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2.—A RECONNOISSANCE OF TIE STREAMS AND LAKES-OF TUE YRLLOW-
STONE NATIONAL PARK, WYOMING, IN THE INTEREST OF  ~> j
THE UNITED STATES FISH COMMISSION.

BY DAVI STARK FORDAN.

’ [PIates VT to XXTIL]

In ihe summer of 1889, at the instance of Cupt. F. A, Bontelle, UT. 8. Arm}, acting
superintondent of the Yellowstone National Dark, a brief visit was madle to the’ark
by 1lon. Marshall MeDonald, . 8. Gonnnissioner of Fish aud Fisberies, If was made
vory avident from the observations of the Commissioner that much could be done
towards enhancing the attractions of the great national ¥ plensnring ground ” by l,aa
stocking of those of its various streams and lakes which are now destitute of flshes:

In September, 1889, tho writer was requested by the Commissioner to-muke-w visit
to the Pavk for the purpose of procurving exaet data preliminary to the work of intre
dueing trout aad other fishes.  Dr. Oharles I1. Gilbert was usked to assistut” this
work.

The memorandnm of inatruction ran as follows:

« A considerable portion of Yellowstone Park is & voleanie plateau, in which have
been excavated the lakes Yellowstone, Shoshone and Lewis, and a number of smaller
lakes. The drainage from this region resches the headwatersof the Snake and Missouri
Rivers by falls impassable to fish, most of which are within the limits of the Park,
and some heyond the limits.  The watars above these fulls (tho aggregate basins em-
bracing an arvea of smne 1,500 square miles), s0 far as my ohsorvation extends, are
entirely barren of fish except Yellowstone Luke and its tribmtaries, in which the black-
spotted trout, Salmo purpuratus | Sulmo mykiss], is very abundant.  1have proposed fo
undertake to stock these waters with different species of Swimonide, reserving a
distinet river busin for each.

“ 1t is important to settle in advance what I believe to he the fact, that there is now
an entire abseuce of fish fauna in the region above the falls, except Yellowstone Lake,
and to determino precisely and fully the species to be found in the waters drainiug
from the Park and below the impassable obstruction. It is also desirable to get

‘information in regard to the parasitic flesh-worin which is so common in tho Yellow-

atone trout, and to receive snggestions as to the study of this parasitic worm.
«“The waters proposed to be stocked should also be examined with refevence to the
abundance of other forms of aqnatic lite which mighé serve as food for the lishes, both

the fry sud the adult. Special study in this regard should be mude of the waters of
4
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Lakes Shoshone and Lewis, which it is proposed to gtook with the land-locked salmon
and Loch Leven trout. -

«Qapt. F. A. Boutelle, U. 8. Army, acting superintendent of the Park, will be
notified by telegraph of your proposed exploration, and requested to give you every
facility for it.”

Other engagements rendered it impoasible for us to start before September 24,
1889, a late date for such work, as the climate of the Park is subarctic, aud serious

snow-storms may be expected atany time after the middle of September. We were ’

very fortunate, however, 8s we arrived in the Park just after a storm, and throughout
onr stay Indian-summer weather prevailed and no time was lost on account of snow.
The following is the itinerary of the trip : :

Septembeor 24.—Tof¥ Bloomington, Ind., in company with Dr. Charles H. Gilbert and Mr. william W.
Spangler, librarian of the Indisus University, volunteer assistant.

Septomber 27.—Arrived at the Mammoth Hot Spriags.

September 28,—~Examined Gariliner River, above and below the Osprey Falls; also vieited Obsidian and

* Glen Creeks, . .

September 30.—Seined Gardiner River about the month of Hot River.

October 1.—Started with tents, pack-horses, eto., on tour of the Park, accompanied by Elwood Hofer,
gnido; Dovid Rhodes snd John Innes, packers ; and Richard Randall, cook. Visited Lava
Creek and its falis, and Black-tail Doer Creek. Encomped ot night at Ynnoey’s on Elk Croek.

Ootober 2.—Visited Tower Oresk and Autelope Croek, orossed Mount Washburn and encamped at
its base on the south side.

Ootober 3.—~A ded the Yello River and encamped on its banks about 1} miles south of the
Giant's Canldron.
Ootober 4.—E ped on Yellow Lake, on the north shore of the western arm or “ Thumb.”

(October b.—Passed around the “Thumb ” of the Lake; sscended Solution Creek, and oncamped on
Riddle Lake.

Ostober 6.—Crossed the Divide to Heart Lake; examined Witch Oreck.

