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FISH MANAGEMENT PROBLEMS OF LAKE OF THE WOODS, OREGON

INTRODUCTION

A. Introductory Statement

The study of factors adversely affecting the game

fishery in Lake of the Woods was carried on in the spring

and summer of 1947 as part of an Oregon State Game Commis-

sion prorall directed toward ?roper management of the

species of fish present in the lake. Investigations

carried on previous to 1947 by the Oregon State Game Com-

mission have indicated that an extremely complex trash fish

problem exists in the lake. This, coupled with low fish

food production in the lake, was considered by the investi-

gators to be one of the primary factors in the decline of

the local sports fishery (Smith and Holloway, 19)46). It is

important that sports fishing be kept at its maximum level

in this body of water, as it ranks as one of the favorite

recreational areas in southern Oregon, and, as persons

interested in the lake have expressed a preference for

salmonids in correspondence and conversation with repre-

sentatives of the Oregon State Game Commission, the studies

and control operations have been pointed toward the in-

crease of trout.

A review of the previous studies will be given in
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this paper, but emphasis will be on the work done in 1947.

Separate treatment will be accorded the control and biology

of each fish species or group of species, and other major

phases will be considered under separate headings. A trash

fish problem which exists at nearby Fish Lake, Jackson

County, will be touched upon in the section on the Klamath

roach as a parallel problem from which conclusions may be

drawn.

B. Recreational Importance of Lake of the Woods

Lake of the Woods, a part of the Klamath drainage

basin, is situated in Klamath County, Oregon, at an eleva.

tion of 4,960 feet near the southern foot of Mt. McLoughlin.

Its setting is one of great attractiveness, with forest

growing to the water's edge and hills rolling back from the

shores on three sides. The location is such that it draws

summer residents and visitors from three major southern

0re6on cities as well as northern California. The lake may

be reached by gravel-surfaced roads from Klamath Falls,

Ashland or Medford in little over an hour's time.

The beauty of the lake, its nearness to the cities,

and the angling possibilities led to the designation of the

lake as a United States Forest Service recreational area.

A resort company is in operation there from early spring to

late fall and approximately 200 summer homes have been



3

built. In addition, four camps are operated during the

summer by religious groups, girl and boy scouts and others.
Three forest camps and one picnic area are provided by the
United States Forest Service, which maintains a ranger
station on the west side of the lake.

C. Fisheries Problems

Letters to the Oregon State Game Commission from

persons who have been acquainted with angling conditions at

Lake of the Woods and interviews with such persons have

presented a picture of declining angling success. In the
past, fair fishing was enjoyed by the many anglers among

the thousands of summer visitors, but in later years an-
gling success has apparently declined because of several
interacting problems. Fishing pressure has remained moder-

ately heavy in spite of the poor reputation which is be-
ginning to be applied to the fishing at the lake.

A description of the lake is necessary to an under-

standing of the problems which exist there. The physical

features will be considered first. The long axis of the
lake lies almost directly north and south. Water off the

west shore deepens rapidly, while at the east side there
are a series of shallow coves, the largest of which is
called "Rainbow Bay." At the east shore of Rainbow Bay,

and at the north and south ends of the lake are several
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acres of marshy ground which are usually inundated during

the spring months.

The only continuous inlet in Rainbow Creek, a spring-

fed stream which enters at the extreme southern end.

Billie Creek, at the northwest end, usually dries up for a

month in late summer, and Dry Creek, on the northwest side,

flows only at the time of melting snows. Snow water is

doubtless the main source of water here, but subterranean

springs and seepage probably play a part in maintaining the

lake level.

A slough at the north end of the lake serves as an

outlet during periods of high water, but in most years it

serves the purpose of a seepage basin. Overflow water from

the lake spreads out over an extensive meadow at the north

end of the slough and sinks through the soil into the

porous rock which underlies the alluvial layer. On the

lake's east shore, near the resort, there are a few sumps

in the rock through which water flows during moderately

high water. Some of these have been filled in. Several

years agb a large sump opened in the lake floor in this

area and threatened to lower the water level 1.6 feet. This

was filled in by the United States Forest Service and co-

operating homeowners.

Lake of the Woods is nearly three miles long and is

a mile wide at Rainbow Bay. According to Oregon State Game
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Commission data gathered in 1941 by a lake survey unit

(Smith and Holloway, 1946) the total surface acreage is

1,055 and the maximum depth is 55 feet, average depth being

35 feet. Total acre-feet is 36,925. It was calculated

that 933 acres of the bottom area are less than 50 feet in

depth.

The highest summer surface temperature recorded by

the Oregon State Game Commission was 72° F. (Smith and

Holloway, 1946). Surface pH was found to be neutral in

June of 1941, and the content of carbonates, bicarbonates,

and hydroxides was found to be low. These chemical factors

are not generally considered to be favorable to good pro-

duction of food organisms for fishes (Needham, 1940) and

bottom samples in 1941 and 1946 indicated that food pro.

duction was very low.

It is probable that species of fish native to the

lake include the Klamath roach, Siphateles bicolor bicolor

(Girard); the rainbow trout, Salmo gairdnerii Richardson;

and one or more species of suckers, Chasmistes sp. Catosto-

mus sp. This statement is based largely on conversations

with persons who were acquainted with the lake in early

days, and on correspondence and records of interviews from

the Oregon State Game Commission files. These persons

spoke of rainbows, chubs, and suckers being present before

any artificial plants had been made. Some of the corre-
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spondents expressed the belief that only roach or suckers

were present in the early days, but Mr. E. O. Plants of

Klamath Falls, who entered the area with his father about

60 years ago, told of makins catches of trout in Rainbow

Creek at that time.
Plants of rainbow trout were made by private indi.

viduals about 1915. Mr. M. Peek of Central Point, Oregon,

told an Oregon State Game Commission agent that fish were

obtained at "some hatchery" in 1916. Mr. Peck had built a

boat concession at the lake in 1916. He also remarked that

silvers" and Eastern brook trout, Salvelinus fontinalis

(Mitchill), were introduced in 1923 or 1924. In 1922

efforts on the part of local sportsmen to obtain more

varied fishing led to the planting by the Oregon State Game

Commission of several species of warm water fish belonging

to the families Centrarchidae, Ameiuridae, Percidae, and

Cyprinidae, which had been seined at Sauviesi Island at the

confluence of the Willamette and Columbia Rivers (Rivers,

1946). According to Oregon State Game Commission records,

additional plants of largemouth black bass, Huro salmoides

(Lacepede), were made in 1935; and eastern brook trout;

Montana cutthroat trout, Salmo clarkii lewisi (Girard);

silver salmon, Oncorhynchus kisutch (Walbaum); and chinook

salmon, O. tschawytscha (Walbaum) have been planted in

efforts to maintain some angling on salmonoid fishes.
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It is the concensus of persons who have previously

worked on biological investigations at the lake (Pillow,

1941; Smith and Holloway, 1946; Rivers, 1946) and persons

who have been closely associated with the lake that the

competition for food and the predation of the coarse

species has worked to the detriment of the salmonids, *hose

numbers were doubtlessly already limited by the lack of

spawning areas and by constant sumer angling.

D. Investigations and Control Operations Prior to 1947

Lake of the Woods was one of the 25 lakes visited by
an Oregon State Game Commission lake survey unit in 1941.

In 1942 some control operations and additional observations

were carried out by game commissicn biologists, and in 1946

another lake survey unit worked at the lake for a period of
a few weeks.

The biological survey made by the survey unit in

1941 under the direction of Mr. Braden Pillow found food

production low. An average of 16 food organisms per square

foot was found for 10 bottom samples. Average volume of

food per square foot was 0.36 cc. Davis (1938) in his in-

structions for lake and stream surveys, gives a range of

1.0 cc. to 2.0 cc. per square foot as indicative of average

food production. Studies of the fish in 1941 indicated
that trout and salmon were lower in numbers than the trash
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species, and analyses of stomach contents established the

warm water types in roles of competitors and predators.

Chemical analyses of water from the lake in 1941 by the

lake survey unit showed abundant oxygen but measures of

other chemical factors pointed toward low food yield. Sur-

face temperatures recorded in June of 1941 by the unit

ranged from 580 F. to 68° F. and a high of 710 F. was re-

corded in August by the same group. These temperatures may

be considered as indicating a basic suitability of the lake

for trout (Hubbs and Eschmeyer, 1938; Needham, 1940) and

probably point at a short growing season for warm water

fishes (Smith and Holloway, 1946). Mr. Pillow recommended

further study of the lake and heavy stocking of silver
salmon, a highly piscivorous salmonid.

Two Oregon State Game Commission biologists, Mr.

Norbert Slag and Mr. H. R. Newcomb, visited the lake twice

in 1942. In June of that year control measures were car-

ried out by these men on spawning carp and other fish in

the north slough. They reported several carp and catfish

killed in addition to many yellow perch fingerlings 1 to

4 inches long. It was suggested that a trap in the form of

a fence could be erected at the mouth of the north slough

to help in the removal of trash species. In September of

the same year Sieg and Newcomb noted that beaver dams had

been built on Rainbow Creek and that spawning area in that
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stream was limited. Surface temperature in the lake was

recorded as 68° F. on September 5.
The findings of a lake survey crew headed by Mr.

F. W. Smith, Jr., Senior Biologist, Oregon State Game Com-

mission, which worked at Lake of the Woods in 1946 bore out

the findings of the earlier studies by Pillow in 1941. Food

was found to be scarce, and the temperature below the opti-

mum for warm water fishes. Yellow perch were found to be

quite numerous and salmonoid fish scarce. Beaver work had

completely blocked fish from entering Billie and Rainbow

Creeks.

In May, 1946, a fence of chicken wire was stretched

across the north slough by Mr. Cole Rivers, game commission

biologist assigned to the Rogue River District. Plans were

made to salvage the bass trapped behind this fence, but a

heavy growth of vegetation in the slough during the summer

made this impossible. In September, 1946, the slough area

was completely poisoned with rotenone and many bass and

catfish were killed. Most of the carp and suckers which

had been enclosed in the slough had escaped to the lake
during the summer months, but this operation showed that

fencing of the slough was practical enough to be included

in future control plans.

Mr. R. C. Holloway, Chief Biologist, and Mr. F. W.

Smith, Jr., Senior Biologist, in reporting on the combined
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results of the 1941 and 1946 surveys were of the opinion

that the yellow perch, through predation and competition

with salmonoids for food, formed the basic problem in the

lake, and concluded that this species must be removed in

part or completely before success could be had with plants

of trout fingerlings or fry. Total poisoning of the lake

was considered to be too expensive but it was suggested

that methods might be developed which would make annual

partial control successful.

Holloway and Smith further recommended that a game

commission agent be stationed at Lake of the Woods to check

on the habits and movements of the perch and other trash

species and to carry out control measures whenever possible.

Yearly plants of 25,000 legal-sized rainbow trout were

recommended.

E. Investigations in 1947

Residence was established at Lake of the Woods from

April 11 to September 10, 1947, for the purpose of carrying

out control measures and conducting biological investiga-

tions. This work followed the basic plan recommended by

Holloway and Smith. Habits and sexual development of

undesirable species were checked by the use of gill nets

and by observation. Control methods, both experimental

and practical, were carried out on those species whenever
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possible in order to devise means of partial control. A

partial creel census was initiated to sample the degree of

fishing pressure and the anglers, take of all species, but

especially the take of the legal-sized rainbows which were

planted in 1947. Fish population studies were carried out

along with a study of food conditions, and considerable

time was spent on stream improvement at the two inlets.

In addition* material on the biologies of the species

of fish in the lake was gathered. The amount of biological

information gained was limited because this phase of the

work was secondary to other phases, such as the control

work at Lake of the Woods and Fish Lake, and the stream

improvement; therefore it was not possible to give it a

great amount of time. There is probably a need for further

work on the biologies of the species of fish at Lake of the

Woods, but the information gathered in 1947 will be of help

in the formulation of a management plan for the lake.

In considering in detail the 1947 operation, more

general topics, ecology and food studies, tributary streams,

and trapping operations have been placed first, followed by

discussions of the trash and undesirable species of fish in

what is thought to be their order of importance to the lake.

Salmonoids are taken up last, as they must be considered in

relation to all the topics which have preceded.



