
2.-A REWKT UPON SALMON INVESTIGATIONS IN THE COLUMBIA RIVER 
BASIN AND ELSEWHERE ON T H E  PACIFIC COAST IN 1896. 

BY BARTON WARREN EVERMANN AND SETH EUGENE MEEK. 

During the season of 1896 the United States Fish Oommission conducted a number 
of investigations in Idaho, Washington, and Oregon, having for their general purpose 
the improvement and extension of the fish-cultural operations of the Commission on the 
Pacific Ooast. The specific object of each inquiry, the details of the work, and results 
accomplished are given in the following pages. The work was under the imme- 
diate direction of Professor Evermann, assisted by Dr. 8. E. Meek, associate professor 
of biology and geology in Arkansas State University; Mr. Ulysses 0. Cox, professor of 
biology in the State Normal tlchool at  Mankato, Minn.; Mr. A. B. Alexander, fishery 
expert of the Fish Oommission steamer Albatross; Mr. W. F. Hubbard, superintendent 
of the Unitod States fish-hatchery a t  Olackamas, Oregon, and Mr. Alfred O. Maddren. 

Investigations were. carried on in ten different regions, as follows: (1) At the 
Redfish lakes in Idaho, by Messrs. Evermann, Meek, and Maddren; (2) at  Lake Pend 
d70reille, Idaho, by Messrs. Alexander and Cox; (3) a t  Wallowa Lake, Oregon, by 
Messrs. Meek and Maddren; (4) on tributaries of the Lower Columbia, by Messrs. 
Evermann, Meek, and Hubbard, and by Measrs. Alexander and Cox; ( 5 )  on streams 
tributary to Puget Sound, by Messrs. Alexander and (lox; (6) at Lakes Washington, 
Sammamish, and Union, by Nr. Alexander; (7) on the Siuslaw River, Oregon, by Dr. 
Meek; (8) on Whoahink, Tsiltcoos, and Tahkenitch lakes, Oregon, by Dr. Meek j (9) 
a t  Upper Elamstth Lake, by Messrs. Meek and Alexander; and (10) at  Orattter Lake, 
Oregon, by Messrs. Everxnann and Cox. 

During the progress of this work the representatives of the Commission were the 
recipients of material assistance and many acts of courtesy from various citizens, to all 
of whom we are glad to acknowledge our indebtedness and to express our thanks. 
Especial mention should be made of Mr. G. H. Stevenson, Vancouver, Wash.; Seufert 
Brothers and Mr. I. H. Taffe, salmon-canners at  Oelilo, Oregon; Mr. Frank Warren, 
salmon-canner at  Portland j Captain Steers, of the steamer Lillian, Florence, Oregon; 
Mr. William Kyle and Messrs. Elmore Q Sanborn, salmon-canners a t  Florence; Mr. 
Leonard Ohristianson, of Acme, Oregon, and Mr. Scott Morris, of Ada, Oregon. 

T H E  REDFISH LAKES, IDAHO. 

It was found in 1894 that these lakes and their connecting streams afforded unusn- 
ally good facilities for the study of the spawning habits of the chinook salmon and 
both forms of the so-called redfish. The matter was taken up in the following year 
and a continuous series of observations was carried on at those lakes from July 17  to 
September 24. A detailed account of those observations, together with full descrip- 
tions of the physical features of the region, may be found in the published report, in 
the Bulletin of the Uuited States Fish Commission for 1896, pp. 149-203. 
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The investigations of 1895 resulted in the following couclusions concerning a 
number of important questions regarding these fishes, viz : 

1. The chinook salmon resorting to the headwaters of Salmon River for spawning 
purposes reach the spawning-grounds in perfect condition, so far as shown by external 
appearances, no mutilations nor injuries of any kind having been seen. The many 
sores and mutilations seen upon them later in the season result from injuries incident 
to spawning, are received on the spawning-beds, and are not due to iujuries received 
en route from the sea. 

2. After spawning, the chinook salmon coming to these waters die in the vicinity 
of the spawning-beds. 

3. The young chinook salmon remain about one year in the streams where they 
were hatched before beginning their journey to the sea. 

4. Tde large redash are identical with the blueback salmon, or sockeye (Oncorhyn- 
olms nerka), and come up from the sea, as do the uhiiiook salmon. They reach the 
spawning-beds in perfect condition, are mutilated there during the spawning seasou, 
and then die, never returning to the sea. 

5. The small redfish spawn a t  the same t ime and on the same beds with the large 
redfish. They arrive upon the spawning-beds in apparently perfect condition, but Noon 
become mutilated, just as do the large form and the chinook salmon, and then die 
without returning even t o  the lake. 

6. Eggs of the small redfish laid in September in the inlet to Alturas Lake began 
hahhing on the 218t of March following. 

7. The' youag redfish remain in Alturas Lake at least one year from the time when 
they were spawned. 

The investigations of 1895 left unanswered, however, some of the most important 
and interesting questions concerning the redfish. It was not possible to determine 
when the large redfish arrives a t  the Idaho lakes, nor whether the small form is really 
anadromous. Both forms were already in Alturas Lake before t h e  nets were set in 
the outlet, on Jtily 20. The importance of settling these questions, if possible, aud 
the desirability of repeating and verifying the observations of 1896, justified the 
continuance of the work another seasou. Alturas Lake was, therefore, again visited 
in the summer of 189G. Camp was established July 11 on the outlet of Alturas Lake, 
a t  the ford about 14 miles below Perkins Lake. On account of unusually high water 
i t  was impossible to set the gill nets satisfactorily until July 17. On July 22 the camp 
was moved to the head of Alturas Lake and a gill net was placed across the inlet at 
its mouth. The net at t h e  ford wa8 taken up August G and reset in the outlet between 
Perkins and Alturas lakes, thus making it more ea'sily reached from the camp. It 
remained in this place until September 25, when it was taken up and not reset again. 
Redfish began to  come into the inlet August 3. After that date the net was kept in 
place only a t  irregular intervals until August 14, when it was taken up. 

The snows 
of the precediug winter were much deeper than usual aud were slow in disappearing in 
the spring. Rains were also uncommonly frequent, even late in the spring and during 
the first half of su~iirner, the last of importance occurring August 6. A very hard 
rain fell on the night of August 3, resulting in a perceptible rise in the streams. On 
Jiily 11 the streams were much higher than a t  the same tiiiie the year before. Salmon 
River and Altiiras Creek were overflowing their bank8 in many places; much of the 

High water.-The spring of 189G was an uuusually late one in Idaho. 
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valley above Alturas Lake mas from a few inches to 3 feet under water. Not until 
about July 28 was it possible to reach the head of the lake with a wagon, and the 
outlet could not safely be forded earlier than that date. After July 14, however, the 
water ran down very rapidly, and during August and September AIturas Creek W ~ S  
only slightly higher than in 1805. 

(remperatzlres.-Temperature observations were made as regularly as circum- 
stances permitted. The records for July 11 to July 21, inclusive, are those made a t  the 
camp on the outlet of Alturas Lake. The tlierniometer for air temperatures mas 
kept hanging in the shade on a tree a t  the camp; the water temperatures were taken 
in the creek a t  the camp in water about a foot deep. 

Temperatiires recorded at the outlet of Alturas Lake, Idaho, Jicly 11 to $1, 1,996. 
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Tho temperatures recorded iit tho following table are those tskeii a t  the camp a,t 
the head of Alturas Lake. The LLiiilet” temperatures nrwe taken a few feet above the 
lake where the water was about 2 feet deep; those for the lake were taken just in 
front of our camp at a depth of about 3 feet, and those of the air were iu  the shade: 

ilbmperatures reeorded ut tlte liead of Alturae Lake, Idaho, ,7uly $3 io August 5, 1696. 
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aDuring the night of August 8 there wore llonry thuuder niid rain, snow falling on the mountains. 
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In the following diagram are shown tho temperature curves obtained by taking 
Two series were serial temperatures in Alturas, Big Redfish and Wallowa lakes. 

taken in Alturas Lake and one in each of the others. 
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SUMMARY O F  OBSIGRVATIONS REGARDING THE REDFISH. 

The following temperatures were taken August 11, in Alturas Lake just beyond 
the bar at the mouth of the inlet. A11 are bottom temperatures except the first three. 
The first, second, third, and fourth were all taken at the same place, the others a short 
distance away: 

Clamp was established on the outlet of Alturas Lake July 11, and observations 
began on tliat date. The daily inspectioil of the nets and the periodical examirlatio~l 
of Alturas Creelr and Salmon River were carried on essentially as during the season 
of 1895. Although gill nets could-not be well placed until July 17, the opportunities 
for examining the stream make i t  certain that if any redfish had ascended to the lake 
between July 11 and 17 they wolxld have been seen. 

Begiil~~ing with July 17, gill nets were kept constantly in the outlet of Alturas 
Lake, set in such manner as wholly to obstruct the stream to the ascent of fish. These 
nets were kept in place uutil September 25, but not a single redfish, either of the 
large or small form, was caught in them. No redfish were seen in the outlet or else- 
where below Alturais Lake during tho season. Small redfish appeared in the inlet in 
~onsiderable number8 in August and September, but no large redfish mere seen this 
Year a t  any of the Redfish Lakes. 
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Two series of temperatures at  different depths were tltken in Alturas Lake August 
11, between 3 13. m. and 6 p. m. These are shown on the temperature diagram on pre- 
ceding page. The series indicated by the crosses shows the bottom temperatures, 
obtained by starting near shore in 1 fathom and going outward into increasing depths. 
The circles on the continuous line indicate a vertical series take11 near the middle of 
the lake, where the depth was 150 feet. It will be noticed that, after reaching a depth 
of 30 feet, the two series coincide psactly and that the temperature at  the bottom in 
the deepest part of this lake is but slightly, if at all, above that of fresh water at  its 
greatest density, namely, 300. 

A similar series was taken at Big ltedfish Lake August 9, between 2.30 and 3.30 
p. m., the results of which are platted on the same diagram, an examination of which 
shows that this lake is, as n, whole, considerably colder than Alturas Lake. Though 
the surface temperatures are nearly the same, the water in Big Redfish Lake is seen 
to grow colder much illore rapidly as the depth increases. This is apparently due to 
the greater size and depth of Big Redfish Lake, the lower tempersture of the iuflowing 
water, and the greater protection afforded by tlle higher surroul~ding mountaius, In 
both lakes, however, the temperature decreases rapidly uritil s depth of about 100 feet 
is reached, and beyond that depth the decrease is less than 2O iu either case. 

These temperatures were taken with a Negretti-Zainbra deep-sea thermometer 
tripped by means of a messenger, and the results are believed to be reliable. The 
bottom temperatures which we took a t  these la,kes in 1805 were take11 with a Wilder 
protected thermometer, and we are now convinced that the results obtained are wholly 
unreliable whenever the depth exceeded a few feet. The thernlometer call not be 
drawn up quicltly enough to prevent the mercury from being warmed by tlle warmer 
water above. The few bottom temperatures given in the report of the work done on 
these Idaho lalres in 1895 are therefore worthless. 
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The first redfish seen was caught in Alturas Lake near the inlet July 16, while 
fishing for Dolly Varden trout in about 30 feet of water. It was a male, 114 inches 
long, and was taken on a hook baited with saluion spawn. I t s  stomach was well filled 
with food, chiefly small crustaceans. Its color mas a rich metallic blue on the back, 
becoming silvery on the lower sides and under parts. The reproductive organs were 
not greatly developed. 

The next redfish were caught in the inlet gill net on the night of the 2d of August, 
3 males in prime condition. On the next night 3 more males mere taken, in excellent 
condition and nearly or quite ripe. On the iiext night 8 males and 3 females were 
caught, all the males ripe and the females nearly so. KO others were seen until 
August 6, when about 40 were observed in a deep hole about a mile above the lake. 

As the redfish mere now runniug up in considerable numbers, the nets mere taken 
up and not put down again except for one night, August 13, when 53 males and 33 
females were caught. 

By the middle of August the fish had arrived in large numbers, the maximum 
being reached during the last week in that month. The fish in the inlet were counted 
a t  intervals and a careful record made of their numbers. The record reads as follows: 
1,044 fish on August 18; 1,345 on August 21; 1,038 on August 25; 1,558 on August 
28; 1,354 on September 1; 1,515 on September 4; 1,886 on September 9; 1,067 on 
September 12; 952 on September 14; 703 on September 18; 214 on September 25 j 106 
on September 28; October 2, none. 

The fish seen on the first few days mere all in perfect condition, but soon after 
they began spawning mutilations appeared, and some died as early as August 23. 
After that date they died rapidly, but the numbers were reinforced from time to time 
by new schools which continued to come up from the lake until probably the first week 
in September. The large decrease S ~ O W U  August 25, compared with the number 
observed four days earlier, was apparently caused by a great many fish being caught 
out by campers. Begiiining early in September the number of dead fish increased 
and the number of live ones gradually decreased until October 2, mhen all had died. 
The dead fish mere usually found in the deeper pools or quiet portions of the inlet. 
On September 14 one dead redfish was found lodged agaiust the net in the outlet a 
few rods below Alturas Lake, and on September 25 four were found washed up on the 
shore of the lake a few rods west of the inlet. These had all doubtless been carried 
down by the current. 

Rzcn later than in  lS95.-In 1805 the first redfish appeared in Alturas Inlet July 
25, the maximum was reached about September G ,  and all had died by September 25. 
Iu 189G tlie run began nine days later, the maximum was attained about niue days 
earlier, and the last live fish were seen about nine days later than in 1895. Though 
the season began a littlc later, it covered almost exactly the same length of time. 

Mutilations.-Previous observations concerning the cause of the mutilations were 
verified. As the fish came into the inlet they mere all in perfect condition, and con- 
tinued and careful observation of' their movements during the spawning season showed 
conclusively that the injuries are caused by contact with the gravel and by fighting 
on the spawning-beds. 

Dying of the red$sh.-The conclusion reached last year, that every redfish dies 
after spawning once, was based upon absolute proof, so far as this region is conceriied, 
and no other conclusion was possible from the observatious made this year. The 

None of these showed any sores or mutilations of any kind. 
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number of redfish entering Alturas Inlet in 1895 was about 2,000 i u  round numbers, 
and not one ever returned alive to the lake below. The run this year was somewhat 
larger. The greatest number counted st any one time was 1,558, but many had died 
or been caught by campers prior to that time, and many new schools came in subse- 
quently. It is a conservative estimate to say that between 2,500 and 3,000 fish entered 
Alturas Inlet in 1896. While the observations for the purpose of determixling whether 
any returned to the lake were not as carefully made as in 1895, there is no evidence 
that a single fish ever returned to t'he lakc alive. 

While the mutilations are usually quite severe, in many cases they are not par- 
ticularly so, and unmutilated fish were sometixnes found dead or dying. This fact 
seems to be of great importance because of the light which i t  throws upon the probable 
cause of the death of spawning salmon. Some naturalists have maintained that the 
dying is attributable to  the injuries; others that exhaustion resulting from the long 
journey from the sea or long abstinence from the iise of food is the cause; but as a 
matter of fact, many observers have seen salmon dying in large numbers a t  the end 
of the spawning season in waters only a few miles from the sea, and even in salt 
water, and the cause could, therefore, not have been exhaustion resulting from long 
journeys without food, or mutilations received on such journeys. That the dying 
results from long abstinence froin food is completely disproved by observatioris a t  
Alturas Lake, where redfish have been observed to come up out of the lake with food 
in their stomachs, and have died a few days after spawning. The true cause is evi- 
dently deeper seated in its nature and more general in its applicatiou than has beon 
supposed. 

No large redfish seen in 1896.-In 1894,14 large redfish were seen in Alturak Inlet 
and 1 in the inlet to Pettit Lake, and as these waters were visited only once this does 
not, of course, indicate tlie total number that may have spawned there in that year. 
In 1895 only about 8 large redfish were seexi, 3 in the inlet to  Pettit Lake, 3 in Alturas 
Inlet, and 2 in Alturas Lake. During the season of 1896 no large redfish appeared in 
A h r a s  Inlet, nor were any seen a t  Pettit Lake, which, however, was not visited 
sufficiently often to fully determine the matter. None was observed at, Big Redfish 
Lake duriug a trip there August 8 to 10, and parties who visited the lake during 
august and September report seeing no redfish. 

Are the small redfish anadromous ?--This question can not yet be positively 
answered. If they are, they had reached Alturas Lake prior to July 11, just as they 
must have reached i t  before July 20, in 1895. But this may very well be so, for  the 
big redfish, which is undoubtedly anadromous, had also reached this lake earlier in 1895 
than July 20. Observations at Alturas and Wallowa lakes point strongly to the 
Probability of the small redfish being permaueutly resident iu those lakes. The first 
Of these was the catchi~lg of a small redfish in Alturas Lake July 16. This fish took 
the baited hook, and its stomach was found to contaixi some food, chiefly insect larvw 
and small crustaceans. Olie caught in the gill net August G had a trace of food in its 
stolnach. Twelve small redfish were caught with grabhooks in Walloma Lake by Mr. 
J. J. Stanley, about the first of September, and the stomachs of 9 of them were 
found to contain food Consisting almost wholly of entomostracans and 0 t h  Small 
crustaceans. In 0110 case the stomach contained a small quantity of soule alga and 
i' five or six cases the stomach was quite full of food. 
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The twelve specimens taken by Mr. Stanley were males which probably would 
have spawned that 8eason. They are considerably smaller than any heretofore taken 
and vary from 68 to 98 inches in total length; one found dead 011 the shore of Wallowa 
Lake August 24 is only 5$ inches long. 

In  the light of all these facts it is hard to believe that the small redfish come up 
from the sea. On the other hand, when we consider that the large and small forms 
present no structural diKerences of value, that they spawn at  tlie Name time arid 011 

the same beds, that tlie small form has never beell seen, so far as known, in any of 
these lakes except a t  spawning time, and that they, like other members of the genus, 
die after once spawning, it is equally difficult to believe that they are perrnaiieritly 
resident in fresh water. 

Chinook salinoiz in the upper fialntoib River.-The number of chinook salmon coming 
to these spawning-beds in 1895 was not far from 1,000, The first appeared July 24, and 
the maximum xiuniber was reached about August 24. All arrived in perfect condition, 
and all died soon after spawniug, none returning to the sea. 

Not much time was given to the chinook salmon in 1S96, only occasional visits 
being made to Salmon River. From sucli observations as were iiiacle and from infor- 
mation obtained from various parties who came up the river from Stanley Basin and 
other points below, it appears that the run was very small and mucli later than in tlie 
preceding year. Four were seen in Alturas Creek, a t  the mouth of Pettit outlet, 
August 24, and seven days later 7 more were seen in the Salmon River a niile below 
the mouth of Alturas Creek. On September 3, 8 mer0 sceii from this poittt down to 
Roaring Creek. The same fish, or possibly others, were seen at  various times until 
September 11, after which no more were seen. Mr. Springer, who was fishing aud 
hunting for the Custer marlret, says that in Bear Valley slid Sulphur creeks, where 
salmon have until this year been plentiful, not one was seen. IIe saw oiily 1 salmon 
in Salmon River below Boaring Creek. 

. 
‘a 

LAKE PEND D’OREILLE, IDAHO. 

In February, 1589, the United States Fish Commission placed in Lake Peiid 
d’Oreille 1,300,000 fry of the common whitefish ( Coregonus clupeifonnis). Until now 
no investigation had ever been made to determine whether any of these fish survived. 
Fugitive reports have coine to the Commission froin time to time of the capture of 
examples of this species, but speciinens submitted for identification proved to be the 
common native species ( Coregonus williccinsoni). If the planted species succeeded in 
establishing itself, tlio individuals would by this time have attained a size sufficient 
to enable them to be taken in gill nets. 

Mr. A. B. Alexander and Prof. U. 0. Cox were instructed to go to Lake Pend 
d’Oreille and endeavor to determine the result of the whitefish plarit made in this 
lake in 1889, and to make investigations regarding the suitability of the lake, in its 
physical and biologic features, to the common whitefish. The investigations were 
begun June 25 and it was hoped they might continue through the season, but, owing 
to urgent work on Pug& Sound, which Messrs. Alexauder and Cox were directed to 
perform, the Pend d’Oreille investigations were disaontinued July 16. Excessively 
high water prevailed during the time speri t upon the lake and the conditions wero not 
favorable for investigations of this kind. Gill nets were set in different places ill the 
north end of the lake, but no tests were niade in the southern portion. Wliile no 
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whitefish were found, the result can not be regarded as couclusive. The investigations 
should be resumed and continued until the whole lake cau be carefully examined. 

The report upon the physical examination of t h e  lake and upon the fish-food 
collected will be reserved until a more thorough study of this important body of water 
can be made. 

WALLOWA LAKE, OREGON. 

It has been known for several years that  both the large and small redfish have 
Spawning-beds in tlie inlets of this lake, and that cliiuook salmon spawn in Wallowa 
River and other streams in that regiou. A short visit was made to Wallowa Lake by 
Messrs. Meek and Maddren on August 19, aud they remained there and on Wallowa 
River until August 26. 

Walloma Lake is in the northeastern portion of Oregon and in  the southern part 
of Wallowa Coul1ty. It lies in  the southern end of a considerable valley, wliich is 
bourided on tho east, Routh, and west by the Powder River Mountains. This lake is of 
glacial origin, and is bordered on tlie east and west sides by immense lateral moraines, 
which rise about 1,200 feet above the surface of the lake at  the upper eud, but become 
less high as the lower end of the lake is approached. Across the broad canyon at. the 
foot of the lalre is a teriiiiiial moraiiie a few feet high, through wliich the outlet has cut 
it5 way. A t  the foot of each of the lateral moraines, about 20 feet above the surface 
of tlie water, is a berich froin 20 to over 100 feet in width. This bench was evidently 
formed whell surface of the lake was a t  that height. The outlet has cut a sort 
of canyon through the terminal moraitie and lowered the lake to its present level. 
Ihe sides of the moraines above and below these benches are very steep, mid except 
along the upper one-third of the lake tliere is very little timber 011 them. There is a 
dense growth of willows arid alder along the south shore of the lake, extending back- 
ward into the valley about one-fourth of a mile. Tho rest of the valley near the head 
of the lake is quite heavily timbered. 

The mouutains near the head of the lake are very rugged, arid are said to be over 
8,000 feet above the surface of the lake. 

Wallowa Lake is about 48 miles long from north to south, with a maximum width 
o f a h u t  1 mile. The greatest depth found was 250 feet. Its shores are quite regular, 

being no marked indentations anywhere. The beach a t  the upper end of the 
lake is sandy; that on the other three shores is for the most part covered by bowl- 
ders. The inlet of this lake has its origin in some lakes about 3 miles farther up the 

valley. The largest of these is said to bu about half a mile in diameter. 
&bout 24 miles above Wallows Lake are Wallowa Falls. Just  before reachiiig this 
Point the inlet flows through a canyon about 90 feet in depth, tlie height of the falls 
being about 50 feet, The water fit118 illto a basin about 80 feet in diameter, the outlet 
Of which is 15 to 20 feet wide. A great maiiy bull trout are Cauglit with hook and 
line in this basin each year. Between the falls and the h k e  the illlet flows most Of 
the distance, with a swift CurroIlt, Over a bed of bowlders. Witliiii ahout half a mile 
Of the lake the inlet breaks up into two or more cliaunels, and iina1l.y discharges its 

The mouth of 

the inlet has been chaIIge(1 jvitl1ill the past few years. The stream is very swift and 
'OntaiUS Very few gravel bods, and these are along its lower mile. Another Small 

r l  

into the lake by two mouths, wllicli are only a few rods apart. 
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inlet empties into the lake near its southeast corner; this inlet is only a small brook 
in summer. 

Wallowa ltiver, as it leaves the lake, is a very rapid stream and flows over a bed 
of bowlders. The first half mile of its course is through a canyon about 30 feet deep. 
From Joseph to Lostine the river is said to be very rapid. 

The West Pork of Wallowa Biver rises in the mountailis west of Wallowa Lake, 
and, after flowing i n  a general northerly direction until within about ;L mile of tlie 
main fork at Lostine, it bends to the westward and joins the main fork a short dis- 
tance below that town. About 12 or 15 miles below where these two forks comc 
together Wallows River is joined by Minam ltiver, which forms a part of the western 
boundary of Wallows Connty. The river here flows nearly due north, and soon 
unites with the Grande Ronde River, a tributary of Snake ltiver. 

About 4 miles from Lostine up the West Fork of Wallowa River, the river wa5 
narrower and flowed with considerable velocity among the huge bowlders scsttered 
over its bed. About 3 miles above Lostine there is a somewhat level stretch in t h e  
river of about half a mile, which includes some gravel bars. Prom Lostine to the 
mouth of Minam River the Wallowa is a rapid stream, flowing most of the distance 
over a bed of bowlders. Gravel or sand bars are not common. The water is very 
clear, and at  the time of our visit was not over 3 feet deep in this portion of the stream. 
Minam River is smaller and is said to be very similar to the Wallows. The Grande 
Ronde River was seen at Lagrande and Elgin and a t  various places between those 
towns. It appears to be a rather sluggish stream, the water being warm and muddy. 

Xoundings and Tenaperatures.-The following soundings and temperatures were 
taken on Wallowa Lake aboutl half a mile north of the south cud of the lake. We 
began on the west side and counted the strokes of the ours as we crossed, taking 
soundings and temperature a t  intervals, as shown below. The first sounding was 
made 20 oar strokes from the west shore. 

The lakes and the inlet above the falls are said to contain 110 fish life. 

Soundings and tentperatuyes tnlcen in Wallowa Lake, August $0, 1896. 

Strokes 
taken 

1-1- 
N o .  Feet. 

20 42 
100 216 
100 230 
100 234 
100 228 
Ii 

Temper- 1 'z 1 bi 
ature at betweeu .Depth. nture u t  
bottom. sound. 

ll- /-I- I 
No. Feet. OF. 
50 
30 I %! I 
35 strokes t o  east shore. 
ao 

I I 
I I I 

Temperature of water a t  surface 050. 

The greatest depth, 250 feet, was about u mile from the south end of the lake and 
about a third the distance across from the west ahore; the bottom temperature here 
was 40p .  About a quarter of a mile south of this point and near the middle of the 
lake from east to west a depth of 246 feet was found, and the same bottom temperature. 
A series of temperatures taken August 20 is platted on page 18. The surface of the 
lake near the inlet at 3 1). m., August 24, was 620 when the air was '700. The tempera- 
ture of the east inlet a t  the same time was 52O and tho other was 48O.  Tho water in a 
small spring creek was 440. 
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Redfish at Wallowa Lake.-No large redfish were seen at the time of our visit to 
this lake, August 19-26, From interviews with persons familiar with the region it 
appears that the large redfish usually reach the lake during the last half of July. They 
come up the river with the first run of chinook salmon, the run into the lake lasting 
about three weeks. Soon after enterir~g the lake they are seen in large schools at  its 
upper end. They begin to spawn in September. They are not red when they enter 
'the lake, but become so a short time before spawning. They spawn in the inlets of 
the lake end on the shores of its upper end. They were formerly caught for the market 
during the month of August. According to Mr. J. J. Stanley, of Joseph, the run of 
large redfish in Wallowa Lake in each year since 1889 was as follows: 

1883. The run of redfish was very large. 
1884. It is estimated that less than 100 redfish entered the lake. 
1885. About 75 were caught with a seine, the run being very small. 
1886. The run was very large, but llot as largo as in 1883. 
1887,1888, and 1889. Very few redfish were caught with spears in tho river above the lake. 
1890. The run was quite large; two parties salted many for the home market. 
1891,1892, and 1893. Very few redfish seen in the lake during these years. 
1891. About 2,000 redfish were caught at the head of the lake and salted. 
1895. The ruu mas again very small. 
1896. The run was very small; about one dozcn were seen in the lake alld one in tho inlet. 