Ootaber 7.—~Went from Heart Lake noross the base of Red Mountain; passed Lewis Lake to Shoshone
Loke; encamped at the month of Heron Creek.

October 8.—Went from Shoshone Lake ncross the Divide to Firebole Rlver; d at the Upper
(leyaer Basin.

October 9.—Went down the Firehole River to its falls; encamped on Cation Creek.

Octnber 10.—Examined Gibbon River, Twin Lakes, Obsidian Creek, eto. Reached Mammoth Hot
Bprings in the evening. +

October 11.—Reoeived fishes from Horsethief Spring, obtained by Mr. E. R. Lucas. Left Mnmmob‘l
Hot 8pringe.

Ootober 15.—Reached Bloomington, Ind.

Our trip was necessarily considerably hurried, though long enough to enable us to
make out the leading points of the problems in question. A more complete survey of
the Park sud the surrounding region would enable us to work out in detail the distri-
bution of the fishes found lower down the streams. The distribution of the Miller's
Thumb or Blob (Cottus bairdi punctulatus) needs spebial stady. The distribution and
conditions of life of the parasitic worm (Dibothrium cordiceps Leidy), found in the trout
of Yellowstone Lake, as well as those of the larger worm found in the sucker of Witch
Creck, will'demand a whole summer’s attention from some one familiar with the sub-
jeet.

In all our work we had the cordial and intelligent co-operation of Capt. F. A. Bou-
telle, acting superintendent of the Park, of Lieut. W. E, Craighill, of the U. 8. Engi-
neer Uorps, and of Lieutenant Edwards, U. 8. Army. We were fortunate in securing
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the arrviees, as guide, of Mr, Elwood Hofer, to whom we are indebted for much valua-
ble help,  Mr. B, R. Lucas, of the distributing division of the U. 8. Fish Conmission,
also sided us materinlly by collecting specimens from tributaries of Madison River
aid Henry River. Mr. Arnold Tlague, of the U, 8. Gonlogical Survey, also gave us
considerable valnable information.

The following is a classiflail list of the waters examined, those lakos and ?j,rc:uns
containing trout being printed in italics: ¢

Yellowntone Basin: Yollowatona leill—Coﬁtimi

"ellowatona River, Winter Crook. .

Yellowntone Lake {altitnde, 7,741 fool). tndinn Crook, .
Riddle Lake (altitudo, 7,500-fuet). Glen Creek, ;
Solution Creek. Madiron Rasin:
Bri(!ge Bay Croel. BMadison River.
Arnica Creok. Fireholo River,
Trout C'"“k' Iron Spring Crack,
A‘lum (ra?k. Little Firehole (!rpek. «.
Cnsende Creek. Goose Take. »
Rutphur Creek. Noz Percé River. _ © ¢
Antelope Creek. Tilthon River. .
Tawer Creck. Cajion Creek. '
Loat Crock. Harsethicf Spring.
Elk Creck. ¥
Oxbow Crook. BSnnke River Basin: . ¥
Goodo (rock. Bhoshonn Lake (altitudn, 7',% foot).
Rlack tail Drer Creek. Heron Croek. =
Lava Creek. Lewin Ifark. -
Lupine Creek, Lowis Luke (altitnde, 7ﬂfrful'(-).
Gardiner Kiver. Heart Lake (altitudo, 7,409 foot).
Twin Lukes. IWiteh Creek.
Obsidian Creek, Howard's Creok.
HBenver Lake. Hoenry’s Liako.

The Yellowstone Park is a high platean, having a general elevation of 7,000 to
8,000 feet above the sea. 1ts eutire surfice, with the exception of the Gallatin range
of mountains in the northwest, and some granitic summits in the northenst, is covered
with lava, with its varieties of obsidian, rhyolite, etc. This mass of lava covers to a
great depth what was previously a basin in the mountains. Aceording to Mr. Hague,
the date of the lava flow is prohably Pliocene. lts existence was of course futal to all
fisli lifo in this region. Since its surface has become cold, the atresms flowing over it,
most of them now wholly unaftected by the heat within, have become well stocked with
vegetable, insect, and crustacean life, but are for the most part destitute of fishes.
The cause of this apsence of fislies is to be found in the fact that nearly all the streamns
of the Park on leaving the lava bads do 80 by means of vertical water-falls sitnated in
deop cafions. Txcept in the Yellowstone and its tributaries, in Gibbon River aud in
Imva Oreek, no fishes have heen found above these falls, and the presence of firhes in
the Upper Yellowstone and Lava Creck is doubtless due to the imperfeet character of
the water-sheds soparating these streams from others,

The following is a list of the water-falls in the Park, supposed to be unsurmount
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able by trout. No account is here taken of the numerous falls in small brooks or in
mountain torrents unsuited to fish life:

Great Falls of the Yellowstone, 308 feet high.
Upper Falls of the Yellowstone, 109 feot high.
Crystal Falla in Casoade Creek, 129 feet high.
Tower Falls in Tower Creek, 132 foot bigh.
Undive Falls in Lava Creek, G0 feet high.
Lower Falls in Lava Creek, 50 feot high.
Wraith Falls in Lupine Creek, 100 feet high.