ECOLOGY AND FOOD STUDIES

A. Vegetation

Emergent aquatic vegetation was found to be re-

stricted to three general areas: the north end shallows

and slough, the south end Shallows and slough, and the

Shallows of Rainbow Bay. Scirpus was the dominant emergent

plant in the lake proper, but Potaxiogeton and Nymphaea were

dominant in the slough areas. Contiguous to the shallow

areas mentioned above were regions Which are normally

flooded in the spring months and which support good stands

of Carex and Juncus. Other emergents in the lake proper

included Nymphaea, polygonum, Utricularia and Sparganium.

Utrieularia and Sagittaria occurred also in the slough

areas. Plants were not determined to species because of

the time involved.

A submergent bed of Potamogeton stretched across the

mouth of Rainbow Bay and continued south about three.

quarters of a mile. Another major bed occurred at the

south end of the lake and continued north an undetermined

distance along the west shore. A third stand was located

along the west shore across from Rainbow Bay and extended

over half the way across the lake at one point.

Leaves of the emergent type were observed extending

up from the beds of Potamogeton during the latter part of
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the summer, but only a few in the shallowest part of the

plant's range had reached or nearly reached the surface by

September 10.

The bottom supporting the emergent vegetation In the

lake was principally sandy silt, although some Potamogeton

and Polygonum were found in gravelly or rocky areas. The

submergent plants were found almost entirely on silt

bottoms, and between the depths of 10 and 25 feet.

B. Bottom Food

Throughout the spring and summer of 1947, bottom

samples were taken by means of an Ekman dredge in order to

determine the food grade of the lake. The organisms were

separated from the bottom material and measured in a

tapered tube graduated to one-tenth of a cubic centimeter.

Most of the measurement was accomplished as accurately as

possible by packing the organisms into the tapered end of

the tube. Water displacement was practical in only a few

cases where volume was sufficiently great.
Table I summarizes the food yield of the various

bottom types. The silt bottom areas supporting the heavi-

est plant growth were found to be the heaviest food pro-

ducing areas, supporting moderate populations of midge

larvae.
Food production was apparently best in the months of
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TABLE I

AVERAGE BOTTOM FOOD YIELD OF BOTTOM SAMPLE STATIONS
BY BOTTOM TYPE

1
2
o
3

Total

119.1_§.222121Bottom Type Vol. Per ft2 in cc.
12 Silt .26

Soapstone .40
Plant detritus .30
Rubble and gravel .23
Sandy silt .16
Sand .06

Average 77

April and July, with the predominant food organisms being

midge larvae. Table II shows the average numbers of

separate organisms for the various months and for the

entire season, and also the average volume.
Average number of organisms per square foot in the

27 samples taken from April through September 10, 1947,

was 68.4 and the average volume was .556 cc. The corre.

sponding figures for the 10 samples taken in 1941 are 16
and .36 cc. respectively (Pillow, 1941). It was calculated
that 53.4 pounds per bottom acre were being produced in
1947, as against 36 pounds per acre in 1941. According to

the standards given by Davis (1938), food production in

Lake of the Woods is low. However, it should be noted that

the dominant bottom type in the lake is silt, and that the
average volume per square foot of the silt bottom samples,
.96 cc., approached the lower end of the average range,



TABLE II

AVERAGE VOLUME AND NUMBER OF ORGANISMS PER SQUARE FOOT FOR
MONTHLY SERIES OF BOTTOM SAMPLES

No. Samples ---- 5
April

6
May

6
June July

1
August

2
Sept.

27
Season

Midges
Annelids
Snails
Amphipods
Misc. Diptera
Mayflies
Watermites
Beetle larvae
Caddis
All organisms
Average volume

28.4
0.0
1,2
0.0
2.6
0.6
0.6
0.4
0.0

33.8,
0.24 cc.

9.8
1.3
0.0
0.166
0.0
1.3
0.0
1.0
0.0

14.8
0.083 cc.

2.1
1.5
0.5
0.33
0.0
0.0
0.16
0.5
0.16
5.8
0.059

11.40
1.29
0.14
0.29
0.0
4.14
0.14
0.0
0.0

18.5
cc. 0.192 cc.

6
6

12
0.05 cc.

10.5
3.0
1.5
0.5
0.0
0.0
0.0
0.0
0.0

15.5
0.15 cc.

13.80
1.40
0.48
0.22
0.48
1.48
0.18
0.40
0.03

17.10
0.139 cc.



20

1 to 2 cc., as given by Davis. Also, there was no good

way of quantitatively sampling the food in rocky areas of

the bottom. Much of the lake bottom lying at less than 10

feet was composed of rocks of various sizes and it was over

such areas that trout were most often observed feeding.

Production of mayflies and caddis flies was apparently good

in the rocks, and the trout fed on both the immature and

mature stages of these insects. It seems that the best
index to food conditions In the lake would arise from a

thorough study of the food habits survival and condition

of the trout planted In 1947.

. Fish Population

Two gill nets 5 feet deep by 100 feet in length,
with mesh of 4 sizes, 3/4", in, 1 1/2" and 2", were eine
ployed during the spring and summer in a study of the fish
populations of the lake. A total of 26 net sets were made.
These took 1,394 fish or an average of 53.61 per set and

2.89 per hour. A more accurate set of figures can be
gained, however, if three sets made during the spawning

season of the perch and one set made in the slough are

omitted, since those sets were purposefully set in an area
where fish were concentrated. This gives a revised total
of 22 sets, 378 fish, and an average of 17.72 per set and

.91 per hour. As shown in Table III, yellow perch were
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more numerous than the other species.
Unfortunately, a good Index to the relative abundance

of carp and largemouth bass was not obtained by the gill

net sets. These fish could be observed in the areas where
sets were made, but they were seldom taken in the nets.

The sets were made over ten general areas as outlined

in Table IV.
As can be seen in Table V, perch showed a preference

for weedy areas deeper than 10 feet, with silt bottoms.
Trout were most often taken and seen over rocky areas less

than 10 feet in depth. Roach definitely liked the slough
and other shallow areas where warm water and good algae

production could be found. Suckers occurred in shallow and

moderately deep water in the early season, but seemed to
prefer moderately deep to deep water later in the summer.

TOTALS OF FISH TAKEN BY 26 GILL NET SETS BY SPECIES,
APRIL 11 to SEPTEMBER 10

Yellow perch 1,214 Bluegills 2
Roach 72 Warmouth 1
Suckers 61 Black bass 1
Rainbow trout Eastern brook trout 1
Silver salmon Brown trout 1
Bullheads 5 Black crappie 1
Carp 5



TABLE IV

DESCRIPTIONS OF FISH POPULATION STUDY AREAS

45
12
6

Area No. Location Aguatic Vegetation

North Slough Abundant. Potamogeton
Nymphaea

2 North End Shallows Fairly abundant. Scirpus
3 North East Shallows Sparse

4 North End Abundant, Potamogeton
5 North East Shore None
6 North Shore, Rain-

bow Bay Fairly abundant, Scir us
Middle Rainbow Bay Abundant. Potamoge on
North, middle None

9 South End Abundant, Potamogeton
10 South End Shallows Abundant. Scir us

Nymp aea

Avg. Depth Sets Bottom Type

3 Feet Muck

6 Sand
6 Sandy, Silt

& Gravel
Silt
Rocks

Rocks
Silt
Silt
Silt
Sandy Silt
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5
6
7
8
9

10

1
1
2
7
4

1
1
1

17.0 hrs.
22.5 hrs.
24.0 hrs.
19.6 hrs.
18.7 hrs.
19.3 hrs.
16.5 hrs.
22.0 hrs.
23.0 hrs.
20.0 hrs.

TABLE V

AVERAGE NUMBER PER SET OF SALMONIDS, PERCH, SUCKERS, MW ROACH
TAKEN BY GILL NETS ON VARIOUS STUDY AREAS

Area No. Sets Av.. LenLth Set Ay. Desth Set Salmonide Perch Suckers

3.0 ft,
6.0 ft.
6.0 ft.ft.
.5 ft.

8.5 ft.
15.0 ft.
45.0 ft.
12.0 ft.
6.0 ft.

15.0
1.0
4.0
0.14
4.3
5.0
1.5
1.0
1.0
0.0

52.0
4.0
14.0
0.14
0.75
1.0
0.25
0.0
0.0
0.0

*By omitting sets made during the spawning of the perch, more representative figures may
be substituted for these as follows; Area 4 - 18.2; Area 5 - 3.3; Area 6 - 12.5.

n.)

0.0 0.0
0.0 0.0
0.0 4.0,
0.28
4.0

52.9;
64.2-

1.0 107.6*
1.75 21.0
0.0 0.0
1.0 32.0
3.0 1.0



D. Temperature

The surface temperature of the lake was 420 F. at

9:00 ofclock on April 12, 1947. This was the lowest tem-

perature recorded at the lake in that year. The highest

surface temperature recorded for 1947, 69.50 F., was taken

on July 22. The average morning surface temperature for

the months covered in the study are shown in Table VI.

Readings were taken at the resort dock.

TABLE VI

AVERAGE MORNING SURFACE TEMPERATURE BY MONTHS

ROMP

Month No. of Readings Avg, Temperature F.

April (from 11th)
May
June
July
August
September (to 10th)

18
24
25
15
19
5

TRIBUTARY STREAMS

A. Rainbow Creek

This creek is spring fed and enters the lake at the

south end through a sluggish slough area. The size of the

creek is small, about three and one half feet wide, but it

flows throughout the year and furnishes a limited amount of

46.00
57.40
59.20
66.40
66,37
63.90
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spawning area for trout. Beaver dams on the creek were

noticed by Oregon State Game Commission workers in 1942 and

1946. In the latter year it was found that the stream was

blocked to the movement of fish. The condition of the

stream in 1947 was as outlined below.
At the Ashland-Lake of the Woods road, the channel

of the stream had been Altered, apparently some years pre-

viously at the time of the installation of a culvert.

Probably as a direct result of this alteration, the stream

left the well-marked channel about 100 yards below the road

and broke over into a willow swamp, where seepage and lack

of a channel caused the identity of the stream to be lost.

At the lower end of the swamp, beaver dams and diversions

occurred in numbers, further spreading and blocking the

creek so that fish in the stream could not find their way

to the lake and fish in the lake could not gain access to

the stream. No beaver were found on the stream in 1947.

The principal species of fish in the creek was the

eastern brook trout, although a few fish of the genus

Salmo, presumed to be rainbows, were observed. A group of

8 eastern brook was collected on July 4 and ages were

determined. These fish ranged between 12.8 cm, and 16,7 cm.

in length, and were all in their third year of life. (Age

Class II). The average length was 14.48 cm. and the aver-

age weight 42 grams.
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When a diversion was made in connection with im-

provement work 75 fish, including two rainbows, were re-

covered from about 100 feet of stream. Although no quanti-

tative samples were taken, food appeared to be plentiful in

Rainbow Creek. The stomachs of 7 eastern brook trout rang-

ing from 8.5 to 11 cm, in length showed that winged or

terrestrial insects and aquatic forms were eaten in about

equal amounts.

Stream improvement work on Rainbow Creek consisted

of the removal of several small beaver dams and the cutting
of channels through two large dams about 5 feet in height,

In addition to building a small earth and log dam to re.

divert the stream into its original channel. The channel

was elk)ared of debris in several places so that a continu-

ous waterway to the lake was established. After the im-

provement work the fish showed little inclination to move

downstream, and from July 5 to August 10 only a few of the

eastern brook trout had moved below the point of rediver-

sion.
Anglers acquainted with fishing conditions in

Rainbow Creek told of good fishing for large rainbows in

that stream prior to about 1938. The rainbows ascended the

creek in the spring so the angling was doubtless carried on

at the expense of the spawning brood stock of the lake* If
further studies ahow that the trout which have been planted
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use Rainbow Creek for spawning, the stream should be closed

to angling in order to encourage natural propagation as

much as possible. The value of natural propagation must

not be underestimated. It must be remembered that there

are no records of rainbows having been planted between 1916

and 1946, and that this species furnished a good portion of
the trout fishing in the lake up to about 1935. If the

species could maintain itself that long in the face of
angler pressure in the lake and in the spawning streams,

coupled with the predation and competition of the spiny.

rayed species, it is probable that by utilizing a protected

spawning stream, the rainbow could substantially supplement

the yearly plants.

B. Billie Creek

This creek enters the north end of the lake from the

west. It varies greatly in volume throughout the summer,

the lower end usually drying up for a short period after
the middle of August. In 1946 it was reported that beaver

work had blocked the stream to fish migration. In 1947 a

thorough examination of the area was made. Beaver had

completely diverted the stream to their own use by a series

of dams extending from the north slough upstream about a

quarter of a mile. Only a small amount of seepage entered

the lake via the creek's original channel, and the bulk of
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the flow was diverted through a series of beaver channels,

entering the north slough about 100 feet from the lake.