In the spring many small fish, from about G to S inches in length, are stranded in 
irrigating ditches, many others are killed by entering mill-races. By the inhabitants 
of Joseph these ere thought to be the young of the big redfish on their way to  the sea. 
The large redfish are not known from any streams in this region except in the lake 
and its outlet and inlets. It is said never to run up the West Fork of the Wallowa 
River. Only one small redfish was observed while at  Wallowa Lake, a small example 
5& inches long, which was found dead on the lake shore August 24. 

According to Mr. Stanley, the small redfish are seldom or never seen there except 
in September, and then only in schools a t  the head of the lake or in the inlets where 
they spawn, at  the same time a t ~ d  on the same beds with the large redfish. He says 
the small ones are called ythks,v arid that not more than 1 in 16 is a female; 12 
which he caught for us mere all males. According to Mr. Stanley, the fish which he 
clblls "grayling" is usually seen only in June, when it is easily caught by trolling in 
the lake. The smi~ll redfish found dead on the beach of Wallowa Lake, August 24, 
was called a grayling by Mr. Stanley, from which i t  seems probable, that the so-called 
"grayling)' are the more silvery small redfish. 

Uhilzook saZmolz.-This salmon is known to enter both the West and Main Forks 
of Wallowa River, the majority ru~ming into tile West Fork. Those which keep in 
the Main Pork enter Prairie Creek, where they have their spawning-beds. They have 
been seen in the outlet close to the lake itself. The early run is in July. The largest 
Pull is in September when they are known locally as "dog salmon." 

West Fork mas examined for a distance of 4 miles, that portion of the river most 
frequented by chinooks, but no salmon mere seen. Four had been caught, however, 
on the spawninpbeds 3 miles above Lostine a few days before, and one mas killed by 
an Indian below Lostine about the same time. 

fiteelhead trout.-The steelhead reaches Lostine on tho Wallowa River in March 
and April. They spawn mostly in the West Pork of Wallo\va Biver, very few being 
seen in the Main Pork. 
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LOWER COLUMBIA RIVER. 

It being the desire of the Commissioner to establisli a station for the hatching of 
salmon in the Lower Columbia River basin, we were directed to visit and examine 
various streams, particularly in the vicinity of The Dalles and Cascades, and select a 
site suitable for such purposes. 

The conditions requisite for such fish-cultural operations as were contemplated 
are essentially as follows: (1) An abundant supply of salmon easily obtainable when 
ripe, or nearly so; (2) water of proper quality as to purity and temperature and in 
sufficient quantity; (3) suitable land upon which to  locate tlie hatchery building, and 
so situated as to permit the water to be brought to the hatching-troughs by means of 
gravity; (4) proximity of building materials and good railroad facilities. 

Upou taking up this inquiry it became a t  once evident that no definite informa- 
tion existed concerning the location of salmon-spawning beds anywhere in the Lower 
Columbia River basin and information regarding the spawning time was equally 
uncertain and unreliable. It was therefore necessary to visit as mauy streams as 
possible and determine the facts by personal inspection and by interviews with people 
living on or near them. 

The telegraphic instructions dated August 1 directed that a site be definitely 
selected, and as soon as possible, in order that the station niight be operated duriiig 
the season of 1896. l u  order to be able to examine as many streams as possiblo in 
the brief time at  our disposal Messrs. Cox and Alexander were ordered from 
Puget Sound to examine the Lewis Biver and other streams below Vancouver, while 
Messrs. Ever~nann arid Hubbard made examinations at  the Cascades, The Dalles, 
Hood liiver, Big White Salmon, and Celilo. These inquiries were made during the 
first teu daJs of August. Later (August 28 to September 6 )  Messrs. Evermann and 
Meek examined the Des Chutes, John Days, Hood, Big White Salmon, and Little 
White Salmon rivers, and on September 7 and 8 Messrs. Evermanu and Hubbard 
reexamined Little White Salmon River and examined Tanner and Eagle creeks near 
Bonneville. Mr. Hubbard also visited Hamilton and 'Rock creeks across the river 
from Cascades, and Mr. Alexander made an examination of Toutle River, Wash- 
ington. Oiily the more important results of these various inquiries are given ltere, 
detailed reports liaviug been made a t  tlie time to the Commissioner. 

LEWIS RIVER. 

This river forms the bound:wy betweeu Clarke and Cowlitz counties, Wash., and 
flows into tlie Columbia between Vancouver and Kalama. Two niain branches, known 
as tho North Fork and South Pork, unite only B few milm above tlre mouth of the river, 
The North Fork has its headwaters on the easterii slopes of Mount St. Helena; the 
South Pork rises in Skamania County, southeast of Mount St. Helens. No salmon 
were seen i i i  the Nortli Fork a t  the time of Mr. Alexander7s visit, during the first 
week iii August. It is said that tlie salmon of the spring run do not enter the river, but 
that large numbers of chinook salmon of the fall run enter i t ;  also a good inany silver 
salmon and steellieada. Tlra chinooks are said never to run ill until after the 10th of 
August, when the close seasou begins. When the close season ends (September 10) 
fishing .crith gill nets and seines is carried on to some extent in this river. Some 
logging is carried 011 in this stream cluririg the spring, but i t  ceases 101ig before the 
snlrnoii arrive. 
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CELILO. 

Mr. A. B. Alexander was directed by the Commissioner to visit Celilo, Oreg., for 
the purpose of watching the daily catch of fish taken there in wheels. He arrived 
there September 17 and remained till September 23. His report is in substance as 
follows : 

Only one wheel was in  operation September 17. Two others close by were not 
running, owing to low water. It was expected to pack 4,000 cases, but by September 
23 less than 1,000 cases had been packed. The fall run of salmon was very light in 
nearly all parts of the river. The acconipanying table will show the daily catch for 
one wheel, with their condition, etc. : 

~. -. 

Date. 

- -  

189G. 
Snpt. I8 

19 
21 
22 
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295 
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- 

Chinook (all csugltt Silver (all caught 
in wlreel). i in wlioel). 

Among the 119 Chinooks, 13 were small males, with their milt as fully developed as 
that of the large fish. The wheels sometimes take these fish in considerable numbers. 
The Indians prize them highly and seldom offer one for sale. Those examined were 
quite uniform in size, few weighing over 44 pounds, the minimum being about 3 
pounds. In  length they vary from 124 to 23 inches. Their color is very dark, the spots 
not beiiig visible a distance of 10 feet. On closer inspection all the marks of a large 
chinook are visible. Fishermen usually do not class this fish with the chinook, but 
think it a different species. 

The chinooks taken in the fall of 1896 at Celilo were said to be somewhat larger 
than those for several years past, the average weight beitig 20 pounds; average length, 
37 inches; greatest length, 43 inches. The average was about 1 pound larger than the 
usual fall run, and 1 pound less than the spring fish. 

The steelhead varied in length from 26 to 42 inches, the average weight of those 
taken at Celilo being 18 pounds. A few weighed from 36 to 37 pounds. On first 
comirig from the water the steelhead is very bright-colored, the large Rpecimens 
having a bright stripe extending along the sides the whole length of the body, vary- 
ing from a light pink to a deep bronze. The colors are very pronounced when the fish 
is first caught, but grow dim 011 being exposed to the air. 

8ilver salmon are from 18 to 30 inches long; their average weight is 7 pounds. 
Early in the fall Seuf'ert Bros. operated three wheels, but two of them could not 

be run after the river had fallen. Mr. Tafle's wheel was adapted to low water. An 
island lying between Celilo and Tumwater is oxuosed when the river is low, the 



SALMON INVESTIGATIONS IN COLUMBIA RIVER BASIN IN 1896. 29 

vater on the south side of the river flowing over a rocky ridge foriniiig falls some 12 
or 15 feet high. Many salmon find their way to the foot of the falls and endeavor to 
ascend them and when the water is about half low many succeed, but when the dis- 
tance from the lower to the upper current of water is from 8 to 10 feet thousands of 
salmon a t  times may be Reen jumping into the whirlpools a t  the foot of the falls. 
Just above the falls are two wheels, the larger on a rocky point projectiog into the river, 
When the river is high, many of the salmon pass by this point over that part of the 
river where the falls are during low water. The wheel here catches fish only wlien the 
Water is high; the other wheel, a t  the head of a channel, takes fish when the water is low. 

The wheels in operation during the fall months are built in places where the water 
is deep and the current Rwift. There being few natural places iu t h e  vicinity where 
wheels can be successfully operated, long deep channels have been cut through the 
Volcanic rock and the water led into them. A t  or near the head of these artificial 
channels the wheels are built. The water rushes through the channels with consid- 
erable force, oif'ering a strong iuducement for salmon to enter: On arriving at the 
foot of the falls and findiiig it impossible to go Farther salmon naturally enter the 
Channel which leads to the wheel. If the water is very clear, the fish will congregate 
in large numbers in pools and eddies near the mouth of the cliannel and a t  the foot 
of the falls, remaining there for days without attempting to go UP the channel. 
solnetimes several thousand fish will crowd themselves into the mouth of tho narrow 
channel and remain there for hours at a time. Suddenly, as if by one impulse, they 
Will dart up chanael, and are soon caught up by the revolving wheel and landed on 
the platform in the fish-house. 

Wheels are buiIt in places near high-\vater mark whore sdruon are known to run 
in greatest nnmbers. The migratory habits of all sfiecies of salmou visiting thea 
(hurnbia River in the vicinity of The Dalles are said to v a ~ y  from year to year. 
This often causes a corisiderablc expenditure of money in wheels frequently followed 
by negative results. For several years the main run of salmon may pass certain 
Points in the river, when suddellly a new route will be selected. This change often 
transfers the best fishing-groun(1 from one side of the river to the other, and wheels 
Which have made large catches one season prove a failure the next. 0111~ those with 
long experience ill this locality are coiiipeteut to select good sites for wheels. Several 
wheels on tlle river, built & ' a  cost of from $3,000 to $5,000, have never taken a fish. 
This method of fishing requires considerable c&ilital. 

On Saptember 18 and 19 a large number of fish, mostly Steelheads, WBl'O ll0tiCed 
to ascer~d the falls, but, as the river was falling rapidly, iu a short time tliey were 
Prevented from takillg their natural course and were forced either to enter tho ChaJlIlel 
O r  remain in the pools or eddies at the foot of the falls. A t  this time the whed at 
Celilo began to take more fish than it previously had, the daily Catch increasing 
during the time Mr. Alexander was there. The catch of chiuook and silver salmon 
was small as compared with the number of steelheads. The last-mentioned species 

a h y e  foulid in greater numbers a t  this seaso~i, the fall run of chinook being 
limited in number. Only 8 few ~i lver  salmon are caught here. 

This seaaon, owi11g to the unusual scarcity of fish a t  celilo, the cauuery there did 
not put UP ally spring fish, the run being very small.  he great bulk of salmon was 
taken in who& below the Oascades. Arriving a t  this point, they Seemed iuclined to 

no farther'up, and the canneries iu. that locality made large packs. Fish expected 
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a t  The Dalles in the spring did not appear until about the close season. A large body 
of steelheads passed up the river during that time. Ordinarily the run of steelheads 
arrives at The D a h s  early in September, but this year most of the run passed by 
during the close of the season. 

On September 18 the wheel a t  Celilo took 160 steelheads, 28 chinook, and G silver 
salmon, and 75 steelheads were taken by Indians with spears aiid dip nets. Of the 
steelheads, 111 were males and 124 females; 10 males and 15 females were in an 
advanced stage of development, and would have been ripe in a coniparatively short 
time; the rest of the catch would not have been ripe until late in the season. Of the 
chinooks, 19 were males and 9 females; 10 males and all of the females would have 
been ripe by about the first week in October. 

During the five days spent a t  Celilo 1,512 steelheads, 119 chinook, and 55 silver 
salmon mere examined. Of the steelheads, 991 were females and 521 males; 299 
females and 126 males showed coiisiderable signs of developmeilt, and would have 
been fully ripe by the first week in October. 

As the river falls many places are left bare wheresalmon were caught earlier in the 
season. Sharp rocks are exposed, small peninsulns formed, arid rocky islands appear 
where a few months before there was nothing to  indicate their presence except an 
occasional small whirlpool or riffle. At such places Indians fish with spear or dip net. 
Each fall several tribes from various parts of tho State camp a t  Uelilo and Tumwater, 
remaiuing there until the season is over. They fish for the canneries principally, but 
also lay in a supply of‘ salmon for themselves. I n  pleasant weather when salmon are 
plentiful they do a lucrative business. Sometimes one inan catches 35 salmon in a day. 
Their fishing is with a dip net and detacliable gaff hook arid is carried on in swift 
water, the men standing 011 overhangirig rocks or shelving places where a foothold can 
be had. This is dangerous work, and not a few lives have been Iost from time to time. 
When the wind is high, one of t,he strong gusts that frequently sweep the river may 
suddenly strike a fishermau unprepared to receive i t  and blow him into the river. 
Each fisherman who stands in a dangerous place therefore has a rope fastened arouud 
his waist and secured to a rock. 

In the whirlpool of water only an occasional Bsh can be seen and the fisherinan 
stands and dips blindly. Sometimes a hundred dips or mom will bo itrade without a 
fish being taken, at other times one will be caught a t  almost every clip, Where the 
vater is less turbulent salmon are taken with fipears, each spearsmsri liaving his yar- 
ticular standing-place, from which he keeps a vigilant watch, few salmon escaping that 
approach within throwing distance. 

The Indian is assisted by the women and children of tlie tribe, who gather the 
fish when caught, throwing them into a pile on the rocks arid rendering such other 
assistance as may be required. As soon as the day’s fishing is over the Indian leaves 
the fish to be taken care of by the women, and they are taken from the island to the 
niainland, and carried in baskets over a steep, rocky path to the cannery, a distance 
of about a third of a mile. When there is a good catch Inany trips are required to be 
made to the cannery. A male Indian seldom does this kind of work; he is quite 
willing that it should be performed by the women, and raises no objection when young 
girls are pressed into the service by their mothers. Sometimes, however, small boys 
lend assistance, but by the time they arrive a t  the age of 12 they have caught tlie 
spirit of their c1del.S and refuse to do I V ~ ~ I J ~ J I ’ S  IVOI’li. 
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The price 
varies from year to year, according to t h e  supply and demand for salmon by the can- 
neries. This season 2 cents ti pound was the standing price for chinooks and steelheads. 
Indians consider the chinooks superior to all other salmon, and it is only when plentiful 
that they are sold to canneries. No part of this fish is thrown away; the ripe eggs 
and even tlie tail, head, and fins are eaten. 

Tho dwarf Chinooks, previously spoken of, not being used by canneries, are greatly 
Sought after by the woineii of the tribes, who squat on the floor of the room wherc the 
fish are dressed, patiently waiting for tlie small fish to be culled out. They sit for 
hours shivering in  the cold, and consider themselves well paid if each receives one 
or two fish. During the fishing season the women and children congregate in the 
dressingroom, waiting for a share of the heads, tails, and fins as they fall from 
the butcher's knife. 

The ripe eggs of chinook salmon are considered a great delicacy and are gathered 
in large quantities. They are first separated and then dried in the sun, after which 
they are prepared in various ways as food. 

Steelheads swim near the surface and are more easily caught than the chinooks, 
which swim deep. Olear water influences the catch; if the water be clear the catch is 
less than when it is muddy. 

From September 25 to the 13th of October 2,667 steelheads, 1,403 chinooks, and 
2,213 silver salmon were examined at  Odilo;  1,010 of the steelheads mere males and 
1,657 females; 683 of the chinooks were males and 719 feniales; of the silver salmon, 
l ,oll  were inales and 1,202 females; 350 male steelheads and GO1 females were in an 
advanced stage of ripeness; also 574 male and 528 female chinooks, and 543 male aiid 
1,048 female silver salmon. 

The eggs and milt of the salmon caught during October were somewhat furtlier 
than that of those examined in September a t  Celilo. A large part of the 

%gS of the chinook on being taken from the fish would immediately separabe; this was 
A number of the latter showed 

signs of development, but many were well advanced and some about ready to spawn. 
It would seem that the spawning season of the steelliead extends over a greater period 
Of time than that of other specius. A careful examinatioii carried on in otlier streams 
would no doubt throw more light on the subject. 

In the fall, after the close season, a seining " gang" of twelve to fifteen Inen goes 
illto camp on a long pebbly beach, about a mile below the fishing station a t  'hmwatur. 

season two seines were operated on tho Oregon side of the river and 0110 on tlla 
side. A t  times fish will be found plentiful on one side of the rivcr and fern 

On the other, wrhen suddenly, without apparent cause, they shift to the opposite side. 
During Dhe fishing seas011 seining is carried on with little or no interrnl)tion, hauls 

made in quick successioii all through the day. The seines are set from a flat- 
bottom boat, axle end of tile seine rope being held on shore by horses while the net is 
being throw11 out. As so011 8s the net is set the seine rope on the lower end is piclred 
up It would be impossible to land the 
net bY hand, ao swift is the ourrent, and frequently the united strength of four horses 
l8 barely able to land it. At, each haul the fish caught are loaded into wagons and 
taken to the fishiug station, where they are weighed, wished, and put into cars. If 
they are to be canned tohey are thrown into the car in bulk; if shipped east, they are 

When salmon are plentiful a11 Indian can earn from $5 to $8 a day. 

true of many of the silver salmon and steelheads. 

other horses and the hauling-in commences. 
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~ packed in boxes and iced. In the early part of the fall season the demand for fresh 
steelheads is large, and there is more profit in shipping fish east than in canning them. 

The only place noticed near Turnwater where salmon could be held for spawning 
purposes is near the seining-ground on the Washington side of the river. Here a 
channel has been cut, but owing to the small number of fish that entered it the wheel 
built near its head and also the channel have for several years been abandoned. On 
the lower end of the channel is a small indentation where an eddy is formed; a dam 
couId be built here and also one acro8s the mouth of the upper end of the channel, 
with iron screens a t  either end. By covering the top of the channel, either the whole 
or a part of it, an inclosure mould be formed which would hold a large number of 
salmon. It seems reasonable to suppose that salmon would live much louger in an 
inclosure of this kind than in boxes, as they would. be crowded far less and have a 
better circulation of water. A swift current or comparatively still water could be had 
by putting in a gate at the upper eud of the channel. The cost would be considerably 
more than keeping salmon alive in cars or boxes, but it is thought that the results 
would be more satisfactory. 

SEUFERT’S TUMWATER. 

On the Washington side of the river, opposite Seufert Brothers’ cannery, is an 
excellent seining-ground, where salmon are said to be caught in large numbers. 
Within a few rods is a namow channel of the river suitable in every way for a retain- 
i n g  pond. The hatchery buildiug could be placed upon ground quite close to the 
retaining channel and where a supply of suitable water can be led by gravity. Seining 
is carried on principally for silver salmon and steelheads; many chinooks are also 
caught, but they are so near the spawiling condition that they are not used for can- 
ning. The probabilities that fish could be secured here zliid retained for a short time 
uutil ripe are greater than a t  tlhe Cascades, and the expense would be very slight. 

JOHN DAY RIVER. 

This river was examined at  its mouth September 2. It is there 8 stream of 
moderate size, quite shallow, and very muddy. The banks and bottom for some 
distance above the mouth are of mud or sand. Farther upstream the water is, of 
course, much clearer. Salmon could doubtless ascend the John ‘Day River, but it 
is not certaiu that they do so in any numbers, and none was observed. Interviews 
with persons living on or familiar with the upper course of the stream failed to elicit 
any evidence that chinook salmon are now found there. It is said that a good inmy 
salmon formerly entered th i s  river and spawned in the spring, but these are evidently 
steelheads and not chinooks. A few years ago a wheel was operated in the month of 
the John Day, but it has not been run for two or three years. 

DES CHUTES RIVER. 

The Des Uhutes River has its source on the eastern slopes of the Cascade 
Mountains and elsewhere in Crook County, Oregon, flows nearly north and joins the 
Columbia about midway between the moutli of the John Day ltiver and The Dalles. 
It has been generally regarded as the best salmon-spawning stream in the lower 
Columbia basin, and it was reported that large numbers of salmon can be seen at any 
time iu the fall in this river a t  Sherar’s Bridge, 30 miles from The Dalles or about 40 
miles above the mouth of the river. This place was therefore visited from August 
29 until September 1. 
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Throughout the lower portion of its course this river has cut a narrow, deep 
channel in the lava beds. The canyon’s walls are so abrupt that it is impossible to 
reach the river in many places. A t  Sherar’s Bridge the canyon widens out a little and 
the river here has a fall of 8 or 10 feet. Below the falls the river is compressed into 
a very narrow gorge, through which the water rushes with much fury. A t  the bridge 
the water is said to be 86 feet deep, which is about equal to the river’s width a t  that 

’ point. Immediately above the falls the river widens out greatly and is very shallow 
for some distance. 

Unt,il within the last six or eight years ‘(salmon” were seen here every apring in 
considerable numbers. Mr. J. H. Sherar, who has lived a t  these falls for many years, 
says ‘6 salmon trout 7’ were present throughout the year, but were not abundant except 
in the spring, and that they spawned in the spring; they had no difficulty in ascending 
the falls, and his understanding has always been that many of them went far toward 
the headwaters to spawn, Formerly Mr. Sherar caught large numbers of these 
salmon trout, but he has seen but very few for four or five years. 

Several persons who live on the upper course of the Des Chutes, report that for- 
merly a good many “salmon trout” were seen there in the spring, which was their 
Spawning time, but that few if any have been noticed for several years. It would 
appear that the chinook salmon has never run into the Des Chutes in large numbers 
and that few enter it now; that the fish which a t  one time was rather abundant 
is the salmon trout or steelhead, Salnao gairdneri. The spawning-beds in this river 
are too remote from the railroad to be available for fish-oultural operations. 

HOOD RIVER. 

This stream is fed chiefly by the snows and glaciers of Mount Hood and flows into 
the Columbia a t  Hood River Station. It does not appear to ever have been frequented 
by chinook salmon in large numbers. The people a t  Hood River Station do not think 
that many salmon enter this river, and persons living several miles up the river say that 
Qlmon are seen there but rarely. 

BIG WHITE SALMON RIVER. 

This river was examined August 6, and again on September 4. It is a stream of 
considerable size, having its sources on tho western and southern slopes of Mount 
Adam. It flows in a general southerly course and empties into the Columbia nearly 
opposite Hood River Station. It is, in its lower course a t  least, a rough, turbulent 
stream, full ofrapids and large bowlders, and flowing between high, and, in some places, 
Precipitous, banks, so that it is difficult to reach the edge of the stream. A t  the 
mouth of the river the canyon widens out and there is a little level land along the 
stream. I n  August all of this wad flooded by back water from the Columbia, but in 
%?ember it was dry. No salmon were wen on our first visit, but on September 4 
quite a number were observed jumping in the Columbia about the mouth of the tribu- 
tary stream. On that date Indians had established‘two camps at the mouth of the 
river for the purpose of takiug salmon during the season, They go up the stream from 
a quarter of a mile to a mile and capture the salmon by means of gaff-hooks on the 

Only four salmon were taken during an afternoon. While the 
conditions are not fiavorable for operating a hatchery on this river, a good many eggs 
could probably be obtained and carried to any station whioh may be established on 
the lower Columbia. 

of long poles. 

F. C. U. 1807-3 
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LITTLE WHITE SALMON RIVER. 

This stream enters the Oolumbia about 6 or 8 miles below the mouth of Big White 
Salmon River. It was examined September ti and 7, and the prospects for succes~ful 
salmon-cultural oporations appeared so good that a site at the mouth of the river was 
selected and preparations begun at once for equipping the station. Salmon were 
already in the stream in large numbers and spawning had begun. By the time the 
station was ready to begin operations the height of the spawning season had arrived, 
but more than 2,000,000 eggs were taken, and it is believed by Mr. William P. Sauer- 
hoff, superintendent of the station, that 10,000,000 eggs could have been obtained if 
operations had begun earlier in the season. The success attending the operation of 
thisstationis highly gratifying. Up to the time of writing these lines (October30,1897) 
the total number of eggs taken at the Little White Salmon Station this season is over 
12,500,000. 

TANNER AND EAGLE CREEKS. 

These are two small streams flowing into the Columbia at  Bonneville, Oregon. The 
smaller is Tanner Creek, whose mouth is only a few rods west of the railroad station. 
It was examined September 7 by Messrs. Evermann and Hubbard, who found about 
300 chinook salmon in the stream within a mile of its mouth. Most of the fish were 
lying quietly in deep holes, but some were in shallow water and evidently spawning. 

The mouth of Eagle Creek is about half a mile east of Boniieville. This stream is 
considerably larger than. TannerdCreek. Its bed is exceedingly rough and rocky, and 
only with much difficulty can salmon ascend it. A large bunch of salmon were lying 
in the deep hole under the railroad bridge and it few others were seen a short distance 
farther up the creek. Though these creeks are small, from 1,000,000 t o  2,000,000 eggs 
could probably be taken there annually and carried to the Little White Salmon 
S tation. 

Across the river from Bonneville, and only a short distance below Little White 
Salmon River, are several streams into which salmon are said to  run. Among these 
are Little Wind River, Wind River, Smith Creek, Rock Creek, Hamilton Creek, and 
Hardy Creek. Some of these are unsuitable for salmon on account of large quantities 
of wood which are floated down, and bars sometimes form aeross the mouths of others, 
especially Hamilton and Hardy creeks, so that salmon are not able to enter; but 
usually it good many salmon spawn in these creeks, and doubtless a great many eggs 
could be collected from- them. Their proximity to the Little White Salmon will make 
it easy to carry the eggs to that station. 

PUGET SOUND. 

I n  connection with the work of the joint commission appointed to investigate 
the fisheries of the contiguous waters of the United States and Canada, certain 
investigations were made by Messrs. Alexander and Cox concerning the movements 
of the sockeye or blueback salmon in Puget Sound and its tributary streams. The 
information obtained has been furnished to the joint commission and has been used 
in its report. The movement8 of the sockeye in the north end of the sound were 
studied, particularly among the San Juan Islands, chiefly to determine whether many 
of that species run into streams flowing into the sound from the State of Washington. 
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The principal rivers examined were the Nooksack, Skagit, Stillaqualmish, and 
Snohomish. The time was too short to permit an exhaustive study of the questions 
involved, but enough was done to show that most of the rivers flowing into Puget 
Sound from the east are salmon streanis of considerable importance. This is particu- 
larly true of the Skagit. The sockeye runs into this river in large numbers, aud there 
are important spawning-beds of this species in its headwaters. The Stato of Wash- 
ington has recently established, and is now successfully operating, a hatchery for this 
species on Baker Lake, one of tlie upper tributaries of the Skagit. 

The height of the run of sockeye salmou ia 1896 at the Sau Juau Islands was 
from August 20 to 28. The run was regarded as unusually large in view of the fact 
that this was an off year. Nothing definite was learued regardiiig the occurrence of 
the sockeye in any streams except the Skagit, nor whether it is found iu any of the 
upper tributaries of the Skagit except the Baker. The Baker River lias a lake in its 
upper course which can be reached by the sockeye. 

So far as  is yet known, this species spawiis only in such streams as have lakes a t  
their headwaters, and tho spawning-beds are found o111y in the streams tributary to 
the lakes or in the lakes themselves. Several streams tributary to the northerri part 
Of Puget Sound contain lakes in their headwaters, and it would prove interesting aud 
Valuable work to determiiie accurately the distribiltion of the sockeye in this region. 

All the other species of west coast salmon are found here in large numbers. Tho 
chinook first appear, then the silver salmon and steelhead, and still later the humpback 
and the dog salmons. The Nooksack is the principal river frequented by these species. 
The silver, humpback, and dog salmons are said to ascend both forks of this river. 

The actual or even relative abundance of tho different kinds of salmon arid their 
distribution in the rivers of western Washington is not well understood, and scarcely 
auything is known regarding them after they enter the rivers. 

LAKE WASHINGTON. 

