphnia which is now the most abundant single genus.

Table XII lists the average number of Daphnia and copepoda

near the surface and bottom in the three zones. By number, Daphnia

were slightly more abundant than copepods; however, in biomass

this difference is undoubtedly more pronounced. Since the Daphnia

were almost exclusively of one species, D. schodleri, the data sug-

gest that they are stratified toward the surface. The Copepoda group

is from two to four species; consequently, nothing can be determined

for vertical stratification. Copepods do appear to be more abundant

in Zone III than in the other two.

Seasonally, the number per sample of Daphnia and Copepoda

did not change very much. Gravid females were abundant in all



Table XII. The Average Number Per 10 Liter Plankton Trap Sample of Daphnia and Copepoda in the
Three Zones During August and October, 1964, and June, 1965.

Zone

I II III

Depth Depth Depth

Surface Bottom Surface Bottom Surface Bottom

DAPHNIA
Mean 183 105 Z96 1Z9 Z43 88

Std. Er. 5Z3 338 65Z 448 874 Z3

N. 8 8 14 14 14 14

COPEPODA
Mean 76 76 71 1Z8 184

Std. Er. ZO Z7 11 19 94 30

N. 8 8 14 14 14 14

-



samples.

Fish Investigations

Species Composition

Investigation of fish distribution during 1964 and 1965 were

reported on by Vincent (1968). He found 15 species in eight families

to be present in the lake. Ninety-three percent of the catch from

gill nets and traps was about equally comprised of blue chub (Gila

bicolor), and tui chub (Siphateles bicolor). The principal game

fishes were rainbiow trout (Salmo gairdneri), brown bullhead

(Ictalurus nebulosus), and yellow perch (Perca flavescens). Trout

accounted for less than one percent of the total catch. A list of all

species is given in Table XIII.

Trout are the most sought after of the game fish because of

their large size, commonly between two and six pounds. Seasonal

differences in distribution of trout occur and have considerable in-

fluence on the fishery. From November to April, trout are distri-

buted throughout the lake, but in July and August they are concen-

trated in the northern one-half of Zone III. The restriction of trout

to this area probably reflects the fact that environmental conditions

are more favorable there, although differences in such factors as

temperature and pH among zones were quite small. Both surface
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Table XIII. List of the Fishes of Upper Klamath Lake, Oregon.

Petromyzonidae
Klamath brook lamprey
Pacific lamprey

Salmonidae
Rainbow trout
Brown trout
Brook trout

C yprinidae
Blue chub
Tui chub

Catostomidae
Lost River sucker
Klamath largescale sucker
Shortnose sucker

Ictaluridae
Brown bullhead

Centrarchidae
Pumpkins eed

Per cidae
Yellow perch

C ottidae
Marbled sculpin
Klamath Lake sculpin
Slender sculpin
Cottus sp.

Lampetra sp.
Lampetra tridentata (Gairdner)

Salmo gairdneri Richardson
Salmo trutta Linnaeus
Salvelinus fontinalis (Mitchill)

Gila bicolor (Girard)
Siphateles bicolor (Girard)

Catostomus luxatus (Cope)
Catostomus snyderi Gilbert
Chasmistes brevirostris Cope

Ictalurus nebulosus (LeSueur)

Lepomis gibbosus (Linnaeus)

Perca flavescens (Mitchill)

Cottus klamathensis (Gilbert)
Cottus princeps (Gilbert)
Cottus tenuis (Everrnann and Meek)



and subsurface water draining into the lake enters along the north

side, which may influence trout distribution. Also, there is a great-

er variety and abundance of food organisms in Zone III, as well as

greater penetration of light, which would benefit sight feeding.

Food Habits of Fishes

Because the stomach contents of gilinetted fish were usually in

an advanced state of digestion, and because rainbow trout were

seldom taken in seine hauls, only fish taken by angling were used for

food analysis. Tendipedids, usually pupae, occurred most frequent-

ly and often represented the largest mass. Second in importance

were the sculpins, Cottus princeps, and C. tenuis. Other groups of

importance were leeches (Dma and Glossophonia), dragonflies,

damselflies and caddisflies.

Other fishes (Table XIV) usually consumed what was available

in the habitat they occupied. Juvenile yellow perch fed mainly upon

zooplankton and small insects. The adults added snails and fish to

the diet.

Small blue chubs and tui chubs ate zooplankton and tendipedids.

The few adults that contained food when examined had fed upon

Cladocera and Copepoda, except for large blue chubs, which

occasionally contained leeches and fish. Large chubs of both

species are easily caught by angling with either natural or artificial



81

Table XIV. Summarized Results of Stomach Analysis Indicating Percent Occurrence of Different

Types of Food Organisms.

Yellow Blue Tui Cottus Cottus

Perch Chub Chub Suckers Idamathensis sp.

Number of Stomachs
Examined 63 39 34 19 16 10

Number with Food in
Stomach 35 15 9 11 16 8

Number-Empty Stomachs
But Full Intestines - 11 7 7 - -

Percent with Empty Stomachs 44 62 74 42 0 20

Occurrence of Organism in Stomach or Intestine
X 100

Number of Stomachs or Intestines with Food

Algae and Defritus 38 62 39 31 75

Rotifera 6

Copepoda

Cladocera

Daphnia

Chjidorus

Amphipoda

Isopoda

Insecta

Hirudinea

Castropoda

Fish

Unidentified

11

6 4

42

11

23 27

14

69

4

8

4

6

25

12

56

17

33

56

37 6

12 6

6

6

19

62

6

19

6

69

6

12

50

25

100

25 12



bait.

Sculpins less than two inches long ate zooplankton as well as

benthic invertebrates. Cottus over three inches long fed on small

benthos, including midges, and in addition ate larger insects such

as Aeshna and Limnephilus. Cottus tenuis contained more benthic

algae and detritus than the other species. Table XV shows the food

in stomachs of several C. klamathensis which had taken up resi-

dence in experimental trays.

Suckers, regardless of size, usually had eaten benthic ostra-

cods, cladocerans and copepods along with considerable detritus.

Benthos

Introduction

Fundamentally, some of the questions asked about natural

populations of benthos are: (1) What kinds of animals are present?

(2) where is each species located in its environment? (3) what is the

abundance of each species? (4) why is it occupying a particular

habitat in preference to an adjacent one? and (5) how does a specific

describable difference in the environment influence the ecology of

an individual organism and/or its population? Each question that is

asked, however, must ultimately be looked at in respect to the in-

dividual traits or peculiarities possessed by a specific population of



Table XV. Stomach Contents of Cottus klamathensis from Experimental Trays, Expressed as
Average Number of Food Organism per Stomach.

Length in Tendi- Tricop- Ephemer- Odo- Cope- Clado- Amphi- Iso- Hiru-
inches No. pedidae tera optera nata poda cera poda poda dinea

to 1 7/8 3 15.3 Z.,O 2..?

2-2 7/8 14 7.3 0.4 0.4 2.0 0.3 2.7 0.3

3-3 7/8 9 8.1 0.2 0.2 0.1 0.1

4-4 7/8 1 8.0 1.0 1.0



organisms and their environment.

Information relative to questions one and two were investigated

during the field survey as an initial phase of the study. Data on den-

sity and biomass, question three, also were obtained for major

groups at this time. An artificial substrate experiment was used

during a subsequent phase to gain insight into why certain species

were found in one type of substrate but not in an adjacent one. In-

formation on organism-substrate relationships is useful to an under-

standing of why many species collected from the lake occupy their

respective habitats. Some facets of the distribution of Kiamath Lake

benthos are discussed emphasizing those aspects dealing with distri-

bution, density, and substrate preference.

Previous to this study, no known attempt had been made to

determine the kinds of macroinvertebrates inhabiting Upper Kiamath

Lake. Davis, Jewett, and Mote (1939) and Bonnell and Davis (194Z)

reported on a midge, Chironomus utahensis, which was a nuisance

around the lake. According to the former report, it was estimated

there were 542, 080, 000, 000 larvae present in Upper Klamath Lake

in 1932. As a point of comparison, we estimated 438 billion (about

600 tons) of midge larvae by expanding our average number per

sample of all samples to 134 square miles. A species of the

Tendipes (Chironomus) plumosus type, simUar in appearance and

biology to the C. utahensis reported as causing a nuisance in the



193Os, is one of the more abundant species in the lake, but whether

it is the same species that was present in 193Z was not determined.

Field Survey

During 1964-65, a total of 107 Ekman Dredge samples (0.Z5

sq. ft.) were taken of soft sediments and sieved through a sieve with

an opening of 0.495 mm. Some organisms were taken by hand from

rocks, limbs, and submerged and emergent plants. Macroinverte-

brates were fixed in 10 percent formalin and preserved in 70 percent

alcohol. Organisms that could be seen with the unaided eye were

picked from small aliquots of samples spread out in white pans

under bright light.

The macroinvertebrates collected in Upper Kiamath Lake are

listed by taxonomic group in Table XVI. Identifications of midge

larvae were made to genus using the key compiled by Roback (1957).

Organisms listed were those obtained by the sampling techniques

used. These techniques were not thought to be adequate for a repre-

sentative sampling of Coleoptera, Hemiptera, and Odonata because

of the ability of these organisms to swim rapidly and thus avoid

capture by dredge or hand.

In habitats that were sampled from the boat with an Ekman

Dredge, Oligochaeta were the most frequently occurring, most

numerous, and represented the largest proportional biomass (Table
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Table XVI. Benthic Macroinvertebrates Collected in Upper Klarnath
Lake, Oregon, 1964-66.

OLIGOCHAE TA

HIRUDINEA
Glos siphonhidae

Glossiphania sp.
Helobdella sp.

Erpobdellidae
Dma sp.

POLYCHAE TA
Sab ellidae

Manayunkia speciosa

GAS TR OPODA
Physidae

Physa sp.
Lancidae

Lanx kiamathensis
Lymnaeidae

Lymnaea palustris
Planorbjdae

Heliosoma subcrenaturn
Parapholyx effusa
Promenetus sp.

Valvatidae
Valvata lewisi

Bulimidae
Amnicola seminalis
Amnicola turbiniformis
Pyrgulopsis archimedis
Fluminicola seminalis

PELECYPODA
Unionidae

Anodonta sp.
Sphaeriidae

Sphaerium sp.
Pisidium sp.

DE CAPODA
As ta c ida e

Pacifastacus kiamathensis



Table XVI Continued.

AMPHIPODA
Talitridae

Hyalella azteca
Gammaridae

Gammarus lacustris

ISOPODA
Sphaeromidae

Asellus tomalensis

ODONATA
Lestidae

Archilestes sp.
C oenagrionidae

Enallagma sp.
Ischnura sp.

Ae shnidae
Aeshna sp.

TRICOPTERA
Phryganeidae

Phryganea cinera
Hydropsychidae

Hydropsyche californica
Psychomyiidae

Psychoglypha sp.
Limnephilidae

Limnephilus sp.
Dicosmoecus sp.

Leptoceridae
Mystacides alafimbriata
Mystacides sepulchralis
Oecetis inconspicua

EPHEMEROPTERA
Ephemerellidae

Ephemerella lodi
Caenidae

Caenis sp.