The old channel was nearly obliterated by willow growth.

Beaver were found to be present.

Very few fish were observed in this stream in 1947.

However, SOMA rainbow brood stock was present there for

many rainbow fingerlings were discovered in potholes when

the lower end of the creek dried up. These had apparently

dropped down from upstream. Many of these were salvaged

and placed in the lake.

Before any stream improvement work was started on

Billie Creek, an attempt was made to remove the beaver

from the area. Mr. Harry Stokes, of the Oregon State Game

Commission, was successful in live-trapping and removing

one adult and one kit, but an equal number of beaver defied

all trapping attempts and were necessarily left on the

stream. Improvement work consisted of breaking four large

beaver dams and several smaller ones, and clearing out the
beaver channels so the stream could move along a free

course to the slough. The two beaver which were left on

the creek made it difficult to keep any stretch open for
any length of time. If these animals can be removed, their

repaired dams can be opened fairly easily and the stream

opened permanently.

Nothing was done to prevent the drying of the lower
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end of the creek. This drying was caused by the absorption

of the water by the porous substrate near the west.side

road. In the late summer, the water volume decreased until

the entire flow disappeared into the rocks. There are at

least two possible remedies for this. Either some imper-

vious material can be applied to the stream bed or a check

dam can be built Which will impound enough water to insure

a flow over the porous area during the dry period. If
Billie Creek is to furnish spawning area for trout, steps
should be taken to eliminate this interruption of stream
flow, for in 1947 the drying coincided with a downstream
movement on the part of the rainbow fingerlings and many

were lost.

T PI G OPERATIONS

A two...way fish trap, designed principally by Mr.
Cole Rivers, was installed at the mouth of the north slough
on April 18, Figures 6 and 7. The sides were constructed

of 4.-foot wire screening with 3/8 inch mesh and the floor
of chicken wire with 1-inch mesh. Dimensions were 111 x

191. The entire trap was built on shore, mounted on a
framework of poles and dragged into place by means of block

and tackle. It was placed obliquely in the slough so the
acute angles formed by the sides and the fences would serve

as effective leads. A 2-foot apron was turned out at the
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bottom edge of the lead fences and cribbed down in order to

discourage fish or other animals from burrowing under*

Roach, bullheads, and carp showed a strong desire to

move between the lake and slough and many were trapped.

Perch were caught in small numbers, as were over-ripe

silver salmon. Few Centrarchids and suckers were trapped.

On May 8 and 9, 425 pounds of carp and 575 pounds of roach

were taken from the trap by means of long-handled dip nets.

These fish were sent to the Butte Falls Hatchery to be

utilized as fish food. A week later rotenone was used to

kill or stun the fish and an atte.pt was made to empty the

trap. At this time 700 pounds of carp and 200 pounds of

roach were removed and taken to the hatchery. No estimates

were made on the poundage of bullheads.

Comparatively few fish were trapped the remainder of

the summer. Small numbers of carp and roach were taken,

however, and bass moved into the trap from time to time.

During the spring high water, when the lake level reached

within 8 inches of the top of the trap, neither the fence

nor the trap proved to be a serious barrier to bass. These

fish could easily jump over the screening and gain access

to the slough. A 4-foot strip of chicken wire across each

end of the trap prevented carp from escaping, as they

tended to congregate in the corners and make their jumping

attempts there. The base were not detained by this partial
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roof and many entered the slough. Most of these fish were

unable to return to the lake after the water level dropped

and were subsequently killed in poisoning operations.

The trash fish removed from the lake by means of the

trap are estimated to represent 2,050 pounds. Best success

was obtained in the early spring when the fish were at-

tempting to move from the cold waters of the lake to the

warmer slough. Fish had begun to move into the slough

before April 12. On that day surface temperature in the

lake was 42° F., and that of the slough 530 to 550 F.

At the close of operations in the fall, the trap

funnels were blocked to prevent any possible trapping of

game fish during the winter months, and one of the fences

was opened. Most of the chicken wire used in the fences

had been employed in the fence Which was built in 1946 and

was badly rusted below the water line by September, 1947.

Apparently such wire must be replaced every other year

unless it can be treated with tar or a similar substance.

The success of the trapping operations was twofold.

Not only were substantial numbers of trash fish removed

from the lake before spawning, but some 1900 pounds of

food was furnished the Oregon State Game Commission

hatchery at Butte Falls. This amount was utilized with no

apparent ill effects on the hatchery fish, although some

difficulty was experienced in grinding whole carp. The



33

possible effects of prolonged feeding of frozen fish will

not be considered here.

Future trash fish control efforts at Lake of the

Woods should include the operation of the trap at the mouth

of the north slough, as it furnishes a sure and inexpensive

method of removing a large portion of the rough fish which

seek spawning grounds in the slough. The efficiency of the

device was lowered in 1947 because it was placed in opera-

tion about two weeks after the water in the slough had

begun to warm up, and many carp and roach had moved into

the lower end of the slough, where much time and effort was

expended in poisoning them. Also, large schools of suckers

had been present in the slough in early April, but had

moved out before the trap was completed.

At the present time the mouth of Billie Creek is cut

off from the lake by the fence and trap. If the trout show

any inclination to move in or out of the creek during the

time trash fish are being trapped, it may become necessary

to move the trap down the slough to a site past the mouth

of Billie Creek.



YELLOW PERCH

A. Biology

1. Status in Lake

The yellow perch, Peres flavescens Mitchill, was

apparently introduced to Lake of the Woods with other

spiny-rayed fish in 1922, and since that time has in-

creased until it has become the dominant species in the

lake. Persons acquainted with the lake have referred to

good fishing on perch 8 to 12 inches long prior to the war

years but have remarked that fish of that species cauziht in

later years have been much smaller. This would seem to

point toward stunting due to an overcrowded condition in

the waters suited to perch.

Some indications of stunting may be seen in compari-

sons of the lengths of perch taken in 1941 with that of

perch taken in 1946 and 1947. The sample taken by the lake

survey unit in 1941 was very small, but it is the only data

available for that year other than the word of anglers.

The measurements of all individual fish were not given on

the survey sheets, but some samples were represented by the

ranges of length. These ranges and averages of lengths are

given in the following table.

A reduction in size appears to have taken place, but

no evidence of extreme stunting was found. Eschmeyer

34



TABLE VII

RANGES AND AVERAGES OF TOTAL (fork) LENGTHS OF YELLOW PERCH
TAKEN BY GILL NETS IN LAKE OF THE WOODS, OREGON,

IN THE YEARS 1941, 1946 AND 1947

35

(1936) in writing of stunted perch mentioned that thin

specimens with large heads were typical of a stunted popu-

lation. This was not noted at Lake of the Woods in 1947,
but it may be pointed out that the average lengths of the
1946 and 1947 fish as given in Table VII are in both cases
less than 6 inches, which is the length given by Eschmeyer
as the minimum legal length in Michigan. Of the total of
131 perch taken by gill nets in 1947, only 28 exceeded 6

inches in length.

Salmonids would probably find it difficult to com-

pete for food with a crowded population of perch, and

population studies indicate that trout and salmon do not
utilize to any great extent the same waters in the lake
used by the perch.

In 1941, 9 gill net sets were made by the survey

unit. Of these, 6 took perch and only 3 took salmonids.

Only 1 set produced both salmonids and perch. A total of

43 perch and 5 salmonids were taken. Of 7 net sets made in

Year No. Cases Avg. T. Length No. Cases Range T. Length

1941 9 16.9 cm 22 14.0 cm-22.4 cm
1946 22 14.2 cm 28 12.8 cm..18.0 cm
1947 131 14.7 cm 131 11.8 cm-20.9 am
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1946, 5 took a total of 30 perch. No trout or salmon were

taken. In 1947 a total of 26 net sets were made, of which

9 took perch and no salmonids, 2 took salmonids and no

perch, and 10 yielded both salmonids and peych. Of the

total of 32 salmonids taken, only 7 were caught at depths

greater than 10 feet, whereas 228 of the 277 perch taken

after spawning season were caught in water 10 feet or more

in depth. A total of 1214 yellow perch was taken in 1947,

but 937 of these were taken at spawning time when they

were off the feeding grounds and concentrated in Shallower

water.

2. Food Habits

Yellow perch examined by the survey unit in 1941 had

fed mainly on caddis larvae, although some diptera and

mayflies were taken. In 1947 it was found that the perch

which were taken on the shallows had taken caddis larvae

almost exclusively, but that those which fed over the

deeper weed beds fed primarily upon dipterous larvae.

Many fish which contained water fleas, probably Oerio-
daphnia, were taken by anglers in early July. In 1 stomach

were found scales of a second-year perch. The largest

yellow perch examined at Lake of the Woods in 1947,

TL 30.2, had remains of 1 trout and 3 perch in its

stomach.



Habits in Lake

The areas inhabited by the perch were found to be

mainly those with abundant aquatic vegetation, where pro-

duction of midge larvae was good, although small schools

of perch and isolated individuals were occasionally found
on the shallows and in the slough areas. Some night ob.

servations were made in the vicinity of the resort dock for

the purpose of discovering whether any great numbers of

perch fed on the shallows during the hours of darkness. No

activity was noted, and net sets on the shallows took few

perch either night or day.
Weed bed areas such as used by the perch should be

excellent feeding grounds for trout, but as pointed out
above, few salmonids were taken in areas where perch were

numerous. It is probably that the removal of a large por-
tion of the perch population would open to trout large
feeding areas which are not now utilized because of the

competition furnished by the perch.

Spawning

Spawning took place in April of 1947 before the ice

had completely left the lake. A large school of perch was

noted in shallow water on April 12 and two gill nets set

the night of the 12th yielded more than 300 perch each.

These were all males with the exception of 2; all fish were

37
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in spawning condition. A few very small, TL = 7-10 cm,

male perch with developed gonads were killed in the north

slough on April 11, but no females were seen. A single

gravid female was discovered on the shallows near the mouth

of the slough on April 14 and subsequent search of the area

revealed a few strings of perch eggs on the bottom. The

same day at about 11:00 a.m., perch were found spawning in

shallow water, 2 to 4 feet deep, off the Salvation Army

camp. One female would be surrounded by as many as 20

males, all of which would dart and wriggle about her ex-
citedly. No "queuing" as reported by Harrington, 1947, was
noticed. Only a few females were found to be present on
the spawning grounds at any one time.

Surface temperature in the Salvation Army cove at
the time of spawning was nearly 500 F. Temperature at a

depth of 2 feet was 48° F. and surface temperature at the
resort dock at 8:00 a.m. was 44° F.

Egg strings were noticed in the stands of Scirpus

off the north slough, and also along the northeast shore

from the Salvation Army camp to the resort area. Addi-

tional centers of spawning activity were discovered in the

Scirpus off the mouth of Rainbow Creek, where eggs were

found under the ice. It is not known whether spawning took

place While ice covered the surface or whether the ice

drifted in after the perch had spawned. Some spawning took
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place along the north shore of Rainbow Bay.

Most of the eggs were found on snags of vegetation

but much spawning took place over hare sandy bottom.

Depths at which eggs were deposited varied from 1 foot to

6 feet. The bulk of spawning activity tool: place between

April 14 and 18, but a gravid female was noticed as late as

?LAY 4.

During and following the spawning of the perch, many

carp and suckers were observed working in the areas where

the egg strings were deposited. Their activity and the

fact that many of the egg strings were broken up while still

hard leads to the belief that those species fed upon the

perch eggs. However, none of those suckers or carp were

obtained for stomach analyses, so this was not substan.

tiated.

The strings of perch spawn had broken up by the

first week of May, and fragments of the jelly containing

developing eggs could be collected fromamon,:; the rocks

along shore. Hatching apparently took place during the

second week of May. Pry about a centimeter long were

found by Wiay 13. These fry left the shallows in the

later part of May and were not observed again until

September 3, when a small school of fingerlings was ob.

served on the north aaallows.



5. Age and Growth

Scales were taken from 59 perch for the purpose of

age determination. This group was made up of fish col-

lected by many methods (gill net, dipnet, trap, rotenone,

hook and line) and was selected to include representatives

of most size groups and age classes. The scales were

mounted on glass slides in "Karon syrup and each scale

sample was read at least three times by means of a binocu-

lar microscope. A compound microscope and a microprojector

were used in checking difficult cases. Much difficulty was

experienced in reading scales from the larger specimens and

it is possible that some errors in interpretation were made.