I n  February, 1889, the United States Fish Commission planted 376,000 fry of the 
Common whitefish (Coregonus clzcpeiformis) in Lake Washington a t  Seattle. In June, 
1896, Mr. A. B. Alexander visited this lake and began a series of observations for 
the purpose of determining the results of this planting of fish. After a few observa- 
tions he was called away to other work, but returned and again took up the inquiry 
November 23, coutinuing it to January 10 following. 

General description of Lake Washington.-This lake is situ ated in King County, 
Washington. I ts  greatestlength, which lies nearly due north and south, is 18&miles, 
and its greatest width, from Mercer Slough across Mercer Island to the west shore, is 
about 49 miles. The greate& width of open vater is about half a mile north of Mercer 
Island and is 39 miles. The narrowest channel lies between Mercer Island and a 
Point on the east shore about Q of a mile north of Mercer Slough. The city of Seattle 
is situated upon the west shore about equally distant from the north and south ends 
Of the lake. There are numerous bays and indentations, which give the lake a total 
shore-line of about 68 miles. The lake has an elevation of 34 feet above low tide a t  
Seattle. The principal outlet is Black Ztiver, a t  the extreme southern end of the lake. 
This river is 24 miles long, and unites with White River to form Duwamish ltiver, 
'hioh flows into Elliott or Duwarnisli Bay A short distance sonth of Seattle. About 

half mile below t& lake Black River receives the Oedar liiver from the east. 
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A few years ago a channel was cut from Union Bay through Lake Union to the 
sound. Considerable water flows through this channel and small boats are able to 
pass through it. 

A t  the north end Lake Washington receives Syuak Slough, which is the outlet of 
Lake Sammamish. This slough runs in a tortuous channel through low, marshy 
ground, its width varying according to the height of water in the lakes which it con- 
nects. When the water is very high the slough overflows and covers the low land on 
either side. 

During heavy rain the Duwamish River is unable to carry off readily all the 
water brought down by the White, Cedar, and othor streams, and as a result BIack 
River becomes, for the time being, an inlet instead of an outlet of Lake Washington. 
The lake therefore rises perceptibly, the inflowing water from Lake Sammamish is 
held back, and Squak Slough overflows the adjacent lowlands. 

Lake Washington is a beautiful body of water, surrounded by high hills from 
which a fine view of the surrounding country may be had. The Cascade Mountains 
are plainly Been to the eastward and on the south Mount Ranier comes into 
conspicuous view. I n  many places steep banks make Clown to the water’s edge, 
indicating deep water. Nearly all the hills are covered with a dense growth of 
trees, except where clearings have been made for homes and settlements. The shore 
line in nearly all parts is fringed with a dense undergrowth of brush and small trees; 
tule grass is found at every low point and slight indentation. Small trees along the 
shore interfere with the hauling of seines, and only limited collections can be made. 
In  November and December a large amount of decayed Vegetation covers portions of the 
shore. In summer various forms of minute animal and plant life inhabit the water. 

8eine-haulimg grozcmds.-Only in a few places along the shore of the entire lake is 
the bottom sufficiently free from snags, fallen trees, and other material to permit the 
successful hauling of nets. On the west side of the lake, about 2 miles above Union 
Bay, is a long stretch of sandy shore mixed with fine gravel; in June, 1896, several 
attempts were made to haul a seine here, but on account of the many obstacles no 
fish were taken. On the east side, at Hunter Point, is a comparatively good ground, 
but tule grass grows in considerable quantities, though by wading out and bending it 
down where the seine is to be landed fairly good results can be obtained. Several 
hauls were made here and a number of fish taken. I n  fall and winter there is a 
great scarcity of life here, as several trials demonstrated. From Hunter Point sonth- 
ward for about 2& miles the shore makes down to the lake with a gradual slope, but 
owing to the great amount of vegetation that extends in most places into the water, it 
is almost impossible to use a seine. This also may be said of Mercer Slough and the 
shore farther south. On the east side of Mercer Island the bank is usually quite steep; 
on its west side the land is more sloping. The water all round the islend is deep. In  
the extreme southern portion of the hke, in the vicinity of Renton and Black River, 
the land is warshy and filled with small sloughs. The bottom is of soft mud. 

On the north arid west sides of Lake Washington, from Webster Point to Sand 
Point, are scattering sandy patches, but only in a few places can a seine be hauled, 
owing to a thick growth of scrubby trees a t  the water’s edge. High banks in most 
places overhang the shore line. Northward from these points the land is more sloping 
arid in some places comparatively level. Rocky and gravel beaches crop out from the 
banks in many places and in a number of indentations the mater makes off shallow 
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from the shore a distance of 50 feet or more. The bottom here is very muddy and 
covered with tule. The shore on this side of the lake is thickly strewn with logs, 
slabs, and small floating ci6bris. Few rocks are noticeable, and none at  any great 
distance from shore. 

The saridy and gravelly beaches referred to on the west side of tlie lake below 
Sand Point are usually narrow; only iu .one place observed is the beach over 10 feet 
wide; here the width from the water’s edge to the bluff is about 30 feet. The clear 
ground indicates a smooth bottom, but stumps of trees and broken limbs prevent 
seine collecting. These beaches are formed by wave action, the water having washed 
away the base of the bluffs, leaving a deposit of saud and gravel. In  many places, 
particularly on the west side of the lake, bushes arid srnall trees have taken root in the 
sand and gravel deposit. Only in a few instances does the sand and gravel formation 
extend any great distance below the water’s edge; 30 or 40 feet from the shore is soft 
muddy bottom. As is indicated by the high perpendicular bluffs, the beaches make off 
a t  a sharp angle, deep water being found a short distance from the shore. As a 
whole, the shore of Lake Washington is not well adapted to collecting with a seine. 

Depth and character of bottom.-Soundings were taken a t  different times and in 
various parts of Lake Washington. It has a uniform depth in the center, ranging 
from 138 to 222 feet. Tlie character of the bottom is generally muddy. Off the mouth 
of Union Bay and m a r  the boathouse a t  Madison street sandy bottom was found. Off 
and in the vicinity of  Sand Point, 38 miles farther north, the bottom is composed of 
sand and gravel. This kind of bottom does not estend very far from the shore, from 
800 to 800 feet being about the limit. For nearly 2 miles south of Sand Point there 
nre a number of sandy places along the shore, mostly covered with an undergrowth 
of bushes. In all other pmts of the lake examined the bottom is chiefly of soft mud. 
On the eaRt side of the lake, south of Hunt Point, the water is quite deep close to 
the shore; this is also true of the west side, south of Sa id  Point, and in many other 
Parts. A depth of from 500 to 1,800 feet was reported off the northern end of Mercer 
Island and in the vicinity of Hunt Poiut. Oornparatively deep water was found off 
these points, as will be seen by referring to the map, but no such depths as had beeu 

. reported. About 1 mile along the shore above Kirkland a plateau from GO to 100 feet 
wide, covered with vegetation, makes off from the shore. The water varies in depth 
from 10 to 20 feet, but suddenly deepens into GO and 70 feet when the edge is reached. 

Temperature of water.--It will be noticed in the table of temperatures that near 
the shore on t h e  east side of Mercer Island the temperature of tho water a t  the surface 
varies considerably from that taken a short distance toward the middle of the channel. 
A difference of 2 p  is recorded, the bottom temperature in both soundings being the 
same. I n  no other part of the lakewas such a marked difference found. Several 
tests of the water were made within a radius of 100 feet or more, all with the saine 
result, A few hundred feet from this position, to the north, south, or east, 470 was 
found a t  the surface. It is said that thermal springs occur in this vicinity in a 
Iluuber of places. The temperature of the water a t  the bottom, however, does not 
irldicate their presence. The lowest temperature found in the main body of the lake 

44130, and the highest 4890; the first in depths of 180 and 190 feet. In  Union Bay, 
14 feet of water, a temperature of 410 was recorded both at the surface and tlie 

This low temperature was due, no doubt, to the cold weather, which at this 
tillle was quite severe. A t  no other place was such a low temperature found. 
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The temperature of the air seemed to have no perceptible daily effect on the 
water in deep portions of the lake. From November 23 to 30 the air varied but little, 
from 200 to 290 being about the minimum and maximum height. During December 
from 450 to 480 was the approximate daily temperature. 

In  depths over 150 feet the air ceased to have an effect on the water much below 
40 feet from the surface. In a few places 50 feet below the surface was reached before 
the temperature remained constant. In  depths less than 100 the temperature was 
found constant about 30 feet below the surface. 

It will be noticed that in a number of places in depths ranging from 40 to over 
200 feet the temperature both a t  the surface and bottom is the same. Why this should 
be, when only a short distance away the difference between the surface and bottom is 
a degree or more, is not easily explained. 

Many of the temperatures and soundings taken are recorded in the following table: 
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Halfway butwcen Da hxie 
I’oint,nnd north end k r .  
cer Island. 

Half a mile east Webster 
Point. 

Half a mile north lnst 
sounding. 

Half u mile nortlnvard lnst 
sounding, f mile from 
shore. 
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farther on. 

Less than mile NB. last 
station. a 

Last deep sounding on 
this line. 

Sand%nt. 
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a Said to be thermal springs in near vicinity, wliielr may nc:ceuiit for tho change of temperature. 
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SEATTLE. 

Map of Lake Washington, Wash., show- 
ing soundings, in  feet, taken by the 
U. S. Fish Copmission, in November 
and December, 1896. 
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During the wiuter months short periods of cold weather sweep over this part of 

the Nortliwest, hut not sufficiently severe for ice to form i n  the mBin portion of Lake 
Washington. Occasionally skim ice appears on the margin of the lake in sheltered 
places covering small areas, 

Trials with g i l l  nets and other appwatus.--On November 23 the first trial with 
gill nets for whitefish was made in 35 feet of water, 300 feet from the shore, a t  a point 
where it is said that an example oE this species had been taken. Two nets were set, 
and remained down 48 hours. They were visited on three different occasions during 
that time, but no fish were found in them. The reason for setting nets in such 
shallow water for whitefish, was in compliance with a request made by the person who 
claimed to have caught a specimen on the above-mentioned ground in the fall of 1592. 
It was taken on a hook, which throws considerable doubt a8 to its being the true 
whitefish. So far as we have been able to learn no other specimen has since been seen, 

On November 24 three more gill nets were set about 1s miles from first position 
on the south side of Union Bay. Here also whitefish had been reported. Depth of 
water, 15 feet; tempernture of water at bottom and at, surface, 450; bottom muddy. 
These nets remained in the water three days, and were visited each moruing. No fish 
were found in them. 

On November 26 three nets were set a t  the head of Union Bay, in 10 feet of water, 
close to the shore, where fish are said to be plentiful in summer; also two other nets 
near outlet or portage, about three-quarters of a mile farther south. In this place 
anglers have good fishing, and it was thought that  if fish were running in any consid- 
erable numbers the nets would be likely to take samples of different species. The 
nets set a t  the head of the bay were taken itp the following morning, nothing being 
found in them. Those set near the outlet remained down two days, and were visited 
each morning. The second morning one cut-throat trout and one chub were taken 
from them. During the time the nets were down a number of cut-throat trout, chub, 
and suckers had been taken on hook and line. Sounding and collecting with surface 
tow net had also been carried on whenever the weather permitted. 

On November 27 three gill nets were set near the bottom, off the mouth of Union 
Bay, in 18 feet of water, bottom hard sand, where they remained two days. Nothing 
was found in them when taken up. It is reported that large numbers of fish pass over 
this ground, and it was thought that our effortswould he rewarded by a few specimens. 
The result of this trial indicates that a t  this season fish do not move in great numbers. 
The same nets were set in 06 feet of water about a quarter of a mile farther off shore, 
where the bottom temperature was 30 warmer than a t  last station. The nets were, 
as before, set near t h e  bottom, but without result. Had whitefish or other species 
been traveling over this ground a few would have been captured. 

A small creek that flows into the head or western part of Union Bay was next 
investigated. This creek is said to abound with trout in summer and with redfish in 
early fall, The water in the upper part of the creek flows with considerable velocity 
over a gravelly bottom. It is from 4 to 5 feet wide in most places, and about 7 or 8 
inches deep; there are a few pools.whose depth is nearly 2 feet. The creek is largely 
fed by seepage from the surrounding hills. A t  the time of our visit the weather was 
cold and the ground covered with snow, and in many places ice had formed. The 
stream empties illto a marshy lagoon where it finds its way, through several smaller 
ones, into Union Bay. 
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Repeated trials with a small collecting seine a t  the mouth of the creek were made, 
but nothiug was taken in it. Only one fish, thought to be a redfish, was seen, and it 
escaped under a fallen tree. Unsuccessful hauls meqe also made from a half to three- 
quarters of a mile upstream. Hook-and-line fishing was also tried, with tlie same 
result, salmon eggs being used for bait. A t  the mouth of thecreek a salamander was 
found, and this was the only form of life seen, except the supposed redfish. 

On December 11 gill nets were set iu a number of places, froin a half to three- 
quarters of a mile apart, in Squak Slough at  the head of Lake Washington, in 0 and 10 
feet of water. They were visited twice in 48 hours, nothing being found in them. The 
bottom teniperbture in the places where they were set was 44?p, surface 4540. During 
the eiitire investigation the water in the slougli was unusually high, and this prob- 
ably had a great deal to do with the scarcity of fish here, for a t  such times, instead of 
following the main channel, fish would naturally Rcatter over a large area, thereby 
greatly lessening the chances of taking them. Troll fishing was tried, but with unsat- 
isfactory results. 

Nearly all of December 1s mas speiit in sounding and, taking water temperatures. 
111 the afternoon four nets were set on the north side of Meydenbaner Bay; depth, 102 
feet; bottom and surface temperature, 4GO. Nothing being in the nets the following 
morning they were taken up and set on the north side of Mercer Slough, nearly 3 miles 
farther down the lake. A trial for 48 hours resulted ill the capture of one female 
cut-throat trout, the eggs of which were approaching a state of ripeness. Two other 
specimens subsequently taken showed the sams’ amount of development. Several 
creeks on the west side of the lake were investigated but 110 fish were found, 

Wl~iteyfsh.-‘J!here is no satisfactory evidence of whitefish ever having been caught 
iu Lake Washington, though several persons claim to have seen them. One person 
says in the fall of 1892 he caught a specimen, but no accurate description was given 
as to its shape or color, and Prof. 0. B. Johnson and State Fish Commissioner James 
Cramford doubt whether it was the genuine whitefish, and believe that the whitefish 
plauted in the lake no longer exist. The investigation streiigthens this opinion. The 
Columbia chub (Myloclwilus caurinus) is a common species in the lakes of this region, 
and is by many people known as “whitefish.” It is riot improbable that all the 
so-called ‘ 6  whitefish” which have been reported from Lake Washington were really 
this species of minnow. Williamson’s whitefish ( Coregonus williamsorhi) doubtless 
occurs here, but no specimens were seeii. 

Other $ s l m  of Lake Mrushington.-Tlie various qecies of fishes collected during 
thesc investigations, as well as all other species known to occur in Lake Washington, 
are listed in another part of this report. The principal species are the cut-throat 
trout, Columbia River chub, squawfish, Columbia Biver sucker, a blob, two or three 
other species of Cyprinidm, and the redfish. Salmon are said to enter the lake 
through Black River early in the fall, but iioiie was seen. They are probably the 
large form of the redfish or sockeye (Oncorl~ynchus nerlca). Redfish are said to run up 
into shallow places during the latter part of October and B part of November, but 
repeated trials resulted in collecting only a few specimens. Those familiar with tho 
different r u m  of fish on the lake attribute the scarcity of redfish this season to high 
water. In  Squak Slough, where they are said to ruu in great numbers, not a specimen 
wafi Been or taken, though before the water begau to rise in the slough a considerable 
body of’ these fish was reported as passing through. Black bass are occasio~ally 
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taken in Lake Washington, and they are a t  times quite plentiful in Lako Union, which 
suppIies all the black bass to the Seattle market. The yellow perch (Perca$arescc?as) 
has also become well established in this lake. 

LAKE SAMMAMISH, WASHINGTON. 

While engaged in carrying on observatiyris upon Lake W:isliington Mr. Alexander 
made a trip, December 31 to January 6, to Lake Sammamish, a short distance to the 
eastward. He gives tho following account of this lake and the investigations: 

This body of mater lies parallel to Lake Washington, the two lakes being sepa. 
rated by a hilly strip of country, the most narrow part being 38 miles across. The 
greatest distance between the lakes is 8 miles. 

Lake Snmmamish is 38 feet above low-water mark at Seattle and 4 feet above 
Lake Washington. The land separating the southern portion of the bodies of water 
might be termed mountainous; many of the hills rise from 1,000 to 1,500 feet froin 
their base, and are covered mostly with a dense growth of trees. A road cut through 
the forest from the west shore of Lake Samluamish to the east side of Lake Washing- 
ton is traveled considerably during the summer months. A boat coniiecting at the 
end of the road carries passengers across Lake Washington and lands them in Seattle 
much sooner than if they traveled by rail. 

The length of Lake Sammamish is 8 miles; its greatest width (about halfway 
between its iiorth and south points) is 1% miles. I ts  narrowest part is near the 
llorthern end, a little over half :I mile from shore to shore. From Inglewood, in the 
northern part, to Monohan on the south it has a nearly uniform width of about l& miles. 
I t  lies nearly in a north-and-south direction j a line being drawn north from the south 
eIld would strike 1 mile east of its most northern part. The Seattle and Lake Shore 
%]road strikes the lake at Adelaide, and follows the east shore the entire length. 
Three small towns are situated near the shore on the east side. The most important 
is  ono oh an, near the south end. On the west side a number of settlers have made 
coI1siderable cleariiigs. Opposite Monohan is a huge pile of sawdust, which extends 
for a considerable distauce into the lake, and when the water is rough small chunks 
of it are washed away. It being water-soaked, most of i t  that falls into the lake 
imniediately sinks. The sawdust coming from the mill a t  Monohau is burned. 

Topography of the shore.--The shore in most parts of Lake Sammamish is corn- 
PoAed chiefly of sand and gravel, forming numerous beadles. These beaches, when 

Water is at  it;s normal height, are exposed. A t  the time of our visit to the lake 
(December 31 to January 6) the water was about 4 feet higher than in summer; it had 
then fallen 2 feet since the middle of December. Judging from the condition of the 
take at  high water, the beaches when exposed must be from 8 to 12 feet wide, measur- 
lng from the water’s edge to the bank. In most places they extend offshore at a 

angle, Except in a few places, where the sandy and gravelly beaches appear, the 
l)ottom makes off gradually and its character is either hard or soft mud. The south- 
ern shore of the labe is skirted by low marsh land, which extends from the southwest 
to the southeast side, Here several small creeks empty into the lake, which, no doubt, 

The hills bordering the southern portion of the lake descend with a inore gradual 
R1oPe than those on the east and west sides. The land in the imnrediate vicinity of 
the lake is not more than 4 or 5 feet higher than the level of the water, gradually 

contributed largely to the marsh land. 
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rising for a distance of about a mile before the foothills are reached. Many portions 
of this  slope have been cleared. Off the points in this part of the lake, from 30 to 40 
feet from the shore, thick clusters of tule are submerged in water from 7 to  10 feet 
deep. Later in the season a large portion of the ground in which this grass grows is. 
exposed. Soundings were made along the outer edges of these strips and points 
without finding any indications of hard bottom. 

On the east and west sides of the lake the steep hills rise within a short distance 
from the water; in many places prqjecting points and bluff's rise very abruptly, with 
little or no shore line at their base. The bottom close to these projections is hard, 
being composed of a mixture of sand, coarse gravel, and small stones. The hilly land 
is covered with a dense growth of trees, extending to the water's edge, and a t  times 
when the water is high i t  is very difficult to walk any distance along the shore 
without swinging from one bough of a tree to another. When the water is low or at 
its average height the sand and gravel beaches here are bare. 

At the foot of the lake, on t h e  northeast side near Squak Slough, a low point 
of land extends for a considerable distance southward. Prom tliia point south, a 
distance of nearly 2 miles, the shore is composed of sand and gravel beaches. On 
the west side and north from where the last line of soundings was begun the hills 
gradually descend to the shore, and in a number of places toward the foot of the 
lake the land is quite level. The shore line along the northwest and iiortheast portions 
of the lake is covered with logs, slabs, and pieces of timber, refusematerial that oomes 
from the shingle mill situated near the north end and the sawmill near the south end. 
The greater part of this material is found in the northeast portion of the lake, being 
forced there by the southwest winds. 

On the west side of the lake, near its southern end, is a submerged forest, about 
half a mile long north and south, extending nearly a third of the distance across 
toward the east side. The northern end of the forest commences near the pile of 
sawdust already mentioned. It runs parallel to the shore and is separated fkom it 
by a distance of about ti00 feet. During the summer months it is said that the tops 
of many of the trees project above the water from 1 to 2 feet. The lake then is much 
clearer than in winter, and on a bright day, when the water is smooth, a large portion 
of the forest, according to the statement of people living at the lake, is plainly visible. 
Owing to the muddy condition of the water, caused by the heavy rains, we were 
unable to find any of the trees. Many theories are advanced by people living near 
the lake as to how the forest came to be in its present position. The most common 
theory is that a t  some remote period a gigantic landslide occurred and the displaced 
material found a restingplace a t  the bottom of the lake. Considering that the nearest 
hills where a landslide of such magnitude could have started are situated nearly 2 
miles from the lake with comparatively level country lying between, this theory is not 
altogether tenable. A large tract of land becoming detached from the side of a moun- 
tain and carried along rapidly by its own weight a distance of a mile or more from its 
starting point would by the time it reached its destination be a huge mass of trees, 
earth, and stones. The trees would be more or less broken, and not left standing in 
an upright position. It is also likely that if the forest in question had suddenly been 
detached from the side of one of the adjacent niountains it would have stopped on 
arriving a t  comparatively level ground, but instead we find it deposited a long distance 
from hills of any great size. If, however, such had been the case, and it was forced 
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along over level ground, we might expect to find that part of the lake where the iaiid. 
slide was deposited more shallow than elsewhere; but. on the contrary, we firld a 
depth of water varying from 50 to 70 feet, which corresponds with depths found in 
other parts of the lake the same distance from the shore. It seems more reasonable 
to suppose that at some distant period the ground on which this forest grew, subsided. 
This, in a measnre, would accouut for the .trees being left standing in their natural 
position. Not having seen any portion of the submerged forest, \be are not able to 
state from personal observation anything concerning it, only stating what has been 
given by several reliable parties. Efforts were inade to locate some of the trees, but 
none of them could be found with the soundiiig line. 

Deptlh of water and character of bottom-Lake Sammamish is quite uniform in 
depth, varyirig from 70 to 90 odd feet in the middle and from 38 to 50 feet near the 
shore. The deepest sounding was found near the middle of  the lake, about halfway 
across from Hattie Bell Springs to the west shore. A line of soundings run across 
the upper part a short distance below the shingle mill corresponds nearly with the 
line across the south end of the lake. I n  no part of lhe lake esamined are there indi- 
Cations of plateaus or shelves making off from the shore. O d y  in a few places was 
shallow water found, and this extended but a short distance from the shore. I11 nearly 
all parts of the lake along its margin the bottom drops off suddenly, the water being 
deep enough for boats and small steamers to lie alongside and discharge freight or 
Passengers. 

From 80 to 100 feet from the shore is tho ayerage distance where the sand and 
gravel merge into the hard or soft mud. A number of places, however, were found 
where sand and gravel bottom extends from 125 to 300 feet into the lake; one of these 
Places is on the west side, opposite Hattie Bell Springs, and the other off the wharf 
on which the sawmill a t  Monohan is built. 

A t  the foot of the lake, above the shingle mill, the bottom is very soft and in the 
center between the east and west sides the mud is said to be several feet deep, and this 
statement is probably not exaggerated, for in running the line of soundings which ends 
.just below the shingle mill the sounding lead, nearly all the way across, sank into the 
eoft bottom a foot or more. 

InZets.-Numerous small creeks empty into the lake both on the east and west sides, 
but the discharge of water is not great even during the rainy season, and in summer 
lllanyof them dry up, they being fed by the drainage from the surrounding hills. The 

I Principal inlets are Issaqnah and Mariner creeks, which enter the lake on the south 
end. The main portion of t h e  first creek is 2 miles long and the secoud about 3 miles, 
each having several branches from t o  24 miles long. The water in Issaquah Creek 

said to be very clear during the summer and fall months, or was previous to the 
compally using the creek as a dumping-ground for coal screenings, since which 

time the water has become muddy. There are a number of coal mines in this region, 
and the people complain of the screenings from them being dumped i n  to the creeks, 

This 
times is not large enough to prevent the water in the lake from rising rapidly, end 

when Lake Washington rises a t  the same time, which is usually the case, and forces 
the Water from the slough into Lake Sammamish, both lakes rise rapidly. At the 

doing considerable injury to the fishing.grounds. 
(htbt.-Squak Slough, or Sammnmish River, is the only outlet to the lake. 
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time of visiting Lake Sammamish the water had overflown the channel of the slough 
from a quarter to a half mile; its average width for the part visited is less than 100 
feet, in soiiie places not over 50 feet. I ts  length is about 12 miles; its course, as indi- 
cated on the map, is very crooked, and it is navigable for small craft only. 

Temperatures.-The water temperatures during our investigation varied but little, 
and in many par.ts of the lake there is no difference. I n  the first line of soundings 
run across the lake the surface and bottom temperatures were the same. The weather 
a t  the time was rainy, misty, and cold. I n  the second line a difference of 10 was 
found in two places, each in a depth of 90 feet. A t  the surface the thermometer 
registered 450 and a t  the bottom 44O. In the third line the depths were from 33 to  92 
feet, with IIO variation in temperature. The fourth line, run the same day, shows in 
eight different soundings 450 at  the surface and 4480 at  the bottom. The fifth line, 
run across the head of the lake, showed no difference; but in a number of soundings 
taken on the west side, near where a small brook empties into the lake, the water was 
10 warmer a t  the surface than a t  the bottom. The depths here were comparatively 
shallow. The last line of soundings run, which was across the foot of the lake, also 
showed the water to be 10 warmer a t  the surface than at  the bottom. This difference 
may possibly have been because the weather was warm and pleasant, while most of 
the time, when the other soundings were taken, i t  was rainy and foggy and the 
temperature of the air from 440 to 500. On this day, Jahuary 6, i t  registered 600 a 
greater part of the day. 

Where the water at the surface was warmer than at  the bottom it  was found that 
the warm water extended from 5 to 8 feet below the surface; where the temperature 
: L t  the bottom was warmer than at  the surface the water was constant from 15 to 18 
feet from the bottom. The thermometer was let down a t  various depths, in most 
oases a t  intervals of 10 feet, no variation in temperature being noticed until the above 
distance from the bottom was reached. In a few places, however, within 10 feet of 
the bottom the water remained constant. 

Condition of water.-In the fall and winter, when the lake is high, the water is con- 
siderably discolorea by vegetable matter and sediment washed from the surrounding 
.hills and brought down by the swollen creeks. This gradually disappears as the rain 
ceases, after which the water becomes clear. The fish then bite better than at any 
other time, there beinq less food in the water for them to subsist upon. 

Lake Sammamish, like Lake Washington, never freezes over. When the weather 
is unusually severe skim ice sometimes forms near the edge in shallow places, but the 
deep water does not freeze. 

P i s k g  trials.-From December 31 to January 6 sounding, taking temperatures, 
collecting with surface tow net, and fishing with gill nets and troll were carried on. 
The weather most of the t ime was stormy. Fishing with gill nets was unsuccessful, 
They were set in various places and in different depths, visited twice each day, and 
in the evening Ret in a different place. Inquiries were made of fishermen as to where 
fish would most likely be found, but nothing was caught. A trawl was the oiily 
stationary apparatus used that captured anything, and this caught only one chub and 
a blob. 

Fishing with troll line was fairly successful, five cut-throat trout being taken. 
The weather was unsuitable for this kind of fishing. To meet with good results the 
weather should be moderate and much warmer than it was (luring the time these trials 
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Were made. Fisheriiien say that in summer, and at  other times when the weather is 
Pleasant, it is comparatively easy to catch from twenty-five to thirty trout in a day by 
trolling. 