Table XVI Continued.

COLEOPTERA
Haliplidae

Haliplus sp.
Gyrinidae

Gyrinus sp.

HEMIPTERA
Gerridae
Notonectidae

Notonecta sp.
Corixidae

DIPTERA
Culicidae

Chaoborus sp.
Tendipedidae

Tendipes spp.
Glyptotendipes spp.
Tanytarsus spp.
Harnischia sp.
Cricotopus sp.
Calopsectra spp.
Procladius sp.
Pentaneura sp.
Anatopynia sp.
Cryptochironomus sp.



XVII). Proportionally, in numbers and biomass, worms were

generally followed by leeches, midges, clams, and snails, except in

Zone II where midges were less abundant. Zone III had the greatest

variety of species and the greatest mean standing crop. Identity of

the species of Oligochaeta is rather uncertain; however, they were

believed to be predominantly Tubifex and Limnodrilus with some

Lumbricus, which, because of their large size, greatly distort bio-

mass measurements in respect to numbers. Stylarus were quite

common in samples scraped from rocks.

Leeches represented the second largest biomass. Helobdella

and Glossiphonia were found over most of the lake in about equal

numbers. Dma which is large and constitutes an important food for

trout was more often found near shore or in marsh areas. Other un--

identified leeches were found on the bottoms of rocks in shallow

water. Helobdella and Dma were observed to prey on worms,

midges, and injured amphipods.

A polychaete worm, Manayunkia speciosa, was collected from

regions with peat bottoms in Zone I and Agency Lake, resulting in a

significant extension of known range for this species (Hazel, 1966).

Gastropods were represented by eleven species, some of

which were found in only a few locations. Lanx klamathensis and

Pyrgulopsis archimedis were found in large numbers on rocky

beaches in Zone I. Valvata lewisi and Parapholyx effusa were found



Table XVII. Average Number and Wet Weight Per Square Meter and Frequency of Occurrence of
Benthos by Zone During 1964 and 1965.

38

Zone I
No/Ms

Gr/M Freq

No. of Samples

29

Zone II

No/M2 Gr/M2 Freq

40

Zone III

No/M2 Gr/M2 Freq

Oligochaeta 4655 25.95 1.00 3868 45.51 0.93 7500 52.00 0.92
Hirudinea 1164 6.40 0.92 1466 4.68 0.93 2026 5.30 0.82

Diptera 1940 2.35 0.63 172 0.47 0.59 1681 2.04 0.38

Gastropoda 172 0.24 0.47 216 5.11 0.16 1379 0.47 0.30
Pelycepoda 948 0.96 0.32 1466 2.10 0.17 1164 0.90 0.22

Amphipoda 86 0.36 0.08 172 - 0.07 1940 - 0.12

Isopoda P - - P - - 1595 0.08 0.05
Tricoptera 1 0. 01 0. 12 P - - 172 0. 07 0. 15

Ephemeroptera 43 - 0. 03 43 - 0. 03 43 0. 08 0. 02

Odonata P - - P - - P - -

Coleoptera P - - p - - p - -

Hemiptera P - - P - - P - -

Porifera P - - - - - p - -

Polychaeta P - - - - - - - -
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on rocky beaches in Zone III. Heliosoma was taken consistently

in deep water off Eagle Ridge and at other deep water locations in

Zones II and III. The other species listed were found most frequent-

ly in or near marshes.

Clams less than 5 mm in length were collected in all zones.

No attempt was made to identify these small clams. Larger clams

had more restricted distributions. Sphaerium and Pisidium were

abundant along the north shore and near the mouth of Williamson

River. Anodontia were abundant in Zone I, but were found in all

zones. Four species of Anodontia from the lake were reported by

Ingram (1942), but at present there appears to be no more than one.

Pacifasticus klamathensis was collected only near the mouth

of Williamson River.

Hyalella azteca was abundant in shallow water at the edge of

the lake. Gammarus lacustris was collected only in Hanks Marsh

on only one occasion.

Although the isopod, Asellus tomalensis, was collected in rock

and sand beaches in all zones, it was abundant only in Zone III.

Caddisfliés were numerous during the warm months.

Mystacides was the most abundant genus especially in rocky shore-

line areas. Dicosmoecus sp. was found only at Housepit Beach.

Phryganea cinera was collected in marsh areas and at the mouth of

Williamson River. Limnephilus sp. was abundant in marshes and
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along beaches in Zone III.

Ephemerella lodi was collected only once near Pelican Marina.

Caenis was present but not abundant in all zones.

Chaoborus was found only in Zone III and then rarely. Tendipes

"A", Glyptotendipes "B", and Procladius "C" were the most abundant

midges. Many of the species of midges were assigned letter names

in lieu of species names. Tendipes and Procladius occurred most

frequently in soft sediments. Glyptotendipes was associated with

beach areas. Other genera of Tendipedididae reported in Table

XVII occurred more frequently in artificial substrate samples than in

the Ekman Dredge samples.

Of the 107 benthos samples, 79 (Zone I, 26; II, 21; III, 32)

were taken of the diatomaceous ooze that covers the bottom at dis-

tances greater than about 100 feet from shore or edge of marsh

areas. By number and biomass, Oligochaeta and Hirudinea (Helob-

della and Glossiphonia) were the representative animals in this ooze,

although midge larvae were frequently collected during the winter,

spring, and early summer. Snails were often collected in Zone III.

Most other organisms collected were in low numbers and in Zone III

(Table XVIII). Worms and leeches were most abundant during

November and December, but this may be an artifact due to their

larger size at this time of year. Smaller organisms, which are most

abundant during summer and fall, pass through the U.S. No. 35



Table XVIII. The Average Number of Benthos per Elcman Dredge Sample by Month of Collection and Zone in the Diatomaceous Ooze that

Covers Most of the Bottom.

OLIGOCHAETA

HIRUDINEA

Helobdella

Glossiphonia

Dma

GASTROPODA

PELYCEPODA

DIPTERA

Tendipedidae

Chaoborinae

Zone

I

II
III

I

II
III

II

III

II
III

I

II
HI

II

III

I

II

III
I

II

III

7-64

28. 17
71. 50

176. 80

22. 00
21. 50
9.40
8.33

4.00
0.83

8-64

181.00
63. 20
70. 50

24.00
7.40
2.50
3. 50
1.60

1.00

9-64

*

279.00

8.00

6.67

0.33

0.67

0.25

0.33 0.75 -

0.50 2.40 -

0.50

0.50

Month
10-64 11-64

- 128.00
284.00 87.33
420.24 289.00

- 49.00
17.25 41.67
27.25 15.00

- 28.00
62.00 15.67
70.75 45.00

0.25

0.50 0.67
1.75

- 2.00
1.50 1.33
1. 75

0.75

12-64 3-65

238.67 79.67
100.00 95. 67
60.50 154.78

29. 67 8. 83

39.00 12.00
19.00 20.56
64.67 8.50
30.00 12.50

1.00 11.22

0.11

1.67
1 17

5.50

10. 00

4.50 0.11

12.67 15.00
1.67

32.50 0.96

7-65

44. 00

117. 50

31.00

87. 00
3.67

2.33
0.33

0.17

0.50

12. 67

1.67

37. 00

15.83

51.23

ji



Table XVIII. (continued)

Zone
7-64 8-64

EPHEMEROPTERA
I

Caenis II
III

TRICHOPTERA

Lirnnephilus II

III
I

Phryganea II
III

AMPHIPODA

Hyalella II
III

ISOPODA

- - 0.33

1.00

Asellus II 0. 67

III

* Dash indicates no sample was taken and a blank space is equivalent to zero.
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screen (Jonasson, 1955). The variety of organisms collected in the

ooze was greatest in Zone III in July of 1965. Many of these samples

were taken off North Shore, which is a slightly different habitat from

other sampled locations. The mud is more compact and in many

places is covered with a mat of blue-green algae.

This survey of the benthos showed that in the expanse of sedi-

ments underlying open water the community of macroirzvertebrates

was largely one of oligochaetes and leeches of the family Glossi-

phoniidae. Lesser populations of midges (Tendipes), snails

(Heliosoma), and clams (Anodontia) were present especially in the

winter and spring. Near shore and in marshes there was a greater

variety of species with fewer Oligochaetes and leeches; however,

Tendipes "A", Procladius "C", and Helobdella stagnalis were found

in significant numbers in most of the lake's habitat types.

Because substrate type seemed to play such an important role

in the distribution of the benthos, a transect of the beach at Bailey

Hill was sampled to gain a better understanding of the distribution of

species in a variety of substrates. This beach graded from boulders

and cobble at the water's edge through granular material and sand to

diatomaceous ooze and organic debris at a depth of about eight feet.

Hand-picked benthos from rocks at the water's edge yielded rela-

tively large numbers of Parapholyx effusa, Valvata lewisi, Limne-

philus sp., Hyalella azteca, Caenis sp., Tendipes "E",



Glyptotendipes IIBI!, and Cricotopus "P'. Duplicate dredge samples

were taken at depths of one, three, four, five, and six feet, and re-

suits of this sampling are illustrated in Figure 30 for six species of

midges and a leech, Helobdella stagnalis. Distribution of these

species was distinctly associated with type of substratee

Although Tendipes "A" was present in too few numbers to

present a clear picture of distribution, Procladius and Helobdella

retained their affinity with the finer particle sizes and diatomaceous

ooze. The other species were uncommon in these finer sediments.

Since temperature and dissolved oxygen were not stratified, they

were not thought to be factors in affecting distribution. Substrate

type and interspecific relationships of competition and predation

were probably the dominant factors regulating distribution.

Artificial Sub strate Experiment

As a result of an analysis of the survey of benthos (Tables

XVII and XVIII) and of the beach transect at Bailey Hill (Figure 30),

the conclusion was made that type of substrate is a major limiting

factor to the distribution of many species in the lake. The kinds of

invertebrates inhabiting diatomaceous ooze were limited to large

numbers of worms and leeches with smaller numbers of midge lar-

vae and mollusks. A relatively large variety of species was found

only in beach and marsh areas that had an array of substrate types.
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Benthic organisms especially important as food for game fish were

generally those inhabiting near-shore zones of the lake. For ex-

ample, only near shore were larvae of insects other than three

species of midges found in any significant numbers. Cottus, which

are an important source of food for trout, also were collected in

near-shore areas.

Historically, both field survey and laboratory experiments have

demonstrated type of substrate to be one of the more important fea-

lures of the environment influencing the distribution of species.

Probably one of the more often used descriptions of animal distribu-

tion is purely a discussion of what was found where, with comments

on observations about conditions in the environments. An assump-

tion often made from such empirical data is that aggregation is an

inherent property of the organism being studied. If one observes an

environment of some moderate size, then in some instances aggre-

gation will be found to occur; but is the obsered aggregation a be-

havioral property of the organism, or is it a result of varieties of

habitat in the environment? Allen (1959) noted that irregularities in

the environment are important, especially the scale of size of an

irregularity in relation to the size of an organism or the mechanical

or physical characteristics of the substrate in respect to the size of

the organism. Consequently, the multiplicity of types of habitat

within a study area are important to all aspects of the study of



benthic ecology. When samples from a study area are analyzed on

the basis of the frequency distributions of numbers alone, little may

be learned about the ecology of the organism. Resulting, primarily,

is a delineation of the area in which the organism aggregates.