Ages were determined for 57 fish. In Table VIII, the age

classes are designated by Roman numerals. Fish in the

second year of life, that is with 1 annulus in the scale,

are tabulated in age class I. Fish in the third year of

life are placed in class II and so on.

It was noted previously that the average length of

the perch taken in the 1947 population studies was 14.7 cm.

This figure falls between the average lengths of age

classes IV and V as given in Table VIII, and would indicate

that these are the dominant age classes of perch in the

lake.

Using the ratio of standard length to total (fork)

length as calculated by Carlander and Smith (1945), it is



TABLE VIII

AVERAGE TOTAL LENGTHS AND WEIGHTS FOR
AGE CLASSES OF YELLOW PERCH
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possible to convert the total lengths of age groups from

Lake of the Woods into standard lengths for the purpose of

comparison with other studies. See Table IX.

The growth of perch from Lake of the Woods compares

unfavorably even with that of Eschmeyeris reported stunted

population. This evidence indicates that the proper grow.

ing conditions for a large population of yellow perch are

not found in this mountain lake.

Samples of perch taken by gill nets were measured

and weighed at various times during the season in order to

discover whether any noticeable growth is made by the perch

during the spring and summer months. By inspection of

Table X it may be seen that perch making up the samples

taken in September near the end of the growing season were

essentially the same size as those making up the samples

Age Class No. Cases
Avg. Total
Length (cm)

Avg. Weight
in Grams

I 1 6.10 2.8

II 8 7.38 5.63
III

IV
V

2
4

15

10.25
14.25
15.72

16.50
34.62
50.03

VI 17 16.50 57.90
VII 6 17.77 61.32

VIII 2 19.60 91.90
IX 2 24.10 224.50



TABLE IX

COMPARISON OF AVERAGE STANDARD LENGTHS (mm.) OF YELLOW PERCH BY AGE GROUPS FROM LAKE
OF THE WOODS AND SEVERAL MIDWESTERN LAKES. (TABLE ADAPTED FROM ESCHMEYER (1936) AND

RILE AND JOB ES (1941) )

Investigator Lake
Age Group

I II III IV V VI VII

Bond
Mile and Jobes
Eschmeyer
Harkness
Mile
Jobes
Schneberger
Schneberger
Schneberger

Lake of the Woods
Lake Michigan
South Twin (Mich.)
Lake Erie
Wawasee (Ind.)
Lake Erie
Nebish (Wis.)
Weber (Wis.)
Silver (Wis.)

55-.
87
01 Inv

86
161
124

41110 VS/.

oiM die. OM

66
177

86
1114

91
187
118
168
167
196
173
158
120

127
193
129
187
198
213
209
174
145

141
193
169
217
220
250
245
191
173

148
225

159

129
178
157
130
109



TABLE X

LENGTH AND WEIGHT OF PERCH SAMPLES TAKEN IN
SEPTEMBER VS THOSE EARLIER IN THE YEAR
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Av.. Wt. in Grams

37.73
42.19
4,3.90
40.25
40.22
41.23

taken earlier in the year.
The entire season's gill net sample of 131 fish con-

sisted of 28 females and 103 males, indicating either that
males predominated or that males and females do not

the same areas. The preponderance of males in the samples

is probably due to both those factors. A size differential
existed between the two sexes, the females having an aver-
age fork length of 16.11 emend an average weight of 52.81

grams, While the average length of the males was 14.40 em.

and the average weight 38.08 grams. The significance of
this size difference between the sexes can probably be dis-
counted on the grounds that age determinations were not

made for all fish and therefore a possibility that the

females were older exists. However, a size difference

between males and females of the same age class was indi-

cated by the results of the age determination study. For

instance, the 10 males in age class V had an average length

Date No. Fish AV L. TL in cm

April 13 20 14.22
May 3
June 4

18
32

15.14
1 .05

July 17 25 .95
Sept. 4 and 6 36 14.50
Season Total 131 14.77
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of 14.8 cm. and an average weight of 40.95 grams, while 5

females of the same age class showed an average length of

17.58 cm. and an average weight of 71.2 grams. These

samples are very small, however, and it is probable that

the actual size difference is much less than is suggested

above.

6. Length-Weight Relationships

The unfavorability of Lake of the Woods for the

proper growth of large populations of yellow perch is also
indicated in a comparison of the relation of weight to

lengths of Lake of the Woods perch with that of perch from

Green Bay in Wisconsin (Hue and Jobe', 19)4). This com-

parison is made in Figure 8 and Table XI. Above the length

of 12 cm. the Wisconsin perch show a markedly greater weight

increment per unit of length than the Oregon perch. In the

construction of this table, the lengths of the Wisconsin

perch, which were given by Hile and Jobes in standard

lengths have been converted to fork length using the ratio

given by Carlander and Smith (1945), in order to better
compare them with the Oregon perch, which were measured to

fork length according to the practice of the Oregon State

Game Commission.
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TABLE XI

COMPARISON OF LENGTH-WEIGHT RELATIONSHIP OP YELLOW PERCH FROM LAKE OF THE WOODS, OREGON,
WITH DATA ON GREEN BAY, WISCONSIN, PERCH, ADAPTED FROM RILE AND JOBES (1941)

Lake of the Woods Green Bay
Fork Length No. Fish Weight in Grams Fork Length Weight in Grams

Equivalent of
5.5- 6.4
6.5- 7.4
7.5- 8.4
8.5- 9.4

1

1

2.80
5.07
6.00
8.7o

Standard Length
Midpoint

9.5-10.4
10.5-11.4
11.5-12.4

1
1

25.00 11.7 19.0o
12,2 25.00

12.5-13.4 7 30.54 13.3 314.00

14.5-15.4
15.5-16.4
16.5-17.4
17.5-18.4

51
59
15
5

35.64
41.05
48.88
57.96
67.46

114.9

17.2
18.3

45.0o
58.00
71.00
84.0o

18.5-19.4
19.5-20.4

77.50
81.00

19.4 105.00

20.5-21.4 2 98.00 20.5 120.00
21.5-22.4 1 131.00 21.6 130.00

22.5-23.4 2 122.40 22.6
29.4

157.00
406.00

29.5-30.4 1 375.00
30.5 1436.00



B. Control Methods

The following methods were used in the control of

yellow perch at Lae of the Woods: poisoning with rote.

none, spawn collection, and gill netting. Gill nets were

useful in control only during the spawning season of the

perch as that was the only time concentrations of any great

density could be found. In 1947, three sets which took

over 300 perch each were made on spawning areas, using 100-

foot nets divided into four equal sections of varyinb mesh

size. All but a few of these were entangled in the 25-foot

section of 3/4 inch mesh,

Spawn collection was an effective means of cuttinc.

down reproduction. Moot of the egg strings were deposited

in water less than six feet in depth and could easily be

separated from whatever objects they have been placed upon.

In 1947 seven quarts of spawn were gathered with an ordin-

ary landing net in lest, than an hour. The mesh of the

landing net was too coarse for best results In spawn col-

lection and great care had to be taken in order to keep the

strings intact. Another difficulty was experienced in

holding the boat steady in the wind while the spawn was

being dipped up. A team of two men, one to handle the boat

and another to locate and collect the spawn, could probably

work most of the spawninr] areas in two days. A net made of

scrim or similar material was found advantageous for this
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Rotenone was not effective against the spawning

perch in 1947 as the water temperature at the time of

spawning was below the minimum at which that poison will

kill fish. Rotenone loses its effectiveness at tempera-

tures approaching 45° F. (Brown and Ball, 1943) In

poisoning operations directed primarily at other species

in the shallows and slough areas, many perch were incident-

ally killed, but the total number eliminated was probably

less than 1000. The best success with rotenone was ob-

tained in the poisoning of perch fry. During the latter

part of May the fry schooled up along the shore in water
less than six inches deep and could be eliminated by spray-

ing the surface with a solution made up by mixing 1 1/2

pounds of 4% rotenone with 5 gallons of water.

Although not attempted in 1947, seining of the

spawning perch appeared to be feasible in some areas and

may prove to be the best method of removing the adult perch

from the lake. A seine at least 100 feet in length would

be required.

There was a certain amount of angling pressure ex-

erted upon the perch even though the size of the fish was

small. Children and persons who preferred this species as

a pan fish could make good catches at almost any time dur-

ing the summer months. A partial creel census which
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included reports from 1044 anglers showed a total catch of

3,394 Yellow perch for the 1947 season. It is to be noted

that most of the anglers did not fish for perch. There is
a possibility that if the bag limit on yellow perch is dis-

continued at Lake of the Woods, the resort company or other
interested parties might encourage fishing pressure by

instituting "perch derbies" or similar contests or devices.

Increased angling on perch should materially help in the

reduction of the population.

7. Conclusions Pertaining to Parch

The yellow perch is the most numerous species of

fish in Lake of the Woods, but its slow growth and lack of

angler appeal make it a less desirable fish for the lake
than trout. As its food habits bring it into competition

with trout for food, the removal from the lake of as many

perch as possible is necessary in order to increase the

amount of food which could be available for a large trout
population. There are two possible courses which can be

followed in affecting this removal: complete poisoning of

the lake, and annual partial control.

The cost of complete poisoning would be excessive.

Oregon State Game Commission eaUmates based on the 1946

cost of rotenone ranged from $35,000 to 440,000. Further-

more, the large size of the lake make-, it doubtful whether
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such an operation would be completely effective. On the

other hand, by yearly attacks on this species at their time

of spawning and durin:! their early post-larval period it
should be possible to reduce the size of the population

steadily with a minimum of effort and cost.

CENTRARCHIDS

Fishes of the family Centrarchidae in Lake of the

Woods in 1947 included largemouth black bass, Huro

moides Lacepode; warmouth bass, Chaenobryttus coronarius

(Bartram); pumpkinseed sunfish, Lepomis gibbosus (Lin-

naeus); bluegill sunfish, Lepomis macrochirus Rafinesque;

and black crappie, Pomoxis nigro.maculatus (Le Sueur).

These species were introduced in 1922, and an additional
plant of the largemouth bass was made in 1935. Since the

largemouth occurs in greater numbers than any of the other

species, it will be considered first.

A. Largemouth Bass

1. Habits in Lake:

Bass were first observed in 1947 on April 15, when

the surface temperature was 440 F. at the resort dock.
They did not become generally active, however, until the

surface temperature reached 500 F. When the bass were
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observed feeding on May 10 and 11, the morning surface

temperature was 540 F. At this time the bass were dis-

tributed about the rocky shores of the lake, taking shelter

under docks, snags and logs. Also, *bout this time small

bass, 12 to 15 cm., were moving into the warm shallow

areas. During May and June, bass moved into the slough by

jumping the fence at the trap. There was a general move-

ment of the bass to the shallow areas in late May and early

June as spawning season approached. Bass fry were first

observed on June 16, but a gravid female was taken on July

17, indicating that the spawning period extends over a

period of About a month and a half.

Larger bass were present in the open lake from July

on, and were taken occasionally by anglers along the west

shore. The partial creel census showed a total of 45 bass

taken during the summer. The large bass began schooling

up in deep water the first week in September when the sur-

face temperature was 640 P.

2. Food Habits:

That bass are predators on trout in Lake of the

Woods is unquestionable. Fish liberation men in the past

have reported seeing bass congregating at liberation points

to feed on the newly released fry and fingerlings, and in

1947, when legal-sized trout were planted, bass were
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observed feeding on them.

Trout were planted May 7 and 8. By May 10 they had

made their way to all parts of the lake and were swimming

about in an apparently exploratory manner, following the

shoreline. Many bass had taken shelter under the floating

dock at the resort, and as the schools of trout attempted

to pass under, they would be ambushed and scattered.

Actual capture of trout by bass was observed on May 10 and

11.

Six adult bass were obtained at this time and their

stomach contents checked. Two stomachs were empty, one

contained a trout and a catfish and the remaining three

contained trout or salmonoid remains. Doubtless the trout

were harder to capture when they had become used to the

wild state, but the bass were probably able to feed on them

to some extent throughout the entire season.

The stomach contents of 17 largemouth bass were

analyzed in 1947. Of the 7 large adult bass which were

taken in the early part of the season, 5 had fed entirely

on fish and 2 had empty stomachs. A more varied diet in-

cluding fish, insects, and amphipods was recorded from 10

bass ranging from 12.6 to 19.0 cm. which were taken on

August 2. Table XII shows the number of stomachs in Which

the various food organisms occurred and the total number of

organisms found in the stomachs. Fish led all foods in
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TABLE XII

FOOD OF 17* LARGEMOUTH BLACK BASS EXAMINED AT LAKE OF THE WOODS IN 1947

Number o S omac s ota 4e er of Or-
Or anism Eaten Which Or anism Occurred anisms in Stomachs

Fish, total
carp (fingerlings)
bass (fry and fingerlings)
salmonoids
catfish

11
5

2

34
22

2
sunfish 1

Insects, total
Hemiptera 4

9
6

mayfly nymphs 2 3
unidentified remains 2

Amphipods 5
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both categories. A small degree of cannibalism was found.