Trout would bite only when the mind mas light and the lake smooth. During the 
day, whenever there was little mind 8tirriiig, they could be seen jumping or breaking 
Water in all parts of the lake, but they did not bite as ravcnously as was expected, 
Probably on account of the creeks having brought down considerable quantities of 
vegetable and other matter, such as they may feed upon. Fishermen claim that the fish 
never bite well when the lake is high. Several good examples, however, were caught 
in the few trials made. When fish are a t  all iiiclined to bite, a trawl will usually 
i)ick,up a variety of species. The trawl set (90wdd hooks) was baited with fresh chub 
and meat, and good results were expected of it, but in this we were disappointed. 

The trout taken by trolling were caught close to the shore, that being the part of 
the lake where the fishermen troll when t h e  water is high. Fish were breaking mater 
in the middle of the lake, but none was captured. In  summer good fishing is to be 
had in all parts. 

Metlbods of $slbing.-The principal method of taking fish in Lake Sammnrnish is 
by trolling, though good catches are sometimes made with set line and with rod and 
line. In  summer the lake is quite a resort for sportsmen from Seattle. No commercial 
fishing is carried on, all fish caught being locally consumed, except the few taken to 
Seattle by people belonging there. 

Kinds of $&.-The economic species of fish found in Lake Sammainish are the 
Sa1338 as those of Lake Washington, namely, cut-tliroat trout, ‘ I  grayling,” or redfish, 
and salmon. No examples of the last two species were found, they having disappeared 
shortly after the water i i i  the lake begau to rise in November. About that time it is 
said that redfish were plentiful iu Bqualr Slough arid i u  the creeks a t  the head of the 
lake. No 
information could be obtained as to mhat kind of salmon enter the lake; but the dog 
salmon and an occasional steelhead probably find their may into this body of mater. 
During the redfish ruu the neighboring Indians do considerabIe fishing on Squak 
Blough, and lay in their supply for winter. Only one person liviug near the lake 
claims to have caught a whitefish in it, and he was not sure that the sproimen was A 

Qeuuine whitefish; others who saw the fish say that it was not, but admit that the 
differed from any previously taken in tlie lake. 
tJpuwni.ng htabits.--l>eople Iiviug near Lake Sainman~isli say that the cut-throat 

trout spawn in the spring and the condition of most of the specimens indicates that 
are correct in their oltserk-ations. One talreu in Lake Washington contained eggs 
advanced, but t,liis fish would hardly iudicate a diflerence in the spawniup seasou 

the two lakes, as fish call easily pass €row one lake to the other. The redfish 
Brobably spawn some time in November, that being tlie time they run in greatest 
numbere. only a few specimens were taken, and they were iiot sufficiently cteveloped 
‘0  for^ an estimate as to the mouth in whicli they spawn, but people who ~iave 
caught and observed the redfish, both in Lake Satnrnamish atid Lake Washingtoil, 

that the spawning season is from the latter part of‘ October to the middle of 
November. To gain a better kuowlecige as to the liabits of this species in this region 

PerSon should be stationed at these lakes early iu the fall, before the rainy season 
coue6 ou, 

Salmoii ruu with the Bedfish, but only scattering iudividuals are taken. 
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It is said that redfish run only for a short time, that they disappear as suddenly 
as they come, and few are seen in any part of the lakes after the run is over. Almost 
every person with whom we coilversed on the subject expressed the opinion that tho 
redfish, or “grayling,” a8 they are commonly called, annually come in from the ocean; 
but some believe that they never leave the lake, but retire into the deep parts of tho 
lake as soon as t h e  spawning season is over. Positive knowledge on the subject is 
lacking. The few specimens taken in Lake Washington would hardly warrant a11 
opinion to be formed as to their habits in t8hese lakes. It would be necessary to observo 
a considerable number from the time they first appear until they leave. 

8urfuce materiu2.-Collecting with surface tow net was carried on at different 
intervals. As was the case on Lake Washington, surface life was found most abun- 
dant in the eveniug; a t  other times a trial of 15 or 20 minutes would result in a small 
quantity of material. 
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LAKE UNION, WASHINGTON, 

The following notes on Lake Union have been furnished by Mr. Alexander: 
This body o i  water lies close to the city of Seattle. I ts  length, measured in a 

straight line froin north to soiitli, is 1fr miles; width, halfway between the north a n d  
south ends, three.quarters of a mile. Branching out from the head of the lake are 
two arms, one leading to the northeast and the other to the northwest. Measured 
from the foot of the northeast arm the lake has a length of 34 miles. 

Lake Union has a quite uniform depth in the center; the greatest depth, 48 feet, 
is found in nearly all parts of the inniu body a quarter of a mile from the shore. In 
the northeast arm the soundings varied from 24 to 27 feet. Near the shore, except in 
Places where there is mtrsh lend, the depth is from 18 to 25 feet. Iu the south end 
of the northeast arni the land is marshy; also off t h e  point extending into the northern 
Part of the lake between the two arms. In most other parts grass laud extends down 
to the water's edge with a gradual slope. On the east side the land is quite level and , 

Covered with willow and other trees. This strip of land extends back from the Idre 
for 8 considerable distance, when it suddenly runs into high bluffs. 

The land surrounding the lake for the most part is high and was a t  one time 
heavily wooded, but now only sniall clumps of trees are left standing, most of the once 
great forest having given way to town sites and buildings. Skirting the north shore 

The shore is thickly settled, except on the 
east and northeast sides. 

The bottom in nearly all parts is mud, in  some places intermingled with fine sand. 
prom the 2d to the 8th of December gill nets were set in ten different places, 

4 salmon, 1 cut-throat trout, and 2 suckers, In no place were the nets down 
less than 24 hours, and in one place they remained down 72 hours. They were set iu  
places best adapted for this kind of fishing and where black bass had been caught 

greatest numbers. Trolling for black bass was carried on a t  different timex, but 
nothing was caught. The season was too late for them, but i t  was thought that the 

nets might capture a specimen or two. 
During the summer black bass are frequently taken by trolling, and it is reported 

that they are sometimes taken in nets secretly set for their capture. This method is 
"legal, but is carried on to  some extent. Oiily a fow black bass have been caught in 
Lake Washingtoq and those planted in this lake in 1890 soon found their may iuto 
Lake Union, where they are said to be quite plentiful during the summer months. 

they should find the water in Lake Union better suited to their wants than 
where they were planted is not easily explained. It can not be due wholly to the 
difference in the condition of the mater, for Lake Washington largely supplies Lake 
Onion. The theory that presents itself to accouut for these fish being found in Lake 
union and not in Lake Washington i8 that in the former lake small surface life is 
much more abundant. The colloctions made in the two'lakes show a considerable 
dieerence in the amount taken in each trial. 

Winter the temperature of water of this lake is several degrees colder than 
t'lat of Lake Washington, though ice seldom forms, and only whcu the winter is 
?nusually severe does tlle lake freeze over; it is probable that in summer Lake h i o n  
l8 the Warmer, it being shallow. 

the Seattle and Lake Shore Railroad. 
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SIUSLAW RIVER, OREGON. 

In 1894 the State of Oregou erected a building on the Siuslam River a t  Mapleton, 
Oregon, with the intention of conducting saliuon-cultural operations a t  that place. 
This building finally reverted to the original owner of the land upon which it was 
located. Believing that this station could be successfully and protitably operated, tho 
owner, through Mr. L. E. Beau, of Mapleton, kindly offered its free use to the United 
States Fish Commission for that purpose. III response to this offer Dr. Meek and Mr. 
Alexander were instructed to visit the station and make such examination as would 
determine the 1 robability of its being operated advantageously. The preliminary 
inquiry, made early iu  September, showed that it would be necessary to catch the fish 
at tlie fishing-ground, several miles below the station, and retain them in boxes until 
ripe. I t  was thought that this could be done and that the boxes could be flouted on the 
tide up to the station. This could be determined only through experimentation. Dr. 
Meek was therefore instructed to return to Mapleton and thoroughly test the matter. 

General description of Biuslaw River.-I'he Siuslaw River is one of the short 
coastal streams in Oregon whose besiu is coufined eiitirely to tlie western slope of the 
Coast Bange. From its mouth to its source is a distauce of about 100 miles. It drains 
a very broken country, which is quite heavily timbered. From the mouth of Wildcat 
Creek to near the mouth of North Pork the river flows through a canyon 4 to 3 miles 
in width. The hills or mountains on each side of the canyon are from 200 to over 1,000 
feet above the river a i d  are very steep. At the mouth of North Fork is a large area, 
which is covered by water orily a t  high tide. This region, kiiown as tlie mud flats, is 
on the north side of the river and includes most of the distance between Acme and 
Florence. A t  Florence tlie river turns nearly north and then curves slightly toward 
the west. The right-hand bank is, for the most part, a low bluff' of soft sandstone; 
tlie left is bordered by sand hills. 

The Siuslnw River above the mouth of Wildcat Creek was not visited, but from 
what m e  were able to learii that portion is quite similar in all respects to the part 
immediately below that creek, except that gravel bars become much more frequent as 
you ascend the river. From the mouth of Wildcat Creek to the head of tide, a distance 
of about 24 miles, tlie bottom of the river is sandstone in situ, over which, in many 
places, are scattered large, angular, somewliat water-morn, sandstono bowlders. The 
river above head of tide water is from 60 to 200 feet in width, and during the suminer 
in many places the water is less than 2 feet in depth. 

The canyon is cut through sandstone, which in some places is nearly horizontal, 
while in others it is tilted more or less, seldom more tban 300. The only portion 
noticed which showed signs of being metamorphic is a bluff' on the right hand of the 
river betweeii Seaton and Mapleton. 
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The timber in the region drained by the Siuslaw is chiefly fir, some cedar, hemlock, 
Spruce, maple, and alder. Some of the alders are as much as 18 inches in diameter, 
and some of the fir trees a short distance west of the summit of the Uoast Range are 
Very high. There is also in this region a very rich growth of ferns, chiefly the cnmmon 
Pteris. A large portion of the timber along the lower 30 miles of the Siuslaw was 
destroyed by fire some sixty years ago. This is being replaced by an undergrowth of 
fif, alder, maple, etc. The timber bordering the sand hills is mostly bull pine. 

The North Fork of Siuslaw River is much smaller than the main river. I n  the 
neighborhood of Minerva the deeper holes in the river are from 20 to 50 feet wide, the 
shallow places connecting these holes being about half this width. Along the river, 
for a distance above tide water of about 8 miles, are many gravel bars over which the 
Water flows during the summer in depths varying from a few inches to about 3 feet. 
The timber along the North Fork is similar to that on tho main river, the under or 
smaller growth immediately on the banks being some denser. Very little timber along 
the North Fork below Minerva has been destroyed and scarcely none above that place. 
The water in North Fork is clear, though considerably stained by vegetation, much 
more so than in the main fork. 

The water in the Siuslaw in the summer is moderately clear, though slightly 
discolored by vegetation. It also contains a fine silt or sediment of some sort, which 
collects on the web of gill nets. A t  flood tide, about halfway between Florence and 
Mapleton, the water appears of a reddish color, apparently due to the mingling of the 
comparatively fresh with the brackish water, the salt in the brackish water precipi- 
tating the clay sediment in the fresher water. During the summer, a t  the head of 
navigation, the water at all times is too brackish for steamboat boiler use. 

The head of tide water is about half a mile above 8eaton. About half a mile 
below Seeton is an island in the river, on either side of which, a t  low tide, t h e  water in 
the deepest place is less than 3 feet. Small steamers drawing about 38 feet of water 
can not pass this island in summer except at from half to full tide. 

Mapleton is 1 mile below Seaton. Below Mapleton in summer and a t  low tide the 
water in the shallow portions of the river is seldom less than 10 or 12 feet in depth. 
Beaton is properly the head of tide water, Mapleton the head of navigat,ion. 

The river below Mapleton will average a t  least twice as wide as it does above it, 
and it varies in depth at low tide in summer froin 10 to 12 feet to as muoh as 60 feet. 

On October 1G a series of bottom temperatiires from Martin Creek to Acme was 
taken. The temperature of the air at 8 8. m. was 5’70; surface of the water at Martin 
‘reek, 570; bottom at  same place a t  a depth of 15 feet, 580. This bottom temperature 
decreased as wo approached the lower portion of the river until a t  Acme, in 30 feet Of 
water, it was 540. 

The $fishermen, methods of fishing, eta-The fisherinen on the Siuslow River are with 
few exceptions Americans, Norwegians, and Indians. The fishing on the maiu river 
Is done for the most part by the Americans and Norwegians, on the North Fork 

b Y  Indians. During the past season about three-fourths of the fishermen were 
‘ -anent residents on the river; the remaining one-fourth were mostly from the 

River, and iu  general they restricted tlieir fishing to the lower 8 miles of 
the river, using drift nets. The resident fishermen a’re further up the river and set 
their nets iu the ordinary way. Each fisherman regards himself as privileged to fish 
anywhere along the river he chooses. . The fact that a man owns property on the river 

’ 

F. C. B. 1897-4 
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is apparently no reason why he should restrict his fishery to his own water front or 
prevent anyone else from fishing there. For convenience each resident sets his nets 
as near his home as possible and has usually a number of well-defined sets, which are 
sometimes marked. These sets are the places which he regards as the best in which 
to catch fish, and are free from snags. One fisherman will seldom intentionally use 
a set belonging to another. 

During the past year very little attention was given to the 4‘ Saturday night law.” 
It was said that this has not only been the case in past years on the Siuslaw River, 
but that it is practically a dead letter on all of the streams in Oregon. The fishermen 
on the Siuslaw seem to agree that  all of them would profit as well by respecting it as 
by breaking it. A few persist in setting their nets or drifting Saturday nights and, 
in order that these few men may have no advantage over the others, they, too, put 
out their nets on Saturday nights. 

According to the law the fishing season closes on the Siuslaw River November 1. 
This law, of course, is intended for all of the coastal streams in Oregon, and as the 
t h o  of the rim of salmon, especially of silver salmon, varies soinewliat in the differ- 
ent rivers the law does not protect all alike. I n  the Siuslaw River the largest run of 
silver salmon occurs anywhere from October 25 to November 10. About this time the 
first fall rains begin and a gradual oise i n  the river is accompanied by an incrcased run 
of silver salmon. I n  1896 the rains began October 24. The river did not rise much 
until the night of November 7, when it rose about 8 feet, which put an end to fishing. 

The largest run of silver salmon was between October 28 and November 6. 
About the same condition of affairs is said to have existed last season. 

The law which requires the season to close November 1 in no way protects the 
chinook salmon, as the run of this fish is over by October 15. As fishing is the chief 
source of income of many of the citizens on the Siuslaw River it seems to them quite 
a hardship to  be obliged to atop fishing during the best portion of the season. All 
commercial fishing on the river is confined to that portion below tide mater; in ‘fact 
very little is ever done above Mapleton until iiear the close of the fitrhing season. 
The distauce from the head of tide to the mouth of the river is about 28 miles. 

Commercial fishing on the Siuslsm is carried on by gill nets, seines, aiid trolling 
lines, but mostly by gill nets. The gill ncts operated by the fisherwen engaged in 
drifting are from 100 to 150 fathoms long; they are used only on the lower 8 miles of 
the river, where the current is too swift during flood and ebb tides to allow them to 
be set in the ordinary way. There are a great many sunken logs and trees in this 
portion of the river, as well as further u p  the stream, and the drifts are theretore 
usually short. All gill nets used on the river from the head of tide water to within 8 
miles of its mouth are set iu the ordinary may. They are all anchored by heavy rocks 
tied to the lead line at.distances of from 3 to 8 fathoms apart. They vary in length 
from about 25 to 100 Fathoms. 

That portion of the river in which gill nets are set varies from about 8 to 150 
fathoms i n  width. The gill nets also vary in length and, as no fishermau confines 
his tisliing to any one pnrtion of tho river, very little attention is paid to the law which 
prohibits the use of giIl nets rea,ching mor0 1 han one-third distance across the river. 
Nets set in the Siuslaw River reach’s11 the way from one-fourth to the eutire distance 
acrosa it. During flood and ebb tide the current in the river is so swift that nets 
extending from about one-third to two-thirds across the river have their cork line 
dragged so low that the net presents a comparatively small and a very poor fishing 

. 
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surface. If the net extends from bank to bank the current raises the lead line 
between anchor rocks and drags down the cork line to the extent of destroying a 
good share of the fishing capacity of the net. It is quite evident that nets set in the 
Siuslaw River fish very little except during slack water. 

During the new and full moon tides the current in the river is SO swift that the 
outer ends of the nets, which reach only a part way across the river, are drifted toward 
the shore, and they frequently become so'much snagged in drifting one way that it 
is impossible to pick them up until the return tide. The fishermen drifting always 
take advantage of slack water, in order to fish t,heir nets a longer time without taking 
them up. I n  the latter part of the fishing season many nets used in drifting are 
cut into shorter lengths and set farther up the river. It seems to be a fact recognized 
by the fishermen that in any one portion of t h e  river. a net will fish much better a t  
one bank than at the other, so it is much wore advantageons to have two nets, each 
reaching halfway across the river, than one single net reaching entirely across. Three 
nets each reaching one-third distance across the river are often preferable to a single net 
reachiug the entire distance. Nets are seldom set in the river in the daytime. 

Gill nets are also used in surf fishing late in the fishing season, when comparatively 
few salmon are entering the river. The usual depth of the net used in surf fishing is 
about half that used in drifting. A t  either endof the nets, which are about 160 
fathoms long, long ropes are attached. The net is stretched along the shore and 
allowed to be caught by the surf, which carries it some distance to sea; it is then 
Slowly drawn to shore after the rn-anner of a seine. This method of fishing is so diffi- 
Wlt and the results so small that it is not much followed. 

A short distance above Acme is an excellent seiuingground, but the use of a 
seine has usually been opposed by fishermen using gill nets farther np the river. The 
seine was used this season from September 10 to November 1 by those who most 
strongly opposed it last year, but was less profitable than was expected. The majority 
of the fishermen would favor a law restricting the fishing to the use of gill nets. The 
seine was but little disturbed t,his year. One night a boat filled with rocks was sunk 
on the ground, but this the seine brought ashore a t  its first haul next morning. A t  
another time a peculiar framework was anchored in  the river, which was SO coristructed 
as to  raise the lead line when the seine was about half hauled in. This contrivaiice 
WaS also brought ashore. The fact that the seine did not meet with the success 

lessened the opposition to its use. Chinooks were caught by it for the 
hatchery, and this was no doubt a factor in its favor. 

Chinooks a i d  the silver salmon are often caught by trolling in the Siuslnw River, 
and they occssionally take hooks baited with salmon eggs or other bait. On October 
lo &. L. E. Bean caught 3 chinooks and G silver salmon trolliiig for about an hour 

the niouth of Martin Creek. The following da,y 8 silver siilmon were caught by 
trolling from Mapleton to Point Terrace, a distance of about G miles. Some of the 

and silvei. salmon caught in this way were red in color and the jaws distorted. 
collsideral.h trolling is done duririg October between Mapleton and Point Terrace, 
not Only for sport, but for market as well. The amount of fishing done on the Siuslaw 

is rated by boats, each boat haviug ordinarily 2 men and abont 100 fathoms of 
This past year there were from 75 to 80 boats eugaged in fishing on both the 

B1uslaw River and North Fork, using a total of about 10,000 fathoms of net. The 
seine was operated by G men and 1 horse, and was equivalent to 3 or 4 boats. 
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The legal fishing season extends from September 1 to November 1. Some of the 
fishermen begin fishing as soon as the law permits, but the m?jority do not commence 
until the cannery begins operations. Tests made in August and early in September 
showed that the chinook salmon did not arrive in considerable numbers uutil about 
trhe 10th of September. They began to enter the river in the early part of August. 
Very few were caught iu the lower part of the  river after the middle of October. III  
the vicinity of' Mapleton, however, a good many were taken as  late as the last of Octo- 
ber. They moved up the river apparently very slowly, evidently remaining for ;L 
considerable time in the deeper portions of the river. 

A t  Point Terrace the water is 56 feet deep; near the mouth of Martin Oreek tlie 
water is from 25 to 36 feet in depth. A large number of chinooks remain in these 
places (or are thought to, a t  least) until they become red and distorted. They seem 
to be very inactive. Fishermen kay 
that as soon as the first fall rains come and the water in t h e  river freshens up a little 
the fish become very active and are easily caught in large numbers. No special effort 
is ever itlade to catch the chinooks from Point Terrace to head of tide after about 
the 10th of October. Many of those taken after this date are so white-meated that 
they are worth not over 5 cents each, and they are usually thrown overboard by the 
fishermen. Some fishermen think that many chinooks spawn on the margins of these 
deeper holes, but there is no positive evidence of this further than that late in the 
fishing season a few ripe females are caught near or in these deep holes. 

October 28 and 29, just after the first important fall rains, about 50 chinooks were 
caught near Mapleton, which was the largest catch a t  this place during the season. 
A few of these were ripe and others nearly so. These fish were evidently jus t  lenvirrg 
the deep hole near the mouth of Martin Creek about three.quarters of a mile below 
Mapleton. The larger portion of this catch was rejected by the cannery. 

The fall rains not only increase the amount of water in the river and freshen tlie 
lower portion of the stream, but they also lower the temperature of the water. These 
are doubtless the main factors causing the salmon to leave the d t q  holes and resume 
their rurl upstream. 

Salmon ordinarily reach their spawning-grounds before they are ripe, but there is 
considerable evidence that they sometimes do not enter the river until almost ripe. 
Mr. Leonard Christianson did considerable surf fishing in November, 1895, and 
informed us that he caught a few ripe chinooks then. Eggs were forced from them 
while the fish were dying on the shore. This, however, is probably unusual. 

The North Fork being a much smaller stream than the main river and comparatively 
few white men fishing on it, it seemed that it was of very little importance as a fishing 
stream. Late in October i t  was learned that many chinooks were spawning all along 
the stream above tide water. On October 23 and 24 the North Forb waR examined 
for some distance both above and below .Minerva. The water was so stained that 
salmon could be seen only in shallow water on the gravel bars. These when friglitened 
by our approach a t  once disappeared in deep water. A few were much mutilated and 
in a dying condition; in fact, all seen were more or less mutilated. North Fork, 
though not a large stream, has from tide water to a distance of about 8 miles above 
a number of' excellent spawning-beds, and all showed much evidence of having beell 
so used this year. On the 26th of October about 17 chinooks were caught, all spent 
fish and all more or less mutilated. As these spawning-beds are only about 8 to 16 

Gill nets set near these places catch very few. 
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miles from the sea, the mutilastions exhibited could not have been incurred while on 
their way from the sea, but were received 011 the spawning-beds. Several dead ones 
were seen, and many others were so weak and injured that recovery was not believed 
possible. 

On all 
of these the fins were considerably frayed, while most of them were badly mutilated 
and covered with fungus. A few were so far gone that we captured them by wading 
in the water and catching them by the tails. 

The seals collect in large numbers during the salmon run on the bar at the mouth 
of Siuslaw River. Some enter the river and are seen nearly half way to Mapleton. 
They are regarded as being destructive to the fishing interests, both by destroying 
large numbers of fishes and prevouting many more from entering the river. These 
Reds are regarded by the fishermen as by far the worst enemy of the salmon. 

The run of silver salmon began later. The first examples were taken about Sep- 
tember 10, but they did not appear in any considerable nunibers until about a week 
later. From that date they continued pretty evenly until the 20th of October, after 
which they appeared in much larger numbers. They were still abundant on November 
7, when a sudden rise in the river washed away many of the-nets and practically put 
a stop to all fishing for the season. 

The importance of the salmon fishery of the Siuslaw River for each year since its 
beginning in 18S9 is shown in the table which follows. For convenience of reference 
the salmon taken in Tsiltcoos (Ten-mile) Creek are included. 

On October 23 and 24 a t  least 50 chinoolrs were seen on spawning-beds. 

Pear. 

1889 .......................... 
1890 .......................... 
1891 .......................... 
1892 .......................... 
1803 .......................... 
1894 ........................... 
1895 .......................... 
1890 .......................... 

Tot& ................. 

Siuslnw River. North Pork. 

Chinook. Silver. Chinook. Silver. 

9,000 62,340 4,000 10,482 
0,500 41,320 2,340 0,820 

10.500 23,450 0,800 2,100 
7,000 86,340 3,050 13,460 
4,000 78,430 1,100 12,000 
1,300 84,642 1,234 0 742 

4,378 57.000 2,100 4,650 

62,878 I 602,973 22,224 09,044 

____ ____ ____ -__ 

4,200 69,464 1,000 4:340 

-- -- -- -- 

a Did not fish. 

Creek- 
silver. 

8,000 
(a) 
(a) 
(a1 

ri, 800 
4,870 
8,200 

27,948 

Prom this it appears thtlt the total number of chinook salmoii from the Siuslaw 
River and the North Fork handled by the canueries in the eight years was 75,103 fish, 
O r  1,301,632 pounds. Mr. Kyle estimates that this amount should be increased by 
One-sixth, to,cover the number salted or shipped away. This would give S7,G19 fish, 
Or 1,518,750 pounds. The total number of silver salmoii handled during the same 
Period was 599,966 fish, or 5,429,675 pounds; increased by one-sixth for fish salted or 
Otherwise utilized, the total becomes 699,959 fish, or 6,334,620 pounds. The number 
Of silver salinon taken in the outlet of Talikenitch Lake (Five-mile Creek) is said to 
'lave averaged about 5,000 fish per year for the last three years. 

Oonrlition qf saliizon.-The chinooks caught in the Siuslaw River are not so fat as 
caught in the Columbia. This is no doubt due to the fact that the Siuslaw b S  

Only a fall run. In any river tho spring run is always better than the fall run; the 
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early spring run is better than the late spring run, and the early fall better than the 
late fall run. The coiidition of the salmon depends on the length of time he remains 
in fresh water before spawning. Those whose sexual organs are the least developed 
have redder and fatter flesh, and these a,re the ones which must remain in fresh water 
the longest time before spawning. 

Salmon taking the hook.-Fishermen hold different opinions as to why salmon take 
the hook, some regarding i t  simply as due to the pugnacious disposition of the fish, 
others as showing a playful disposition. Both males and females will take the hook. 
The baited hook falling near them or the silvery spoon passing rapidly by no doubt 
produces an involuntary impulse on the part of the fish to seize it. 

The SiSiuslaw hatchery.-This hatchery is a t  Mapleton, Oregon, on the Siuslaw 
River, about 26 miles above its niouth, or l& miles below the head of t8idr, water. The 
building is about 300 feet from the river and is supplied with water by gravity from 
a small spring brook, which flows within 200 feet of the building. This supply is 
abundant and of good quality. As there was no rack in the river, fish for spawning 
purposes could be obtained only a t  the seiniug-ground near Acnie, about 1 G  miles 
below Mapleton. The method followed was to retain the fish in live-boxes until they 
were ready to spawn. Special boxes were built for this purpose, the fish put in them 
a t  the seining-ground, then they were floated on the tide up to Mapleton, where they 
were tied until the fish were utilized. 

The first live-box was built September 17. It was made 20 feet long, 10 feet wide, 
and 4& feet deep. The frame-work was made of 3 by G material; to this were nai1,d 
horizontally 1 by 4 strips, with interspaces of about 24 inches. The lumber used was 
undressed. This box will hereafter be referred to as Box No. 1. On September 19 
Box No. 2 was built, 16 by 8 by 44 feet. This box diff’ered from No. 1 only in being 
made out of boards 6 and 8 inches wide instead of4  inches, and in having the inter- 
spaces narrower. These were not more than 2 inches wide anywhere, and near the 
top of t h e  sides no interspaces were left, the first two or three being placed against‘ 
each other. On September 21 Box No. 3 was built, not differing in any way from Box 
No. 2. On the 1st of October Box No. 4 was built. It was made of dressed lumber 
and was 20 by 64 by 44 feet. Care was taken to have this box as smooth inside as pos- 
sible, SO that  the fish might not become injured in any way on account of contact with 
the box. 