Virginia Cascades in Gibbon River, 60 feet high.
Gibbon Falls in Gibbon River, 80 feet high. i
Keppler's Ci de in Firehole River, 80 foet high. ' -
Firehiole Falls in Firehole River, 80 féet high.

Falle in Lewis River, 80 and 50 feet high.

Moose Falls on Crawfish Creek. ~

Union Falle on Mountain Ash Creck.

Falls in 8longh Creek.
Oaprey Falls in Gardiner River, 150 feet high™
Ruatio Falls in Glen Creek, 70 feet high.

Outside the Park the falls in Clarke’s Fork of the Yellowstone exclade fish from
that river, and perhaps the great Shoshone and American Falls in Snake River
exclude from the upper part of the -stream the fanna of the Lower Columlia. Another
supposed obatacle to the spread of fish life in the Yellowstone Park is the presence of
the innumerable hot springs, solfataras, and geysers, for which the region is famous.
Although these springs exist in almost every lake Lasin, cafion, or other depression
in the Park, we rdo not think that in their present conilition, at least. they wonld stand
in the way of the stocking of the streams and lakes with fishes,

The water of the geysers and other calcareous and silicious springs does not
appear to be objectionable to flshes. In Yellowstone Lake trout are especially abun-
dant about the.hot overflow from the Lake Geyser Basin. The hot water flows for a
time on the surface, and trout may be taken immmediately nnder these currents. Trout
have also heen kuown to rise to n Hly through a scalding hot surface current. They
lso linger in the neighborhood of hot springs in the bottow of the lake. This is prob-
ably owing to the abundance of food in these warm waters, but the factis evident that
geyser water does not kill tront. I

In Heart Lake trout were found most plentiful abont the mouth of the Warm
Witoh Oreek, - Suckers and chubs (Leucischs atraréus) ascend this creek for some dis-
tance, aslthough half its water comes from geysers aud hot springs. The chubs are
found in water in which the temperature is about 85° Fahr.

The Hot River, which drains the Mammoth Hot Springs, flows into Gardiner
River. Trout abound about the mouth of this stream, and here, as in numerous dther >
places in the Park, the couventional trick of cateching a tront in cold and scalding it
{n hot water is possible. Below the nouath of this Hot River young suckers (Oatoato-;a'"g?
mus griseus) were found in a temperature of about 88°, and young trout in a tempera-
ture of abont 750, N\

Miller’s Thumbs abound in the Gibbon. River, about the hot springs, Three
wero found boiled in the edge of the river helow Elk Park, at the mouth of & hot tribn-
tary. The volune of hot water poured into agy river is greatest in the Firehole,
below the upper Geyser 3asin. The stream, however, is hardly warm, aud the water
has little mineral taste, though the abundant vegetation gives it sometbing of the
flavor of stewed plants. Even this stream, it would seem, is probably not so hot nor
8o heavily charged with mineral sabstance as to be unfit for trout. Its waters con-
stitute a very dilute alkaline silicious solution. The following analysis of the waters
of Firehole River is given by Gooch and Whitfield :*

Terraced Fails and Ralnbow Falls on Falls River.
Iris Falls and Colonnade Falls on Bechler River.

* Bull, U, 8, Gool. Survey. No. 47, page 67,
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Fia. 7. THE GRAYLING {(Thymallua signifer. var. ontaviensiz).  (See page 40.)
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{The sample was taken from ahovo the monfh of Noz Percé Rivor Aungust 24, 1884 ; temperature BoC
roaction, alkaline; spocific gravity, 1.00031.]

[T vpotheticnl combination.]