Length-Weight Relationship:

Table XIII lists the weight in grams for each 1

centimeter interval of total length of 51 bass taken at

Lake of the Woods in 1947.

Age and Growth:

Ages were determined by scale reading for 51 bass

taken at Lake of the Woods in 1947. In Table XIV this in-

formation is compared with data on 618 Wisconsin bass, 30

Louisiana bass and 25 Nebraska bass as given by Bennett

(1937). The figures from Bennett are calculated lengths

representing the total lengths of the fish at the end of

each year of life, whereas the figures on the Lake of the

Woods fish represent the lengths of the fish at the time of

capture, and have been calculated from fork length using the

constants given by Carlander and Smith (1945).

For instance, the figures given for Wisconsin fish

in age class I represent the length calculated for those

fish at the time of the formation of the first annulus and

before they had commenced their second growing season. On

the other hand, the figures for Lake of the Woods fish in

the same age class represents the average of the lengths

of L. flit). showing 1 annulus in their scales, and collected



TABLE XIII

LENGTH.WEIGHT RELATIONSHIP OF 51 BASS FROM
LAKE OF THE WOODS, OREGON
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Midpoint Average Midpoint Average
Fork Length Number Weight Fork Length Number Weight

in cm of Fish in Grams in am of Fish in Grams

5
6
7
8
9

lo
11
12

14
15
16
17
18
19
20
21
22

2
25
26
27

28
29
30
31
32

34
35
36
37
38

4g
41
42

it4
45
46
47
48
49
50

501.0
1 533.4

599.2
1 695.0
3. 690.0
1 768.3
1 784.0

1,089.0

2
1 1:447:g

2 1,956.0

2,947.4
1 20494.o

at various times during their second growing season. It

may therefore be seen that the Oregon bass were actually

older than the others.

The Oregon bass of the age classes II and III, for

which there were the greatest number of cases, ihow a

slower growth than the bass of the other areas. Even

though slow growth can be demonstrated in some measure,

bass reach a large size in Lake of the Woods. The heaviest

1 0.9
- _5-
2
.

3.7...
- ...
- ___

1 17.0
1 27.2
1

3 S'7 .12 .73
14.:53,2

4 84.4
4 111.0
2 146.3
1 152.5
1 205.0
1
1

197.5
233.0

2 261.6
2 306.5
2 3)42.1



TABLE XIV

COMPARISON OF TOTAL LENGTHS OF LARGEMOUTH BASS FOR VARIOUS LOCATIONS

-4

Age Class

Lake of the Woods

Total Length
in Inches

Avg. Calculated Total Length in Inches
at end of year of life51 Specimens

Wisconsin Louisiana Nebraska
618 spec. 30 spec. 25 spec.No. Fish

II
III
Iv

VI
VI'

VIII
Ix

13
5
1

2
1
2
1

4.13
6.82
8.99

12.90
14.50

15.00
18.00
17.10
17.20

372,

10.5
12.5
14.0
15.1
16.3
17.4
18.1
18.7

7.6
11.3
14.51 .8
20.9
23.5

.8
25.9
27.1
27.8

3.6
7.6

10.9
13.5
15.8
17.6
18.9
19.8
20.4
22.1

XI
xxi

2
0

18.50 19.5
19.9

xiii
xiv
xv 1 19.80

20.2
20.6
21.0
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specimen recorded in 1947, a female in the 12th year of

life, weighed 6.5 pounds.

Some of the bass taken in August, 1947, showed

annuli very close to the edge of the scales, indicating that

there may be a wide variation in the time of annulus forma.

tion. Hanson, 1936, wrote of a similar condition in the

scales of white crappie.

5. Control:

Rotenone was quite effective in the control of bass

at Lake of the Woods in 1947. Many bass were killed in-

cidentally in operations directed at the control of other

species, and good success was experienced in poisoning

slough areas where small concentrations of this species

were found. As the bass usually occurred singly or in

small schools only a few adults could be killed at any one

time. About 70 adults and 130 smaller bass were killed in

the slough on August 14, and about 100 smaller bass were

poisoned in the slough areas at Dry and Billie Creeks on

August 2.

Bass fry and fingerlings were killed in great

numbers in Rainbow Bay, in the north slough, and in the

other slough and shallow areas at the north end of the

lake. Their habit of schooling make finding and poisoning

them fairly easy. In 1946, Oregon Game Commission workers
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trapped bass in the slough by means of a fence and poisoned

them, bringing about a considerable reduction in the number

of that species.

6. Conclusions Pertaining to Bass:

Bass maintain a considerable population in Lake of

the Woods, but are not subjected to any great amount of

fishing pressure. They are predatory on other species of

fish and have been observed to devour trout upwards of 6

inches in length. In addition, smaller bass compete with

trout for insect food. Therefore, this species works to

the detriment of the trout population and ihould be re-

moved from the lake, if possible. Control of bass should

consist of poisoning with rotenone during May, June and

July when the bass are in shallow water preparatory to,

during, and after spawning. Adult bass, fry and finger-

lings may be poisoned in the shallow areas in August.

B. Warmouth Bass

1. Habits in Lake:

The warmouth appeared to be the second abundant

Centrarchid in Lake of the Woods, but was not nearly as

numerous as the largemouth bass. Warmouth were most often

found on muddy shallows Which were well grown with weeds,
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but observations at night along the rocky shore near the
resort disclosed many fish of this species hiding among the

boulders. These were not observed by day. Even though

this species was well represented, anglers seldom took
warmouth except when fishing at night for catfish and only

5 were reported taken during the season.
Spawning probably occurs among the warmouth in Lake

of the Woods during late July and early August, as ripe
females were taken between July 18 and August 2. Areas of

spawning are thought to be the Rainbow Creek slough and the

shallow area between Dry Creek and tie north end slough,
since gravid females were taken in those locations, and at

least one warmouth redd was observed.

2. Food Habits:

The stomAch contents of 23 warmouth taken from Lake

of the Woods in 1947 were analyzed. Insects were eaten in
greater numbers than other organisms, but some of the

larger specimens had fed upon rattail fish. Mayfly nympha,

midge larvae and caddis larvae made up the bulk of the

insects eaten. A seasonal difference in food habits was

indicated by the stomach contents analyzed. This can

probably be attributed to the seasonal abundance of the

organisms concerned. A total of 85 insects had been eaten
by 12 fish taken in May and June, and only 38 insects had



been eaten by 11 fish taken in July and August. Midge

larvae and mayflies occurred in more stomachs in May and

June than in July and August. Fish, on the other hand,

occurred in more stomachs in July and August, following the

1947 hatch of carp and bass. Table XV, page 62, shows the

occurrence of food organisms found in stomachs in May and

June and in July and August, plus the total numbers of

organisms eaten.

3. Age and Growth:

Ages were determined for 23 warmouth in 1947. The

following table shows the average total lengths for the age

classes.
TABLE XVI

AVERAGE TOTAL LENGTH IN cm. OF AGE CLASSES
OF WARMOUTH BASS

Age Class

II
III

IV
V

VI
411W

No. of Fish
0
3
2

10
2
4
2

Avg. Total Length
MISAIO.O00

5.90
7.25

10.26
11.70
15.56
16.40
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In addition to being objectionable from the stand-
point of food competition, the fish-eating proclivities of
the warmouth make this species a threat to the survival of



TABLE XV

FOOD OF 23 WARMOUTH BASS TAKEN IN LAKE OF THE WOODS, 1947

No. of stomachs No. of stomachs
in which found in Which found

or ani Ma & June Jul & A st

Total
occur-
ranee
in stom-
ach

No. o
organ-
isms
eaten
May &
June

No. o
organ-
isms
eaten
July &
Au it

Total
Number
Eaten

Insects
Mayfly nymphs
Midge larvae
Caddis larvae

6
6
7

2

8

8
7

15

36
27
10

3
1

15

39
28
25

Culicid larvae 1 9 0 9
Adult beetles
Dragonfly nymphs
Hemiptera

1
0

4
4
3

4
5
3

0
1

7 7
6
4

Beetle larvae 1 2 3 3. 2 3
Caddis adults 1 2 1 1 1
Unidentified remains 3 3 6
Insect eggs 1 1

Fish
Carp
Bullheads
Bass

1

0

3
3.

1

4
1
1

1

0

3
2
1

/4
2
1

Perch 1 0 3. 1 0
Unidentified remains 1 0 1 1

Snail, Planorhis 1
0

2
2

3
2 0

2
4 0.Amphipod, Hyallela

Plant material 2 3 5 IMO
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young trout. It has been shown by Dimick and Merryfield

(1945) that warmouth will eat salmonoid fry, and it seems
reasonable to believe that if this type of food were avail.
able to the warmouth at Lake of the litloods they would util-

ize it. Since there were practically no trout fry or small
fingerlings present in the lake in 1947, the warmeuth was
not definitely established as a predator on trout, but
nevertheless it is thought that efforts should be made to
decrease the number of warmouth in the lake.

C. Other Centrarchids

Also present in the lake were bluegill sunfish,
pumpkinseed sunfish, and the black crappie. These species

were not numerous and probably do not have any great effect

on the trout population at present. However, since all

three are known to feed on insects and crustaceans and are
known to have been abundant in the lake at one time, they
constitute a potential threat to the food supply of trout
and should be removed from the lake if possible.

No attempt at sunfish control was made in 1947 as no

concentrations were found. A few sunfish were killed in-

cidentally in other control operations. Only two black

crappies were observed; both were taken by anglers.



CARP

Carp were probably introduced to Lake of the Woods

In 1922 with the plant of fish from Sauvies Island. This

species of fish destroys vegetation, roils and muddies the
water, and competes, to a certain extent, with game fish

for food. Cahn (1929) writes of a lake which was completely

taken over by carp. Lake of the Woods supports a large

population of carp which should be removed if best results

are to be had with trout population.

Carp were active in the lake on April 11 when opera-

tions were begun in 1947. A school was observed in water

about 10 feet in depth in Rainbow Bay, and a concentration

was present near the mouth of the slough. By April 18,

when a trap and fence were installed in the slough, a large

school of carp had moved down the slough and into the

flooded portions of the meadow north of the lake. On May

7 rotenone was used to poison the lower stretches of the

slough and on May 8 and 9 about 1,350 pounds of carp were

recovered and taken to the Oregon State Game Commission

hatchery at Butte Falls for use as fish food. Carp were

taken from the trap on May 7, 9, and 16. About 1,100

pounds were obtained from the trap. These also were taken

to the Butte Falls hatchery.

By May 17 the water on the extreme shallows of

Rainbow Bay had reached a temperature of 700 F. and carp

64
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were found to be congregating there. Rotenone was spread

around and over these fish by the three following methods:

1. towing a sack filled with cube root powder mixed with

water to the consistency of mud; 2. pouring a thin mixture

of the powdered cube root into the wash of an outboard

motor; 3. broadcasting the "mud" by hand. The carp im-

mediately showed signs of distress, but moved out of the

poisoned zone and apparently recovered, for no adult carp

were found dead in the area. Catfish (bullheads) and some

small carp as well as a few perch and centrarchids were

killed. This operation was repeated on May 19, when the

poison was spread into the weed beds with a hand pump, and

laid in bands outside the weed beds by towing a sack. Re-

sults were similar to those of the first trial. Twelve

pounds of cube root (4% rotenone) were used in each

attempt.

Carp were discovered on the south end shallows on

May 22. Specimens taken by means of a dip net showed that

spawning was about to begin. The following day and on

June 13 attempts were made to poison carp in this area but

success was limited.

Successful poisoning operations were carried out

against adult carp only in the slough, where the fish could

not escape from the toxic area. In poisoning the shallow

parts of the lake, where the poison must be spread over a
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large area, a crew of men working with a power sprayer

would be much more practical than one man using hand

methods.

Carp fry about an inch long were discovered in the

slough June 12, and poisoned, using a weak solution of

rotenone. During the remainder of the season carp finger-

lings were poisoned several times in the slough and along

the northwest shore as far south an Dry Creek. No carp

fry or fingerlings were discovered in Rainbow Bay or on

the shallows and flooded ground at the south end of the

lake.