The account of the experiments with each of these boxes is given with considerable 
detail, in order that the nakure of the work and the couditions under which it was 
done may be fully understood. On September 18,43 chinook salmon were placed in 
Box No, 1. They were obtained from the seines and carried in sacks a few feet to a 
small live-box, in which they were floated to No. 1. The next day 48 more salmon were 
placed in this box. On September 21, 47 salmon were placed in No. 2, and the next 
day 22 fish were put into No. 3, to which 6 more were added on the morning of the 
23d. These three boxes, with 91,47, and 28 fish, respectively, were lashed together 
and were started drifting up the river with the tide. This tide carried them upstream 
about 72 miles, or about 4 mile below McLeod’s wharf. Here the boxes were taken i i i  

tow by the steamer Lillian and brought to McLeod’s wharf. The next day they were 
drifted to Point Terrace, a distance of about 54 miles, and on the following night they 
were drifted 2& miles farther to Eartley’s wharf. The next day, the 25th, they were 
drifted 12 miles farther, which brought them within 8 mile of Mapleton. They were 
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Sept. ?4 ........................ 
25.. ...................... 20.. ...................... 
27 ........................ 

oot. 1 to  5... ................... 
0 to 12 ..................... 
15 to 16 .................... 
1 7 t o 2 3  .................... 
24 to  21. ................... 

tied up here until the 27th, when the Litlian took them in tow and brought them to 
the Mapleton wharf, where they were kept until the fish were spawned. 

Three fish were placed in Box No. 4 on the evening of October 1, and 29 more were 
added the next morning. This box was set drifting on the evening of October 2. 
The fish mere quite restless, jumping aud striking agaiust the top of the box in efforts 
to get out. After floating about 18 miles this box was tied up for the night. That 
evening it w a ~  covered with spruce bough&, so as to darken i t  and a t  the same time to 
cause it to float lower in the water. The uext morning it was drifted to withiu half a 
mile of McLeod's wharf, or about G miles. The box was aiichored here un til the even- 
ing flood tide, when i t  was drifted to McLeod's wharf and tied up. The next day it 
Was drifted about G& miles to Hartley's wharf, and on the day followiug it was floated 
to within half a mile of Mapleton, to which place it was taken on the next tide on the 
morning of October 6. It was tied in a protected place in the. river opposite Mapleton, 
where it was not subject to the disturbauces to which hhe other three were liable. On 
October 8 two more salmon, which had been oaiight in a gill net near by, were placed 
i n  this box, thus increasing the number to 34. Except during the first evening the 
fish in this box remained quiet and showed no signs of restlessness under the restraint. 
Boxes 1, 2, and 3 mere tied to the piliug a t  t h e  upper end of tho wharf a t  Mapleton. 
The fish were here occasionally disturbed by persons coming about the boxes or step- 
Ping upon them; whether this really increased the mortality or not can not be certainly 
stated, but it seems reasonable to  believe that it would prove detrimental to the fish. 

An unusually low tide 011 October 15 left Box No. 3 about one-third out of water. 
This seemed to distress the fish, and may have caused some injury. During the latter 
PUt of October nbont 13 inore fish were put in No. 1. Tlieso had beer: caught in the 
gill nets a t  Mapleton. 

The total number of fish which were experimented with was as follows: In Box 
"0.1, 103; in No. 2, 47; in No. 3, 28; in No. 4, 34. No accurate record mas kept of 
the number of each sex, but a t  least three fifths o f  the total number mere females. 

The mortality among the fish iu these diilerent boxes is shown in the followiiig 
tabular statement: 

12 
4 
4 
2 

(8) 
(8) 
8 
0 
E 

Date. 

I ................................... ................................... ................................... 
1 
2 

(3) I '"2' ..... .s .___, a 
4 

I 

........................ ........................ 
2 ............ ............ 
2 1  

After the taking of spawn began, October 26, the fish were shifted about from one 
box to another, and, though a few continued to die, no accurate record was kept. The 
mortality was greatest in No. 1 and least in No. 4. The crowded condition of the fish 
in No. 1 was doubtless a feature which contributed to the loss. 

After October 26, when spawn-taking began, the fish were shifted about frcun box 
to box, and it was therefore impossible to keep an accurate record of the number dying 
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in each as originally apportioned. The total number that died after October 27, how- 
ever, was 18, and on November 15 a sudden rise in the river broke open box No. l 
and 30 fish escaped. The total loss, therefore, was 112 dead and 30 escaped. The 70 
which were left mere spawned. Of this number, 36 mere females and 34 males; to 
this number should be added 8 females and 8 inales taken from tho gill uets a t  Mapleton j 
these 86 (44 females aud 43 males) were spawned at diff'erent times between October 
26 and November 15. The total number of eggs taken is stated by Mr. L. E. Beau to 
have been 21'7,000. 

An examination of a great inany of the fish which died showed that some had 
received interrial injuries which probably cauxed their death. Others which showed 
no internal injuries exhibited severe bruises which doubtless hastened their death. 

Particular pains were takeu with tlie fish in Box No. 4. Care was taken in 
handling them when they were first placed in the box. The box had been constructed 
with unusual (:are by makiug it smooth inside and placing the boards close together, 
so as to admit but little light, and i t  was anchored a t  Mapleton in a, secluded place 
where the fish were subjected to the minimum amount of disturbance. As a result, e 
higher percentage of success was attained with this box than with the others. With 
Nos. 1, 2, and 3 the priucipal factors which were detrimental were the  following: 

1. Too many fish mere put in each, resulting in too close crowding. 
2. The interspaces were too wide, thus lettiiig in too much light and making the 

3. The rough surfaces on the inside of these boxes caused injuries to the fish 

4. Some of the fish were not handled with proper care when placed in the boxes. 
5. During the interval between the arrival of these boxes a t  Mapleton arid the 

spawning of the fish they were kept in a place where the fish were subjected to some 
annoyance. 

If the fish in theso three boxes had been treated with the same care and attention. 
as wm bestowed upon Box No. 4, it is quite certain that the measure of success would 
have been greatly increased. Of the 217,000 eggs taken Mr. Bean reports that  he 
hatched and successfully liberated 180,000. 

0onclusions.-These experiments seem to demonstrate that it is entirely practi- 
cable to retain salmon intended for spawning purposes for a period of a t  least six 
weeks in properly constructed live-boxes, but in order to operate Siuslaw hatchery 
with the best results, particular attention should be given to  the following details: 

1. The boxes should be constructed with as inuch care as possible. They should 
be made smooth inside. No interspaces should be left in the top nor in the upper third 
or half of the sides and ends, arid those elsewhere should riot exceed 2 or 3 inches in 
width. It is also desirable that the boxes be made G to 8 feet deep instead of 44 feet. 

2. It will prove advantageous to get as large a proportion as possible of the fish 
desired toward the close of the run, as they will be more nearly ripe and will not have 
to Be kept so long in the boxes. It is also believed that those fish are not so restless 
in the boxes as are those caught earlier in the run. 

3. The fish should be handled carefully when placing them in the boxes, so that 
they may riot receive any serious bruises. 

4. Too many fish should not be placed in any one box. In our judgment each fish 
should be allowed at least 20 cubic, feet of space. 

fish more restless. 

striking against them. 
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TSILTCOOS AND WHOAHINK LAKES, OREGON. 

The iiivestigation of these lakes was undertaken in response to a petition signed 
by numerous citizens living in their immediate vicinity and addressed to the United 
States Cominission of Fish and Fisheries under date of June 13,1896. The petitioners 
asked that Tsiltcoos Lake be stocked with black bass and that a plant of brook trout 
be made in Whoahink Lake, To determine the advisability of complying with these 
requests, Dr. Meek wa8 directed to make an examination of these lakes, particuIaPly 
ill regard to  the following points: 

1. Are these waters suitable as to temperature, quality, and food supply for the 
species requested 9 

2. Would the introduction of these species have any detrimental effect upon the 
food or game fishes native to those waters or to waters iuto which the introduced 
species might spread 9 

3. Would the species which it is proposed to introduce probably thrive SO well as 
to afford, after a few years, better fishing than is now furnished by the native species9 

Three visits were made by Dr. Meek to these lakes, the first on October 7 and 8, 
When only Tsiltcoos Lake was seen; the next October 15 to 19, during which time 
Considerable work was done on each of the lakes; the third trip November 28 t o  
December 7, when the lalres Were examined carefully and extensive collections made. 

The conclusion reached from a study of the conditions obtainiug a t  these lakesis 
that it is noh advisable for the Commission to stock them with black bass or brook 
trout. The planting of black bass in Tsiltcoos Lake would prove detrimental to the 
"1ver-salmon fishery carried on in the outlet of that lake, and the probability that 
the bass would iu time spread to the Siuslam and the Umpqua is too great to warrant 
the risk. As to placiiig brook trout in Whoahink Lake, it is not believed that that 

would ever become so well established as to afford better fishing than the 
native species supplies. These lakes are already abundantly supplied with a native 
trout which attains a weight of 2 pounds or more, which possesses excellent game 
qualities, and whose flesh is firm and sweet. If these trout are properly protected, 
there is no reason why Whoahink Lake should uot become an important fishing-resort. 

The detailed report upon these lakes follows: 

Between the mouths of the Siuslaw and Umpqua rivers, and almost bordering 
the sand liills along the shore, are three large lakes and a few small ones. The inves- 
tigations were restricted to the large lakes; these lie in a line parallel with the ocean 
beach and comprise a t  least three-fourths of the distance between the Siusli~ N and 
Umpqua rivers. They are quite peculiar on account of their great irregularity. in 
outline. The amount of shore line as compared with the area of each is very great. 

Whoahink Lake, or Olear Lake, as i t  is more commonly known, is about 2 miles 
from the Siiislaw River a t  Glenada. This lake is very irregular in outline and deeper 
than the other two. Except a small portion in the sontliwest corner, i t  is surrounded 

hills from 80 to about 200 feet in height. The hills iminediately surrounding the 
lake are composed of a soft, irregularly stratified sandstone, and evidently of a much 

The inlets are only raviues, 
8ome of which contain many small springs. The points of land projecting into the 

TSILTCOOS AND OTHXR LAKES. 

formation than the higher hills to the southeast. 
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18 
19 

lake are being quite rapidly worn away by rough water, forming bluffs. The surface 
of the lake a t  one t,ime was soniewhat lower than a t  present; this is evident from the 
fact that on a shoal place on the east side (near tlie middle of section 14) stumps of 
trees a4re seen some 10 feet below the surface. The former outlet of the lake was into 
the outlet of Tsiltcoos Lake. A few years ago this outlet became closed by shifting 
sand, causing the water to rise in the lake at least G feet above its present level. A 
new outlet, a short distance to the east of the old one, was dug to Tsiltcoos Lalie 
some four or five years ago. * The new outlet was not only intended to lower the sur- 
face of the lake, but to atfford a water power for a Rmall sawmill. It has never been so 
used. The material through which the outlet was dug is a fine clay, so compact that 
it erodes very slowly. In the extreme ends of the arms of the lake are some tules 
and small areas of other water-plants. 

The surface of Whoahink Lake is about 16 to 20 feet above that of Tsiltcoos Lake, 
from which i t  is less than half a mile distant. The timber on the hills bordering the 
lake was nearly all destroyed by fire some sixty years ago. It is being replaced by a 
growth of fir, alder, hemlock, maple, rhododendron, huckleberry, and a vigorous growth 
of ferns. To the west and bordering the sand hills about half a mile distant from the 
lake are many bull pines. The tihore was everywhere so snaggy that a seine could not 
be used and our collecting apparatus consisted only of gill nets and trot lines. This 
lake is reported as having very few fishe's in it, and our experience coufirins this view. 
The water is clear, though much less so than in the mountain lakes of Idaho; the 
depth is usually from 30 to 78 feet. The water is not very cold, as may be seen from 
the following recorded temperatures: 

................................ 72 50 
9.30a.m. 58 01.6 30 00 

I I 1 Teur. 1 Temperature of wnter. I 

19 
19 I:::: ............................ 64 01.5 ............................ 06 67 

Tsiltcoos lake is larger and more irregular than Whoahink Lake. The main body 
of the lake is about 2 miles in extent from north to south, and 1 to 2 miles from east 
to west. It is also supplied with several arms, usually about a fourth of a mile wide 
and from to 14 miles long and extending in diEerent directions. Tsiltcoos Lake is 
comparatively shallow. In  summer its greatest depth is about 17  feet, its average 
depth being from 10 to 14 feet. During the rainy season the water is from G to 10 
feet deeper. The bottom is a soft, black mud, like that of Whoahink and Tahkenitch 
la,Kes. Except at a few intervals the shore is bordered by a rich growth of tules. In  
the shallow portions around the shore the tules extend into the lake about B fourth of 
a mile. There is also considerable swamp vegetation in and about the tules, The 
surrounding country is quite similar to that around Whoahink. On the east, and at 
one point 0x1 the south, are bluffs of a dark, compact sandstone of much older formation 
than the bluffs around Whoahink Lake. There are also two timbered islands in this 
lake, composed of this older sandstone; the larger is about half a mile long and about 
an eighth of a mile wide. That portion of the country bordering the lake on the south 
and southwest was not burnt over during the big fire of about sixty years ago. 
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Tsiltcoos Lake bas two inlets, G to 8 miles long, Maple Creek a t  the northeast and 
Tsiltcoos Creek to the southeast corner of the lake. I n  sulumer these are little more 
than sillall brooks, but during the rainy season they become much swollen and afford 
a spawning-ground for many silver salmon, and possibly a few others, which enter the 
lake. It is said that  about G or 7 years ago many more salmon spawned in Maple 
Creek than a t  present. 

The outlet of Tsiltcoos Lake is quite small, especially so in summer and a t  low tide. 
Gill nets are put across the outlet a t  low tide and are so anchored and staked down 
that  it is quite impossible for silver salmon, except the smaller ones, to pass them. 

October 17 a number of sou~idings and temperatures were taken in Tsiltcoos 
Lake. The teniperature of the air a t  10.15 a. m. was 560; that of the bottom in various 
Parts of the lake, a t  depthe from 7 to 17 feet, varied from 58.50 to 69.60. 

Tsiltcoos Creek (Ten-mile Creek), the outlet of Tsiltcoos Lake, is about 5 miles 
long, while the distance from the lake to the ocean in a direct line is about 2 miles. At 
low tide in summer there is barely water enough in the outlet to float a small flot- 
bottom boat. At high tide the water in the outlet for its entire length is brackish, 
There is some com~nercial fishing, though the fishing season is short (this year from 
October 10 to about November 6). Many silver salmon euter the lake, as is evidenced 
by the number caught in our small gill nets. Fishermen report that salmon are ofteu 
stranded on the beach. About 100 silver salmon, the first catch of the present season, 
were brought to the cannery on October 13. There is no reliable evidence that blue- 
back salmon are ever found in this lake or its outlet, and only ail occasional chinook 
is found. On October 16 and 17 the bar a t  tho mouth of this creek a t  low tide com- 
pletely closed the outlet. This prevented salmon from entering and none had been 
taken since October 13. The fishermen were watching the surf closely to see if many 
snlrnon were near shore. Ordinarily, if the bar is closed and many fishes are seen in 
the surf, lhe fishermen resort to surf fishing until after the bar is opened. 

Tahkenitch, or Five-mile, Lake is very irregular in outline. I t s  greatest length 
fiom nortli to south is about 49 miles; east to vest  about the same distance. This 
lake consists of four large arms whose general directions are with tlie four cardinal 
points. Tlie eastern arm is the longest, the western the shortest, while the other two 
are about equal in length. The width of these arms varies from about one-eighth 
to three-quarters of a mile. I n  the moutll of the smallest arm is a small timbered 
island. 

Tahkenitch Lake does not lie in the burnt region. The hills surrounding i t  rise 
abruptly to a height of usually about 100 feet, and are covered by a dense growth of 
tall fir trees of about 14  to 3 feet in diameter. In  the extreme end of the arms and 
in a few otlier places along the shore are found tules and other water vegetation similar 
to that in Tsiltcoos Lake. The bottom of the lake is a soft, black mud: like that found 
in the twn other lakes. The depth is very uniform, bei~lg from 16 to 23 feet. 

Five.mile Creek, the outlet of Tahkenitch Lake, has its origin in the distal end of 
the western arm, its upper end being about 1 mile from the ocean. I t s  total length is 
about twice this distance. The sand hills extend almost to the lake. The isthmus 
separating Tahkenitch and Tsiltcoos lakes is rather low and narrow. So far as we 
Could learn, the oommeroial fishing on Fire-mile Creek is very similar to that  on 
Tell milc Creek. The catch has amounted, according to Hon. A. W. Reed, of Gardiner, 
to an average of 5,000 silver salmon for each of the past three years. 
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UPPER KLAMATH LAKE, OREGON. 

In  1889 the United States Fish Commission planted 400,000 whitefish fry (Core- 
gonus cbupeiformis) in the southern end of Upper Klamath Lake, near Klamath Fulls. 
Ample time having elapsed to enable this species to become well established, observa- 
tions were made by Messrs, Meek and Alexander for the purpose of determining the 
result, of the plant. 

Pelican Bay was reached on the evening of October 31, and work was carried on 
in the upper part of the lake until November 7, when the camp was moved to the lower 
end of tile lake near the outlet, where the investigations were continued until the 11th. 
During the time spent a t  this lake the weather was unusually stormy, and it was 
exceedingly difacnlt to carry on the investigations in a manner a t  :dl satisfactory. 
There were oxlly two really good days for work during the entire time. 

For tlie purpose of determining the result of the whitefish plant gill nets of suitable 
mesh were set in various places in Pelican Bay aqd*in the lower end of the lake. 
Collections of native fishes were also made, and as much time as possible was given to 
the study of the fish-food supply of the lake, which was found to be abundant and rich 
in species of E~~tomostrucu, insect larvae, and other invertebrate life. 

The fish lifu of the lake does not consist of many species, but the individuals of 
several of the species are very numerous. These will be discussed fully in the list of 
fishes st the end of this report, but it seems proper to call attentior1 in this connection 
to the suckers and trout. There are five or six species of suckers in this lake and 
each of them attains a large size, which renders them of great importance to the 
Indians on the Klamath Reservation. In  the spring of the year, duriug the spawning 
time of these fish, vast numbers are caught in traps and by hook and line by the 
Indians and cured for future use. 

The trout are nlso very common and reach a very large size. Trout weighing 8 
to 10 pounds are not a t  all unusnal, examples of 10 to 12 pouuds are not rare, and 
occasionally one weighs as lxluch as 14 pounds. Trout can be taken readily with the 
fly in the spring and by trolling in the spring and fall. I n  Pelican Bay they may be 
taken by trolling a t  any time. 

The Klamath lake8 co~uprise a series of lakes which extend in a north.and-south 
direction in southeru Oregon and northern California. They lie just east of the 
Uascade Mountains, and are about 4,300 feet above sea level. Our ii~vestigations 
were limited to the largest of these lakes, known as Upper Klamath Lake. 

This lake is about 25 uiiles long and about 8 miles in average width. I t s  northern 
half extends in a northwest.and-southeast clirection, while its souther~l half is nearly 
due north and south. I t  is quite irregular in outline, having on its western side two 
large bays, the upper of which forms the northwestern corner of the lake, and is 
known as Pelican Bay. About 2 miles west of Pelican Bay is a very large spring 
which forms a prominent creek emptying into the bay. The first half mile of this 
creek is about 50 to 100 feet wide and from 2 to 8 feet deep. After this i t  widens out 
into alarge estuary, half a mile or more wide and more than a mile long. On the north 
this estuary is bordered by a hill, a t  the foot of which the water is as much as 17 feet 
deep. The rest of this estuary i~ bordered by a rich growth of tules and swamp 
grass. It8 depth, except a t  the north end, seldom exceeds 7 feet, while the greater 
portion is less tharl 6 feet in depth. There are, especially on the east side of this 
estuary, many small narrow arms known as sloughs. These aloughs are about as 
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deep as the estuary, and each supports a rich growth of Potarnogeton, Myriophyllum, 
and Elodea. These water-plants are also more or less abundant along the water’s 
edge just inside the tules, but are scarce in the main body of the estuary. The water 
in Pelican Creek and estuary is very clear, and when it is not disturbed the bottom 
can be plainly seen everywhere. The bottom of the creek and estuary is composed 
of a light fluEy mud, varying in color from .dark grayish to black. 

. The water in the lake when we saw it was not clear. The fine sediment held in 
Suspension was no doubt picked up from the bottom during rough weather. 

The northern portion of Upper Klamath Lake contains many tule islands, and is 
evidently very shallow. Its shores north of Bare Island are very marshy. The main 
portion of the lake, or its middle half, is bordered on each side by mountains which 
rise from the mater’s edge to an altitude of 1,000 to 1,500 feet above the lako. ‘l’oward 
its southern end the lake becomes narrow. I ts  shores are mostly marshy and bordered 
by tules and willows. It also contains considerable water vegetation, the same as a t  
its north end. There are two islands in the lake, Bare Island and Buck Island, each 
about 500 feet high. 

North of the upper end of Upper Klamath Lake is a large area of tule marshes, 
6 to 10 miles wide aud 10 to 12 miles long. Lying in this marsh is a small lake which 
has sometimes been improperly called the Upper Klamath Lake. It is now regarded 
as being only a part of Upper Klamath Lake. It is about 2 miles from the main lake 
and is about 3 miles wide ant1 6 miles long. Through this marsh flow several small 
streams, the principal ones being Seven-mile Creek a i d  Wood River. Williamson 
River, the principal stream flowing into Upper Klamath Lake, is of considerable size 
and much importance in its relations to the fishes of the lake. About 10 miles above 
its mouth it receives from the east a large tributary known as Sprague River. About 
half a mile above its mouth i t  is 125 feet wide and 10 feet deep. 11; flows before 
entering the lake through a, low, flat, marshy plain covered with tules and swamp grass. 
ou the banks of the river is a rich growth of willows. The current is very moderate. 
w e  rowed about 2 miles or more up the river and noticed no important change in it. 
The water in the river was very dark, evidently stained to soiue extent by vegetation. 

mile wide and 2 miles long. 
This lake is surrounded by n rich growth of tules and some willows. The depth about 
half a mile below Klamath Palls was 15 feet. On November 0 the surface temperature 
Was 4Bg0; bottom temperature in 15 feet of water, 42BO. We set one large and two 
mall gill nets in this lake on November 0 and took them up on November 11, obtaining 
4 chube (Leuoisczcs bicolor) and 2 trout. 

The outlet of Upper Klamath Lake is Link River, a short stream not over 14 
miles long, consisting of a series of rtbpids and falls. 

Upper 1Clamath Lake is a rat her shallow body of water. The creek and estuary 
a t  Pelican Bay are from 2 to 8 feet deop in the upper part and from G to 17  feet in the 
lower portion. A line of sounditigs was run across the mouth of the estuary and the 
depth was found to be about 59 feet. 

Pelican Bay and the north end of the lake are very shallob. A line of soundings 
W8 run from the mouth of the estuary of I’elican Creek to the mouth of Williamson 
River, and $ feet was the greatest depth found, while the average was not more than 
6h feet. The bottom could be easily seen anywhere when the surface of the water 
W S  smooth. It seemed to be composed of loose, decaying vegetation, into which the 

The small lake jus t  below Klamath Falls is about 
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sounding lead would usually sink several inches. We were unable to take any sound- 
ings in the middle of the lake between Bare and Buck islands. While this is doubtless 
the deepest portion, we were informed that the water even here probably does not 
exceed 30 or 40 feet in depth. The south end of the lake is a little deeper than the 
upper portion. The greatest depth was found near the outlet and was 20 feet. The 
portion south of' Buck Island will riot average more than 12 or 13 feet deep. 

The temperature observations made a t  Upper Klamath Lake are given in the table 
which follows. All the  water temperatures except those at  the surface mere taken at  
the bottom. Owing to the shallowness of the lake the temperature of its mater is 
everywhere aEected by that of the air. 
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Near mouth of Pelican Creek. .................. 88 Surface. 
North end of Pelican Estuary .............................. do ... 
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Pelican Creek near spring .............................. Surfaeo . 
Pelican Estuary ............................................ do ... 
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do .................................................. 10 feet .. 
Two miles above mouth of Williamson Rher. .......... Surface. 

_ _ _ . _ d o  .................................................. 10 feet .. 
At mouth of Pelican Entuary .......................... Surface. 

do .................................................. 5bfeet.. 
Small Lake below Klamath Fall8 ............... 44 Surface. 

do .................................................. 15 feet .. 
South end of Klamath Lake.. .......................... Surface. 

do .................................................. 13 feet . .  

CAaracter of bottom.-The large area of tide and marshy lauds surrounding the 
lake has doubtless had much to do iu determiuing the character of the bottom of Upper 
Klamath Lake. The lake is very shallow, and the vast amounts of decaying vegeta- 
tion carried into it and the ever-increasing area of tule lands render it more shallow 
year by year. The bottom, where me examined it, was composed of loose, disintegrat- 
ing vegetable material, with no sandy or gravelly,bottom. 

Fishes.-Gill nets of suitable mesh were set in this lake in various places, chiefly in 
Pelican Bay and in the lower end of the lake. A good many trout and chubs and a 
few suckers were taken, but no whitefish were caught and none was Been anywhere. 
Inquiry among people a t  Klamath Falls and elsewhere about the lake failed to elicit 
evidence that whitefish have ever been seen there since the plant waa made. It is 
to be regretted that nets could not have been set in the middle portion of the lake, 
as it is there that fish would be found if any have aurvived. But when it is consid- 
ered how shallow the lake is, how warm the water probably becomes in summer, and 
how difficult it would be for whitefish to find suitable spawning-beds, i t  is doubtful if 
the eastern whitefish would thrive in such a lake. 
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Advantages of a trout-cultut.al station at Xlamatlb Palls.-The trout of Upper 
Elamath Lake are probably not surpassed by ally lake-dwelling trout in America in 
beauty, size, gaminess, or sweetness and clelicacy of flavor They are excellent trout 
to propagate and plant in other lakes. Trout-cultural operations could be carried on 
a t  some point on Upper Elamath Lake very advantageously.' Perhaps the best loca- 
tion would be a t  Elamath Falls, where all the engineering conditions are excellent. 
Fish can be obtained readily and in abundance a t  any time. A station located upon 
this lake would be useful in maintaining the supply of trout in it and neighboring 
lakes and for furnishing fish for planting elsewhere in suitable lakes. The distance of 
Elamath Falls from the railroad is the chief objection to the establishment of a station 
a t  that place. 

CRATER LAKE, OREGON. 

I n  the spring of 1896 the U.' S. Oommissioner of Fish and Fisheries received a 
request to plant trout in Orater Lake, Oregon. This request was made by citizens 
of Medford, Ashland, end Klamath Falls, and by the Mazamas, a club of mountain 
climbers with headquarters a t  Portland, whose members take an active and intel- 
ligent interest in discovering: and making known the scenic and other natural 
atlractions of the Northwestern States. Before complying with the request, the 
Oonlmissioner decided to have made such investigations as would determine whether 
the physical and biologic conditions existing a t  Crater Lake are such as will permit 
fish to thrive in it. These i~lvestigations were made by Professor Evermann and Prof. 
U. 0. Cox, of Mankato, Minnesota. 

Crater Lake is about 100 n~iles from the nearegt railroad station, and is reached 
by a wagon r&d, which has a nntnbor of steep, rough grades. The Mazamas had 
selected this lake as the place of their annual meeting for 1896, end the Fish Com- 
mission party by their invitation made the trip to the lake with them, thus obviating 
the necessity of employing special conveyances and making the trip comparatively 
inexpensive. Tho party left Ashland by wagon August 13 and reached tbe lake on 
the morning of August 19. Work was carried ou at  tho lake until August 24, ahen  
the party set out upon the return trip to Ashland, which was reached August 26. 