! ’ } Gramn |tk cont. G rame
Conatitnenta. per kil |l\,mh-l'lnl Congtituanth. per kil
b " graw of in aolu- K rram of
T wirter, tion. \rnt:-r‘_ 4
i “id,
¥ oz | 26 4 0. dhey
.., % o.0086 | 22.10 0, 0. 007
[ 0, UBO7 10. 86 . 0059
0, 0457 10,47 || Mg O 0.0
0.0325 7.44 ‘ i
0.0165 3.78 | o.4ses
0. 0140 | 8.42 . -t
This anaslysis may be compared with that given by the samo authors for the
Gardiner River above and helow (he mouth of ot River, in both of which localities
trout are abundant.
P N
.
[Gardiner River above Hot Rivar, Octobor 12, 1883; temperatureo §.C. 1
2 LT
[ tlapothetien] eombination.] e
L - —
Gramu | Pereent Gramn | Porrent.
Covstituents. :_:'”‘m"‘ '}"" ":",'I‘I"I":' Countituents, L’:.‘;‘“}"" ",'.i',:‘,"i',‘:r
o rutution ' V,ﬂ solntion,
3 R, g
. 1in U0y 0, 0025 20.25 [} Aby Og. 0oot ®0070 3.70
Ri(h .. 90108 21. 06 3 2.62
Na, Cthy 0. 0340 15. 91 0.84
Sy 0. 0200 18.38
1 Nay 804 0. M6l 1.53
0 0,010 482

[Gardiner River helow Hot River, Septembor 26, 1881; temperature, 13° C.]

[
e RN

Gr;;\lnln Percent. Grnmln P\;I" cant.
per kite- | of mute. & por kilo. [ of mato.
" ! Conatituents. kam 15| rialin Conatiteenta, Hram 17| rialin
f
! d 0. solution. 0. nolution.
0. 1878 37. 04 0.0200 400
0. (18562 (7.28 0. 0084 1905
0.0739 14.97 °,0010 0.38
0, 054 112 LrACO foonannens
b 0,039 6.8
0.0272 551 0.4937 100. 00

There are, however, numerons springs in the park which discharge sulphurous
! E liquids (some of them the black ammonic snlphide (NI1,).8, very offensive in odor

and doubtless fatal to fishes. Most of these springs have bnt a very slight dischargo,
aud 5o exert no appreciable influence on the streams, The upper part of Obsidian
L Oreek between Twin Lakes and Beaver Lako is the only running stream noticed by us
as likely to prove uninhabitable by fishes. An obstacle of equal importance in the

3
[ lower course of the same creek is the series of thres beaver-dams, to which the exist-
ence of Beaver Lake is duo; these, with their covering of Lrush, must be wholly im-
passable,
t
v

7
e
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The following is a list of the species of fishes found by us in the park, with a list
of the localities from which specimens of each were actually obtained :

Catostomidee (Baokers).

L. Catontomus griseus (Girnrd). Gardiner River { holow Mammoth ot Springs).
2. (latostomus ardens Jordan & Gllbort. Witch Creok ; Heart Lake,
Cyprinide (Minnows, Chubs, eto).

3. Rhinichthys dulcis (Girard). Gardiner River (helow Mammoth Hot Springs).

4. dgonia nubdila (Girard). Witoh Creek ; Heart Lake.

6. Lencisous atrarius (Qirard). Witch Creck.

6. Lencisons hydrophlox (Cope). Heart Lake ; Witoh Creek.

Thymallidee (Grayling).
7. Thymallua signifer Richardson. Florse-thief Spring; Madison River; Gallatin River.”
SBalmonidee (Trout, etc.).

8. (loregonus williamsoni Qirard, var. olamontanus Jordan. Horso thief 8pring; Madison River,
Gardiner River (below falls); Yollowstoue River (below the falls),

9. Salmo mykiss Walbaum. The * Red-thronted,” Cut-throat, or * Rocky Mountain Tront.” Henrt
Lake; Henry Lake; Howard Crook; Yellowstonn Lako; Yellowstone River (above falls);
Yollowatone River (at Livingaton); Gardiner River (below falls); Black-tail Deer Creek;
Alnm Creek ; Solution Creek; Riddle Lake; Cafion Creck ; Madison River.

10. Cottus bairdi Girard, (var. punctulatus Gill) ; Gibbou River (above falls); Cafion Creek ; Horse-
thief 8pring.

In August and September, 1889, plants of fishes were made by the U. 8. Fish
Oommission n‘? follows :
Enstern Brook Trout (Salvelinus foutina!(e), in Glen Creck and in Gardiner River nbove the fulls (5,000
fishes). ., p
Rainbow Trout (Salmo iridens), in Gibbon River, above Virginia Cascades, (1,000 fishes).
Loch Loven Trout (Salmoe trutta levenensin) in Firehole River abave Koppler's Cascades (1,000 fishes).
Mountnin Whitefish ( Coregonus willi i). One th d fishes in each of tho Twin Lakes ond iu
Yellowstone River below the lake.