The large concentrations of adult carp broke up

about the middle of June and the fish distributed themselves

about the lake in deeper water where they were no longer

available for poisoning.

Future carp control at Lake of the Woods could very

well be carried out by a small crew of men which could

visit the lake at the following times: 1. early April,

2. mid-May, 3. late June or early July. In the early

part of April trapping and poisoning operations could be

carried out in the slough areas. This is also the spawning

time of the yellow perch, so the crew could work two jobs

on a single visit of a week or ten days. By the middle of

May carp should be spawning or at least schooling up on

the shallows where poisoning is easiest. At this time,
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also, yellow perch fry are available for poisoning and at
Fish Lake roach may be found on the shallows. About the

first of July carp fry should be found in the slough and
shallow areas. Also, roach at Fish Lake should be in areas

suitable for poisoning at this time.

SUCKERS

At least 4 species of the family Catostomidae or
suckers occur in Lake of the Woods, including Chasmistes
atomise Gilbert, Chasmistes copei Evermann and Meek, and

Catostomus snyderi Gilbert. All 3 are members of the

Klamath fauna. In addition, there occurs a species of
Catostomus which is as yet unidentified, but which re-

sembles C. occidentalis. Further study will be necessary
to establish this fish as an introduced species, a hybrid,
or a new species or subspecies. Since all these suckers
showed essentially the same habits, they will be consid-

ered as a unit.
On April 11, 1947, suckers were found concentrated

in the north slough and L. pounds of cube root was spread

over them. A good kill was realized and 207 fish were

recovered or counted. Most of these fish were approaching

spawning, and 3 females were Observed which had apparently

completed spawning. The surface temperature at this time

was 55° F. to 59° F. in the slough. In the lake proper,
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the temperature was much lower than this, about 440 F., and

no spawning activity among the suckers was noticed, al-

though small schools and single individuals were seen in

shallow water on occasion.

On the afternoon of April 27, when the surface

temperature of the lake had risen to 550 F the suckers
moved onto beds of large gravel near the shore and began

spawning. Both genera were represented on the spawning

grounds at the same time, and no distinction could be made

between the spawning behavior of the two groups. A female

would move over the gravel accompanied by several males and

select a spot, then she and the surrounding males would

quiver and thrash about vigorously. Apparently, the eggs

and sperm were extruded at the time of the thrashing and

buried in the gravel at the same time, as no digging could

be seen to take place at any other time. In many cases

suckers other than the "spawners," and an occasional carp,
were observed rooting in the depression made by the spawn-

ing fish before the actual spawning act was completed.

These were thought to be feeding on unburied eggs, but no

stomachs were obtained for analysis.

Once spawning had begun, it continued even though

the lake temperature dropped below 550 F. during a few

days. Most of the spawning activity had been completed

by May 6 but some spawning was observed as late as May 24.
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SHORELINE AREAS USED FOR SPAWNING BY SUCKERS
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The late-spawning fish were found to be Catostomus snyderi.

The areas favored by the suckers for spawning were the
north shore of Rainbow Bay and the shallow areas extending

north of the resort about one quarter mile. Spawning took

place in water from 5 inches to 3 feet in depth, and the
bottom chosen consisted of large gravel and small rock*

Suckers were poisoned on the spawning grounds be-

tween the dates of April 27 and May 6 with fair success.
About 600 pounds of fish were recovered. Poisoning was

best accomplished by towing the cube root in a sack just
beyond the spawning suckers, although some success was

obtained with hand broadcasting over isolated schools.
Great care had to be taken in order not to frighten the
fish, as they would panic and leave the vicinity.

It is interesting to note that only two juvenile
suckers were observed all season. Both were taken in the

north slough. One was about 3 inches in length and the

other was a fingerling of the year. The lack of young

from previous years might be attributed to the poisoning
operations carried on in the slough in 1 946. but no ex-
planation can be offered for the scarcity of fingerlings
from the 1947 hatch. It may be that the immature suckers

do not frequent the shallows, or that some unknown factor
adversely affected the hatching or the survival of the fry

in 1947
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After spawning had been completed, the sucker con-

centrations broke up and the individual fish scattered to

all parts of the lake. They were observed or taken in gill

nets at all depths from the shallow slough areas to 45 feet.

No further tendency toward schooling was noticed the re-

mainder of the season.

Conclusions Pertaining to Suckers:

Suckers of the genera Chaamistee and Catostomus

maintain considerable populations in Lake of the Woods.

These fish are thought to feed largely upon small animal

life and are thus competitors for food of trout. Control

measures directed at the removal from the lake of as many

suckers as possible should be carried out yearly at the

time of spawning when suckers congregate upon the shallows.

In 1947, suckers spawned along the shore near the resort.

The water temperature at the time of spawning was 550 F.

KLAMATH ROACH

A. Status in Lake

The Klamath roach, Siphateles bicolor bicolor

(Girard), a fish which, with other closely related forms,

has become a major problem in many trout lakes in Oregon

where it has been introduced, is thought to be native to
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Lake of the Woods, as it was reported to be present there

by persons who visited the lake from 40 to 60 years ago.

Apparently in times past this species was quite numerous.

Dr. Fred Bowersox of Monmouth told of observing large

schools of roach in 1907, and Mr. M. Peck of Central Point,

in a letter to the Oregon State Game Commission, remarked

that for a few years following 1922, when "silvers" were

planted, anglers took about 2 "chubs" to one "silver."

At present, however, the roach population level is

extremely low. This decrease can probably be attributed

to two factors, trash fish control and predation by spiny-

rayed fish. A possible third factor or combination of

factors which might be considered can be seen in the vary-

ing conditions of water level which are found in the over-

flow slough. In 1947 that portion of the roach population

which was not trapped at the mouth of the slough or netted

in the slough moved to the flooded meadow for spawning.

This part of the slough was poisoned before any great
amount of spawning took place; consequently, little ob-

servation could be made on the young of the roach in 1947,

but the carp fingerlings which inhabited the lower slough

were wiped out when the water dried during the summer. Mr.

I. E. Vining of Ashland, in correspondence with the game

commission, tells of thousands of fish being lost in this

manner many years ago, and since roach are known to use
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the lower slough, it is probable that they were well repre-

sented in the losses.

Predation by other fishes was not definitely proven

in 1947 because of the scarcity of roach of a size which

could be easily taken by the bass and the perch, but the

schooling and roving habits of young roach could make them

easy prey for predaceous fish. Bass of all sizes and perch

around 10 inches long were present in the slough in 1947

and fed heavily on carp fingerlings. There is no reason to

believe that, had juvenile roach been present, they would

have been easier prey, since they tend to move in closely

packed schools. The predaceous fishes were also present in

all other shallow areas which would serve as habitats for

roach.

The exact effect of the 1946 poisoning operations

on the juvenile roach is not known for certain, but it is

known that many small fish were killed. Since no roach of

age elase II and only 1 roach of age class I were found in

1947, it is possible that the 1946 control operations

greatly reduced the numbers of smaller roach. Control

efforts in 1947 are thought to have been extremely effec-

tive, for no adult roach were trapped, netted, caught,

poisoned, or observed after June 4, even though trapping,

netting, and poisoning were carried on the remainder of

the summer, and observations made nearly every day.
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The status of the roach in Fish Lake, Jackson

County, only 8 miles from Lake of the Woods, in the Rogue

River drainage, is much different. Here the roach is an

exotic in a highly productive lake and is reproducing at a

rapid rate. Serious competition with trout for food may

result in the next few years. These conditions, but to a

lesser degree, may have existed in Lake of the Woods in

years past.

B. Biological Data

1. Time of Spawning

The gonad of female roach taken by means of a gill

net in the north slough April 11 showed an advanced state

of development and it was apparent that spawning would

occur as soon as the temperature reached the proper level.

Over 50 roach were taken at this time, all of which were

females. This might be an indication that some segrega-

tion of the sexes occurs prior to spawning. Males Which

were taken from the trap on April 19 to 22 were also in

an advanced state of development and bore nuptial tubercles

on their heads and backs. A limited amount of spawning

occurred in the slough before May 7, when the lower end

of the slough was completely poisoned, for a small school

of fingerlings was later discovered. Temperature in the
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slough on May 7 was over 60 F. at midday. On June 27, a

spawned-out male and a female in similar condition were

taken in a gill net along with two gravid females. This

was an indication that some spawning took place in the lake

itself, but no roach fingerlings were observed in any of

the shallow areas around the edges of the lake. Surface

temperature at 8 a.m. June 24 was 63° F. or above. At

Fish Lake, where the water temperature is influenced by the

flow of cold subterranean springs, the spawning of the

roach apparently began early in July and continued for more

than a month. This is based on the occurrence of roach

larvae and fry along the shores from July 25 to September 9,

and the collection of a female in spawning condition on

July 6. Many observations were carried cut at Fish Lake

but only one indication of spawning behavior was seen.

This led to the belief that in Fish Lake, at least, spawn-

ing occurred in fairly deep water.

Egg Production

Egg production was calculated for 4 roach by the

water displacement method, whereby the volume of a known

number of eggs was determined for each individual fish

and the total number of eggs then calculated from the total

volume. Results are shown in Table XVII.
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Figure 14. Scale from Roach showing 4 annuli
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TABLE XVII

CALCULATED EGG PRODUCTION OF 4 ROACH FROM FISH LAKE
AND LAKE OF THE WOODS

Lake

Age of Maturity

The youngest mature specimens taken at Lake of the

Woods were in their fourth year of life. No specimens in

the third year of life were obtained, and the single re.
presentative of age class I (second year of life) Which was

checked was immature. All specimens in the age classes IV,

V, VI and VII were mature. A mature male of age class II

measuring 9.5 cm. in total length was recorded from Fish

Lake. Several females in age classes II and III were

recorded from Fish Lake.

Age and Growth

On June 12, 1947, L. roach fry averaging 1.9 cm. in

length were collected from the north slough. On July 7

the same spot was visited and 74 roach fingerlings col-

lected by the use of rotenone. The average total length

of these fish was 2.78 cm. On August 14 a single specimen
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Age Total Length Weight Number
Class in cm. in gm. Eggs

4,140
4,40o

22,380
25,200

Fish Lake III 16.5 73
Fish Lake II 15.1 55
Lake 01 Woods V 27.8 256
Lake 01 Woods VI 27.1 249
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was taken Which measured 4.8 cm. in total length. If we

assume that these fish were hatched at nearly the same

time, the above figures would indicate that the initial

growth of the fingerlings is quite rapid. The average

total lengths and weights for the various age classes are

shown in Table XVIII. Scales were taken from 66 roach and

used in this study. Ages were determined for 63 fish.

Length-Weight Relationship

The relationship of weight and length of 77 roach

from Lake of the Woods is shown in Table XIX.

Food Habits

Analysis of stomach contents from 6 roach in 1941

showed that some midge larvae were eaten as well as

vegetable matter. Some vegetation was found in the

stomachs of the adult fish taken at Lake of the Woods in

1947, but most of the stomachs checked were empty. Roach

from Fish Lake were found to have eaten algae 2rincipally,

although some fresh water clams and seeds of water butter-

cup were taken.
Small roach apparently fed mainly on animal food.

Two specimens from Fish Lake, measuring 1 cm. and 1.6 cm.,

had eaten several tiny midge larvae each and the larger

one had in addition eaten an adult midge. Entomostracans
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were eaten exclusively by L. specimens from Lake of the

400ds, averaging 2.7 cm. in length. The stomach of a 4.8

cm. fish from Lake of the aoods contaLned Entomostracans

and algae. It would appear that the roach begins life

feeding on animal food and then changes to a vegetable

diet, although some animal food may be taken. For a short

period during August the roach at Fish Lake were observed

to feed heavily on winged ants which fell to the surface of

the water.

C. Control

Methods used in controlling roach at Lake of the

Woods in 1947 included gill netting, poisoning, and trap.

ping. The latter was by far the most efficient, and took

the most roach for the least amount of effort and expense.

One gill net, set overnight in the slough, took over 50

mature females, but the time and effort which had to be

expended in disentangling them detracted greatly from the

efficiency of this method. Poisoning of roach at Lake of

the Woods was incidental to other poisoning operations, but

was quite effective. Rotenone was used extensively on

roach at Fish Lake, and this will be discussed later.

The habits of roach make trapping of this species

quite easy, as the fish show a tendency to move up and

down the shoreline in reat schools, following the leaders
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closely. Attempts on the part of the roach to move into

the north slough at Lake of the Woods led to the capture,

by a two-way fish trap, of more than 725 pounds of that

species between April 18 and May 16. It is thought that

this poundage represents nearly the entir,c adult roach

population of the lake, since only a few were Obtained or

seen the remainder of the season.