Orater Lake* lies in the toy of Mount Mazama and on the very summit of the 
Oiascstde Range, nbout midway between Mount Shasta and Mount Hood. I ts  latitude 
is 420 56' N. and its longitude is 1220 7' W. I n  many respects i t  is one of the most 
interesting natural wonders in America. It is approximately circular aacl averages a 
little more than 5 miles iu diameter. It is completely ellcircled by a bold escarpment 
ranging fr9otn 600 to 2,000 feet in  height above the surface of *he water. Although 
the steep slopes of the escarpment are in some places well wooded, they are generally 
either cliffs or talus, descending to the lake and plunging into deep water. There are 
many places where the walls are allnost perpendicular, and a,t only two or three places 
is it possible to desaend to the water's edge. The lake has pract'ically no shores or 
beaches; ouly in a few places is there sufficient beach to afford standing room. The 
average diameter of this great pit a t  the top .is 5.7 miles and its depth is 4,000 feet. 
The highest part of the wall surrounding this lake is 8,228 feet above sea level, while 
the surface of the lake is 6,239 feet above the sea. * 

'In our general description of this lake we have made free use of the excellent accoullt given 
by bfr J. S. I)iller, of the U, S. Qeolo icnl Survey. Mr. Ililler has mnde s carefill topographio survey 
of the region and poseewes a thoroll& and intinlate tcoquuintnnoe with Crater Lake. 
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The rim of the basin now occupied by Crater Lake is the present summit of what 
was once a mountain cone. That this is simply the frustum of what was once a com- 
plete mountain cone is evidenced by the  attitude o f  the sheets of lava and ejected 
volcanic material which form the rim. They all incline away from the lake, indicat- 
i n g  a common source from a crater that surmouuted a huge volcano high in air above 
the place now occupied by tlie lake. At that time, of course, neither basin nor lake 
existed. Nr. Diller thinks that th i s  great volcaiiic mountain, recently named Mouri t 
Mazama, must have exteuded about 5,000 feet higher than the remaining fragment, 
thus making its height; about 14,000 feet, nearly that of Mount Shasta. What became 
of the top of Mount Mazama is an interesting question. The geologists are convinced 
that a t  some period in its history the molten interior, instead of escaping through tlie 
crater in the usual way, found an outlet a t  a lower level. Tlie top of the mountain 
being thus left ainere shell and without adequate support, fell in and became engulf8d 
iu the vast pit which the lake uow partly fills. The pumice npon the surface for 
many miles around Crater Lake was probably blown out by the volcano before the pit 
developed, and the volcano of Wizard Island was active a t  a much later stage upon 
the bottom of the pit. It was the scene of the last eruption about the lake, and, 
although recent in appearance, must have occurred centuries ago. 

Crater Lake is, so far as known, the deepest lake in America. Many soundings 
have been taken by the United States Geological Survey. Over only very limited 
areas mas a depth of less than 1,000 feet found, while over a largo part of the lake the 
depth raiiges frotn 1,800 to 2,000 feet. In the eastern portion of the lake is a great level 

- floor, with a nearly uniform depth of 2,000 feet for B distance of more than 3 miles. 
In  the western part are three or more small cones, one reaching within 93 feet of the 
surface of the water, while another rises 846 feet above the water. This is Wizard 
Island, a perfect ciuder cone, with symmetrical slopes, and in its top a crater 80 feet 
deep. This coue is composed ohiefiy of red lapilli, and so new and fresh that  it 'is 
sparsely forested and shows 110 trace of weathering. About the base of this island 
cone is a rough fringe of lava, which has spread in all directiolis to far beneath the 
water's level. The shallowest parts of the lake lie west and south of Wizard Island. 
The average depth in this area probably does not exceed 150 feet. 

Crater Lake has neither inlet nor visible outlet. The catchment area is scarcely 
greater than the lake itself. During the summer sea6on several streems trickle down 
the walls from the snom banks which lie within the rim; these streams are all very. 
small, but a few of them continue throughout the summer, as some of the snow banks 
lying on tho southern walls never entirely disappear. The amount of precipitation is 
believed to be greater than the evaporation, but the level of the lake does not appear to 
be rising. It is therefore quite probable that there is a, subterranean outlet, and tile 
large springs in the \.iciiiity of Fort Klamath may have their source in Crater Lake. 

The water of Crater Lake is cold, fairly pure, and exceedingly clear. Tbough 
sutliciently pure for all fish-cultural purposes, it is slightly flat to the taste and doubt- 
less contains some miiierals in solution. Froth or i'oonm readily forms when the water 
is disturbed. The clearness is remarkable, an ordinary dinner plate being distinctly 
visible a t  a depth of nearly 100 feet, even in a hazy atmosphere. 

The color of the lake is a wonderful blue, except in  certain comparatively shallow 
places near the shore. I n  the deeper parts of the lake i t  is the most intense blue we 
have ever seen; from there toward the shore, and in the changing light and shadows of 
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cliffs and clouds, the colors change from ultramarine through cobalt and azure blue to 
SmaIt blue and hyacinth, and even to royal purple, violet, and mauve. So marvelously 
and straugely beautiful are these colors that one never tires matching and studying 
them. The general efYect as one views the lake from some advantageous point upon 
the rim is profoundly impressive. Two thousand feet below lies the lake in whose 

,Placid blue waters everything is so perfectly mirrored that one can not tell where the 
real ends and the mirror begins. Near the west shore rises Wizard Tslaiid, symmetrical 
and beautiful in all its proportions, while around the lake is a circle of 20 miles of 
nearly perpendicular wall, hundreds of feet high and unrivaled in its scenic effects. 

~e'em~~eratures.-Considera~le time was devoted t o  the making of temperature 
observations in different parts of the lake and at  different depths. 

The following table gives the surface temperatures recorded : 

4 p m . .  ....... 
9.40 a. in ...... 
0.55 n. m ...... 
10 10 a. m ..... 

The 

From shoro in EeJo Cove ................... 
Om-fourth mile from ebore in Eagle Core.. . 
One milo from shoro in Eaglo Cove .......... 
Ono-fourth milo from Wizard Island ........ 

~- __- 1 Date. 1 Hour. 1 
0 F. I 
50 
57 
56.6 

Station. 

...... ......... ...... .................. 1.40 1). in 
8.45 8. ni 

One-fonrt,h milo ofi' Phimtonr Ship. 
Proni shoro in Eaglo Cove. 

I-- l- I I 

............ 
1 1). m..  ....... 
3 n . m . . .  ...... 
9.11 n.ni 

I 

__ 
followi 

...................................... 
Nenr contor of Inko. ......................... 
About 21 niilos oiiat of Wizard 18lllnd ....... 02 

G 1  

do 

1806. 
Ang. 19 

20 
20 
20 
20 
21 
22 
a2 
22 

I 4 11. in.. ............ .do .................................... 
" I - I 

ng intermediate and bottom temperatures were tali 
zambra deep-sea-tliermometer tripped by means of a propeller, such as 
Albatross in, her deep-sea temperature work : 

._.__ -- 
Station. Depth. FT- _____ 

Hour. 1 
-__ -__- 

i m .  
Bug. 20 

20 
22 
22 
22 

Feet. 
11 8. m . .  ...... A t  bottom milo south of Wianrd Island.. ........... 93 

866 
J p. 111.. ....... About 2& mllos east of Wleard Ialnnd.. ............... 555 
4 p.m ......... , . _ _ . d o  ................................................ 1,040 
5 p. ni. .  ....... At bottom 2 t  milo8 eimt of Wizard Ialnnd.. ........... 1,623 

f. 40 11. i n . .  .... A t  bottom f milo off Phnutoin Ship.. ................. 

a Negretti- 
s used by the 

nturo. 

46 

Tho vertical series taken on August 22, a t  a station about 24 miles east from. the 
southeast corner of Wizard Island, proved of very great interest. The surface tem- 
perature was 610; a t  555 feet it was 390; a t  1,040 feet 410; and at 1,623 feet, which 
was a t  the bottom, 460. In all other Ainericau lakes, so far'as known, the coldest water 

summer is always a t  the bottom. The effect of the sun in heating the water of lakes 
Observations recently made upon Lake 

Ohamplain by Prof. George C. Whipple and our own observations made in 1896 upon 
AltUras andwallowa lakes showed that the suii's heat did not much affect the 

If there be no error in the above observations, it seems that the waters of Urater 
Lake are still receiving heat from the rock upon which tliey rest.' The heat of the old 
volcano has not entirely disappeared. The coldest water is neither a t  the surface nor 
at the bottom, but a t  some intermediate depth. The results of these observations are 

unexpected, and the indicated conditions are so unusual, that the matter should 
receive further attention. The only possible source of error which has yet suggested 

not ordiiiarily reach to any great depth. 

of the water beyond a depth of 100 feet. 

F. C. U. 1807-5 
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itself is that the propeller may not always have worked properly. It is possible(though 
improbable) 'that in some cases, when beginning to haul up the thermometer the 
propeller failed t o  reverse until some moments later, in which case the temperature 
reading mould be for some depth other thsn the one desired. The observations should 
be carefully repeated before the conclusions suggested are accepted. 

During the trip of the Mamma party from Ashland to Crater Lake and return a 
good many temperature observations were made. All of these possess a certain 
value and it has been thought proper to record them in this connection. Tlie air 
temperatures were all in the shade unless otherwise stated. The instrument used was 
a Wilder protected thermometer. 

Misoellaneous Isnq~eratures recorded on the Crater Lake trip, August 19 to 26, 1896. 

ra te r .  

O F .  ....... 
....... ....... 
....... 
64 

42.75 

....... 

....... 

....... 

....... 
43 

43.5 

44.76 

45.5 

47 

....... 

....... ....... 

........ 
41.6 

Date. 1 Date. 

I Bug. 18 

~ _ _ _  

18 

I8 
18 

19 
19 

19 

10 
20 
20 
20 
21 
21 
21 
21 
21 
22 
22 
22 
23 
23 

23 
23 
23 
24 
24 

25 
25 

26 

Aug. 13 

14 
14 

15 
15 

15 

16 

16 

I6 

17 

17 

17 

17 

17 

17 

17 

17 
17 

17 
17 

Hunt's ranoh 4,400 

_ _ . . d o  ................ 
Camp at Lake of the 

feet elevatiod. 

Woods. 

Hour. 

9.10 p.m. 

5.00 a.m. 
9.10 p.m. 

5.00 a.m. 
12.18 p.m, 

2.00 p. m. 

4.00 a.m. 
9.42 a.m. 

11.30 a .m.  

4.40 a. m. 

12.30 p. m. 

... do .... 

.. .do .... 

.. .do .... 

.. .do .... 

... do .... 
2.14 p. m. 
8.UO p. m. 

lO.Z!) p. m. .. .(lo .... 

o F. 
54 

41 
61 

~~ 

Station. Air. I- 
camp. 

Camp 28 miles from 
Crater Lake, 6,100 
feet. 

__ . .do  ................ 
QarnoMazama. Crater 

F o o d  12iveratbridge. ...... 45 ...... 43 

49 89 
66 ....... 

_ _ _ . d o  ................ 46 
CreekoonwaytoMount ...... 

Pitt. I 
PiQ. 

9 700 feet. 
SummitofMountPitt, 

SummitofMount Pitt, 
9 760 feett, in sun. 

Cahp returning from 
Mount Pitt. 

Large epring at Peli. 
cnn Bay. 

Small spring a t  Peli- 
can Bay. 

spring at Pelican 
Hay. 

Creek 400 yardn belo; 
spring at Pelican 
Bn . 
Peliaan Hay. 

can Bay. 

3.900 feet. 

Crcek 100 yarc7s below 

Cree% a t  entrance of 

Air in shade at peli- 

._._do ................ 
Crane Creek camp, 

Spring on creek on ...... 
way to Mount Pitt. 

CamDon side Of  Moun t 60 

56 

83 

37 

._.-. 

._.-- 

..... 

. _ _  - - 

..... 
77 

80 
52 

.... do ................ .... do..  .............. .... do.  ............... 
-.. .do ................ .... do ................ .... do ................ 
._..do ................ 
._._do ................ .... do ................ 
_ _ _ _ d o  ................ 
... .a0 ................ ... do ................ 
CampMnznmil, Cathe. 

Cam &,am, ........ .. ..lo ................ 
dralb ring. 

.... do ................ .... do ................ 
Rogue Rivcr camp. 

2,800 feet elevation. 
Ro ue  Rivcr cnmp., .. 
Ja&ion'sranch C R I U ~ ,  
1.300 feet. 

Jnokson's ranch camp. 

... :ao ................ 44 
Creek a t  Crane Creek ...... 

camp. 

64 I ....... 
67.5 ....... 
52 ....... 
51 ....... 
58 ....... 
01 ....... 
58.5 ....... 
55 ....... 
68 ....... 
GO ....... 
69 .... .:, 
e5 ...... 
66 35.6 

09.5 ....... 
70.5 ....... 
69 ....... 
62 ....... 
61 .-.._. 
46 ...... 
G5 ...... 
57 ...... 

I 

Hour. 

5.00 a. rn. 
.... do .... 

8.30 a.m. 
6.30 p. m. 

5.25 a. m. 
1.20 p. m. 

3.00 p.m. 

11.00 p. m. 
6.00 a. m. 

12.00 m. 
10.00 p. m. 
8.00 R .  m. 
8.45 a. m. 
2.30 p, m. 
8.00 p, m. 

10.20 p. m. 
0.00 R .  m. 
9.00 a. m. 
4.00 p.m.  
7.35 a. m. 
9.00 E. m. 

12.20 p. m. 
3.00 p.m. 
9.00 p. m. 
5.00 a. m. 
9.00 p. m. 
5.50 a. m. 

6.00 a, m. 

9.00 p. In. 

Station. 1 Air. 1 Wetel 

Crcek at Crme Ureek ...... 

Lake 7 185 feet. 

down to lake. 
Small &earn on trail .___.. 45 

Camp Masama ........ 1 56 1 ....... 

Life of Crater Lake.-Crater Lake contains no fishes; lakes without inlets or 
oiitlets seldom or never do, for fishes natur;illy get into one body of water only 6y 
swinnnhig to  it from some other body of mater with which it is counected. Fishes 
never appear de novo in any lake or stream ; if they appear there a t  all it is because 
they can swim there from some other Iake or stream. Breaks in water continuity, or 
even considerable falls, are absolute barriers beyond which fishes e m  not go. So with 
Crater Lake; it has never had any inlet or visible outlet connecting i t  with any other 
body of water in  which fishes are found and through which fishes might reaah it. 

Mammals and birds excepted, only 3 species of vertebrates were found within the 
rim of Crater Lake, viz, a snake, a frog, and a salamander. 

The snake is the smsIl-headed strip& stia,ke, T?wmop?~is leptocephalus (Baird &I 
Girard). It was not seenolsewhere. Two specimens were obtained on Wizard Island. 
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One frog, Rana aurora Baird Q Girard, was also obtained on Wizard Island. 
Others were seen about the spring below the camp. The sdamander is Antblystonia 
macrodactylum Baird. It is by far the most abundant and most interesting vertebrate 
occurring a t  Urater Lake. Our first specilriens were found on the shore under Red- 
cloud CliEs, where we found it to be exceedingly abuudant. It was afterwards found 
in considerable numbers along the shore in Eagle Cove and a few were obtained about 
Wizard Island. More than a hundred specimens mere collected and inany more 
could have been obtained. The majority of the indivicluals seen were adults, only 4 
or 5 still retaiuing the external gills were seen. These salamanders were found under 
the rocks just above the edge of the water of t he  lake. Xometirnes as maay as a 
dozen or fifteen were found under a single flat stone. These three species are not 
uncommon throughout western Oregon and Washington. 

Invertebrate life was found to be fairly abundaut, and a few plants were found. 
By using fine-meshed surface towing nets considerable collections were made. The 
following is a list of the species obtained: 

PLANTS. 
Alga : 

Nostoc sp. ? Colonies common. 
Melosira granulata . Not common. 
Pleiwosigma ~ p .  B Several specimens. 
Suriwlla sp. ? Not common. 

ANIMALS. 
CmStaCea : 

C g c l o p ~  albidue. Not common. 
Cyolops swruZatu8. Not common. 
Daphnia pulex pulicaria. Very abundant. 
dllorchestes dentata. Not common. 

Chirononbus sp. B Larvra. Very common. 
Xpphemerid lorvie. Common. 
Linbno>hilus or caddis fly. 

h e c t a  : 

Very abundant. 

ANIMALS-Continued. 

Insecta-Continued. 
LaCCOphik8 larvm. Not common. 
Deronectee striatellus. Common. 
Dytisous sp. ¶ Not ram. 

Gordiu8 sp. I Oiic spooimen obtained. 
A species of leech. Not oommon. 

Phjsa sp. B Not common. 

AmblyetonLa macrodactylam. 

Vwmes : 

Molltisea : 

Batrachia : 

ltana aurora. 

Tliamnophia leptocephalus. 
Reptilia : 

These crustaceans and insect larva are all excelleut food for trout, and were found 
in considerable abundance, particularly in Eagle Cove. The small eutomostracao, 
Bapbbia pulex pulicaria, mas the most abundant species, and large nuiubers could be 
seen during favorable afternoons swimming a t  tho surface in Eagle Cove. The t h e e  
other species of crustaceans seemed far less abundant. 

Caddis-fly cases were very abundant on the under sides of rocFs lying in the edge 
of the mater. A small black leech was quite common on the rocks in Eagle Cove and 
a b u t  Wizard Island. The small gastropod (Pkysa) was found about Wizard Island 
in limited numbers, a species of water-beetle (Dytiscus) was pretty comlnon, and n 
single specimen of Cfordius, or hair snake, was found near the shore of the island. 

On the rocks about Wizard 
rsland the gelatinous ma8ses of colonies of Nostoc were COUDOI~ .  A number of speci- 
mens of the diatom, Pleurosigma, were obtained in the towing net, and a few specimens 
Of' two other alga were secured. 

Summing up the matter, it may be said that while the conditions a t  Crater Lake 
are not the most favorable to fish-life, there seems to be no reason why trout in limited 
numbers might not thrive in it. The water is all that could be desired as to purity 
and temperature, but the depth is so uniformly great that  only small areas of bottom 
suitable for spawning-beds are found. The entire absence of all other fish-life and the 

Thoro are no water-plants of any size in the lake. 
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- very limited vegetation supported by the lake reduce the food supply almost wholly to 
small free-swimming crustaceans aud insect larvt~.  Both are present in considerable 
abundance, but probably not in sufficient quantities to support a large number of fishes. 
On the other hand, fishes planted in this lake will have no rapacious fishes with which 
to conteud; the struggle will, therefore, be wliolly with the physical environment and 
the food supply. It bas, therefore, been recommended that a plant of trout be made iu 
Crater Lake, and it is hoped that the Mazamas who visit the lake hereafter may make 
observations to determine the result of the experiment. The best fipecies to plant is 
the black-speckled trout of Lake Tahoe, #allno inylciss henshawi. 

LIST OF FISHES. 

In the following list of fishes we give only those species of which specirneus were 
obtained by 215 during the investigations of 1896. I n  the nomenclature and sequence 
of species we follow Jordan & Evermanu’s Check-List,” recently published: 
1. Entosphenus tridentatus (Gairdner). 

A specimen, 18 inches long, was obtained July 23 in Alturas Inlet, 1 milo above the lake, and 
several larvto were dug out of the send at tho head of the lake July 25. Comparing the large specimon 
with one 24 inches long, o b t a i n d  by Mr. Williams at Big l’agette Lakc, some important differences 
are noted. I n  the Payette example the dorsal fins are separated by a B ~ ~ C O  equal t o  one-third the 
length of the  base of the anterior fin, while the Alturas example has the dorsals scarcely separatoil. 
The fins are also much higher in this specimen, the height of the  anterior dorsal being contaiucd 
34 times i n  head, measured to first gill-opening, or l h  times in the height of the second. The infraoral 
lamina has 5 C U S ~ S ;  the  snpraoral has 3, the  middle one being much srnaller than the other two; the 
buccal teeth before the mouth are nnicuspid ; on each side of the oral opening aro 4 teeth, the anterior 
and posterior ones of which are bicuspid, while the other two are tricuspid. The arrangemcnt of the 
teeth does not differ materially froni that  in  the Payette specimen. Tho larvio range from 1) to 34. 
inches in total length. 

An example 10) inches long \vas found attached to  a chub io Upper Klamath Lake, November 10. 
2. Acipenser medirostriu Ayres. 

Common near the mouth of Siuslaw Rivcr; several taken in a seinc near Acme in September, 
measuring about 18 inches each in total length. At Gardiner, near the mouth of tho IJmpqua, a good 
many lerge sturgeon, probably A. transmontanzlcl, were taken in Novombor aud December. 
3. Pantosteus jordani Evermarin. 

specimens were obtained in the upper end of the lake .iugust 24. 
4. Catostomue tsiltcoosensis, new species. 

Tlireo-foothed Lancpey .  

In a11 of these the dorsal fin i 8  continuous, though deeply incised. 

Green Sturgeon. 

Western Blnclc Suckev. 
During the season’s work this tiucker was foand only in Wallowa Lake, Oregon. Two small 

Type No. 48479, U. S. Nat. Mus. ; cotypes No. 38, U. S. F. C., and No. 5703, L. S. Jr. Univ. Mus. 
Type locality : Teiltcoos Lake, Lano Connty, Oregon, where numerous specimcns wore obtained 

Apparently most closely reIated to  C. occ~datrla~is Ayres. 
Head 44; depth 5; eye 64 in  head; snout 2; D. 13; A. 7; B C ~ I C B  13-65-8, 34 bcfore the dorsal. 

Pectoral 1& in head; longest dorsal ray 1%; base of dorsal 1); longest n n d  ray I&; vcntral la. Body 
rather slender, subtcrete; head small, snout long end pointcd; mouth infcrior, ovorhung by the  pro. 
jecting snout; lips rather thin, one row of large papillu: on uppcr lip, and about 2 jrrcgular TOW8 of 
smaller one8 behind or inside of it; lower lip iiiciscd ncarly to  basc, 1 or 2 rows of sinall papillin 
SCTOSB the  isthmus; lobes of lower lip moderately long a n d  thla, t h o  baMC8 with  papi1110 merging 
into pIioations toward the tips, Top 
of head flat or very slightly conwx between the eyes. Fins stnall; pectorals short and roundad; 

*A Check-List of the Fishes and l5sh4ike Vertebrates of North and Middle Anrerice, in Report 
U. S. F. C. for 1895 (December 28, 189G), 207-590. 

December 2,1896, by Dr. Meuk. 

Eyo quite small, thc antcrior edgo of orbit a t  iiiiddlo of head. 

~ _ _  -- - - _  .__.I_ 



SALMON INVESTIOATfONS IN COLUMBfA RIVER BbSIh’ IF! 1896. 69 

Ventral8 short, rounded, the middle rays but  littlo longer than the others; anal small, somewhat 
pointed ; margin of dorsal slightly concave ; caudal lunate, not deeply forkod. Mucifcrous canals on 
head not strongly dcvcloped. Scalos moderately largo; latorel lino nearly straight, not running 
upward toward nape. 

Lcngth of typo, 8 inches to  baso of caudal. 
The cotypos agroe closcly with the type i n  all characters of importance. 
We have compared our apocimens of this spacics with specimens of C. occic7bntaEis (Fig. 2 )  from 

the Saoramcnto River and find important differences. Comparing examples of the same sizo, wo find 
that  C. ~ E i ~ t C O O E C l t 8 i 8  has a smaller head, longer, more pointcil snout, smaller eye, larger scales, and 
much smaller fins; the pectorals in  C. occidentalis are falcate while in this species they art) more 
rounded, ani1 the  ventrals also aro 185s pointed. 

An oxample of C. occidoalaEicl9 inches long has the heed 46; depth 5; oye 53; snout 23; D. 12; A. 7; 
scales 13-70-10, 41 bofore the dorsal. 

This species is nbundant in  Tsiltcoos Lake and Siuslaw River. The specimens from Siuslaw 
River wcre obtained in brackish watcr. 

- 
FIG. l.-Uatoslomtcs triltcoosensio Evormam & Meek, new species. 

FIQ. Z.-Uatostomus occidnrtalis Ayros. 

Catoatomus macrocheilus Girerd. Columbia nicer Sitoker; “Fellow Sticker.” 
Abundant throughout entirc Co1umbi:i River basin ; obtniued this year from Alturaa and Wallows 

lakes, in both of which i t  is abundant. It soems not to  occur in Siuslaw Itiver, nor i n  lakes of that  par t  
Of Oregon. ’ Five specimens from Lake Union near Seattle, and one from Lake Wnshington at seettle. 

Catoatomus siiyderi Gilbert. 
This species W&B 

callght, along with CRaernicltoe copei nnd Chasnaietrs etomia8, in tho small trap or basket nets which the 
Indians were using a t  that  plaoe. Three Emall specimens, 24 t o  4% inches lollg, were taken in the 
seine at tho sonth eud of Upper Klamath Lidre Xovember 10, and two others, 2 and 24 inches long, 
resPectivoly, in 

One obtaincd from an Indian at the mouth of Williamson River, November 5 .  

slough t L t  Pelican Bay November 3. No large examples socn in shallow Water. 
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The Klamath Lake Catoatomua has been identified, by a11 who have had occasion to  mention it, with 
C. labialus Ayres, upon the supposition that  the type of Qyres's species came from Klamath Lake. Rut 
Ayres plainly states' that  it came from Stockton, California. As only oue species of this genus is 
found in Sau Joaquin River, C. Zabiatua beconies a synonym of C. occidentalis, and the Klamath Lake 
species is lei% withont a name, a fact first pointed out by Mr. J. 0. Snyder, for whom the fish has been 
recently named by Dr. Gi1bcrt.t 

The type specimen upon which Dr. Gilbert based his description is less than 8 inches long. As the 
one which wo have from the mouth of Williamson River is much larger (length, 14+ inches) ant1 s h o t s  
some sliglit dift'erences, we describe i t  fully as follows: Head 4d ; depth 4; eye G* in head; snout 23; 
maxillary 36 ; mandible 2: ; interorbital 2+; width of mouth 34 in head, more than half length of snout ; 
greatest widthof lower lip Bdiamcter of eye; D. ii, 11; A. 7; scales 13-70-11. Bodyrather sleiider; head 
long, mouth moderate, horizontal; lips thick papillose, the upper with about 4 or 5 rows of papillte, 
lower with about 7; lower lip divided nearly to  base, Icaving only one row of' papillti: crossiiig the 
symphysis; premaxillary not much projecting and not forming a prominent hump ; maxillary rather 
short, not reaching vertical at front of anterior nostril; cyc equally distaut betwecii snout and postc- 
rior edge of opcrcle ; mucous canals on head forming raised ridges, the pores conspicuous. Fins mod- 
crate; origin of dorsal a little ncarer snout than basc of caudal, sixth spine over insertion of ventrals; 
pectoral 1) in  head, reaching slightly more than two-thirds distance to  ventrals; ventrals not quite 
reaching vent, thc seventh ray longest, 1) in head; anal long, pointed, reaching to  base of caudal, 1-6 
in head. Scnles crowded anteriorly, about 32 transverse rows in front of dorsal, strongly ridged, the 
margins crenate. 