A most exacting need for type of substrate was recorded by

Claasen (192Z) with his observation of the tendipedid, Trissocladius

aguitous, living on the dorsal surface of a rithrogenid mayfly. This

example is a rather special case, but it does illustrate the problem

of substrate need. Observations are usually of a more general

nature. For example, Krecker and Lancaster (1933) noted that

there were three times as many chironomids in sand as in clay and

came to the conclusion that sediment is an important factor in

determining distribution and abundance. Wene (1940) found that the

number of chironomids increased with finer texture of sediment and

an increase in the percentage of organic matter. After an extensive

review of the literature on ecology of benthos, Cummins (196Z)

came to a conclusion that the orientation of invertebrates to features

of the environment results in a nonuniform distribution of such

organisms. Particle size of the substrate is a most important

feature of the environment. Other important characteristics are

current (Pennak and Van Gerden, 1947; Hazel and Kelly, 1966),

type of substrate an individual is used to living on (Bovbjerg, 195Z),

regime of dissolved oxygen (Ford, 1962), and food supply (Wilson,
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1958; McNultyetal., 1962). Few investigations of comparisons be-

tween substrate type and species present result in poor correspon-

dence between the two. An example of such a condition in off-shore

marine waters was reported by Buchanan (1953).

Physical characteristics of the substrate have been shown by

laboratory experimentation to be one of the most obvious variables

related to the distribution of organisms. Martzolf (1963) and

Meadows (1964) found that amphipods seek and select definite particle

sizes according to species and that amphipods also select sediments

with the proper supply of food. The type of sediment, in part, may

determine the kind of food organism. The importance of substrate

type to an animal's physiology and metamorphosis has been described

by Ericksen (1963) and Wilson (1948), respectively. This type of

knowledge tends to make one think that many organisms actively seek

a preferred substrate type. After a review of the literature of factors

that limit the range of freshwater organisms, Macan (1961) came to

the belief that the behavior of a species brings it to places where

certain conditions obtain. " For purposes of this study, it was

assumed that organisms actively seek and select an optimum sub-

strate type. The substrate type in which an animal is in greater

number than in an adjacent type is referred to herein as a preferred

substrate. This use is similar to Curry's (1954) use of the term

"preferred habitat.
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Only an approximation of the preferred substrate type of a

species may be inferred from field samples taken by the usual grab

techniques. When a grab sample is taken, it almost always contains

a variety of substrate types in varying proportions. Although the

beach transect at Bailey Hill (Figure 30) indicated a relationship

between substrate type and species, (disregarding depth, current

velocities, etc.) this occurred only because some samples were pre-

dominantly of one substrate type. Because Meadows (1964) and

others demonstrated in the laboratory that if given a choice, some

organisms will migrate to and inhabit a specific substrate type, a

reasonable assumption is that they will show a similar type of be-

havior in nature. Based on this reasoning, an in situ experiment was

devised to determine preferred substrate types of species on beaches

in the lake.

The placement of artificial substrates in the aquatic environ-

ment for eventual recovery with their attending biocoenosis has been

done with some degree of success for several years. Moon (1935)

incubated trays containing rocks, picked clean of fauna, on the

bottom of an oligotrophic lake and found that populations came to

equilibrium in about four weeks. Similar experiments using a variety

of substrates in either lakes or streams have been reported on by

several authors: Wene and Wickliff (1940); Britt (1955); Mundie

(1956); Scott (1958); Hester and Dendy (1962); Holt (1962); Brewer
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and Gleason (1964); and Henson (1965). A more recent and current-

ly more popular artificial-substrate sampler is one originally used

by Anderson and Mason (1968). This sampler is a wire basket con-

taming about 0. 2 cubic feet of 1 -2 inch crushed limestone. Their

sampler facilitated the collection of Plecoptera, Tricoptera, and

certain Ephemeroptera over other insects, and in this sense the

substrate was selective for species. Its primary use has been as a

monitoring tool at water quality surveillance stations.

Five types of substrate were included in the artificial sub-

strate sampler used during the Klamath Lake experiment. They

were obtained by mechanical separation through sieves of sizes 1/2

inch mesh screen and Tyler screen sizes No. 16, 30, 65, and 150.

Mechanical separations gave these grades of gravel and sand:

gravel, very coarse sand and granular material, medium to coarse

sand, fine to medium, and very fine sand (Wentworth, 1922). The

approximate size range of particles inihe five separated classes

are shown in Table XIX. Substrate types used in the experiment are

designated by the number of the Tyler sieve that retained a particu-

lar size range. For example, very coarse sand and granular

material which was about 1 to 8 mm in diameter passed through a

1/4 inch mesh screenbut was retained bya Tyler No. 16 sieve

which has a mesh opening size of approximately 1 mm. Thus, this

substrate is deignated No. 16.
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Table XIX. Sediment Size Ranges Used in Substrate Preference
Experiment.

Approximate Range
Name of Grade Particle Size Tyler Screen

Gravel 12.5 to 25 mm i/a

Very Coarse Sand
and Granule 1 to 8 mm 16

Medium to Coarse
Sand 0.Sto 1mm 30

Fine to Medium
Sand 0. 2 to 0. 5 mm 65

Very Fine Sand 0.1 to 0.2mm 150

Coarser sediments used in the substrate preference experi-

ment were collected from Housepit Beach. The finer sediment, No.

150, was separated from the diatomaceous ooze taken in deeper

water.

After mechanical separations, substrates were allowed to dry

in the sunshine for three days to a week before use in experiments.

Substrate types were held in 1-pint plastic food containers. These

containers were filled, wetted, and compacted by vibration until the

contents were level with the tops (a surface area of 0. 09 sq. ft.).

Trays were constructed, as shown in Figure 31, to hold 20 of these

containers. Three containers of each substrate type were placed in

a tray. Trays were lowered very carefully over the side of the boat

so as not to disturb the sediments in the cups and allowed to settle
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Figure 31. Drawing of incubation tray used in substrate preference
experiment.
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slowly to a flat bottom in about three to four feet of water. In one

series of experiments, trays containing the substrate were allowed

to remain on the bottom for approximately 30 days before they were

returned to the surface. In other series, trays were allowed to re-

main on the bottom for 90 days.

The initial incubation of artificial substrate trays was for Z3

to 31 days between August 4 and September 6, 1965, at four stand-

ard stations: Housepit Beach, Hanks Marsh, Bailey Hill, and

North Shore (see Figures 4 and 5).

Trays were placed at the same four stations in September for

retrieval in November, but only the tray at Bailey Hill had usable

samples at the end of the incubation period. The tray at Housepit

Beach was vandalized, and substrates in trays at Hanks Marsh and

Northshore were disrupted during storms. Because of the difficul-

ties of working with trays at four stations, it was decided to per-

form the experiment only at Bailey Hill. The artificial substrates

incubated during September enabled a comparison of substrate pre-

ferences between stations. Trays positioned throughout the year at

Bailey Hill give substrate preference characteristics related to

time, but only at this one station. Trays were incubated at Bailey

Hill for the following periods: August 14 to November 28, 1965;

November 28, 1965, to April 3, 1966; April 3 to May 4; April 3 to

July 7; May 4 to June 4; June 4 to July 7; and July 7 to August 18.
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Trays were carefully brought to the surface and lifted from the

water. The outside of plastic cups were wiped clean with a towel to

remove organisms adhering to the outside of the container. The cup

was then placed in a plastic bag with 70% isopropyl alcohol and re-

turned to the laboratory where organisms were separated from the

substrate.

Sediments were removed from the plastic cups in tablespoon

amounts, and organisms were removed from a white procelain pan

under strong light. The top layer of sediment was removed from the

containers first and searched. In this way, it was possible to deter-

mine that most of the organisms resided in the top one-half inch of

sediment. Some worms and nematodes burrowed deeper.

Organisms were preserved in 70 percent ethyl alcohol until they

were identified and counted under a stereomicroscope. In certain

cases, the lengths of organisms were measured.

A larger number of species of rnidges were obtained during

this experiment than by other means of sampling. Four genera (five

species) of midge larvae, Tendipes hAt1 and '1E11, Glyptotendipes 'tB't,

Procladius Harnischia 11D", a mayfly (Caenis sp.), an isopod

(Asellus tomalensis), and leeches were selected from the total ob-

served benthos for analysis of organism-substrate relationships.

These species were selected for two reasons: The yield of a select-

ed species was usually two or more per sample of substrate, and
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although identifications are to genera only in most instances, the

reported identification is thought to be representative of single

species. Characteristics used to identify these species are included

in the text. It must be recognized that in the case of midges, the

reported numbers for a specific kind probably contain a few errone-

ously identified individuals.

Because the results of these observations are a function of

species, results are presented in the remainder of this section by

species.

Tendipes "A"

Tendipes "A' is the most commonly encountered midge in the

diatomaceous ooze that covers the bottom at distances greater than

100 feet from shore. Because of the total area of its habitat, its

total standing crop is many times that of any other species of rnidge

but probably less than that of Oligochaeta and Hirudinea.

Cursory observations of the biology and taxonomy of Tendipes

"A" in the lake generally coincide with those for Tendipes (Chirono-

mus) plumosus reported by Hilsenhoff (1966). Exceptions are: Ob-

served length is slightly shorter, Z5 mm vs. 30 mm, and overwin-

tering individuals are probably about equally of the third and fourth

instars rather than predominantly of the fourth. Ventral gills are

longer than the diameter of the 11th abdominal segment and the third



lateral mandibular tooth is not pigmented. Photographs of the head

capsule (Figure 32) show labial teeth, mandible, ring organ, and

antenna,characteristics that were used to identify Tendipes 'A.

Townes (1945) and Hilsenhoff (1966) reported that Tendipes

(Chironomus) plumosus prefers a substrate of mud. In addition to

collecting the species in mud, Hilsenhoff (1966) offers further in-

formation in support of such an observation.

After leaving the egg mass they swim about in the water.
In the laboratory these free-swimming larvae exhibit a
strong positive phototropism, especially if they do not
have a suitable substrate of mud in which to settle. In
the present 1sic of mud, this phototropic response is
reduced, and most of the larvae remain in the mud.

Substrate trays were removed from the lake for the first test

at the four standard stations on September 5 and 6, 1965. The

number of Tendipes hAlt per sample (multiply given numbers by

11.11 for no./ft.2 or by 119.60 for no./M2) by substrate type at

Bailey Hill, North Shore, Housepit Beach, and Hanks Marsh are

shown for this initial experiment in Figure 33.

If it is assumed that the number of individuals that take up

residence in a tray during any like period of time is a function of the

number available to perform a migratory flux from the surrounding

environment, then Zone III has more of these individuals than Zone

I. Also, within either Zone I or III larger numbers took up resi-

dence in trays set near rocky shorelines rather than in those trays
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Figure 3Z. Photograph of head of Tendipes "A'1.
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Figure 33. Average number per sample of Tendipes "A's on Septem-
ber 5 and 6 by type of substrate at Bailey Hill (BH),
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near marshes. In the experiment summarized in Figure 33, a sub-

strate preference defined by numbers of individuals was weakly ex-

pressed. Any deduced preference would be for the 65 and 30 sub-

strate type rather than for the 150, 16, or 1/2.