Poisoning of roach at Fish Lake was carried out at

various times during the summer. Whenever schools appeared

along the shore in areas where trout were not numerous,

rotenone was spread around them by dragging a mixture of

cube root in a sack or by broadcasting the "mud" by hand.

The latter method was used mainly When a small school could

be cut off in a cove. The shallow areas at Lake of the

Woods are much better suited to this type of control than

the snag-filled shallows of Fish Lake, and if roach become

numerous again at Lake of the Woods, poisoning probably

can be used to good effect.

D. Conclusions Regarding Roach

The roach population at Lake of the Woods is thought

to have declined considerably in the last 20 years due to

predation and competition of other fishes, losses by "pot

holing" during the summer, and trash fish control opera-

tions. This species finds a good habitat in the shallow



areas of Lake of the Woods and makes a rapid Growth during

the first few years of life. If conditions at the lake

should chane SO as to favor the roacL it may aiAiin become

numerous in the lake and require attention as a trash fish.

The operation of a trap at the 'Louth of the north siouGh

and periodic poisoning op-riAions in the slough should keep

this species in check.

CATFISH (BULLHEADS)

The northern brown bullhead, Ameiurus nebulosue

(LeSueur), was found to be present in the lake in great

numbers, especially in the extremely shallow areas, al-

though some were taken in the open lake. The northern

black bullhead, A. moles (Rafinesque), which was recorded

from the lake by Smith and Holloway (1946) was not found

in 1947. Stomach analyses in 1941 indicated that the bull-

heads fed largely upon insects, and Pillow (1941) con-

sidered them to be competitors for the food of trout. Few

observations were made on the bullheads in 1947. It was

noted that this species preferred the warm shallows with

abundant vegetation and that some anglers liked to fish

for them. Also, it was found that the young were present

in very shallow water throughout the summer and that there

is a tendency for the adult fish to move into the north

slough as the water in the slough warms to about 600 F.



ie 15. Perch scale showing two annuli

,e 16. Bass scale showing three annuli

85

1

1

rr-



86

If the bullhead affects the trout population only
through competition, and lives mainly in the warm waters

which the trout ordinarily shun, it may be desirable to
retain a number of this species at the lake to furnish a
mall degree of collateral fishing. On the other hand, if
it becomes evident that the bullheads are a decided detri-
ment to the trout population, their numbers can be effec..
tively reduced by trapping at the mouth of the slough and
by poisoning the shallow areas. Many hundreds of adults

and young were killed in the poisoning and trapping opera-

tions in 1947.

SALMONOID GAME FISH

A. Species Present or Planted

Possibly the rainbow trout, Salmo gairdnerii Richard-
son, is native to Lake of the Woods, since trout were
reported by an early resident to have been in Rainbow
Creek before the turn of the century. It is known, how-

ever, that trout were not present in any numbers until they
were planted from Spencer Creek by private individuals in

1916. A plant of 200,6 rainbow fry was made in 1946 and

25,000 legal size fall-spawning rainbows were planted in

1947. Eastern brook trout, Salvelinus fontinalis
(Mitchill), were planted about 1924, and game commission
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records show that an additional plant was made in 1940.

Silver salmon, Oncorhynchu kisutch (slbaum), were planted

in 1935 and in 19370 1938, 1942, 19430 19440 and 19L5.

Early residents of the arsa, in correspondence with the

&a:-fie commission, have writtsn of "silvers" being planted in

or around 1922, but the exact species is not known since

that common name is sometimes applied to sockeye salon in
landlocked situations. No reference to sockeye has been

found and no specimens have been recorded. Montana black.

spotted cutthroat, Salmo clarkii lewisi (Girard), were

planted in 1940, and a plant of Chinook salmon, Oncorhynchus

tschawytscha (Walbaum), was made in 1942. A brown trout,

Salmo trutta Linnaeus, was taken from the lake in 1947, but

no record of any stocking of this species could be found.

B. Rainbow trout

1. Status in Lake

This species has been one of the most popular fishes
in the lake and furnished a fair degree of fishing as long

as a brood stock was maintained. Persons In correspondence

with the game commission have told of rainbows weighing

from 1 to 3 1/2 pounds being numerous in the lake about 20

years ago.
This species was found to be nearly absent in later
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years, and, excepting a few fingerlings from the tributary

streams, only one rainbow was seen at the lake in 1947

prior to the 1947 plant. Some of the probable causes of

the decline of rainbows-. are continuous anler pressure,

predation and competition by otner species, and "pothol-

ing" following spring floods. As the tributary streams

offer very little spawnine area, and since moderate angler

pressure has existed at the lake over the are, the re-

production of the trout has probably not been sufficient to

replace the losses by angling and predation. Angling has

been carried on yearly in Rainbow Creek at the time the

brood fish were on their spawning run, and this has doubt-.

less had a definite adverse effect. sass, yellow perch,

and warmouth bass have probably all been detrimental to

the trout population through predation, although only the

largemouth bass was incriminated on this account in 1247.

the spiny-rayed and coarse species in the lake have

tended to reduce the amount of food available te the rain-

bows or other trout. The exact effects of possible losses
by "potholin" in the lower slough are not Lnown, but some

early residents in letters to the game commission have told

of great numbers of fish being lost in that manner, without

referring to species. They inferred, however, that desir-

eble fish were being lost. In 1947 only one salmonoid fish

was fond in the lower slough, and rainbows showed no

tendency to enter the area.



89

In 1946, 200,600 rainbow fry were stocked, but no

definite record of survival was obtained. An angler re.

ported soeln, a school of snail fish, presumably trout,

feeding near the south end of the lake in 1947 before the

plant of legal-sized fish was made, but no specimens were

obtained. Survival from the 1947 plant of 25,000 was

fairly good. Very few were killed in the actual stocking

operation, and the depredations of Wee bass did not appear

to reduce the numbers of trout too drastically, although

many were taken.

2. Growth

Little exact Information is available on the growth

made by rainbows in the lake in early years but letters in
the files of the Oregon State Gseee Commission referring to

anclin- at Lake of the Uoods impart the impression that

fish wei&aine 1 and 2 pounds were coon. In 1 947 a rain.

eow in its fifth year of life was taken, which measured

31.7 asi. (12.; la.) and weighed 340 grams (12 oz.). The

structure of tne scales of this fish resembled the

"sereae, type" salmon ucalee, in that slow erowtli Was in-

dicated for tne first two jars and faster growth for those

succeeding. his ;ouid indleate a movement from the cold

waters e2 one of tne creees to the warmer waters of the

lake, or the transition free,' one typo of food to anocher.



All other rainbows collected in the lake in 1947

were from the 1947 plant. sale of 22 fish was taken

by means of gill nets. For the purpose of comparison this

sample may be broken into L. groups, according to the time

at which the fisli were collt,cted. Table XX shows the aver-

age lengths and weights for eacil esroup.

TABLE la

COiaARISON OF LENGTHS AND WEIGHTS OF RAINBOW TROUT
TAKEN IN VARIOUS MONTHS

Avg. Length Avg. Weight

Month No. Cases in cm. In irams

May L. 16.25 53.5
June 5 17.48 66.3
July 7 21.09 110,0

August and Sept. 6 21.45 127.6
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Although the samples were very small in numbers, it

is thought that a trend toward longer and heavier fish was

indicated as the season advanced. From this it would

appear that, even though the food grade of the lake is
thought to be low, rainbow trout are able to make a sub-

stantial summer growth. It may be, however, that winter

conditions for trout in this lake are more critical than

summer conditions and would therefore need to be investi-

rated.



3. Food

Most of the fish taken in the gill nets were found

to have empty stomachs, but an occasional specimen Which

contained food was obtained from the nets or from anglers.

A rainbow taken in April, when the principal organisms

taken in bottom samples were midge larvae, had eaten mainly

terrestrial forms and no midge larvae. Subsurface forms

found in this stomach were water boatmen, water beetles and

dragonfly nymphs. Other forms included spiders, a solitary

bee, click beetles, a longhorn beetle, ants, and terres-

trial Hemiptera.

During the entire season rainbows could be observed

feeding at the surface during heavy hatches of caddis

flies, mayflies, midges, and the swarming of ants. Most

of the stomachs obtained contained more terrestrial than

aquatic forms, but one fish taken in July contained 4.5 cc.
of mayfly nymphs, and a stomach brouht for examination by

an angler in early July contained Cladocerans exclusively.

This angler furnished the information that several trout

caught in fairly deep water contained that type of food.

The last week of August an angler brought in 3 fish ranging

between 20 and 23 cm. which had apparently gorged them-

selves to their utmost capacities. One contained 455

winged ants and a damsel fly, another contained about 490

ants, and the third had eaten 15 ants, 1 terrestrial

91
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beetle, 2 wasps, 1 grasshopper, 2 dipterous pupae and 1

water boatman.

Whether the trout took to surface feeding from pre-

ference or necessity is not definitely known, but probably

both factors contributed. As has been mentioned pre-

viously, perch dominated the areas of best aquatic food

production as determined by bottom samples. Perch could

have forced the trout to the upper layers by competition

or antagonism stemming from incompatibility of the two

species. If it is assumed that this was true* the removal

of the perch would open up great areas of moderate food

production to the trout and greatly increase the lake's

holding capacity for trout. If it is assumed that the

trout fed at the surface out of preference, the removal

of the perch becomes no less important, for in winter sur-

face feeding is impossible* and both trout and perch are

dependent on subsurface production for such food as is

necessary.

Since the 1947 bottom samples showed very few of the

organisms which trout used for food, their greatest use,

when applied to the summer feeding of trout, is that of a

general index to the productivity of the lake, and not as

a measure of the food available to trout. The investiga-

tion of food conditions at any lake should include studies

of the length of the active feeding season of the trout*
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of the winter food of trout, and of the availability of

food in the winter. Also, forage ratios and allowances for

differences in availability as mentioned by Allen (1941)

should be considered.

In the case of Lake of the Woods, which is nearly

inaccessible during the late fall and winter months, and

where winter operations would be difficult and costly, the

best approach to the study of winter conditions would be in

early spring studies. Condition of the trout in spring and

the food they have eaten as compared to bottom food present

should give a better insight into the lake's capacity to

support trout than the summer bottom samples. If the

winter conditions are found to be critical, and food in-

sufficient, the stocking policy should be changed. The

present plan to stock 25,000 legal-sized rainbows annually

should be continued as a matter of expediency until such

a time as indications that this number is inadequate or

too many arise. Success of plants will depend in some

measure on the efficiency of the control of trash fish and

undesirable species.

4. Rainbows in the 1947 Fishery

The newly-planted rainbows were caught sporadically

by angling most of the season, but experienced anglers were

usually able to make a fair catch. On the Whole, however,
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success was not good. The partial creel census, which

included reports from 1,044 anglers, showed only 577 rain-

bows taken between April 26 and September 10. The best

angling occurred during the first week of September when

many limit catches of trout were made. As annual stocking

increases the concentration of trout in the lake, and as

more determined and experienced anglers again begin to fish

the lake, the success ratio should become much better.

C. Silver Salmon

1. Status in Lake

Stocking records show that silver salmon, ,Oncorhyn-

chus kisutch (Walbaum), were planted in Lake of the Woods

as follows: 125,000 in 1935; 80,000 in 1937; 64,872 in

1938; 84,574 in 1942; 103,305 in 1943; 63,766 in 1944; and

152,610 in 1945. Scale readings showed that representa-

tives of the 1943, 194h, and 1945 plants were present in

the lake in 1947. The survivors of the 1943 plant were

mostly past the peak of maturity, in poor condition, and

therefore furnished no angling. Silvers planted in 1944

were taken frequently by anglers during the early part of

the season, but fish of the 1945 plant were seldom caught

by fishermen. A total of 248 silver salmon were reported

by 1,044 fishermen, and 210 of those fish were taken be-

tween April 26 and June 23. Silver salmon appeared to be



less numerous than the rainbows as only 6 were taken in

the gill net samples as compared with 24 rainbows.

2. Habits in Lake

From April through June silver salmon were taken

frequently by anglers or by gill nets, but during the

summer months they apparently moved into greater depths

and were seldom taken or observed. On July 8 a school of

silver salmon was attracted by the lights at the resort

dock and were observed as they swam about near the surf ce.