7. Chasmistes stomias Gilbert. 
Head 49; 

depth 4); eye 7;  snout 2:; m:ixillary (measured from free end to  tip of snout) 39; maridible 2$; D. ii, 
11; A. i, 7; scales 13-85-10; interorbital width 2); vertical depth of head at mandibular tirticulation 
2&. Head small, body heavy forward, the back strongly and regularly arched from snout to  origin of 
dorsal fin, thence declined in a nearly straight line to  base of caudal; ventral surface nearly straight. 
Prcinaxillary spines strongly protruding, forming a prominently projecting snout; mouth rather small, 
inclined upward a t  an augle of about 400, maxillary scarcely reaching vertical from front of interior 
nostril; width of mouth 12 in  snout or 4% in  head; upper lip thin, withont papillm; lower lip thin, 
interrupted a t  the symphysis, forming narrow lateral lobes the width of which is about 29 times in  
their length; faint indications of a few papilla; mucous canals forming ridges, the pores conspicuous; 
gill-rakers long, narrowly trimgnlar a t  the t ip  when viewed from behind, densely tufted on the . 
anterior edge; fontanelle narrow, i ts  length 2% in the snout, its width about 3 i ts  length. Fins all 
large; the  origin of the dorsal a little nearer t ip  of anout than base of caudal, the sixth ray over base 
of ventral, its base 1% in  head, the free edge nearly straight, the last ray 18 in  the first, which is 14 in  
head; pectorals scarcely falcate, reaching a little more than two-thirds distance t o  base of vuntrals, 
their length 1& in head; ventrals long, reaching vent, the rays gradually increasing in  length from the 
outer to  the seventh and eighth, which are longest, the ninth and tenth being but slightly shorter, 
the  length of the longest ray 1) in  head or about & longer than the first; anal long and pointed, the  
fourth ray longest, reaching base of caudal, 18 in head; each ray of anal fin with 8 to  12 strong 
tubercles; caudal lobes about equal, their length 14 times the  middle ray. 

This specimen agrees with Dr. Gilbert's type,$ with which we have compared it. In the type the 
mouth is rather more oblique, tho maxillary is slightly longer, and the anal fin is longer. 

8. Chasmistes copei, new specics. 
Type No. 48224, U. S. N. M. (collectors' No. 871), II specimcn 16 inches long. Type locality: 

Northwest par t  of Pelican Bay, Upper KlamathLake, Oregon; collected (ingill net) November 6,1896, 
by Messrs. S. E. Meek and A. I3. Alexander. 

Head 3%; depth 4; eye 6&; snout 2+; maxillary (measured from free end to  t ip  of snout) 3; 
mandible 2%; D. ii, 10; A. i, 7; scalcs 13-80-12; interorbital width 2); vertical depth of head at man- 
dibular articulation 2&. Head large, cheek very deep, the depth equal to distance from t ip  of snout 
t o  nostril; body stout, back scarcely elevated, caudal peduncle rather short and stout; ventral snrface 
somewhat convex. Premaxillary tipines less protruding than in C: ntomian, not forming a prominent 

One specimen, 15 inches long, obtained from an Indian at Klamath Falls, November 11. 

Klamath Indian name I' Tn'swam." 

___ 
"Proc. Cal. Ac. Net. Sci., I, 1855, 33. 
t Bull. U. S. F. C. 1897, 3. 
SDescribcd in  Bull. U. 8. F. C. 1897, 5, with figure. 
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hump ; mouth largo, inclincd upward at an anglc of 4 5 O ,  maxillary not nearly reaching vortical a t  front 
Of anterior nostril; width of mouth 18 in snout, or 4 in head; upper lip thin, without papillm; lowcr 
lip thin, ontirely without papi lh ,  interrupted :Lt symphysis, forming rather broad lateral lobos; port's 
on head vcry conspicuous; gillrakers largor than in C. stomias, broadly triangular at tip when viewcd 
from behind, densely tufted on anterioredge, each appendagemore or less bifid and club shapcd, clomly 
resembling tliose of C. lioyus; fontanelle narrow, its length 2g in snout, width one-fifth its longtli. 
Fins all small; origin of dorsal a little ucarer snout than base of caudal, its sixth ray over base of 
veutrals, free edge straight, base 2g in  head, last fay a little less than 2 in first, which is 2 iu head; 
Pectorals somewhat f:dcate, reaching slightly more than half distance to ventrals, thcir longth 1: in 
head; ventrals vefy short, reaching only two-thirds distancc to  vent, free end nearly straight; outer 
ray longest, 2% in head; inner shortest, 3) iu head; anal fin short, bluntly pointed, not reaching base of 
caudal, third and fourth rays longest, If iu head ; no tubercles on anal rays ; ceutlal lobos equal, length 
about 1 8  times the mitldlc ray. Scales Elmall and crowded anteriorly, about 14 rows downward and 
backward fronu front of dorsal to lateral line, 11 vertically upward from base of ventral to  lateral 
line, about 38 oblique series bcforu dorsal; lateral line ncnrly straight, with about 80 scales. Entire 
upper parts of head and body, and sidos nearly to love1 of base of pectorals, dark olivaccous; under parts 
abruptly whitish or yellowish iu alcohol; a dark spot in upper part  of axil; dorsal aud caudal dark; 
pectorals dark on inner surface; ventral8 and anal plain. 

BIQ. 3.-Ul~asmististea eopei E\wnuann & Meek, new speoies. 

From Chasmistee sfon~ias this species is readily distinguished by i ts  larger hoed, larger, more 
oblique mouth, less prominent snout, and very small fins. The differences in tho fins are very great, 
Particularly in the ventrals, as may be sceu in  the accompanying illustrations. It differs from C. 
bpe"irostris, as characterized by Dr. Gilbert, in i ts  much larger, more oblique mouth, the obsenoe of 
Papilla on the lips, and sliort8er fins. 

We namc this species for thc late Prof. Edward Driulcer Cope, who wrote tho first paper on the 
of IJpper Klamath Lake. 

Six nominal species of suckers have thus far becn described from tho I<lameth Lakcs, via : Chas- 
mistc8 luxatus and Chasniisios byeviroetvis by Cope in 1879; Catostonitis ?ex by ltosa Smith C'g 4 1  enmaimin 
1891; ~atosiontua snydevi and ~~rasnbistes stoniias by Oilbcrt, auc~ ~1iasnaistee copei by F ,vermann & 
Meek, tho last throe in  tho present Bulletin. Mr. A. Seale has rocently takeu C.  Zuxatua as the typo 
Of his new geiius Deltjstes, which he bases upon tho peculiar etructurc of the gillrakcrs. Dr. Gilbert 

As iiow understood, wo therefore know 
from Upper IClamath Lake one spocies of Calostonius, one of Usltistes, and three of Chasniistes. 

9* Mylocheilus cauriuus (Ricliardson). 

Pend d'Orcille a t  Hopu, Idaho. 

that  CatostonLus yox is a synonym of Deltistca luxatus. 

Colztrnbia Chub. 
Obtained from Little White Salnion River, Lakes Washington and Samruamish at Seattle, and 

Abund:int early in September in lagoon a t  mouth of Little Whitc 
SalmOu Rivcr, and sceu in  considcrablo numbers at steamboat landings between Portland and The 

It does not ocbcur ill the  Redfish Lakes i n  Idaho, nor has it been recorded from Wallows 
Lake, nor from any of the streams or lakes aoiith of tho mouth of the Columbia. 
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10. Ptychocheilus oregonensis (Richardson). 
This large minnow is abundant throughout the Columbia Rjver basin except the portion above 

Shoshone Falls. In Montana, and perhaps clsemhere, it is called “squawfish”; a t  Sawtooth, Idaho, i t  
is known only as  ‘‘ yellowbelly”; a t  Mapleton, Oregon, “chub” was the only name heard applied to  
it; while at Tsiltcoos Lake it was called ‘bcZace.” Specimens obtained from Lakes Alturas, Pend 
d’oreille, Camlin, Washington, Tailtcoos, Whoahink, and Tahkenitch, and from Siuslaw River. One 
was taken on a set line in  Whoahink Lake, at a depth of 78 feet, on December 3. 

Scale andfcn foi.mula and comparative measurements of specin~em of P .  oregonattnie from Lake Washingto~i. 

Squaiufisli ; YellowlJelly. 

7.25.. 3.64 5.33 5.60 
7.75.. 3.67 5.00 5.80 
7.00.. 3.50 5.00 5.60 
5.75.: 3.57 5.00 5.17 
5.88.. 3.44 5.00 5.00 I 5.50.. 3.67 5.00 5.00 

1.80 10 
2.00 10 
1.80 10 
1.67 10 
1.50 10 
1.50 10 

76 5.25 ... 3.78 5.00 5.00 
8 0 , 5 . 0 0  ... 3.60 4.86 5.25 
77 4.6d ... 3.83 4.75 5.00 

74 1 4.38 ... 3.67 4.67 5.00 
75 3.17 ... 3.00 4.60 4.00 

74 I 4.38 ... a.83 4.67 4.67 

I I 

~ 

Snout. 

1.42 

1.67 
1.50 
1.50 
1.40 

1. 67 
9 76 
9 74 
9 - 77 
0 78 

11. Leuciscus bicolor (Girard). 
Judging from our collections, this is the most abundant minnow in Uppcr Klamath Lake. Aba t 

60 were obtnined a t  the lower end of the lake November 10, and over 100 from a, small creek a t  Pelican 
Bay November 5. At the timc of collecting this species was found in  tho shdlow water of the little 
creeks and passages among thc tules. The largest are 9 to  10 iiiches long, but, only D few exceed 3 
inches. Examples 2 to 3 inches long gave the following measurements: Head 4; depth 5; eye 34 t o  
3%; snout 45 to  44; scales 59;. teeth 2, 5-5, 2. See illustration on page 7 of this Bulletin. 

FIQ. 4.-Leucirrcuo siualawi Evermann & Meek, new apeciea 

12. Leuciscue siuslawi, now species. 
Type No. 48480, IJ. S. N. M., a specimen 5 inches long. Cotypes No. 433 U. S. F. C. ; No. 48231, 

U. S. N. M., and KO. 5702, L. S. Jr., Univ. Mus. Type locality: Siuslaw Rivcr a t  Mapleton, Oregon. 
Collected September 8, 1896, by S. E. Meek. 

Head 4h; depth 4g; eye 4; snout 3+; maxillary 3 % ;  D. ii, 9; A.ii,12 or 13; scales 11-58-8; teeth 
2, 4-5, 2, somewhat hooked. 

Body rather slender, slightly elevatcd and somewhat compressed; head small and pointed, check 
not deep ; snoot pointed, somewhat longer thnu oye ; mouth moderate, somewhat oblique, maxillary 
just  reaching vertical at front of orbit; jaws subcqual, the lower sometimes slightly projecting; eye 
largc, not as great as snout. Origin of dorsal fin behind base of ventrds and much nearer base of 
caudal than t ip  of snout, the longest ray 13 in head, grcatur than base of fin; origin of anal fin under 
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last dorsal ray but two, its height equal to that  of dorsal, its base equal to  its longest ray; free edges 
of dorsal and anal nearly straight; pectoral 1& to  la in  head, not reaching insertion of ventrals; 
ventrals short, 1+ in pectoral, reaching anus ; caudtil deeply forked ; lateral line completo, decurved; 
color iu spirits, brownish or olivaceous above, niiddle of side with a broad dark band involving the 
lateral lino anteriorly ani1 postcriorly, but  lying chiefly above i t  mesially; middle of side from gill 
OPeniiig to beneath dorBa1 fin with :i broad rosy band, following clomly beneath tho lateral line; 
h e r  part of sides and under parts silvery, dnsted over with fine dark specks; a light yellowish band 
extending backward from upper posterior borc’er of eye nearly halfway to origin of dorsal fin; cheek 
W i t h  a silvery or golden crescent; top of head dark; opercles dusky Rilvery ; snout dusky; fins plain, 
dorsal and cauc1;~1 somewhat dusky. Numerous specimens were obtained in the Siuslaw River and 
one from Tsiltcoos Lako. 

A t  Mopleton both this minnow and Ptychockeilus oregoneiisir are lrnowu as “chub,” while on the 
lakes south of Florence they are called “dace.” It is probably common in these lakes, but a single 

coinpard with Lercciscus balleatus, which our specinleiis moNt closely rosemble, the latter are seen 
h:me E1ll;LllOr ana1 and dorsal fins, :I more slender body, srnoder and more sleucler head, aud longer, 

Tlie sxteut of viiriation in.proportioniL1 measurements and in the number of anal 

lh i s  species also resombles Lenciscus c o o p v i  of Cirard. In the type of L. cooperi (No. 238, 

In  the following statement will be found measurements of :L number of specimens from Siuslaw 

only was obtained there. 

nlOrc poiiiteil snoiit. 
fin riLys appe:rrs to be much less t h i n  in  L. balteatus. 

I ,  

s. N. M.) the lowcr jaw is notably shorter and the snout more pointed. 

Rim-,  Mapleton, Oregon : 

5.75 4.20 4.17 4.00 3.50 
5.50 4.00 4.00 4.00 8.00 
5.50 4.00 4.17 4.00 3.00 
5. 80 4.17 4.17 4.00 3.00 I 5.25 4.00 4.00 4.00 3.75 
5.00 4.00 3.80 3.50 3.00 I 4.50 4.00 4.17 8.50 3.50 

13 
11 
13 
13 
12 
13 
13 

Inchar 
1148-7 4.50 
12-50-7 4.60 
10-59-7 4.50 
12-64-6 4.50 
12-00-7 4.25 
1’3-60-7 4.00 
12-04-6 

12 
12 
12 
13 
11 
13 

10-00-7 
10-59-7 
10-61-7 
10-59-7 
10-03-0 
10-01-7 

Tlie miel fin rays were counted in  1G :idditional specimen8 with the following results, the average 
for the total 29 specimens beiug 123: 

Totnl 
longth. 

Inches. 

5.75 
1 5.75 

. . . - . . . . . 

l V k C h C 8 .  
11 2.50 
13 2.26 
12 2.25 
15 2.81 
13 2.75 ...-..._-. 

__-- 

I 9 k C h C 8 .  
13 2.03 
12 2.03 
12 2.03 
12 2.50 
13 2.13 __..... a 4 . m  

No. of 

mys.  

12 

a From the outlet of Tsiltooos Lake. 

13. Leuciscus balteatus (Richardson). 
Abundant throuylioiit the Columbia River basin except above Shoshone Falls. Speoimensobtained 
Alturas, Pond cl’Oreille, Gamlin, and Washington lakes. The variation in the number of anal fin 

’?YS of specimens from these localitios is shown i n  the following table. The length is measured from 
2 P  of snout to  base of caudal fin. The last ray, though usually deeply divided, is counted as one. 
h r e  are usually two rudimentary rays a t  front of fin, wliich are not counted. Of 30 specimens 
from Camlin Lake, 1 has 13 rays, 7 have 15, 14 have 16, 4 have 17, and 4 have 18, tho average being 16 

Of 10 specimens from Ltllrc Washington 6 have 14 rays, 3 have 15, 1 has 16, and I has 18, the 
avorage being 15 rays. 

* 
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- _ _ _  
2.75 15 
3.13 14 
2.50 14 
3.13 15 
3.13 14 
3.50 14 
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Table showing variation in the number of rays i n  tho anal fin i n  Leuciscus balteatus. 

1.88 
1.88 
1.88 
1.88 
1.75 
2.00 
1.88 
1.75 
1.75 
1.63 

Length ‘Lengtl 
in Anal. 1 in 

inches. 1 1, inches 
__-___ 

lfi 1.63 
16 1.50 
16 2.00 
17 2.13 
15 1.75 
16 1.88 
15 1.88 
16 1.75 
17 1.75 
16 1.75 

16 
16 
18 
15 
17 
16 
18 
15 
17 
15 

1.75 lfi 
1.75 18 
1.75 15 
2.00 16 
2.00 16 
1.63 18 
1.88 16 
1.75 13 
1.50 15 

a4.75 16 

4.00 
3. 75 
4. 25 
4.20 
4.25 
4. 25 
4. 33 
4. 25 
4. 00 
4.50 
4.33 
4.25 
4.25 

a From Lake Pend d’0reille. 

14. Rutilus bicolor (Girard). 
Numerous specimeiis obtained in a slough at Pelican Bay and others at the south end of Upper 

Klamath Lake. Some were caught in  a gill net, others in a small dip net, such as is used by Klamath 
Indians; a few were taken on a set line, but  the majority were obtained by means of a small seine, in 
small sloughs or lagoons a t  the south end of Upper Klamath Lake. It seems t o  be one of the most 
abundant species occnrriiig in  the lake. The largest measure about 9 inchcs in  total length. There 
does not appcar to be much variation in the number of scales or fin rays, or iu proportional measure- 
ments, as is shown in  the following table. The Indians use this species for bait when fishing for 
trout near Klamath Fdls ,  the average length of those thus used beiug about 4 inches. It is caught 
in large numbers in dip nets in the edge of the tules. This species is figurcd on page 8 of this Bulletin. 

Table showing variation i n  19 sjecimens of Butilue bicolor from Uppcr Klamath Lake, Oregon. 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
9 
9 

9.00 
9.25 
6.00 
4. 50 
4.50 
4.25 
5. 25 
3.75 
3.75 
3. 50 
3. 50 
8.50 
2.50 

8 
8 
8 a 
8 
8 
8 
8 
8 
8 
7 
7 
8 

3.75 
3.75 
8.75 
4.00 
8.75 
4.00 
3.50 
3.50 
3. 50 
3. 50 
3. 50 
3.67 a. 60 

49 
49 
48 
47 
48 
46 
48 
49 
44 
46 
47 
47 
46 I 

3.75 
3. 67 
3.75 
4.00 
8.75 
4. 00 
4.00 
4. 00 
4.00 
3. 75 
4.25 
4.25 
4.33 

I I I 

15. Rhinichthys dulcis (Girard). 

Eye. 

7.00 
6. 00 
5.50 
4.50 
4.50 
4.50 
5. 00 
4.25 
4. 50 
4.25 
4.20 
4.00 
8.50 

Snout. 

3.50 
3.50 
3. 75 
4.00 
4.00 
4.00 
3. 50 
3. 67 
4. 00 
4.00 
4. 00 
4. 00 
4. 50 

One specimen from Wallowe Lakc. 
bafm of caudal pcduncle. 
16. Agosia klamathensis, new specie8 

Type No. 48225, U. S. N. M.; cotypes No. 5704, L. S. Jr. Univ. MUR. and NO. 451, U. S. F. C. 
Type locality at mouth of tho small creek which flows into the  arm of TJpper Klamath Lake called 
Pelican Bay, wherc numerow specimens were collectcd November 3, 1896, by Dr. Seth E. Meek and 
Mr. A. B. Alexander. Length of type 24 inches, measured to last caudal vertebra. 

The origin of the dorsal is midwdy between til; of snout and 

Close t o  Agosia nubila. 
An examination of a large series of specimens of dgosia from Upper Klamath Lake and a comparison 

of them with specimens of A. nubila from various localities show the fish from this lake to possesrJ certain 
oherectera which serve to  distinguish it from typical A. nubila. While the differences are slight, they 
:mo plainly evident and must be recognized, and we therefore describe this form as a new species. 

D. i, 8; A. i, 7; scales about 14-78-10 (average, 73 
in 49 speoimens). 

Head 4; depth 44 ; cye 4+ in head; snout 34. 
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Agosia nubila: 
Colvillo ltivcr Moyora Falls. .............. 
Little Spokank River Dart's Mill.-. ....... 
Hnncrnan Creek. Tel& Wash.. ........... 

Body robust, subcylindrical, back somewhat elevated ; snout rather long, mouth inferior, little 
oblique, the lower jaw included; maxillary not reaching front of orbit; uppcr lip without frenum; 
barbel present, but sniall. Lateral line incoifiplete, interrupted in  many places, about 30 porcs dsvel- 
oped: Origin of dorsal fin midway between front of pupil and base of caudal fin; pectorals rather 
short, reaching about three-fourths the distance t o  basc of ventrals; vcntrals reaching vent; anal large, 
its longest ray 

Color in  alcohol, olivaccous, motstled and blotched with darker on back a i d  sides; under parts 
Pale; an obscurepale streak from eye to biise of caudgl En, below which is a broad dark band; dorsal, 
Pectorals, and caud;~l dusky; other fins plain; a black blotch a t  base of calldal. 

An examination of the 48 specimens which we dosignate as cotypes shows all the important char- 
acters to  be fairly constant. The number 
of Scales in a transverse line varies from 68 to  78, the  average being 73. Tho letcral line is in all c:rses 
incomplete, thongh in  different degrees; somotimcs it is coiitinuous for only G or 8 scabs, after wliich 
there are eovera1 iiiterruptions aiid only 8 to 10 more pores; in otlicrs therc are 20 t o  30 pores i l l  a 
continuous series. 

in head; caudal widely forked. 

The barbel i u  in :I few cases obscurc or possibly absent. 

0 
9 
10 

PIG. G.-Agouia Llamatlre~rsis Evcrmonn 8;. Meek, new species. 

This form is distinguished from Agosia nubila chiefly by the smaller size of tho sCa1CS. This 
difference will appeaz from an examinatioii of the  tabular statement which follows : 

. Lnkz Cmur d'Aleno.. ...................... 
Newaukurn ltiver Cbolialia.. .............. 
Boise Itiver, Caldbell ...................... 
Potlatch Creok.Lowiston.. ................ 
Pntalia River, Shrbuok ................... 
Wnlla Walla River, Wnllula.. ............. 
Mill Creek. Wnlla Wslla ................... 

[I'ablc ehowing nuinbar of scales in Agoeia nubila and Agoeia klamatlwitsis, 

9 

('1' 
10 
9 

15 
20 

No. o f  
Looality. specimen 

oxminod 

-.~. .............. 
Uiiiatilla River, Peudlet,ou.. ............... 3 
Coluuibia River,Umatilln..: ............... 7 
Natohoss Rivor. North Yakrcmn .......... .I ( I )  
Shookumohuck River, Chehdis.. .......... 0 

Pelican Bay, Upper Klamath Lake.. ....... 49 
Agoria klarnathcnris : 

'arintioi 
nnumbe 
if sonlos 
___ 

52-67 
62-08 
51-85 
64-70 
53-58 

50 
60-06 
60-64 
47-55 
52-01 
48-58 
48-57 
53-58 
50-57 

08-78 

Average 
umbero 
00alea. 

65 
02 
67 
06 
55 
50 
02 
02 
49 
65 
52 
63 
60 
65 

73 

l7. Clupanodon caeruleus (Girard). 
Very abnndant in Siuslaw River about the  cannery wharf at Florence during the raiining sea8011. 

It seems to  disappear as soon as the fall rains set in  and tho river becomes filled with fresh water. 
The specimens scen wore each abocit 2+ inohes in hllgtlJ. 

California Savdifie. 
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18. Alosa sapidissima (Wilaon). 
During the  salmon fishing sci1son of 1896 in the  Siuslaw River about a dozen shad were taken- 

one in a salmon gill net near Mapleton about the middle of October, the others in ealmon seines at 
Acme in September and October. Tho specimen caught near Mapleton is a male 18 inches long and 
weighing about 23 pounds. Tbc spernraries :me bat slightly developed, indicating that the spawning 
season would be some months earlier than when this fish w i ~ l  taken. Head 4; depth 3; orbit 4&; 
snout 44 ; m:~xillary 2; gill-rakers 35+68 on the  left and 36+68 on the right. 

The first planting of shad ou tho Pacific coast was mule in 1871 by Mr. Seth Green, who liberated 
about 10,000 fry in the Sacramento River 275 miles above Sacramento. The second plant was made in 
July, 1873, by Mr. Livingston Stone, whoplaced 35,000 fry in the Sacramento River a t  Tehama. Vari- 
ous subsequent plants have been made by the U. S. Fish Commission in California, all at Tohama, the 
last plant having been made in 1880. Besides these plants made in the Sacramento River, 60,000 fry 
were placed in the Willamctte River a t  Portland and 10,000 in Snake River in  1885. In 1886, 550,000 
fry were liberatod in the Willamette River a t  Albany, and 300,000 in the Columbia a t  Wallula Junc- 
tion. 111 1884, 1885, and 1886, 2,651,000 shad fry were placed in the Colorado River at The Needles, 
Arizona. No investigation has ever been mado for the purpose of determining the result of the plant- 
ings made in  the Colorado River and it is not known whether any of tho fry survived. Tho results 
from the plants made in California and Oregon, however, are little less than marvelous, as shown by 
Dr. H. M. Smith in a recent paper.* 

From the Sacramento and Columbia rivers shad have spread to Lo8 Angeles County, California, 
on the south, and Wrangcil Island, Alaska, on the north. They had spread from San Francisco to the 
Columbia River as eiirly as 1880, and by 1882 had been taken a t  various places along the Washington 
coast. The only passt~gcs through which the planted shad could reach the sea are the mouth of the 
Columbia Rivor and tho Golden Gate. From these points they have spread up and down the Pacific 
coast a distance of more than 1,300 miles. This is greater than its range in latitude on the Atlantic 
coast. Not only have they spread to these distant points, but  shad have been reported from a number 
of intermediate places, among which are Monteroy Bay, Drake Bay, Klamath River, Rogue River, 
IJmpqiia Itiver, Siuslaw River, Froser River, and the north end of Vancouver Island. 

These facts in the distribution of the shad on the  Pacific coast are of extreme interest and 
importance as bearing directly upon the belief, still more or loss prevalent, that  anadromous fishes 
possess a mysterious geographic instinct which leads them back t o  the stream in which they were 
spawned. While the number of shad entering the Columbia and San Francisco Bay is far greater thap 
that  for all tlie other rivers combined, i t  is nevertholess true that  many shad have found their way to  
other and distant streams, The extent to which this has occurred secms to us fully sufficient to  
disprove the possession by the shad of any “special geographic instinct.” We believe the same t o  
be truc of the various kinds of salnion and other a;nadromous species. The question is  in need of further 
research, but  investigations already made indicate that  anadromous fishes, like migrating birds, are 
guided iu their movements by landmarks or other tangible physical features or conditions. 

The young shad hatched in  any given stream go down t o  the sea, bu t  probably do not ordinarily 
wander far from the mouth of that  particular river. When they become mature, and physiological 
onrest, due to  the development of the reproductive organs, comes on, they begin t o  search for suitable 
spawning-beds, and the chances arc they will find the river in whioh they wcr0 hatched. The 
majority will find this stream, while those that wandored farthest from its mouth may find others 
which they will enter. 
19. Coregonus williamsoni Girard. Rocky Mountain Wltitefie7~ 

Common throughout the Columbia River basin. Specimens obtained from Alturas, Fend d’Oreille, 
and Wallowa lakes, Des Chutes ltiver at SheraPs Uric@, and Big White Salmon River. A specimen 
10 inches long, takeu in  the gill net ih Alturas Iulet July 27, has the head 5; depth 44; eye 49; snout 
3%; maxillary 33 ; D. 12; A. 11; scales 86. 

Another example, a female, 123 iriches long and with well-developed roe, was taken with the hook 
at Shorar‘s 13ridge August 50. Head 5; depth 4%; eye 5; snout 3&; maxillary 38; D. 13; A. 11; scales 
88. In  this specimen the adipose fin is remarkably large, i ts  base being half length of head, its 
height 6g in head. This species spawns in  October at Big I’ayette Lake, io Idaho, b a t  the condition 
of the  ovaries of the specimen taken a t  S h e r d s  Bridge indicates a much earlier spawning period. 

Common Zaaslern Shad. 

A Review of the  History and Results of the Attempts to acclimatixc Fish and other Water Animals 
in tho Pacific States, in Hnll .  U. 8. I.’. C. 1895, 407. 
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20. Oncorhynchus k e t a  (WaIbaum). Dog Salmon. 
According to Mr. Alrxandet, this salmon usually commences to  run in the southern part of Puget 

Sound about the middle of Ootober and continuos until the first of December. In  1895 aud 1896 they 
were quite numerous. During fall and winter a l l the small creeks, lagoons, and sloughs near Duwam- 
is11 and Cedar rivere are filled with dog salmon, and boys find great amufiement killing them with 
clubs and stones. I n  the ri~.ulets by the roadside, whore the water is not over 2 or 3 inches deep, dog 
salmon may be seen trying to get farther upstream. At such times they are in  poor condition and no 
iise is made of them. 