Red-throat Trout (Salmo mykiss), in Lava Oreek above the falls.

THE FISHES OF THE PARK.

The following notes are thosegnade by us on the
Park :
1. Catostomus griseus Qirard. (Acomnue lactarius Girard; Catostomus relropinuds Jordan.) (I'latoe

VII, Fig. 1.)

This sucker is abundant in the Yellowstone and Gardiner Rivers below the falls,
and nnmerous young specimens were taken by us in Gardfuer River near the bridge
below the mouth of the Hot River. No large examples were seen, but the species is
said to reach a leugth of 18 inches. )

These specimens apparently belong to the form deseribed by Girard from the Milk
River, Montana, under the name of Acomus lactarius. This is probably a slight va-
riety, or perhaps it is identical with the species found in the Platte Valley, and
described by Girard under the name of Acomus griseus. It is probable that Oatosto.
mus refropinnis Jordan (from the Milk River and the Platte) was based on adult spec-
imens of Catostomus griseus, a species very close to Oatostomus catostomus.

pecies of fishes coll ted In the

* 8pecimons not$ seen by na,
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Qompared with the young of (. catostomns (from Keweenaw Bay), €. griseus has
the npper lip much thicker, with 5 or 6 instead of about 3 rows of tihercles. The
lower lip is much larger in . grisens, and the lower jaw has a rather distinet eutbing
edge. The head is larger, and the oye larger in grisens, and tho scales on the pos.
terior part of the body are less roduced in size. 1 am not sure, however, of the per-
maueut value of any of these characters. The specimens from Gardiner River have
the scales 88 to ), while in morve typical examples of (. grisens (from the Sonth Plyste
Rivor at Hnrtsell’s Hot Springs and at Donver) the scales are 105 to 110, “Slofild
the difference prove constant, the specimens from the Upper Misspuri fogion shonld
stand as a Reparate variety of Catostomus griseus lactarius. It is not alfall likely that
these characters can be depended upou.

Dorsal rays 10 or 12; fontanelle well (leveloped; color, dark
mottled and barred with hln.ck.

2. Catostomus ardens Jordan & ilbert. (Plate VI, Fig. 2,)

Hoemd 3§ to 4 in length; depth, 4} to 44; D. 211 to 2.13; A 7. Secales 12-70 to
72-12. Length of types, 6 to 8 inches.®

Bmly moderately elongate, not strongly eompressed ; head broa; :wntoly conical,
the sunout short and sharp, 24 to 23 in head. A depression belind tip of smé“t 80 that
It forms a distinet projecting nose. Bye small, 53 inbead. Lower jaw rather sf'rong,ob
liguely placed, 24 in head. Mouth small, the Iips full, the upper thick, with about 6 rows
of rather coarse papill; lower with many rows of papille which are coarser in front,
the lip deeply bifid: lower jaw without evident eartilaginous sheath. 'Inte ital
spaoe broad, 23 in head.  Foutanelle well developed.  Seales small,crowded giteriorly,
about 32 before dorsal. Fins moderate; dorsal with ita free margin nearly straight,
ita longeat rays reaching swhen depressed somewhat beyond the middle! W]m last
rays, their length 12 in head.  Caudal moderate, well forked, the upper lobe the longer,
the peduncle moderate. Poctorals long, 14 in head. Ventrals and anal moderate.

Oolor grayish-olive above, paler below ; no distinet markings ; the young vagnely
barred with dark olive. Very abundant in the warm waters of Witeh Orock, tho
young nlso abundant in Heart Lalkce.  71he largest taken are about 8 inches in length.

This species seems to be indistinguishable from the common sucker of Utah, Oatos-
tomue ardens, aud is quite nnlike the Catostomns macrocheilus of the Lower Columbia.
This fact, together with the general affinity of the fishes of Heart Liake with those of
the Great Basin, suggests that the fauna of the Upper Snake River, above the great
Shoshone Falls, may have heen derived from the Great Basin rather than from the
Tower Columbia. The effect of the Shoshone [alls as a barrier to the distribution of
fishes is worthy of a careful investigation.

About one specimen in every three or four of Catostomus ardens was found to
contain a long, flat, intestinal worm of unusual size, sn large as much to distend the
walls of the abdomen. Some of these worms wore more than a foot in length, and
groater than the whole abrlominal viseera of the fish. Tho worm is apparently loose
in the abdowminsl cavity, and can be found in every case by making au incision along
the median line ot the belly. The infected individuals did not appear poor or dis-

: ray, frregularly

o
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¢ A much larger oxanple, some 16 inches loug, has sineo boen sant us by Dr, 8. A. Forbes, It was
takon with n trammel neb in Tloavt Lake in July, 1800, The Hps seom a little fuller in the Heart Lake
tishen as compared with those from Utah,
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enged. These and other worms taken by us in fishes of the Park are the subject of &
special report by Prof. ldwin Linton.