At another time, in August, a school was observed just

before dark, feeding at the surface on caddis flies. This

school swept up the north shore of Rainbow Bay at a rapid

rate, breaking water often. Occasionally a feeding fish

would leap clear of the water and the form and coloration

could be observed. Their identification as silver salmon

was based on their size, their silver and olive coloration,
their forked caudal fins and their mode of traveling and

feeding. It is thought that during the warm months the

silver salmon feed mainly in deep water, and confine sur-

face feeding to late evening and night. During the summer

the silver salmon all but disappear from the angler's

catches.
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3. Food

A silver salmon 31.5 am. in length, taken April 13,

had eaten 1 small carp, 1 small bass, 1 backswimmer and 1

rove beetle. Two others 28 cm. and 30 cm. in length, taken

April 14, had eaten midge larvae almost exclusively. One

taken June 3 contained a few insect remains.

L. Age, Size and Maturity

Of 14 mature silver salmon ranging from 23.8 cm. to

35.5 em., which were examined in 1947, U. had matured at

the end of their fourth year of life (age class III) and 2

at the end of their third year (age class II). Age was not

determined for the remaining fish but it fell in the

general size group of the older fish. Most of these fish

were taken from the trap in the north slough. In addition,

a small specimen, about 8 Inches in length, which showed

the extremely dark coloration, heavy spotting and leanness

of the mature fish, was observed in the trap but not col-

lected. The size of this fish was comparable to that of

fish in their second year.

A total of 10 fish were obtained which showed de-

veloping gonads. Of these, 9 were thought to be in the

fourth year of life and 1 was in the fifth. In April and

May, 4 fish of age class III were taken which showed little

or no development of the gonads. It was thought that three

96
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of these were males, but no determination could be made

for the fourth fish. Also, 3 immature fish of age class

II were collected. A small silver, 12.5 cm., in its second

year was collected following the 1947 plant of rainbows.

The average total (fork) length of the 2 silvers

which had matured at the end of their third year of life
was 24.3 cm., and their average weight 140.5 grams. Aver-

age length and weight for 3 immature salmon in their third
year of life was 16.26 cm. and 52.3 grams. Eleven fish

Which matured at the end of their fourth year of life had

an average length of 30.11 cm. and an average weight of

255.3 grams, whereas 12 maturing fish in the fourth year

had an average length of 29.0 cm. and 245 grams. One

maturing fish of age class IV measured 31.5 cm. and weighed

338.5 grams. All the mature fish, except 1, had atrophied

digestive organs and had probably not eaten since maturing

at some time late in 1946.
From the above it would appear that these land-

locked silver salmon make a remarkable growth during their

third year of life and grow more slowly in length during
their fourth year. Weight increase is probably fairly
great during the fourth year, since the single immature
fish in the fifth year of life was only 2.5 cm. longer than
the average for the fish of age class III but weighed 93.6

grams more. Also, the mature fish comparable to age class
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III had a higher average weight than the fish of age class
III even though they had fasted for several months. Most

of the scales which were examined in age determinations

indicated fast third-year growth.
The mature fish mentioned above were taken mostly

from the trap, where they were caught in movements to and

from Billie Creek. With one exception, which was taken

in the open lake, they were very dark in color &Ad had

atrophied intestinal tracts. Their eggs were hard and in-

capable of being fertilized, but some spawning had appar-
ently occurred, as a redd was dug up in Billie Creek and
found to contain at least 76 eggs, all infertile. There

was much evidence of digging in the creek bottam and many

eggs had been released on the gravel or mud.

One female which had matured but had not become

moribund was taken by an angler on June 3. This fish had
retained her eggs, which were hard and somewhat glassy, in
her body cavity, and had an apparently normal digestive

system. That she had been feeding was shown by the

presence of insect remains in the intestine. Many scales

from this fish were examined. It was concluded that this
salmon had matured at the end of the fourth year of life
and had resorbed portions of the edges of the scales. Most

scales examined showed indications of new growth wherein

partial circuli had, been laid down. These new circuli were
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not concentric with the others, and the mark thus obtained

resembles the beginning of what is sometimes called a

spawning check in other fishes.

D. Other Salmonids

1. Eastern Brook Trout

Of the remaining species of trout and salmon present

in the lake* the eastern brook trout was potentially most

important because of their establishment in Rainbow Creek.

This species was planted first in the early 19201s and,

in addition, the game commission stocked the lake with

240, 800 in 1938. Survivors of the lants apparently did
well, according to persons acquainted with the lake, and
were easily taken on flies at times. In 1947 brook trout

were rare in the lake but numerous in Rainbow Creek and

it is thought that if the creek is kept free of diversions

and barriers, a small but constant supply of this species
will be furnished the lake. It Was noticed that the brook
trout did not migrate downstream after the creek was
opened in the summer of 1947, but it is possible that their
behavior in other seasons might be different.

Two large specimens were taken in April, 1947, which

were thought to be in their seventh year of life (age class

VI). One, a female taken by an angler, was 49.8 cm.
(19 5/8 in.) in total length and 1585 grams (3.5 lbs.) in
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weight. The other, a male taken in a gill net, was 50.5 cm.
(19 7/8 in.) in length and 1590 grams (3.5 lbs.) in weight.
The stomach contents of the female consisted of a small

perch; the male had eaten L. perch heads jettisoned by some

fisherman, 1 small perch, 1 piece of bulrush about 2 inches

long, and 1 hymenopterous insect. The intestine of this

fish contained fish remains. No other specimens were ob-

served from the lake.

The temperature of Lake of the Woods is well suited

to this species, and older specimens apparently find a good
food sup4y in the yellow perch. The eastern brook, there-

fore, might prove to be of assistance in cutting down the
perch population.

Eastern brook trout barely entered the sports
fishery at Lake of the Woods in 1947. Observations made

at Fish Lake and Pourmile Lake during the 1947 season

showed that the brook trout were taken mostly in the early
part of the season and were taken only occasionally during
the summer months. A similar eituation miht exist at Lake
of the Woods if the population level of this species were

increased.

2. Brown Trout

One female brown trout was taken in a gill net on

June 3. This fish was 63.9 cm. (25.5 in.) in length,

weighed 4110 grams (9 lbs. 1 oz.), and had been feeding on



Figure 17e Warmouth bass scale which showed 3 annuli
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fish of undetermined species. The scales of this specimen

indicated that it was entering its tenth year of life and

had spawned two, and possibly three, times. A report to

the effect that an angler had taken a large brown trout was

heard, but no verification could be made. No records have

been found which refer to the planting of brown trout in

Lake of the Woods.

Chinook Salmon

One Chinook salmon, a female in the fourth year, was

taken by an angler in 1947. This fish was slightly larger

than the silver salmon of the same age group, as it was

33.2 cm. in length and weighed 368 grams. Probably it was

planted inadvertently with a plant of silver salmon, since

it was too young to have survived the 1942 plant of 121,468

Chinook. The last survivors of that plant which were re-

ported were taken during the winter of 1945-1946. Most of

these fish wore about 19 or 20 inches in length and weighed

in excess of two pounds.

Montana Cutthroat Trout

Montana cutthroat trout were introduced into the lake
In 1940, when 60,206 were stocked. Ver;,r little is known of
the survival frcr this plant or the effect on the fishing.

No cutthroat trout were found to be present in 1947.



E. Conclusions on Salmonoid Game Fish

Because of their desirability as game fish and be-

cause of other factors, such as growth and the possibility

of natural propagation, it is thought that the species to

be stocked in Lake of the Woods should be the rainbow

trout, with occasional supplementary plants of eastern

brook trout. The present policy of planting 25,000 legal-
sized rainbows should be continued until information can be

gathered on the adequacy or inadequacy of that number.

Since the species of Pacific salmon Which have been

planted in Lake of the Woods have given only a small return

to the angler and have provided at beat only a seasonal

fishery, the planting of salmon should be discontinued.

The return of salmon to the streams from which the eggs are

taken is a policy more sound than that of land-locking them

In trout lakes.

GENERAL CONCLUSIONS AND RECOMMENDATIONS

In General, the findings of previous studies,

showinG low food production, dominance of yellow perch, a

scarcity of salmonoid fish, and the presence of complex

interspecific problems at Lake of the Woods, were borne out

by the 1947 investiations.
Bottom sacdples show the food 6rade of the lake
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to be low, but trout did not feed to any great extent on

the type of organisms token in the semples. Therefore a

need is indicated for a specific study of the relationship

between the low bottcm food production and the growth and

welfare of the trout at this lake. Furthermore, in spite

of the indicated low production, large populations of rough

fie_ and spiny-rayed fish are maintained in the lake, and

it seems reasonable to believe that if these competitive

and incompatible species were removed, the leke could

support a greatly increased number of trout.

The yellow perch is the most abundant fish in

the lake and may be regarded as tLe most important problem

fish, as it is competitive for trout food, and the larger

individuals are predaceous. Control of perch in the lake

should be based upon spawn collection and the poisoning of

fry, although some netting and seining should be attempted

during spawning season. If a fish poison can be obtained

whiel, is effective in temperatures down to 440 F., the

perch may be poisoned on the spawning beds.

The remaining undesirable species, including the

species of the families Catostomidae, Centrarchidae, Cy-
prinidae and perhaps Ameiuridae, when considered together,

constitute a problem nearly as great as that of the perch.

however, the operation of a trap in the north slough, and

frequent poisoning operations at the time of spawning
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should be sufficient to keep the populations in check.
Attempts at total control are not believed to be necessary.
Seasons and bag limits on spiny-rayed species should be

discontinued at the lake.
The tributary streams can support a small amount

of spawning for trout. Rainbow Creek is known to have

supported many spawning rainbows in the past, and should

be closed to angling if it is used for spawning purposes by

the rainbows now in the lake. Both streams should be kept

free of beaver obstructions, and if possible, stream im-
provements should be carried out on Billie Creek to prevent

a late summer loss of water.

Since rainbow trout usually can be caught by

anglers at most times during the season, and appear to make

a fair growth in the lake, the present policy of stocking
25,000 legal-sized rainbows should be continued. Occasional

supplementary plants of eastern brook trout should be made.
Periodic checks should be made on the population levels and

the condition of the trout in order to detect any evidence
of overstocking which might appear.
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APPENDIX I

FISH PLANTED, REPORTED, OR KNOWN TO BE PRESENT IN
LAKE OF THE WOODS

Family Salmonidae

Rainbow Trout, Salmo zairdnerii Richardson
*Montana Blackspotted Trout, Salmo clarkii lewisi

(Girard)
Brown Trout, Salmo trutta LinnaeuS
Silver Salmon, Oncorhynchus kisutch (Walbaum)
Chinook Salmon, Oncorhynchus tschawytscha (Walbaum)
Eastern Brook Trout, Salvelinus fontinalis (Mitchill)

Family Catostomidae

Klamath Coarse-scaled Sucker, Catostomus sn deri
(Gilbert)

Undetermined species, Catostomus sp.
Klamath Lake Sucker, Chasmistes stomias Gilbert
Klamath Lake Sucker, Chasmistes copal Evermann and

Meek
Family Cyprinidae

Carp, Cyprinus car io Linnaeus
Klamath Roach, S p a eles bicolor bicolor (Girard)

Family Ameiuridae

*Northern Black Bullhead, Ameiurus melee (Rafinesque)
Northern Brown Bullhead, Ameiurus nebulosus (LeSueur)

Family Percidae

Yellow Perch, rerca flavescens (Mitch111)
Family Centrarchidae

Largemouth Bass, Huro salmoides (Lacepede)
Warmouth Bass, Chaenobryttus coronarius (Bartram)
Pumpkinseed Sunfish, Le omis gibbosus (Linnaeus)
Bluegill Sunfish, Le o s macrochirus Rafinesque
Black Crappie, Pomox s n gro-maculatus (LeSueur)
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*Not collected in 1947.



APPENDIX II

A PARTIAL CREEL CENSUS FROM LAKE OF THE WOODS, OREGON, IN 1947

Yellow Rainbow Catfish Silver Viarmouth Eastern
An lers Perch Trout Salmon Sunfish Bass Bass Crappie Brook

324 308 36 134 88* 0 0 0 0 2**

304 1448 291 18 123 8 0 0 1 0

267 1921 120 40 30 81 37 5 3 0

123 717 144 23 5 2 6 0 1 0

23 0 86 0 3 0 2 0 0 0

1044 3394 577 255 249* 91 45 5 r-) 2**

*includes one Chinook salmon **one reported from Rainbow Creek

Period

April 26 to
May 23
May 23 to
June 23
June 23 to
July 23
July 23 to
August 23
August 23 to
September 10

Totals