The average numbers per substrate type taken on seven dates

at Bailey Hill, which was chosen for intensive study throughout the

year, are tabulated in Table XX. During those times when the mean

of all samples was greater than 100 (November, April, and August),

the largest numbers were consistently taken from 150 and 1/2. As

a point of explanation, the interstices of 1/2 filled in with the floccu-.

lent ooze characteristic of 150; consequently, these interstices had

much the same substrate characteristics as 150.

Because of sieve opening size and the difficulty of picking

small organisms from sediment, Tendipes "A's were not sampled in

proportion to their actual numbers at lengths less than about 5 mm.

This 5 mm selection point was estimated from plots of length fre-

quency, and this kind of bias has been noted by Jonasson (1955).

Organisms in the three samples of a particular substrate type

incubated at Bailey Hill and retrieved on September 5, 1965, were

pooled and measured for length to the nearest millimeter. In the

case of samples retrieved on other dates, all individuals of a

species from a tray, rather than from individual substrate types,

were pooled and measured for length. Cumulative frequency for



Table XX. The Average Number of Tendipes "At' Per Substrate Type at Bailey Hill.

Substrate Retained by Sieve NumberDateMonths
Removed Incubation 150 65 30 16 i/a Mean

9- 5-65 1 31.7 81.3 56.3 62.3 83.0 62.9

11-28-65 3 220.5 93.0 75.7 3.7 131.3 104.8

4- 3-66 3 143.3 107.3 118.7 118.7 152.0 128.0

5- 4-66 1 11.0 30.0 30.0 13.7 15.3 20.1

6- 4-66 1 0.3 0.7 3.3 1 7 0. 3 1 3

7- 7-66 1 36.0 25.3 38.3 37.0 27.7 32.7

7- 7-66 3 10.7 60.0 40.3 40.7 16.3 33.6

8-18-66 1 651.7 250.7 138.7 110.7 258.7 282.0

Mean 138.1 81.0 62.7 48.6 85.6 83.2

I-
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those individuals over 5 mm by substrate types from the September

samples are in Figure 34. Relative frequencies of length and rela-

tive frequency of abundance by substrate type for all months are in

Figure 35.

September data indicated that larvae longer than about 10 mm

occurred in relatively greater numbers in the 150 and 1/2 substrates

than in the other types. Over 50 percent of those in 150 were larger

than 10 mm versus 25 percent or less in the 16, 30, and 65 types.

The converse is true for shorter or presumably first and second in

star larvae.

If we then consider only those over 10 mm in length in a

description of substrate preference as illustrated by relative fre-

quency, a different pattern is obtained. In Figure 35 F relative

frequency of abundance of individuals of all lengths is illustrated by

the solid line. In this case, there is little demonstrable difference

between substrate types. However, in the case of larvae over 10

mm long represented by the broken line, there is a definite mdi-

cated preference for the 150 substrate type. This general pattern

of preference is also suggested for all lengths where mean sample

sizes were greater than 100 although weakly on April 3. Where

population size is very low, such as on May 4 and June 4, an oppo-

site pattern of substrate preference is in evidence.

Hilsenhoff (1966) found that Lake Winnebago (Chironomus
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(Tendipes) plumosus are active and feed at temperatures above 40°F

and emerge between the middle of May and the middle of October.

These same characteristics probably apply to the Tendipes "Afl in

Kiamath Lake. The tray removed from the lake on April 3 was put

in the lake on November 28. During November and March water

temperatures were in the 400 to 50°F range, but were lower during

the period of ice cover from December to March. Although larvae

may have been inactive at the lowest temperatures, many were ac-

tive at times during these colder months and relocated in the experi-

mental substrates. Those taking residence in the trays ranged in

length from about 10 to 16 mm and were probably third or fourth in-

stars. Length measurements for Tendipes plumosus by instar were

(Hilsenhoff, 1966): First--i. 43 to 2.50 mm; Second--2. 3 to 5.5

mm; Third--5. 3 to 12. 0 mm; and Fourth- -18 to 28 mm.

Although the average number per sample and length frequen-

cies were similar for larvae collected on the November 28 and April

4 retrieval dates, the April data indicated only a slight, if any, pre-

ference for a particular substrate type; but a strong preference was

demonstrated for 150 and 1/2 in November. No pupae were taken in

November, but there was an average of about one pupa per sample

in April. This difference in number of pupae leads one to believe

that larvae were active, feeding, and probably migrating in March.

A large percentage of the larvae in the April tray may have been new
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arrivals, and as such, they may not have taken tube building posi-

tions in the substrates. This may account for the lack of a strong

substrate preference.

Because the May 4 population was less than 16 percent of those

taken on April 4, most of the overwintering larvae had probably

emerged. Also, no first or second instar larvae were found in these

samples. First and second instar larvae were in the June 4 samples

but in very low numbers. No overwintering larvae remained by July

7, and relatively few individuals produced during spring and early

summer were present at this time. During the period May 4 to July

7, the observed population of Tendipes "A" was at its lowest level.

Those larvae that were present indicated either a preference for a

substrate of sand or none at all.

The densest population was recorded in August with most of the

observed larvae between 5 and 10 mm. These larvae indicated a

strong preference for the 150 and 1/2 substrate types. No pupae

were present in these samples, although pupae were collected in the

September samples.

Seasonally, as inferred from length frequency data, there were

two major periods of emergence: a relatively short period during

late April and May of overwintering individuals and a more lengthy

period from August into October. Larvae were abundant from August

through April and, during this period, indicated a preference for the
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150 substrate type. Larvae greater than 10 mm long were relative-..

ly more abundant during this period and may have weighted the data

toward a positive substrate preference as opposed to months when

first and second instars are abundant; e. g., June, July, and Sep-

tember.

Glyptotendipes "B"

Identification of this species was based on general appearance

and mouth part characteristics. Color was red-orange and/or green.

The larval body was heavy with short, fleshy prolegs, and anal gills.

Characteristics of mouth parts and a divided circular plate on the

dorsal surface of the body posterior to the head capsule in fourth in-

star larvae. Mouth parts are illustrated in Figure 36. Larval

cases were of fine sand ancian agglutinating material usually attached

to a solid surface but sometimes buried in a soft sediment. Maxi-

mum length of larvae was approximately 15 mm with pupal lengths

of 8 to 9 mm. Intestines contained detritus and diatoms.

Glyptotendipes "B" was rarely found in samples collected

with the Ekman dredge . Their distribution seemed to be limited to

near-shore areas of rock and sand as illustrated in Figure 30. I-low-

ever, their population size in this kind of habitat was comparable to

that of Tendipes "A" in its denser off-shore populations. They were

most abundant near shore with observed densities to 448 per square
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Figure 36. Photograph of head of Glyptotendipes "Br.
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Glyptotendipes B" w a s more abundant in the first set of ex-

perimental trays retrieved from Housepit Beach and Bailey Hill than

at the marsh stations, Figure 37. Generally, there was a direct

relationship between numbers of larvae and size of sediment in trays

placed on rock-sand beaches, but the same relationship was not evi-

dent at marsh stations. In all cases, there was an apparent avoid-

ance of the finest sediment, No. 150.

Cumulative frequency of lengths versus type of substrate mdi-

cated no relationship between size of individual and sediment type.

The average abundance by substrate type for all samples re-

trieved from Bailey Hill in the year long study is in Table XXI.

Larvae were most abundant during late summer and autumn exceed-

ing 500 per sample (5, 500/sq. ft.) in types 16 and i/Z on November

Z8, 1965. They were about one-fourth as abundant during September

as in August and November. It is inferred from the length frequency

data shown in Figure 38 that Glyptotendipes "B" has temperature re-

quirements slightly more restrictive than those of Tendipes TAIt but

have similar emergence patterns. Low temperature may be more

restrictive to their activity as evidenced by the proportionally lower

numbers in the April tray as compared to that of November. Less

than two percent of the number (Z31 vs. 4) in the November samples

inhabited the tray retrieved on April 4. If larvae were not active and
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Figure 37. Average number per sample of Glyptotendipes "B"
September 5 and 6 by type of substrate at Bailey Hill
(BH), North Shore (NS), Housepit Beach (HPB), and
Hanks Marsh (HM).
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Table XXI. The Average Number of Glyptotendipes NB" Per Substrate Type at Bailey Hill.

DateMonths
Removed Incubation 150

Substrate Retained By Sieve Number

65 30 16 1/2 Mean

9- 5-65 1 10.0 80.3 57.0 101.0 71.7 64.0

11-28-65 3 16.0 95.7 158.0 450.3 435.0 231.0

4- 3-66 3 2.7 4.3 3.0 5.0 5.0 4.0

5- 4-66 1 18.7 85.7 84.0 143.7 67.3 79.7

6- 4-66 1 0.3 19.3 30.3 47.7 28.0 25.1

7- 7-66 1 8.0 34.7 29.0 37.7 51.3 32.1

7- 7-66 3 5.7 50.0 29.3 26.0 11.3 24.5

8-18-66 1 138.0 233.3 176.0 412. 7 390. 7 270. 1

Mean 24.9 75.4 70.8 153.0 132.5 91.3
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motile during the period November to April 4, resulting in a lower

rate of dispersion, we would then expect to have fewer in April.

Inferentially from length frequency patterns, Species "B" had

proportionally a large emergence of adults during early summer and

late summer; however, emergence is probably a continuing process

from May through September.

Substrate No. 16 was observed to be that preferred by this

species with large numbers also occurring in the No. 1/2. At low

densities (Figure 38) preference was less well defined. In all cases

there were distinctly fewer in No. 150.

Procladius "C"

During the field sampling program, Procladius "C" (see

Figure 39) was commonly found in the diatomaceous ooze that covers

most of the bottom. A distribution related to soft sediments was

also indicated in the Bailey Hill beach transect (Figure 30).

Sediment preference as indicated by the artificial substrates

(Table XXII and Figure 40) corresponded to what was found in the

field samples. The average number found in substrate No. 150 was

generally two to four times the number found in the others. An average

number of 19. 6 per sample or about 200 per square foot is of con-

side rably greater density than that observed in field samples.

In the apparently preferred substrates, 150 and 1/2, Procladius
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Figure 39. Photograph of head of Procladius 'C".



Table XXII. The Average Number of Procladius "C" Per Substrate Type at Bailey Hill.

DateMonths
Removed Incubation 150

Substrate Retained by Sieve Number
65 30 16 1/2 Mean

9- 5-65 1 24.3 0.7 0 4.0 20.3 9.9

11-28-65 3 9.0 0 0 0 4.7 2.7

4- 3-66 3 16.7 7.7 11.3 8.3 5.0 9.8

5- 4-66 1 28.0 6.7 10.0 7.3 10.3 12.5

6- 4-66 1 29.0 6.7 3,3 4.0 7.3 10.1

7- 7-66 1 30.0 2.3 3.7 8.0 18.0 12.4

7- 7-66 3 18.0 11.7 8.7 6.0 7.7 10.4

8-18-66 1 2.0 0 0 0 0 0.4

Mean 19.6 4.5 4.6 4.7 9.2 8.5

I-
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0"
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Figure 40. Average number of Procladius 'IC" on September 5 and 6
by type of substrate at Bailey Hill (BH), North Shore
(NS), House Pit Beach (HPB), and Hanks Marsh (HM).
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was more abundant near rocky shorelines (Housepit Beach and

Bailey Hill) than near mar she, and it was more abundant in Zone III

than in Zone I (Figure 40). Although Procladius was fairly abundant

in the North Shore samples, a substrate preference was not evident.