3. Rhinichthys dulofs (Girard.) (Plate VII, Fig.3.)
This species is common in uearly all cold clenr streams in the Rocky Mountains.

It is rather abundant in the Gardiner River below the falls, and it might probably be
introduced to advantage in the rlvers above the fulls s food for trout. Our specimens
agree with all others examined by us from both slopes of the Rocky Mouutains in hav-
ing the barbel very small and the iusertion of the dorsal a little further back than in
the Enstorn species, Rhinichthys cataractre, midway between nostril and base of caudsl,
In R. cataracte the insertion of the dorsal is about widway Letween tip of snout and
base of candal. - Thewestern form may stand as Rhinichthys dulois (==Argyreus dulois
Girard= Rhinichthys;m illosus Qope= Rhinichthys transmontanus Oope==Rhinichtiys
{utens Garman=Rhinichthys ocella Garman.)

Rhinichthys dulcis is an active litlle minnow, sbounding abeut onscades and in swift
brooks. It resches a length of about 5 inches.

4. Agosia nubila (Girard). (Plate-V1I, Fig. 4.)

A little fish inhabiting brooks and swift waters, agreeing very closely in appear-
anco and habits with Rhinichthys.duleis. 1t is as abundant ju the Columbia hasin as
the other 18 on the eastern side. Tt exteuds ita range southward to Utah, and perhaps
boyond. We found thls species rather common in the warn waters of Witch Creek.
Soales 63 to 65 ; lateral line complete.

5. Leuociscus atrartus Girard, (Plate VIII, Fig.5.)

1 identify with Girard’s Siboma atraria s chub which is abundant in Heart Lake
and which ascends its warm tributary—Witch Oreek—in great numbers, going up
farther than any other fish (temperature 880). 1t reaches a length of about 7 inches.*
Cheonda carulea, known from a single specimen from Lost River, Oregon, may be the
snme also. The Witch Creek fish is less slender than Girard’s type, but the prob-
abilities are that the two are identicsl. -

The Witch Oreek fish seems to Lelong to the same species a8 the common chub
of Utah (Lencisous atrarius). kb is a rasher slenderer fish than the latter, with heavier
head, lower back, sud more slender tail; soales a little snaller, 11-56-6; 28 to 30

before dorsal (23 to 28 in atrarius). In forin of mouth, eye, fins, and coloration 5
there is no evident difference. (olor dusky olive; the scales everywhere with dark ”

points, Head 4 in length; depth 3%; teeth 2, 5, 4, 2, with rather broad grinding
surface. Mouth obligne, the maxillary just reaching eye; lateral line much decurved;
dorsal inserted behind ventrals ; pectorals siwort, not nearly reaching veéntrala.

The females of this species were full of eggs at the time of our visit. No worms
were found in this species. ]

6. Leuciscus hydrophlox (Cope). (Plate VITI, Fig. 6.) .

A fow specimens, the largest about 4 inches long, were taken in Fleart Lake and :

in Witeh Oreek. This species was previously known from Blackfoot Oreek, Idaho,

* A specimen over & foot long and eutirely similar Lo the large chubs of Utah Lake has been lately
sent ua hy Dr. 8. A, Forbes. It was taken with a trammel vet in Heart Liake in July, 1390,
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F1a. 11. RED-THROATED TROUT (Salwa mukissl. Voung. (See page W)

Fia. 12, MILLER'S THUMB (Coftus buirdi, var. punetnlofusy  (See poge 53.)
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which flows into the Snake River lower down,  This species is allied to Lewcisens mon-
tanus (= Clinostomus tanin) Cope, diffeving ehiefly in the longer anal, sharper snout, amd
smaller eye.  In technical characters it has much in common with Richardsonins later-
alin, which suggests that Richardsonius may be a near ally of the Clinostomus group
of the genus called Lencisons.
Held, 41 in Tength s depth, 34 to 4. Anal 2, 135 1at. 1. 56, Oolor silvery, n pinm-
heons lateval hand, dusted wilh dark points; traces of red coloration opjbyliy in
wrgest specimen,  Lunteral line mueh deonrved. Pectoral aud ventpal fins lodg and
falecate. Base of anal 64 in body; lower jaw slightly prqiﬂctingf__u}:}r jaw less blant
and decurved than in . montanus. Eye as long as snont; 33 in heall (young).