The condition of the dog salmon in January, 1897, was unusually good. These fish were plump iu 
appearance and marked with that  brightness which they possess when flrst coming from the ocean. 
In  the opinion of solzle of t l ~ e  dealers many of the January (1897) run were fresh from the ocean. Their 
eggs, like those of the steelhead, showed various degrees of development; most of the fish were well 
advanced, hdwever. It has been only a few p a r s  since i t  was known that  any species other than the 
steelhead was t o  be found i n  Puget Sound during winter, but  it is now thought that  salmon have 
always been more or less plentiful in Puget Sound during the winter months-not a heavy run, but 
enough to supply the local demand. I n  former years, there being no sale for salmon after the canneries 
were closed, fishing was almost wholly suspended until the next season. As soon, however, as the 
experiment of  hipping fresh salmon t o  eastern markets proved s success, a new industry was opened, 
and fishermen who had hitherto given no thought t o  winter fishing now began to investigate the 
waters of Puget Sound out of season, and the result is tliat a winter fishery of considerable importance 
has been introduced in Seattle and other plaoes on the sound and is increasing yearly. The 8teelhead 
is  the most valuable fish for shipmcnt t o  eastern markets, as i t  reaches it8,destination in botter condi- 
tion than other species. 

21. Oncorhynchue techawytecha (Walbaum). Chinook aalmoa. 
Very 'few chinook salmon came t o  the headwaters of Salmoil River in  1896, perhaps not ovcr a 

dozen, where there were about 1,000 i n  1895. Tho numbar which oalne to  the Wallowa spawning-beds 
was also very small. Important spawning-beds were found in Little White Salmon River, and con- 
siderable numbers were found spawning i n  Big White Salmon River, Eagle Creek, and Tanner Creek. 

Young cbinooks more found in Siuslaw River in considcreble numbers and e few were-obtained in 
Lake Washington, Two specimens, 26 and 29 inohes in length, respectively, from the mouth of Rig 
White Salmon agree perfectly with those gotten i n  1895 a t  Alturas Lake. These two specimens were 
evidently hatched the preceding winter. 

Nine specimens from tho SiueltLw River, cai~ght  with hook and line a t  Florenoe, October 14,1896; 
length, 5,5h 6,6+, 6+, 7,7,7, and 76 inohes respectively. Salmon of this size are very abundant about 
the cannery wharf during the canning season. They are easily caught with hooks baited with 
selmon e g g .  

Two speoimens ll* and 11+ inches in length from Seattle, Washington, caught December 8,1896. 
These specimens were no doubt hatched during the winter of 1894-96. One specimen, G inohes long, was 
taken with a seine near the mouth of the  Siunlaw River December 9, 1896. It is the same age as the 
specimens mentioned above from Florence. One small, nearly ripe male, length 18& iuchee, from the 
SiusIaw River a t  Mapletou, Oregon, was caught on e hook baited with salmon eggs. A few other 
specimens of the  same size were caught i n  the same way while fishing for trout about Ootober 21. We 
are informed that  it is not uucommon t o  oatch these fish with baited hooks. 

A few of these small male salmon were seen on the spawning-beds in  the North Fork, near 
Minerva, October 93 and 24. They were mutilated tho same as the larger ones, and one was in  a dying 
condition. 

On September 9 Mr. A. B. Alexander examined 129 chinook salmou in the Florenoe cannery; of 
those 76 were females and 53 were males; 25 of the females and 13 of the males were fullg devoloped. 
On September 11 he examined 546 Chinooks; of these 317 were females alld 229 males; 229 femtlles and 
110 males were nearly ripe. There were among this number 25 small fish from 18 t o  25 inohes in 
length; these were as fully developed as the large ones. 

During the latter part of Septeniber and early part of Ootober, Mr. Alexander examined many 
chinook salmon a t  Celilo and obtained milch valuable information as t o  their spawning condition. 
111 one lot  of 119 fish exami~led 67 were males and 62 females; 34 males and 47 females werc nearly or 
quite ripe, and would have spe~vned by the 8th or 10th of October. i 

In  the following tables is given a record of the fish examined by Mr. Alexander. 
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0 28 
6 18 
26 63 
6 20 

Chinook salmon taken in$sh-wheels by  Mr. I .  H.  Tafe ,  Celilo, Oregon, Beptember 18 to 22, 1896. 

- 

1896. 
Sept. 18 ........................ 

19.... .................... 
21 ........................ 
22 ........................ 

Date. 
I 

~~~ ~~~~~~ 

I9 10 
8 5 
18 11 
12 8 

57 34 
-- 

1 Males. 

Date. 

1896. 
Sept. 25 ...................... 

26.... .................. 
28 ...................... 
29 ...................... 

Oot. 2 ...................... 
5 ...................... 
7 ...................... 
10. ..................... 
13 ...................... 

27. ..................... 

L 

Number 

82 
15 

56 
66 
60 
122 
63 
43 
77 
683 

in0 

-_ 

Females. 1 I 

Among the 119 chinook salmon, 13 small ones were found, all males, and their milt as fully 
developed as that  in  larger fish. Sometimes the wheels take these fish in considerable numbers. 

Chinook salmon taken by Mr.  F. A .  Seufert, at Celilo, Oregon, September 25 to October 13, 1896. 

I--- I Males. 

Well de. 
veloped. 

67 
11 
82 
47 
50 
50 
105 
55 
38 
69 

574 

Bemalea. 

Number, 

64 
17 
80 
70 
49 
76 
148 
07 
51 
88 

719 

Well de. 
veloped. 

61 
17 
76 
63 
44 
70 
144 
65 
51 
64 

Total. 

146 
32 
108 
126 
105 
136 
270 

04 
165 

130 

In  a total of 683 males and 719 females Mr. Alexander found 674 males and 658 females which, in 
his judgment, were nearly ripe. In other words, 84 per cent of the  males and 90 per cent of the fcmalee 
would have spawncd betwecn the first and middle of October. These observations indicate that  
chinook salmon can be obtained abundantly a t  Celilo by wheels and that  if retained II few days they 
would be ripe enough for stripping. Whether the wheels seriously injure the  fish can be determined 
only after actual cxperiment with fish so caught. If the wheels do not injure them they can prolmbly 
be kept until fully ripe in properly constriicted retaining boxes or ponds, as \vas demonstrated by 
experiments at Mapleton, Orcgon. 

According to  Mr. Alexander chinook salmon appear in the lower part of Pugct Sound about the 
1st of May and continue to  increase in  numbers until July. Scattering ones are taken, however, 
throughout the gear in  all parte of the sound. 

22. Oncorhynchus kisutch (Walbaum). Silcer salmon. 
Our collection contains specimens of this species as follows: 
Three ripe males, one 16 inches in  length, caught December 1 in Whoahink Lakc, the other two, 

16 and 174 inches respectively, December 3, in Tdltcoos Lake. specimens of this size and very much 
smaller were frequently caught in  the seine at Acme. Not less than 50 of these were examined. All 
were males with sexual organs as highly developed as in the larger ones. 

One large ripe male from THiltcoos Lakc, caught in a gill net December 3,1896. Immaculate, back 
with a bluish tingc, body bright red, mouth much distorted. Locally called ( I  hookbilled silverside.” 

There is a moderately small form of the silver salmon in the Siuslaw River called blueback, 
which resemble the true blueback in  sizc, form, and color, but  art) more spotted. Two specimens, 88 and 
10 inches in  length respectively, from Tsiltcoos Lake near outlet, Deoomber 2, 1896. Back, brownish 
blue; dorsal, nearly black, darker on posterior par t ;  pectorals, light brownish; veutrals, white; anal 
fin with a dark shade. These specimens were prolmbly hatched during the winter of 1894-96, 

Two specimens from Seattle, Washington, lo& inches in length. 



SALMON INVESTIGATIONS IN THE COLUMBIA RIVER BASIN IN 1896. 79 

Six mature specimens from Union Lake near Seattle, Washington, 4 males and 2 females. 
Of the small specimens, no doubt hatched during the winter of 1895-96, our collection contains 

Two specimens, 24 and 3) inches in length respectively, hatched during the winter of 1895-96 by 

One, 3) inches long, caught in  a seine in  Siuslaw River below Florence December 8, 1896. 
Two specimens, 5) and 5Q inches respectively, caught with a seine in Tsiltcoos Lake Dccember 1, 

1896. All three with parr marks present; no rod on sictes; dorsal, adipose, and caudal fills yellowish; 
caudal rcddish near tips; pectoral and ventral8 yellowish. 

During the latter par t  of September and early par t  of October Mr. Alexander was at Celilo, on the 
Columbia River, and made some valuable observations upon the silver salmon. He examined a total of 
2,268 fish of this species, all of which he found well advanced, indicating to  him that  they would 

Silver salmon examined by Mr. Alexander at Celilo. 

the following: 

Mr. L. E. Bean at Mapleton and retained in a small spring brook until September 9, 1896. 

before tho middle of October. 

Silver salmon first appear i n  the southern end of Puget Sound about the l e t  of September, and the 
A few individuals arc taken as late as run usually lasts until the first or middle of November. 

23. Oncorhynohuo nerka (Walbaum). 
The investigations made in Idaho in 1894 and 1895 resulted in  settling some of the dispnted 

questions concerning the redfish, but left others still in  doubt. Tho details of the observations iriude 
In those years will be found in the reports already publishecl, * A summary of the conclusions reached 
regarding the life-history of tlie redfish is give11 on page 16 of this article. 

Although no satisfactory evidence ww obtaincd as to  the occurrenoe of the small form anywhere 
in the stream below the lakes, this was not conaidcred proof that  it does not come up from the sea. 

Close is its resemblance to  the native trout, except at spawning time, that  it would probably not 
attract the attention of auyone, even if seen below the lakes. 

In order t o  obtain more dcfinite results in  the study of this problem, the redfish lakes of Idaho 
were again visited in  1896. Camp wus established July 11, on Alturas Lake Croek at the crossing of 

Gill nets were eet in the outlet the eame day and were 
These nets were examined from day to  day during the entire period of 

sovellty-six days and not a single redfish was caught in  them. The water was so high and the curreiit 
swift during the first ten days the nets were set that  it was impossible to place them 80 a8 t o  wholly 

Obstruct tho stream. It is therefore possible that  fish may have ascendcd the stream and passed the nets 

after which few are seen in  the sound, but a good many are caught in  Duwamish River. 
Blueback Salmon; ‘‘ RedjEsii ”; “ Sockeye.” 

trail a short distance below Perkins Lake. 
set until September 25. 

“ A  Preliminary Report upon Salmon Investigations in Idaho in 1894, by Harton W. Evermann, 
Bull. u. S. F. C. 1895,253-284. 

A Report upon Salmon Investigations in tho Headwaters of the Columbia River, iu the State of 
Idaho, in 1895; together with Notes u on the Fishes observed in that  State in 1894 and 1895, byBarton 

Evermann, Bull. U. S. F. C, 18Q6,1&-303, plate8 67-73. 
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during that time. This, howcver, is improbable. Our camp was situated upon the bank of t,he stream, 
the water was a t  a11 times very clear, and we were able to kecp close watch for fish. If any redfish 
had come up during those ten days i t  is more than probable they would have been soen by somc of us. 
After July 22 tlieso nets were examined usually about throe timcs each week, and though othcr fishes, 
such as yellowbellies, Dolly Varden trout, Nuckers, and whitefish, were caught by them, no redfish, 
either large or small, were taken. But small redfish werc in  tho lake a t  least as early as July 16, and 
they began entering the inlet August 3. Between Augiist 3 and August 28 the number in the inlct 
increased rapidly until the latter date, when 1,569 were counted. 

The first small redfish seen was caught on e hook in Alturss Lake, just  off the inlet, July 16, by 
Mr. Maddren, while fishing for Dolly Varden trout. This 
fish was a male ll+ inches in total length, and the stomach contained a small amount of insect 1arv:o. 
Of the many examples, taken by a gill net in Alturas Inlet on August 6, 9 were examined, only one of 
which showcd any trace of food in the stomaoh. 

Twelve specimens, caught with grab-hook in Wallowa Lake about the 1st of September by Mr. 
J. J. Stanley, were* all quite fat, and food was found in the stomachs of all but  threo. This food 
consistod chiefly of small crustacean@, a few insect larva, and some gelatinous alga, probably a Nostoc. 

Among tho fishes from Lake Washington arc 5 redfish, 3 of which are 7 to  8 inches long, the other 
2 about 4 inches each. These were dl collected June 16 by Mr. Alexander. Each contains more or 
less food in  the stomach. Two other omall redfi8h were obtained, which had been taken on the fly by 
Mr. E. L. Kellogg while fishing in Lake Sammomish about May 15. 

If i t  comes 
up from the sea it reaches the lakes much earlier in the summer or spring than has hitherto bcen sup- 
posed. The fact that  it feeds while in  the lakes is now fully established, and it apparently continues 
to  feed almost or quite ! o  the time when it runs into the inlets for spawuing. The one with food in 
its stomach, taken in Alturas Inlct August 6, had just  reached tho inlet on that  night. The specimen8 
from Wallowa Lake were caught in  the upper end of the lake near the  inlet, which they doubtless 
would have ascended in a few days. 

A consideration of small redfish from diEerent localities, as to  their sizo, proves interesting and 
suggestive. Those from Alturas Lake are larger and much more uniform IU size than those from 
other places. Those from Washington, Stuart, and Nicola lakes are somewhat smaller, while those 
from Wallowa Lake are much smaller. These differences in sizo are, in  some cases, doubtless due to  
differences in age, the specimens having been taken earlier a t  some of the lakes than a t  others, but  
the marked difference between the Alturas aud Wallowa spccimens can not be accounted for on thia 
basis. It is doubtful if any of the Wallowa individuals would have roached even the minimum size of 
those taken at Alturas Lake. This fact is brought out in the following table. In the first c,oliimn are 
given lengths in  inches, the length being measured to  the tip of the oaudal fin; in  the othur c0111mas 
are given the number of fish of each length from the respective lakes named a t  the head of the columns. 

Table showing comparative sires of specin~ens of thc small redjish from differeat lakes 

The hook was baited with salmon spawn. 

Whethcr this fish is anadromous or not is an exceedingly difficult matter to determine. 

............ 2 ............I .................................... 2 ............ 1 ............................................... I ............ 1 ................................................ 1 ............ 4 ................................................ 4 

............ 1 ........................ I ............ 2 ............. 1 ............ 2 ........................ 3 ........................ 1 .................................... 1 ............ 1 ....................... 1 ............ 2 

........................ 3 ............ 2 ............ 5 ........................ 4 1 ........................ 5 
4 5 1 ........................ 10 
4 ............ 4 ........................ 2 10 
6 ............................................................ 6 
!I ............................................................ 9 

15 ........................................................... 15 
30 ........................................................... 39 
20 ............................................................ 20 
111 ............................................................ 1!) 
6 ........................................................... 6 
4 ................................................ ........... 4 

............ 

7. 00 
8.00 

'8.50 

9.00 
9.25 
9.50 
9.75 

10.00 
10.25 
10.50 
10.75 
11.00 
11.25 
11.50 
11.75 
12.00 
12.25 
12.50 

a. 25 

8. 75 



SALMON INVESTIGATIONS IN THE COLUMBIA RlPER BASIN IN 1896. 81 
Table of coinparativc measuremetits of small redjiah fvom Alturas and Wallowa lak08. 

Dopth. 

4. EO 
e. 00 
5.00 
5.00 
4.75 
5. 50 e. 00 e. 00 
6.00 

.- 

Wallowa Lake. 

812.50 
a18.50 
b12.26 
06.50 
c5. 50 

d11.50 
d10.50 
d10.50 
d11.00 

;onlea 

3.80 
3.40 
3.83 
4.20 
4.00 
4.00 
4.00 
3.83 
3.75 

Mnxil- 
lary. 

1.90 
2. 00 
1.85 
2.00 
2.00 
2.00 
2. 00 
2.00 
2.00 
2.00 
2.00 
2.10 
2. 13 

Snout.’ 

4.20 
3. 80 
4.00 
4.60 
4.00 
4. 50 
4.00 
4.50 
4.18 
4.00 
4.00 
5.25 
5.25 

Doptli. Ere. 

5.00 
5.00 
4.67 
4.50 
4.75 
4.67 
4. 83 
4.75 
4.50 
4.80 
5.00 
4.25 
4.33 

0.38 
8.50 
7. 13 
7. 00 
8.75 
8.13 
8. 38 
9. 00 
8.83 
8.25 
8.03 
8.38 
5.25 

4.00 
3.90 
4.00 
4.20 
4.00 
4.00 
4.00 
4.00 
4.00 
3.83 
4.00 
4.40 
4.40 

4.00 
4.00 
4.00 
4.00 
4. 00 
4.00 
3.75 
4.00 
4.00 
4.00 
4.10 
4.50 
4.50 

130 
130 
127 
128 
120 
127 
120 
120 
128 
122 
128 
1‘25 
124 

Male.. .. .. .do .... 
.. .do .... 
.. .do .... .. .ao .... 
.. .a0 .... .. .do .... 
.. .do .... .. .do .... .. .do .... 
... a0 ... .. .a0 .... 
.. .do .... 

102 
103 
104 
105 
108 
I01 
108 
109 
110 
111 
112 
113 
155 

Alturas Lake. 

1-1- 
4.60 
3. 80 
3.75 
3. R0 

4. 33 
4.00 

4.25 
5.00 
G. 25 
5.00 
4.50 
5.00 
5.20 
5.25 
5.00 

4.50 
3.50 
3.33 

2.00 128 
1 . R O  ....... 
1.75 ....... 
1.80 ....... 
2.00 ....... 
1.83 ....... 
1.80 ....... 
1.80 ....... 
2.00 ....... 

780 11.50 
788 12.00 
807 12.50 
803 11. 50 
808 12.00 
811 12.25 
810 12.50 
783 12.25 
813 11.50 

.. .do .... 

.. .do .... 4.00 
4. 20 
4.50 

3. 33 
4.00 
3.67 
3.60 
3.25 
4.00 

.. .do .... 
Fomale . 

.... 
~. . 
4. 13 
4.20 
3.80 
3.75 

.... 
4.40 
4.20 
4.33 

... do .... .. .a0 .... I Fomnle .I 4.17 I .......... I 
Slwciirien XI,. 155 wa8 foiind dead 011 the alioro nt hcnd of Inko; apooimona Koa. 113 

nnd 1G6 wit11 ~i~l~levelo]~od soxunl orpaua. 

24. Salvelinus malma (Walbauni). 
Obtained iii Alturas, Pend d’oroille, and Wnlloma lakes, where i t  is abundant and aff’ords good 

&port for tile angler. A t  A1tur:is Lako during Ju ly  a great n h y  wore octught itbout t l iu  nioiitli of tho 
iulot and lnany large osrrmplcs wore taken in Lake l’end d’Oroille. The charr is a voriicious fish and 
preys largely lipon other spocios of fishes. In tho stomachs of some of thoso osaniiued a t  Lake Pond 
d’oreille \\-ere 11i1nioroiis 8poc.iineiis of fd3UCi8CU8 balt~n~U.9, PtpdtOO/teihii Ore~OneitUi8, Nyloclrciluu cartriitae, 
aut1 Cottttu. ~ 1 1  of t h O H U  except nr. cawinus vere found in the stomach of olio fish. Soiiie specimens 
fl’oiii this lake were infestod about tho asils by a small criistaoean of tho genus Lewwopoda. 

Moasuroments of a nuinber of speciiiiene of charr aro given in the following table: 

Dolly Vardetl Ikottt; Testern Cltarr; BiilZ Z’rorct. 

Coiytaratire eieasaremantcr of chaw from the Colrcnibia River Basin. 

1 Snout. I Maxillary. I l y e .  
- 
2. 00 
1. 60 
1.81 
1. 86 
2. 00 
2. 00 
2. 00 
2.00 
2. 00 

6.40 
7. 50 
6. 60 
5.25 
5.00 
7.00 e. 00 
e. 00 
e. 00 

4. 00 
3.00 
3. eo 
4.00 
4. 00 
3. 83 
3.83 

4.00 
3.m 

aFrom Alturna Lake, Idaho. 
bFrom Little White Salmon River, Washington. 

c From Wnllowa Lnke Oregon. 
d R o m  Lake Pend d’O~eillo,Idabo. 

25. Salmo mykiss olarkii Richardson. Amerioan Cut-throat !&out. 
Numerous specimens obtained. Partioularly abundant in Lake Washington, Siuslew River, and tho 

lakes neap i ts  mouth, Wallowa and Alturas lalres, Upper Klamath Lake, and in  Des Chutes River. A 
comparison of many speoimens indicates that  i t  will be necessary t o  reoognixo more species or 
varieties of 8alnlo in  the nortllwestern portion of the United States than have hitherto been admitted; 
but it seems beet to  hold the matter open for additional data and consideration. 

I?. C. B. 1807--6 
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26. Salmo gairdneri Richardson. 
Seen in large numbers at Astoria and The Dalles. Not common in the Siuslaw, and only 2 speci- 

mens obtained in  Upper Klamath Lake. Whilo at The Dalles during the last weck in  September 
and the first half of October Mr. Alexander examined 4,179 steelheads, of these, 1,531 were males and 
2,648 females; 476 males, and 900 females were well developed, and would probably have spawned in 
fonr to  six weeke. The remaining 2,803, he thinks, would not have spawned until some time in the 
spring. 

Steelhead salmon taken by d lr .  I.  H. Tafe,  at calilo, September 18 to 32,1896, and examined by Mr. Alexander. 

Steelhead Trout; ‘ I  Salmon Trout.’’ 

~ _ _ _  

Data. 

Sept. 18 1890 ............... 
Sept. 21. :E96 
Sept. 22, I896 ............... 
a p t .  19: 1896.. ............. ............... 

111 10 124 15 235 160 75 
130 28 110 22 240 
121 29 366 98 487 
159 59 391 164 650 350 

521 126 991 299 1,512 882 I 630 
- - -__~-- - -  

Steelhead salnion taken in seines by Mr.  3’. A .  Smfert, at Celilo, September 35 to October lS, 1896. 

I I Halo. I Feina1o. I( 
Date. 

I 
Sept. 25, 1896 ..................................... 
Sept. 26, 1896.. ................................... 
Sept. 27, 1896 ..................................... 
Sept.Z8,ld96 ..................................... 
Sept, 29, 1896 ..................................... 
Oct. 5,1896.. ..................................... 
Oet. 7,1896 ....................................... 
Oct. 10,1896.. 
Oot. 13,1886 

................................... ...................................... 
I - 

Total. 
Number. %A::$: Number. veloped. de- 
~ - _ _ _ ~ ~  

129 22 296 103 425 
148 28 281 112 429 
218 91 328 140 546 
97 44 140 48 237 

176 77 234 73 410 
49 12 50 14 99 

116 49 181 60 
46 12 81 
31 15 69 

1,010 350 1,657 601 it 1 2,667 
-------- 

-___- __-_ - - 
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33. Cottus  asper Richardson. 

entire body except belly uniformly covered with small prickles. 
34. Cottus  aulosus (i;irard) 

Prickly  Bullksad. 
Nine small specimens collected in  Lake Washington, June 15. Head nearly or quite naked, 
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but 

- 
A C o t t r ~  whlch we with some liusitation refer to  this species is very abundant in fresh and 

br;hCkish watcrs 1n Siuslaw River and in the lakes south of Florence, and easily caught 011 a trawl, or 
with hoolr and lino. Mapleton, Oregon, Sinslaw River, 25 specimens; Acme, Oregon, South Slongh, zl ; 
Whoahinlr Lake, 3; TsiltcoosLake,20; TahkenitchI;ake,9; LakeWashington, 1; Lake Sammaniish, 2. 

35. Cottus  punctulatus  (Gill). 
One specimen, a.75 inchcs long, obtained from the stomach of a bull trout, Alturas Lake, July l G ,  

1896. 

36. Cottus  princeps Gilbert. 
Five from Altnras Lake, July 30, 1896. 

Coltueprinoepe Gilbert, Bull. U. S. F. C. 1897, 12, with figuro. 
Eighteen speeimcns froin Pelican Bay, Upper Klamuth Lake. Head 34; depth 5;  D. VII or VIII, 

20 or 21; A. 16 to 18; cye 5;  snout 4; interorbital width 5p. Vcntrals I, 4; lateral line scarcely 
complete; anterior portion of body covered with prickles ; postorior part smooth b c l o ~ .  Head rather 
long, pointed; maxillaries reaching to  front of pupil. Color same as in C. kiopomus, which it closely 
Wembles, but from which it differs in  the more numerous dorsal and anal rays, the shorter snout, 
somewhat broader iuterorbital, and in having the body covered with prickles. 

37. Cottus  klamathensis Gilbert. 
Cottus klaniaths~tsis Gilbert, Bull. U. S. 1'. C.  1897, 10, with figuro. 

Head 3f; depth 4); eye 35; snout 34; U. VII, 19; A. 13 or 14; V. I, 4; iuterorbital width 5; 
lnaxillary reachiiig front of pupil. No teeth on p+latines; a single straight preopercular spine, appar. 
ently disappearing in older examples ; nostril in distinct tubes; body short, stout; head moderately 
broad, weclge-shapec1 ;mteriorly ; caudal pocluuclc short, compressed, its greatest width 2 iii eye, least 
dei)th 1 in eye; gill membranes joincd to  the isthmus, widely separated; body smooth. Color rather 
light; body with about 10 obscure irregular vortical blotches, but ovorywliore covorod with minuet 
b r ~ ~ n  spots, a V-shaped bar a t  base of caudal; spiuous dorsal with a dark blotch on its posterior 
Dortion; soft dorsal profusely covcrecl with film black speclrs; caudal faintly barred with dark and 
lightor. A single small example from the lower end of Upper Klamath Lake. 

BIG. 6.-27i,.anidca ts?zwiy ICvoriii~i~in & Meek, 110w 8peeies. 

38. Uranidea tenuis, now spocies. 
'l'SpeNo. 48229, U. S. N. M. ; cotypes No. 5705, 1,. S. Jr. Uuiv. Mus., aud No. 434, U. S. I". C. Typo 

locality : Lower end of Upper I<laruath Lake, near Klainiith Falls, Oregon, November 10, 1896. 
Collectors Muck aiid Alexander. 

Apparently allied to Uratridea niarginaln. 
Vomer with teeth; piilatiues tooth- 

less. Head long, contracted from eyes forward; snout r;itlier long; body much com1)ressed, very 
greatest width of caudal peduncle 24 in  eye; least depth of same tllightly grouter than eye; 

PreoPercnlar spine well developed, broad, rather sharp, partly covered by skin, curved upward ; below 
this two other spines, tile anterior ono blunt, the other sh:Lrp, directod toward lower base of pectoral; 
post-telnporal spine well developed. Body smooth, wholly without prickles or scaled; lateral line 

except on caudal peduncle. 

Length of type, 3 iuclieti, or 3# iiiches including c a n ~ a l .  
liead 38; depth 7;  eye 44; snout 4;  V. I, 3; D.vI-I, 17; A. 15. 
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Color, dark above and on upper three-fourths of sides, pale below ; dorsal fins barred with series of 
dark dots or blotches; caudalsimilarly markedbutrather darker; anal light with a few dark blotches; 
pectorals samc as caudal; vcntrals plain; under side of head profusely covered with small, round black 
specks; muciferous pores on head well developed. 

Besides the specimen described above we have two others of the same slender style from Pelican 
Bay, and many others from Pelican Bay, the majority of which are much smaller Cnd less slender. 
The slender ones are apparently cntirelp smooth; a ripe female 3 inches long has a few prickles on 
anterior par t  of body, while all the  smaller ones are pretty well covered with small prickles. 
39. Leptocottus armatus Girerd 

Very abundant in  Siuslaw River below Acme and easily caught on a trawl or with hook and line. 
40. Platichthys stellatus Pallas. 

Comnion about the mouths of Siuslaw River and Ten Mile Creek; occasionally taken during the 
summer as far up the river as Mapleton. Of 11 specimens from Siuslaw River and Ten Mile Creek, 6 
are dextral and 5 are sinistral. 

California Flounder. 