Larger individuals tended to be more abundant in No. 150 sub-

strate, but too few individuals were found in the other substrates to

draw any conclusion about size relationship.

Length frequencies observed during the year tend to indicate

that reproduction is carried on throughout the warm season (Figure

41). Overwintering individuals were predominantly of the larger

size groups. Seasonally, a preference for No. 150 was shown th all

months with 34 to 100 percent of the collected individuals in this type

of substrate.

Harnischia IIDH

This species was easily recognized in preserved samples by

its body shape, white color, and labial teeth (Figure 42). The only

encasements found were those of pupae. It appeared to move freely

over the surface of whatever substrate it occupied. Very few of

this species were taken in field samples, although it was quite

abundant in the artificial substrates.

During the year, Harnischia was most abundant in August with

an average population of 315 per sample or approximately 3000 per
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square foot. In the beach transect of July 15, the greatest observed

density was four per square foot. None of this species was taken in

November and only 0. 8 per sample was found in April (Table XXIII).

The greatest numbers occurred in substrate No. 1/2 more frequent-

ly than in any other substrate.

In the first set of trays it was about equally abundant at Bailey

Hill and Housepit Beach with lesser numbers at the marsh stations.

In September a preference for larger substrate sizes was indicated

at the rocky beach stations but not at the marsh stations (Figure 43).

Proportionally, the largest larvae were in substrate No. 1/2

with the smaller in No. 150. The others were intermediate to these

two. Thus, there may have been a tendency for larger individuals to

select a larger particle size.

A study of length frequency data leads to the conclusion that

Harnischia "D" has an active season that is probably limited by

temperature to the warmer months and two major periods of emer-

gence. Almost no larvae were found in trays retrieved on November

28 and April 3. Because numbers in the artificial substrate samples

are dependent on recruitment to the sample, this lack of larvae sug-

gests that from autumn to spring those larvae present in the system

are relatively inactive.

Only larger larvae were present in the June samples with a

mixture of sizes in July, August, and September. They were most



Table XXIII. The Average Number of Harnischia "D" Per Substrate Type at Bailey Hill.

DateMonths
Removed Incubation 150

Substrate Retained by Sieve Number
65 30 16 1/2 Mean

9- 5-65 1 21.0 24.3 25.3 47.7 71.0 37.9

11-28-65 3 0 0 0 0 0 0

4- 3-66 3 0.7 2.3 0 0.7 0.3 0.8

5- 4-66 1 1.3 1.0 2.7 2.3 2.0 1.9

6- 4-66 1. 6.3 4.3 9.0 7.7 19.3 9.3

7- 7-66 1 23.5 7.7 12.3 24.0 23.3 18.2

7- 7-66 3 7.7 23.0 14.3 8.7 6.7 12.1

8-18-66 1 322.0 230.7 295.3 286.7 442.7 315.5

Mean 47.8 36.7 44.9 47.2 70.7 49.5

U.)
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Figure 43. Average number per sample of Harnischia sp. on
September 5 and 6 by type of substrate at Bailey Hill
(BH), North Shore (NS), Housepit Beach (HPB), and
Hanks Marsh (HM).
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abundant during August with an increase in population size of 30

times over June. Harnischia "D's has two relatively major periods

of emergence in June and September (Figure 44). Those emerging

in September are probably progeny of the June adults. Growth must

be very slow if it occurs at all in the cold months with only small

larvae appearing in the April and May samples.

Degrees of substrate preference were inconsistent; however,

during months with population densities of 9 or more, the No. i/z

size of substrate usually had the greatest numbers and No. 65 the

least. Size may also be a factor in substrate preference. In April

and May when most of the larvae were less than five millimeters

there was a low order of preference for sands.

Tendipes "E"

Identification of this species in the counting procedure was

generally based on the presence of four abdominal gills, color, body

conformation, and a dark stripe that ran longitudinally along the

dorsum of the head capsule. In mounted specimens, mouth part

characteristics were used in addition to those described above (Fig-

ure 45). Very few individuals of this species were collected in the

field sampling program. During the beach transect (Figure 30), re-

latively large numbers were taken high on the beach in substrates of

rock and granular material.
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Figure 45. Photograph of head of Tendipes UEU.
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Average densities in experimental trays varied from 0. 5 to

50. 6 per sample, and average density in all substrate types ranged

from 2. 5 to 29.5 or approximately 25 to 300 per square foot. En the

beach transect made on June 15, the largest number in any one

sample of species '1E" was 24 per square foot; correspondingly, the

densest population in an artificial substrate in June was 17 per square

foot. At Bailey Hill the average for all samples indicated a prefer-

ence for No. 16 (Table XXIV).

In the artificial substrates retrieved in September, Tendipes

'1E" was most abundant at the North Shore station, and a preference

was shown for the larger sediment sizes but not exclusively No. 16.

They were abundant at Bailey Hill in No. 16. A few were taken at

Hanks Marsh and none at Housepit Beach (Figure 46).

If the incidence of the species in an artificial substrate is a

function of its density in the surrounding area, then species "Efl is

more abundant in the marsh areas than off rocky shorelines. This

tends to contradict an indicated preference for No. 16; however,

substrate type may play a more dominant role in the needs of the

larvae at rocky shores than it would in marsh areas. Or, a

material other than rock provides a habitat of this particle size in

the marsh.

From observation of length frequencies (Figure 47), it was

concluded that overwintering larvae of the species emerge in May to



Table XXIV. The Average Number of Tendipes "E" Per Substrate Type at Bailey Hill.

Date
Removed

Months
Incubation 150

Substrate Retained by Sieve Number
65 30 16 1/2 Mean

9- 5-65 1 0.3 0.7 0 4.0 0.7 1.1

11-28-65 3 2.0 3.0 18.7 161.3 68.0 50.6

4- 3-66 3 0.7 1.3 0 1.3 2.0 1.1

5- 4-66 1 0 0 0.3 4.3 1.0 1.1

6- 4-66 1 0 0 1.7 0.3 0.7 0.5

7- 7-66 1 0 0.3 0 1.7 0.3 0.5

7- 7-66 3 0 0.7 0.3 0.3 2.0 0.7

8-18-66 1 16.7 17.3 18.3 64.0 44.0 32.1

Mean 2.5 2.9 4.9 29.6 14.8 11.0
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Figure 46. Average number per sample of Tendipes 'E' on Septem-
ber 5 and 6 by type of substrate at Bailey Hill (BH),
North Shore (NS), Housepit Beach (HPB), and Hanks
Marsh (HM).
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early June. Other generations of adults must emerge continuously

during the warm weather. Density in the November 28 tray was 231

per sample, whereas in April it was four. Assuming there was no

emergence of adults, this low density in April suggests that the

species is inactive in the winter.

In all months except April, Tendipes "E" indicated a strong

substrate preference for the granular size, No. 16.

Ephemeroptera

Caenis sp. was observed in 2-3 percent of the field survey

samples with an average density of 4 per square foot. Caenis was

associated with marsh and beach substrates rather than the bottom

mud of the open lake.

In sediment trays retrieved from four stations in September

(Figure 48), Caenis was more abundant at Housepit Beach and Bailey

Hill than at North Shore and flanks Marsh. During this first test,

there was a suggestion of a preferred substrate at Housepit Beach.

In September when over 80 percent of those collected were two

millimeters or less in length, no relationship between size and

preferred substrate type was evident at the other stations.

In the eight experiments conducted at Bailey Hill, Caenis was

most abundant in substrates No. 16 and 1/2 (Table XXV). Seasonally,

they were most abundant during November.
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Figure 48. Average number per sample of Caenis sp. on September
5 and 6 by type of substrate at Bailey Hill (BH), North
Shore (NS), Housepit Beach (HPB), and Hanks Marsh
(HM).



Table XXV. The Average Number of Caenis sp. Per Substrate Type at Bailey Hill.

DateMonths
Removed Incubation 150

Substrate Retained by Sieve Number
65 30 16 1/2 Mean

9- 5-65 1 25.0 21.7 16.0 26.7 15.7 21.0

11-28-65 3 25.0 13.7 39.7 111.0 57.0 49.3

4- 3-66 3 0.7 1.7 1.3 6.7 2.7 2.6

5- 4-66 1 1.7 6.7 5.0 2Z.0 22.7 11.6

6- 4-66 1 1.3 1.3 1.7 10.7 55.0 14.0

7- 7-66 1. 0 0 0 0 4.7 0.9

7- 7-66 3 0.7 0 0 1.0 7.0 1. 7

8-18-66 1 0.3 0 0.7 0 0 0.2

Mean 6.8 5.6 8.0 22.3 20.6 12.7

(J
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Although no relationship between organism size and size of

preferred substrate was found by length frequency analyses of the

September experiment, such a relationship did become evident during

the period May to July as inferred from length frequency data illu-

strated in Figure 49. Newly recruited larvae of a length of about

two millimeters were first collected in September. By November

the size range had increased to two to four millimeters. Although

preferred substrate type could not be identified too well in the Sep-

tember collection, there seemed to be a preference for No. 16 in

November. Length frequency and substrate preference in April was

essentially the same as it had been in November.

During May length increased to three to six millimeters and a

preference of about equal proportions was indicated for both Types

16 and 1/2. In June and July, when Caenis emerge, lengths of six

and seven millimeters were most abundant, and a strong preference

for Type 1/2 was evident. During August too few individuals were

found to draw any conclusions about length frequency or substrate

preference. I concluded that there is a direct relationship between

preference for substrate particle size and size of individual for

Caenis sp.

Is opoda

During the field survey, Asellus tomalensis was rarely taken
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Figure 49. Length frequencies of Caenis sp. with relative densities
by type of substrate in 1965-66 at Bailey Hill.
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in Zones land II, but was common in Zone III with an average den-

sity of 148 per square foot. However, in Zone III it rarely occurred

in samples of the diatomaceous ooze. It was associated with marsh

and beach areas.

During the artificial substrate experiment, it was more abun-

dant in No. i/a than in the others. For this particular species, an

incubation of one month may have been too little time. During July

when trays were retrieved that had been incubated for both one and

three months, there were twice as many Asellus in the three-month

tray (Table XXVI). The largest number observed was in the three-

month tray retrieved on April 3. Length of incubation did not seem

to seriously affect substrate preference. In all cases where suffi-

cient numbers were sampled to obtain an index to substrate prefer-

ence, Asellus tomalensis indicated such a preference for No. i/a

(Figure 50).

Considering only the trays incubated for one month, seasonally,

Aseilus was most abundant in August, and the average length was also

greatest during this month. The main period of maturation and re-

production appeared to be in July and August. Almost all taken

during other months were juveniles.