7. Coregonus willlamsoni Girard (var. cismontanus.) (Plate IX, Figs. 8and -

The mountain whitefish is abundant in the Madison River belmv the f f.l"ﬂ It is
gaid to be equally ecommon in the Yellowatone River, but none were obtained by us.
It is a alender and graceful tish, readily taking the fly like a grayling or trout. 1t is
most abundant, so far a8 we have noticed, in the eddies or deeper places in swift
streams. Lt seems to bo essentially a river fish, rather than an inbabitait of lakes.

Jomparing our specimens from Florsethief breek, atributary of Madison River, with
others collected at Walln Walla (Washington, (antmn Beudire), thege sprenmonﬁ from
the Missouri seemn notably “different, the body ‘heing much more slender and the fins
shorter.  In coloration, and in the form of the head, mouth, and eye, th(,re is sub-
stantial agreement.,

In the Madison River specimens, the depth is b to 5} in the Iongthmﬁe lead 5 35,
the pectoral, 13 in head, the ventral 14, the longest dorsal ray, 14; tirsscales, 80. In
the Walla Walla fishex, the depth is 45 to 43, the head 43, the pectoral L}, the ventral
13, the dorsal 14, the scales 83, Specimens from the Willamette Rive Salem, Ore-
gon, amd others from Jordan River and Provo River in Utal, agree in these respects
with the npncimen; from Walla Walla.

If these differences should prove at all constant, the Missouri River whitefish
shotld stand as a distinet variety, Coregonus williamsoni cismontanus, The type of
Coregonus couesi Milner, is from COlief Mountain Lake, Montana, a tributary to the
Saskatchawan on the eaat side of the Divide. This specimen, lately examined by me,
shows the prolonged snout characteristic of the males in the breeding season. 1In all
respects, ko far as [ ean see, it agrees with the typical form of Coregonus williamsoni
and not with the variety found in the Park. Its scales are 84; the pectoral is 1} in
tha hend, 54 in the boly ; the ventrais are 1} in hend. ‘The depth 44 in length; the
dorsal is broken. O, williamsoni much resembles €. guadrilateralizs, but the latter lias
a smaller mouth and the gill-rakers notably shorter and thicker.

8. Thymallus signifer Richardson. (Var, onfariensis.) (Plate V1L Fig. 7.)

The Grayling is very abundant. in the Madizson River below the junction of the
IFirehole and the Gibhon,  Numerous specimens were collected for us in Horse Thief
Spring, a small stream just ontside (he limits of the Park, by Mr. Lnucas, The gray-
ling is gaid to agcend the viver in summer as far as the Firelole Falls and Gilbbon
Falls. 1t is said also to be found in the Gallatin River, in the northwestern part of
the ark.

We have carefully compared our speciniens with others collected by Judge D. D.
Banta, in Otter Creek, in the Keweenaw Peninsuln, and with a specimen from Au Sable

s Bull. U.8. F.C,80—1
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River, iu the southern peninsnla of Michigan., The first-named locality, by the way,
is one not generally known and not previously recorded. The occurrence of Grayling
in the northern peninsula of Michigan is even disputed by anglers.

The differences noted by Mr. Milner as distingnishing the Montana fish (as Thy-
mallus montanus Milner) do not seem to be constant. The Montana speciniens are not
deeper than the others (depth 53), and in the number of the scales (83) they agree
with the Otter Creek specimens. The Au Sable specimen has 93 scales. The dorsal
rays are 21 or 22 in Michigan specimens, 19 in those from Montana. The only differ-
ences evident are in the color of the dorsal fin. This is allke in all the Montana speci-
mens, but its peculiarities may be due To difference of season. In the Montans ex-
amples (in alcohol) the fin is largely dusky green. Its posterior part has three or four
rows of bright orange-brown spots, faintly ocellated, irregular in position, some of the
spots oblong and obliquely placed. Above this is one regular row of similar spots,
extending obliquely across the fin from the end of the second third of the anterior rays
to the tip of the last ray. Fin edged above with the same bright orange-brown.

I have no specimens of the true northern signifer, but taking the figure publisbed
in the Natural History of Aquatic Animals, plate 195, as a basis of comparison, the
grayling of Montana and Michigan may differ in the lower and less spotted dorsal and
the slightly smaller scales (98 instead af about 92). Should these differences hold, it
will staud as Thymallus signifer ontariensin (==T. tricolor Oope==T. montanus Miluer).