Hi r udinia

Next to oligochaetes, leeches, Helobdella stagnalis and



Table XXVI. The Average Number of Asellus Tomalensis Per Substrate Type at Bailey Hill.

DateMonths
Removed Incubation 150

Substrate
65

Retained By Sieve Number

30 16 i/a Mean

9- 5-65 1. 0 0 0 0 0.3 0.1

11-28-65 3 0 0.,? 0.3 0.,? 1.7 0.7

4- 3-66 3 2.3 5.3 2.3 6.7 35.0 10.3

5- 4-66 1 0 0 0 0 0.3 0.1

6- 4-66 1. 0 0 0 1.0 6.3 1.5

7- 7-66 1 0 0.7 0 0 8.7 1.9

7- 7-66 3 4.0 1.7 6.3 3.7 23.3 7.8

8-18-66 1 3.7 0.7 0.7 2.3 10.7 3.6

Mean 1.2 1.1 1.2 1.8 10.8 3.2

-J
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Glossiphonia sp. are the most abundant invertebrates in the diatoma-

ceous ooze sediment. In dredge samples they were found in lesser

numbers as size of particulate matter increased as illustrated in

Figure 30. In the September artificial substrate experiment, leeches

were more abundant in trays positioned at marshes than in those

near rocky shorelines. In the experimental trays near the marshes,

both Helobdella and Glossiphonia indicated a preference for substrate

Numbers 150, 16, and 1/2 over 65 and 30.

A comparison of the numbers of Tendipes "A" and Glypto-

tendipes "B" to total number of leeches and substrate type at Hanks

Marsh and North Shore is made in Figures 51 and 52. An approxi-

mately inverse relationship exists. The greater the number of

leeches, the relatively fewer numbers of midge larvae. Since leech-

es of these genera have been demonstrated to be predaceous on

midge larvae (Hilsenhoff, 1963), the above observation is a reason-

able expectation. During this study Helobdella, Glossiphonia, and

Dma sp. were observed to prey on midges, and Helobdella were also

observed to prey on wounded amphipods and isopods under artificial

conditions.

Predation by leeches undoubtedly influenced the substrate pre-

ference experiment. This influence was probably greatest at Hanks

Marsh and North Shore, because leeches were abundant at these two

stations. Leeches were less numerous at Bailey Hill; consequently,
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they may have had little influence on apparent substrate preferences

at this station. Predation by leeches would be at its greatest in the

diatomaceous ooze, because this is the preferred substrate of Helob-.

della and Glossophonia, and therefore give a possible explanation of

the sparsity of midges over much of the bottom of the lake.
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DISCUSSION

Evaluation of Artificial Substrate Experiment

Distributions and abundances of species are often thought of as

the manner that members of populations are distributed over the face

of the earth, thus in the case of benthos, the system in which they

are distributed over the bottom of an aquatic environment. How-

ever, as with other environments, the benthic one is three dimen-

sional with organisms living on, under, and over a plane repre sent-

ing the substrate-water interface. Such spatial arrangement is

sometimes described with the term "pattern of distribution.

Hutchinson (1953) defined pattern as follows: "The structure which

results from distributions of organisms in, or from, their environ-

ment, will be called pattern." If one accepts this definition, then

one accepts the fact that there are reasons for the way organisms

are distributed with chance usually playing a minor role among the

many influences.

Gause's (1934) general principle that no two kinds of organisms

occupy the same niche is fundamental to pattern. Correlative to

Gause's principle is the thought that a basic characteristic exhibited

by an animal is that of seeking a special place in which to live

(Andrewartha and Birch, 1954; Macan, 1961). The seeking of a

special place to live implies that pattern is at least partly the result
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of the instinctive behavior of an organism as it responds to its en-

vironment.

In some instances, a particular feature of the environment

appears to be dominant in its influence over other features. Cons e-

quently, by simultaneous observation of traits of distribution and

abundance and corresponding environmental influences, relationships

are evident that lend themselves to prediction of what kind, where,

and how many organisms will occur under similar circumstances at

another location or time. In the case of the amphipod, Corophiurn

volulator, sand with a particle size of about 0. 18 mm is a preferred

type of substrate. This species was observed to select this particle

size over other sizes in the laboratory (Meadows, 1964). Field

studies, made some years before the laboratory experiments, mdi-

cated that this species lives in a sand of this selected type in tidal

flats (Watkins, 1941). Similar situations of substrate preference

were found for the amphipod, Pontiporeia affinis, by Martzolf (1963).

Substrate type may be a dominant influence, but it must be kept

in mind that there are many such influences. A variety of these is

illustrated in a study done by Stuart (1941) who found ten species of

chironomids in seashore pools with graduated salinities from fresh

to greater than seawater. Each pool in the series had a different

dominant species, and there was also variability in distribution

within a pool among the two or three species present. In a case
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where three species resided in a single pool, one burrowed into the

bottom, one lived on the surface of the bottom, and one was found high

on the rocky sides of the pooi. Certain morphological and behavioral

characteristics in addition to salinity were associated with the ob-

served distributions.

The reason an organism lives in one substrate in greater num-

bers than in an adjacent, but slightly different one, is not likely to be

fully answered by field studies. But the implication that some sub-

strates are discriminately preferred by a species is observable- -

thus the term, substrate preference. What seems to be substrate

preference may come about by at least two routes. In their dispersal

movements, invertebrates come in contact with a variety of substrate

types of which certain ones offer the organism a chance of biological

success; consequently, when the organism comes in contact with this

substrate, providing other requirements are met, its inherent drive

for dispersal is satiated and it remains.

Organisms may in some cases disperse and settle on substrates

at random. Those organisms that happen on suitable habitat survive

for a relatively longer period of time than their less fortunate co-

horts; moreover, only survivors are counted by biologists who cannot

arbitrarily distinguish between those present by chance or "choice."

It seems reasonable that selection of environmental features im-

portant to survival of the species is the rule rather than the
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exception. Type and size of sediment particles are often dominant

environmental characteristics relative to biological success, thus

form a preferred substrate.

A premise for the use of artificial substrate techniques is that

transient macroinvertebrates will take up residence in such samp-

lers. The possibility that the type of substrate offered has an effect

on the kind of invertebrate it collects has been a consideration from

their inception. In a study of the movements of invertebrate fauna

over the substratum, Moon (1940) utilized a wire tray covered with

samples of the natural bottom materials. He apparently considered

type of substrate important to the colonizing invertebrates. Wene

and Wickliff (1940) used artificial substrate samplers to investigate

the relationship between modifications to the bottom of a stream and

the insect fauna. In one instance, a basket of rubble placed on the

sand bottom of a pool yielded large numbers of Tricoptera, Plecop-.

tera, Ephemeroptera, and Coleoptera where the fauna of the natural

sand bottom was almost entirely Tendipedidae (Diptera). The im-

portance of the relationship between kind of substrate and insect

species was indicated by this experiment. In most cases, artificial

substrate samplers are designed to acquire a maximum number of

species as much as to maximize total biomass. This type of samp-

ler is exemplified by the rock-filled baskets of Hensen (1965) and

Anderson and Mason (1966) and the brush box" of Scott (1958).
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Because of the assumption that type of substrate is an import-

ant environmental feature that attracts and/or retains some transient

macroinvertebrates, artificial substrate samplers were constructed

for the Klamath Lake experiment to take a further step and offer to

these animals a choice of a range of particle sizes. Consequently,

some of the more abundant macroinvertebrates made a choice; that

is, they selected from the five substrate types a preferred substrate

in which to live. For a few species, preferred substrates were not

discernible. In all probability, a preferred substrate was not made

available to many of the species observed to be present.

A species of the genus Cricotopus found at densities of less

than one per sample in many of the trays may represent a case where

a proper substrate was not made available. Individuals of this

species were taken in all substrate types but with no conclusive pre-

ference. While picking benthos for identification and counting, it was

often found among the twigs of the rough cases of limnephilid caddis-

flies. Whether it had occupied this place on the caddisfly case before

sampling is unknown. Because of the chaetae on the sides of the lar-

vae, they could have become entangled with caddis cases after pre-

servation. Many were free of attachment in preserved samples.

Perhaps for this species of Cricotopus a preferred artificial sub-

strate would have been caddisfly cases constructed of leaves and

twigs.
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Harnischia '1D" may have preferred another substrate type

over what was available, for an obvious preference was not evident.

However, this non-tube-dwelling species was relatively abundant in

the artificial substrates but quite scarce in in situ samples. In this

case interspecific relationships or predation may have played a

greater role than substrate type. Also, simply the availability of new

and unoccupied territory may have been a factor in its greater abun-

dances in the trays. These speculative thoughts are substantiated

somewhat by the observation that it was less abundant in trays incu-

bated for three months than in those incubated one month.

As described earlier, type of substrate did seem to be a domi-

nant influence on choice of residence for several species that are

normally abundant in the lake. Tendipes 'A", Procladius "C", and

Helobdella stangnalis indicated a preference for the fine substrate,

No. 150. However, they also indicated a secondary preference for

No. 1/2 which was composed of particles greater than i/a inch in

size. No. i./z probably afforded the opportunities of two different

substrate types.

Sediment of a particle size near that of No. 150 was continually

resuspended in the lake. Upon resettling, much of this sediment was

trapped in the interstices of No. i/a, thus these interstices took on

substrate characteristics similar to 150. Species which indicated a

preference for No. 150 and i/a may have been actually indicating a
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preference for only 150. Many interstices of No. 1/2 remained un-

filled with fines which did allow for a retention of its original charac-

teristics, but the filling in of some of the interstices would also

necessarily give this substrate an individual character different

from either 150 or i/Z.

Very little fine material was collected in the interstices of No.

16, 30, and 65. At the depths at which trays were submerged (2-4

feet), current may have periodically been strong enough to cleanse

these substrates, but not so strong as to wash them from their con-

tainers. An interchange of sedimentary material may have occurred

between the upper part of what was originally in the container and the

water column in much the same manner as that between the natural

bottom and the water. Substrates other than i/z and 16 were washed

from their containers in trays set out at North Shore during winter and

spring storms. A tray placed on the mud bottom in seven feet of

water was completely inundated by diatomaceous ooze in less than

five days. Thus, there was a limit to where trays could be placed.

Depth was discovered to be a significant factor in what species

colonized artificial substrates. Hyalella azteca, an amphipod that is

abundant along the shoreline, was rarely taken in the trays although

individuals were observed to frequent similar substrates along the

shore. The snail, Parapholyx effusa, was collected on cobbles in

water less than one foot deep but was rarely taken in trays. The
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same situation existed for the caddis fly Mystacides. Other caddis-

fly larvae were collected in the artificial substrates, although no

substrate preference was evident.

Nearness to the natural aggregations of a species seemed to

affect what was collected in trays. Trays near rocky shorelines

collected an abundance of those species associated with this kind of

habitat while few of these species were taken in trays near marshes.

Predation by leeches may have significantly lowered the num-

bers of midge larvae in substrates and locations where leeches were

abundant. Leeches were most abundant at marsh stations and in 150

and 1/2 substrate types. Tube-dwelling midges in all substrate

types were less numerous off marshes and they were further reduced

in density in substrates 150 and 1/2.

Cottus klamathensis living in trays among substrate containers

were found to be full of midge larvae; however, species composi-

tions were found to be proportionally representative of those in the

sediments. As predators they were considered to be nonspecific in

their food habits except in the sense that larger fish consumed larger

food organisms. Since leeches of the family Glossiphoniidae mdi-

cated a preference for a particular substrate type, their presence

tended to bias the observed substrate preference of their prey- -in

this study the indicated preference for No. 150 of Tendipes hAt1.

In addition to the problems discussed above, some organisms
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were undoubtedly lost during retrieval of a tray from the bottom;

however, losses were thought to be minimal. Trays were brought to

the surface slowly in a horizontal position and lifted into the boat.

Such animals as small cottids and dragon fly larvae were often

caught on top of substrates. Because these animals usually avoid

capture if possible, one could assume that less wary (or more ses-

sile) animals did not avoid capture.

Generally the results of the substrate tray experiment were

as expected. By making available to invertebrates a variety of sub-

strate types similar in composition to those likely to be found in

their native habitat, determination of the substrate preferences

could be made, within the confines of substrates that were available,

for some of the more abundant species in the lake. Substrate pre-

ferences in the trays corresponded to substrate-species relation-

ships observed in the field survey.

The inclusion of five substrate types in the experiment en-

hanced the information available over the more common use of a

single substrate. For example, the observation that different size

groups in a species show preferences for distinct particle sizes and

substrate type and predator -prey substrate preference relationships

will greatly affect the yield of a sampler.
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Summary and Conclusions

After a comprehensive survey of literature on eutrophication,

Stewart and Rohlich (1967) give credit to Nauman for the original

publication linking eutrophic conditions in lakes to enrichment with

nutrients, especially nitrogen and phosphorus. Miller and Tash

(1967) report that inorganic nutrients in Upper Klamath Lake meet

or exceed the amounts needed to support nuisance blooms of algae.

Other characteristics of the lake associated with eutrophy are as

follows: (1) a depth less than 10 meters (Rawson, 1955); (2) a

Tendipes plumosus type of midge larva as a dominant insect

(Brundin, 1958); (3) large standing crops of flora and fauna and

shallow penetration of light (Rawson, 1960); (4) bottom sediments

rich in nutrients (Hansen, 1962); (5) the presence of Anacystis flos-

acjua (Rawson, 1965). Upper Klamath Lake is a eutrophic lake by

all bases for ascertaining trophic conditions.

Major sources of nutrients for the lake are Williamson and

Wood Rivers, springs, and agricultural drainage. The amount of

inorganic nutrients flowing from the lake is about the same as that

coming in except for iron and nitrogen which show a net annual loss

of 304 and 1860 tons respectively (Miller and Tash, 1967). The

greatest outflow of nutrients from the lake is by way of Link River

and ?iAti Canal in the form of seston. Composition of the seston,
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season, and wind conditions on the lake influence the amount of

matter leaving as outflow, but it may amount to more than 1 00 tons

per day dry weight in August.

Species and abundance of algae and planktonic crustaceans dif-

fer seasonally. Flow, depth, and wind determine the proportion of

resuspended sediments in the seston. During periods of prolonged

high winds in autumn and early winter when the lake is shallowest,

large amounts of bottom sediments are suspended and flow from the

lake. Because the top one inch of bottom sediment contains as

much nitrogen and phosphorus (70, 000 and 31, 000 tons, respective-

ly) as would flow into the lake over a period of 60 years (Miller and

Tash, 1967), removal of sediment may cause a net loss of nutrients.

However, on the average of a balanced condition of loss and gain of

nutrients may prevail.

A key feature of nutrient availability to both phytoplankton and

zooplankton is the almost daily resuspension of bottom materials in

an aerobic environment. Because common nutrient materials appear

to be present in excess of immediate needs, regeneration and re-

cycling of nutrients is accomplished simultaneously by all members

of the biological community, especially during times of optimum

temperature and insolation. The more common inorganic nutrients

are probably never in limiting supply under these conditions as

exemplified by continuously large standing crops of phytoplankton
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and zooplankton. This condition is a radical departure from the

more classical description of the fate of nutrients (Valentyne, 196Z)

involving time lapses in the cycling of nutrient matter between phyto-

plankton, zooplankton, detritus, bottom muds, benthos, and periodic

'overturns" of the lake water.

Blooms of bluegreen algae begin in April and May, reach their

greatest concentration in August, and then decline during September

and October. Aphanizomenon comprises over 90 percent of algal

biomass except in infrequently-occurring patches of almost pure

Anacystis. Such patches of Anacystis were only a few yards in dia-

meter and were observed near shore only in Zone III.

Ambient water temperature and seasonal change in tempera-

ture are probably the controlling factors in the initiation and decline

of blooms of Aphanizomenon flos-aquae, It appears as a dominant

algal species in April and May at temperatures above 50°F and is

in bloom at temperatures of 60°F. Blooms are sustained until

temperature begins to decline in September, and it is essentially

gone from the lake in autumn at temperatures below 50°F. Water

temperature above 60°F appears to be essential to blooms, and

temperatures of 68°F or more are conducive to nuisance levels of

Aphanizomenon in Upper Kiamath Lake. The earliness in spring

that water temperatures reach and surpass 50°F may influence the

severity of nuisance blooms in July and August.
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During massive blooms of algae in July and August large

masses of Aphanizomenon accumulate along Eagle Ridge and in other

locations. These places are thought to trap Aphanizomenon that is

transported there in wind-driven masses of water in addition to what

is there from natural production. Ordinarily very little planktonic

algae was found in marshes or near Rocky Point except when trans-

ported there by southerly winds; consequently, these parts of the

lake are affected only for short periods of time by blooms of

Aphanizomenon. Howard and Shoalwater Bays, on the other hand,

undergo periods of anaerobiasis attributable to decay of accurnula-

tions of algae. In the total environment of the lake these bays and

the area along the north shore to Rocky Point probably represent

the most diverse habitats from the standpoint of water quality.

Wind has very noticeable effects on Aphanizomenon. On a

windless day it may accumulate in a mat a few inches thick at the

surface. If it is very abundant it may accumulate in clumps about

the size of golf balls or with a brisk breeze it may form windrows.

At these times algae is so thick it markedly impedes the progress

of a motor boat. If the wind is calm for a few days, algae that ac-

cumulates near the surface loses its bright green color becoming

yellow green to pale yellow. Algal cells may disintegrate and leave

heavy deposits of blue phycobilin pigments on nearby rocks and

beaches.
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Conversely, on windy days, algae is mixed in the water column

and accumulates at the surface.

Values of pH in the lake range from near 7 in the winter to at

least 10 in summer. Inside marshes, pH usually remain at 6. 5 to

7. 4. These differences are attributable in some measure to blooms

of algae. During blooms of Aphanizomenon pH is usually 9.5 to 10.0.

The higher values were observed near the surface on calm days.

Thus, based on bicarbonate-carbonate relationships, carbon was

probably a limiting nutrient at these times.

In addition to temperature, wind is considered to be one of the

most important factors stimulating blooms of Aphanizomenon.

Nutrients are known to be present in excessive amounts in the en-

vironment, but wind-induced mixing of the water and bottom sedi-

ments is probably required to make these nutrients available for

use. Otherwise stratification of algae occurs and creates a surface

habitat depleted of nutrients. In addition to nutrient depletion,

stratification has other effects detrimental to algal growth. The

heavy layer of algae near the surface absorbs all sunlight at inten-

sities inhibitory to photosynthesis, effectively shading algae at

greater depths. Algal accumulations near the surface could pos-

sibly accrue heat to a lethal level, but no measurements were made

that support this speculation. Algae in a mixed column of water

receive a range of light intensity for varying lengths of time, and
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are in more optimum conditions for photosynthesis than those in

layered situations.

No evidence was found that crustaceans, insects, or fish eat

living Aphanizomenon. The blue-greens such as Anacystis,Anabaena,

and Oscillatoria were found in the stomachs of examples of all those

animals listed. Because animals do not eat it, the rapid destruction

and initial decomposition of Aphanizomenon may therefore depend on

physical-chemical forces in addition to bacteria, but not on mastica-

tion and digestion by higher animals. Detritus resulting from the

death of Aphanizomenon rather than the intact cells may support the

abundant populations of Cladocera, Copepoda, and midges. Intes-

tines of non-predatory benthos were found to contain an assortment

of detritus and diatoms but nothing that could be recognized as

Aphanizomenon. One may speculate that regeneration of dissolved

nutrients to the environment is accelerated by the immediate rup-

turing and bacterial decomposition of Aphanizomenon cells as

opposed to their being eaten and digested by animals.

The detrital portion of the seston was composed in part of bits

and pieces of various plants and animals, but most of it was an al-

most amorphous mass of a material that in part was very similar in

appearance to fecal pellets of worms. The amorphous detritus

probably originates both from material decomposing in the water and

on the bottom although its exact origin was indeterminate. It is
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was sparse but copepods were abundant in Zone III near North Shore

where there was little algae or detritus. Consequently, the source

of detritus may be more important to Daphnia than to copepods.

However, there were other noticeable differences in this area, i. e.,

greater pentration of light, lower pH, and less turbulence.

Zooplankton is abundant throughout the ice-free portion of the

year in all areas of the lake. It is the primary source of food for

young-of-the-year of all species of fish and for chubs to adult size.

Adult game fish feed mainly on benthos and other fish. Of the

benthos, midge larvae and pupae were eaten most frequently, per-

haps because they are most abundant. Trout consume many leeches,

Eropdelidae, and fish, Cottus, which also feed on midges. Yellow

perch seem to be more piscivorous than trout, and they also rely

more on snails, amphipods, and insect larvae other than midges.

Although conditions in the lake are such from about November

to May that trout and other game fish are distributed over the entire

lake, the onset of warm water (600 F), blooms of Aphanizomenon,

and high pH (9. 0-10.0) seemingly bring about a redistribution of

fish. At least during the period July-September, trout, yellow

perch, and bullheads are found in abundance only in Zone III. An

occasional fish may be taken near Hanks Marsh.

During summer, trout inhabit a portion of Zone III from
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Williamson River and along the north and west shore marshes.

They are rarely caught in any other location. Ecological conditions

in this part of the lake are more variable than at other locations.

During periods of southerly winds Zone LII has much the same water

quality characteristics as the rest of the lake with warm tempera-

tures (69°-74°F), massive blooms of Aphanizomenon, pH from

9-10, and oxygen values that fluctuate from 5-17 mg/i. These

conditions are generally considered poor for trout, but anglers con-

tinue to fish and catch fish under these circumstances. The amounts

of algae, the pH, and D. 0. are different in the north part of Zone III

as compared to other parts of the lake although temperatures re-

main essentially the same.

Under the influence of northerly winds, water in the northern

section of Zone III clears of much of the Aphanizomenon. Dissolved

oxygen and pH become lower but more stable, and light penetration

is greater. On the average, the extinction coefficient (K) was about

half as great at North Shore (1. 70) as it was off Hanks Marsh (3.Z7)

in Zone III. In fact, the bottom is often visible at depths of 5 and 6

feet. Thus, this part of the lake is relatively free of Aphanizomenon

and some of the water quality conditions caused by Aphanizomenon

for periods of time. Direct benefits to trout of differences in habitat

between this part of Zone III and other zones was not determined;

however, we can speculate that increased amounts of light in the
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water column may be particularly significant. Trout in Klamath

Lake appear to be sight feeders on benthic invertebrates and small

fish, especially cottids, so that increased amounts of light near the

bottom should enhance their feeding ability.

During the summer, Zone III appeared to offer more feeding

opportunity to trout than did other zones because of greater light

penetration and greater variety and abundance of food organisms.

This greater variety and abundance of benthos in Zone III may result

in part from a more stable type of substrate in the open water area.

Worms, leeches, and midge larvae were the only types of in-

vertebrates abundant in the diatomaceous ooze. Among the zones

having this bottom type, midges were most abundant in Zone III. In

the artificial substrate samplers Tendipes Att, which was associ-

ated with finer sediments, was more abundant in Zone III than in

Zone I. Glyptotendipes "B", associated with gravel beaches, was

also more abundant in Zone III. No evidence was found that worms

and leeches of the family Glossophonidae are important in the diets

of fish. Consequently, the potential supply of fish food was assumed

to be greatest during summer in Zone III.

There is a greater proportion of stable habitat that supports a

variety of benthic species in Zone III than in other zones, because of

the amount of inflowing water and the relative lack of wind disturb-

ance off North Shore and Pelican Bay. Only southerly winds, which
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accompany storms, create enough wind turbulence to resuspend

bottom muds in the northern part of Zone III. These winds occur

most frequently in the winter.

Although sediments of most of the bottom of the lake are of the

type determined to be preferred by Tendipes "A", it is not the domi-

nant species. This may be due in part to predation by leeches, and

others but is more probably the result of substrate instability. Be-

cause Tendipes "A" is a tube-builder with sedentary larva and pupa,

it would be at a disadvantage living in sediments that undergo period-

ic shifting from one location to another. This could result in ex-

posure or burying, either of which would be a catastrophe of some

magnitude. Indications of such disruptions of benthos were seen in

the large numbers of benthic organisms collected in the sediment-

flux experiment. Contrarily, worms and leeches which move freely

throughout the soft bottom mud may not be seriously disrupted by a

physically unstable substra.te. Nearly 100 percent of the lake has

this unstable substratum.

MacArthur and Connell (1966) noted that major fluctuations in

the environment are often countered by shifts in location or decline

in population number. Resuspension of the bottom sediments is

certainly a major influence on the distribution and abundance of ben-

thic macroinvertebrates and in turn restricting the distribution of

fish that depend on these invertebrates as a primary source of food.
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Identification of Problems in Need of Stud

Certain identifiable characteristics of the ecosystem have a

major impact on the ecology of the open water area of the lake.

Among these are the prevailing northerly winds, and predominance

of clear days. These features, combined with shallow depth and a

long fetch, enhance warming of the lake early in the spring to

temperatures that remain above 68°F during summer. Such a

seasonal pattern of temperature coupled with an abundance of nutri-

ents made available by almost daily resuspension of the bottom sedi-

ments, and water turbulence per se, provides conditions appropriate

for a nearly unialgal bloom of Aphanizomenon flos-aquae. It in turn

influences the quality of the water, and through its products of de-

composition supports a massive biomass of Cladocera, Oligochaeta,

and Cyprinidae. Because animals do not seem to feed directly on

Aphanizomenon, information needs to be sought that will further de-

fine food chain relationships.

A uniqueness of the lake is the oligochaete-leech community

inhabiting the diatomaceous ooze bottom. Apparently the instability

of the ooze severely limits the community to a few species. Research

needs to be carried out on the interspecific relationships, the adapta-

bility of the species to a physically unstable substrate, and their role

in regeneration of nutrients to the overlying mass of water.
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During heavy algae blooms, lake water may retain pH values

between 9 and 10 for a relatively long time. Historically these high

pH values have been generally considered to be lethal or at least

inimical to the welfare of trout (McKee and Wolf, 1963), but rainbow

trout live, grow, and are caught by angling under these conditions in

Upper Klamath and Agency Lakes. Trout in the lake may have

adaptations that allow them to acclimatize to high pH. These

potential adaptations need to be investigated to determine if they are

racial in nature and thereby have intrinsic value in the management

of trout fishing in eutrophic and alkaline lakes.

No attempt was made during this study to assess the ecological

significance of marsh areas to the ecology of the lake. In addition

to diatomaceous ooze and sand and gravel beaches, marshes repre-

sent a third major type of habitat. Because game fish are in abun-

dance in vicinity of marshes during the summer when water quality

conditions in the lake are marginal, there is a good chance that

these marshes are necessary for the continued well-being of these

fishes. Consequently, reclamation of marshes for agricultural use

may eventually destroy the sport fishery. Relationships among

marshes, game fish, and the water quality of the lake should be

inve stigated.
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APPENDIX A. Temperatures in Degrees Fahrenheit at Standard Sampling Stations during July and August., 1966, Upper Kiamath Lake.

Depth Date

Ft. 7/6 7/12 7/15 7/19 7/21 7/27 8/4 8/9 8/12 8/17 8/20 8/24 8/31

HOUSPIT BEACH (HPB)

S 64. 8 67. 1 68. 0 66. 5 72. 0 69. 0 70. 2 68. 0 69. 2 72. 2 73. 2 69. 2 65. 5

2 64.0 67. 1 67. 5 65. 5 70.2 67. 8 70.2 68.0 69.0 72.0 72. 8 68. 5 66. 2

4 64.0 65.0 64.0 65.0 69. 8 67. 0 69. 8 68.0 68. 5 71. 8 72. 5 68. 5 65. 5

6 63. 9 64.0 62. 5 64. 5 68. 5 66.0 69. 5 68.0 68. 2 71. 5 72.0 68. 2 65.0

8 63. 9 64. 1 62.0 64. 1 68.2 66.0 69.2 68.0 68.0 71. 5 72.0 68.0 65.0
69. 2

10 64.0 64.2 64.0 65.5

12 64.0 66.0

CENTER - ZONE I

S 64. 5 67.2 72.2 68.0 70.0 68. 2 69.0 71. 0 73. 5 69. 2 66. 8

2 64. 5 67.0 71.0 67.2 69.9 68.0 69.0 70. 5 73.2 68. 8 65. 5

4 65.0 66.0 71.0 66.0 69. 5 67. 5 68. 5 69. 8 72. 5 68. 5 66. 2

6 63.0 66.0 69.0 65. 8 69.0 65. 0 68. 2 69. 5 72. 2 68. 2 64. 5

69. 2

8 63. 0 63. 0 68. S 65. 5 69. 0 65. 0 68.0 71. 5 67. 5 64. 0

63.2 68.2 71.2 67. 2 64.0

10 65.5

12



APPENDIX A. (continued)

Depth Date

Ft. 7/6 7/12 7/15 7/21 7/28 8/11 8/12 8/19 8/21 8/23

CENTER - ZONE III

S 62. 0 63. 2 72. 0 70. 2 69. 0 74. 2 73. 5 69. 5

2 62. 5 63.0 69. 0 70.0 68. 5 73. 8 73. 2 69. 5

4 62.0 61.5 67.5 69.0 67.0 72.0 72.8 69.2

6 62. 0 61.0 65. 5 68. 5 66. 8 71. 5 72. 5 68. 2

8 61. 5 60.0 68. 2 66. 5 72. 2 68. 0

72.0 68.0

10 60.0 59.8 68.0

60.0

12

NORTh SHORE (N. S.)

S 60.0 61.8 72.0 68. 5 67.0 73.2 72.2 69. 5

2 60. 5 61. 5 71.0 68.2 67.0 72. 5 72.0 69. 8

4 59. 5 61. 0 69. 8 68. 0 66. 5 72. 2 72. 0 69. 5

6 59. 0 59. 0 69. 2 67. 0 66. 2 70. 0 71. 8 69. 2

69.0 69.8 71.5

8 59.0 67.0 66.0 68.5

67.0 66.0

10

12
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Appendix B. Observations of Net-Seston in Inches, Secchi Disc in
Inches, and Calculated Extinction Coefficients (K) in
Upper Kiamath Lake During 1965.

Zone Date Time Net-Seston
Secchi
Disc K

I 3/21 1220 - 27 2.40
I 3/21 1415 - 25 2.79
I 3/21 1500 - 26 2.56

II 3/22 1300 - 22 2.96
II 3/22 1200 - 2.89
II 3/22 1110 - 22 2.55

III 3/23 1000 - 21.5 3.29
III 3/23 1400 - 20.5 2.27
III 3/23 1430 - - 2.17

I 6/28 1020 1.5 39 2.29
I 6/18 1030 1.75 42 2.54
I 6/28 1100 1.25 62 1.86

II 6/28 1245 1.25 48 2.10
II 6/28 1210 1.25 59 1.78
II 6/28 1150 2 44 2.51

III 6/28 1325 1.25 53 1.98
III 6/28 1350 2 43.5 2.61
III 6/28 1415 0.5 53 1.59

I 7/19 1100 2.25 - 2.31
I 7/19 0900 2.25 - 3.19

II 7/20 1030 0.5 - 2.66
III 7/21 1125 4 - 3.96
III 7/22 1100 T - 1.41
III 7/22 1235 0.63 - 1.51

I 7/23 1200 3.13 - 2.63
I 7/23 1000 1.13 - 2.50
I 7/24 1200 1.5 - 3.02

II 7/24 1200 0.25 - 1.75
III 7/25 1030 1.25 - 2.84

I 7/26 1045 5.63 - 7.66
III 7/27 1400 0.88 - 2.06
III 7/27 1135 T - 1.32

I 7/28 1045 1 - 2.50
I 7/28 0845 1.88 - 2.79

II 7/29 0930 2 - 2.90
II 7/29 1030 1.75 - 3.03

III 7/30 0900 7 - 7.22
Continued
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Appendix B. Continued.

Zone Date Time Net-Seston
Secchi
Disc K

III 7/30 1000 1.5 2.14
III 8/01 1440 T - 1. 70

III 8/03 0800 2.38 4.90
III 8/03 1200 2.75 - 3.07

I 8/04 0830 1.75 - 3.02
I 8/04 0930 3.25 - 4.01

II 8/05 0845 2.13 - 3.02
II 8/05 1150 1.25 - 2.33

III 8/16 0900 4.25 - 5.03
III 8/16 1130 0.63 - 2.48
II 8/13 1100 6.13 7.85

III 8/13 0900 4.75 - 6.40
II 9/02 1030 4.75 3.87
II 9/02 1230 8.5 - 8.32

III 9/03 1130 1.5 - 2.88
III 9/03 1030 5 - 5.14

I 9/08 0830 2.5 - 3.88
I 9/08 1000 10.13 - 11.56

II 9/09 0830 3.5 2.52
III 9/10 1030 4.87 2.79
III 9/10 0340 3.5 4.39

I 9/11 1030 7.38 6.91
I 9/11 1200 8.75 - 6.31

III 9/14 1330 8.5 10.95
III 9/14 1230 1.5 - 4.16
II 9/29 1130 T 3.39

III 9/29 1100 10.25 4.30
III 9/30 1130 T - 2.23