9. Balmo mykiss Walbnam, The Rod-Throated or Rocky Mountain Trout. (Salmo purpuratus Pallas:
Salmo stollatus, olarkei, virginalis, lowisi, ste., of anthora). (Plate X, Figs. 10 and 11.)

I have compared a large series of trout from tlie Park with trout from various
other streams in the Rocky Mountain region. There seems to bé no doubt that all the
trout in the Park belong to a single species, and that this species is indentical with
the cowmmon red-throated or black-spotted trout of the Tiower Oolumbia, and of the
const; rivers from Oregon to Kamtschatka. This species was first mentioned by Steller
under its Russian name of mykiss. Later it received the binomial names—=Saimo
mykiss Walbanm, 1792, Salmo muikisi Bloch & Sohneider, 1801, and Salmo purpuratus
Pallas, 1811, Probably all the trout of the Rocky Mountain region belong to this sin-
gle species, but certain marked, varieties of it ocour in waters of Colorado, of whi?h
a detailed disoussion is given in another paper.

The trout of Yellowstone Lake seem to differ from those of Heart Lake and
Henry's Iake in having the black spots larger and more distinet and rather less numer-
ous. In these respects very much individual variation is shown. The tront from
Heart Lake and from Henry's Lake are essentially like otbers from Walla Walla in
this regard, and those from the Yellowstoue below the falls have the spots geunerally
smaller than in those from the lake. The trout of the Upper Missouri region have
received the name of Salme lewisi Girard, but 1 cap not recognize 8. lewisi as even
varietally distinot from 8. mykiss. In fact, as elsewhere stated in this paper, there is
good reason to believe that the Yellowstone Lake was stocked originally from Snake
River, through Pacific Oreek, Two-Ocean Pass, and Atlantic Oreek. Itis, moreover, not
unlikely that an interchange of individuals still occasionally takes place across the
Continental Divide.

The trout of the Yellowstone Lake and of many of its tributaries above the falls
are infested by a parasitic worm (Dibothriwm cordiceps Leidy). Of the specimens ex-
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smined by us from the Yellowstone, hetween the falls and the Lake, all showed some
traces of the presence of ths worm. These were first noticad by ns as small whitish
eystr, nhout a8 large as a grain of wheat, around the pyloric cmes, sometimes in tho
ovary, Tlicse cysts contain small worms, apparently similar to the larger ones.  Theso
lsrger worms, from 1 to 5 inches in length, are found in the liver, in the abdominal
eawity, or in the muscular sabstance of the belly or sides. When worms exist in the
fleah they can usually be found by gkinning, as tho (lesh abont them is thore or less
disensed, These facts may perbaps he better appreciated by the folloying ‘ﬁdter on

speclmens examined : . ; *

Femnle (disseoted) from Yellowrtone River (taken lilﬁo the next fonr in the eldy gt the hend of the
Fiver, about 1} miles above the Giant’s Cruldron and Mnd Gayser). A worm 10{{fichies in length, in
o auo along the intestine ; another worm about 4 inches long, in n sack, in t num!e (v_l:‘l,h’u ab-
dominal wall, the flesh pale and diseasced for wn tnch about the worm. Ovaries fulof Iittle worm
eynts, and imperfootly dovelopod, Numerous cysts among the prloric cwen in thin and all other
dlsensed apecimons.

A lnrge male (No. 137): Liver, pyloric cmen, and Apleen with worma; tho worm in livor Inrge, Testes
wholly empty and shrunken,  Tlad extornal appearance of & femalo frout.

Malo (421): No worma evident, except n fow cyata about the stomnach; testes full andngrninal.

Femnle; No worms ovident; ovaries large and full of normal eggs; cysts present smoug the pylorie
emen in this and all other apocimens from Yellowstone River. R

Malo (266); Pylorie emon full of eyala. ,

Malos (323, 244) ; Worma prosent ; sexual orgrus little developed,

Nos. 3 al 4, Riddio Lake. Viscora normal; no teace of wormes or eyabs.

Female (404) ; from Hoart Lokes, at month of Witch Creek ; intestines aund cmon with oyste apd with
sote small worms, Other worm-like parnsites of other geners in cavity of mouth ‘W i dorsnl
fin. o g e

Young male (385); Heart Take: a aiugle amall encysted worw among the pyinric ('."('non; no others
ovident. [

A lLasket of dressed trout, taken in the Yellowatona River at Livingston was ex-
amined. Among these was ono worm 3 inches long, apparently of the same species
a6 the others. Nuwmerons other specimens were examined without developing auy
faots other than those included below.

I offer the following generalizations with muech hesitation, as 1 know practically
nothing of the life-history of intestinal woris of the group to which Dibothrium
belongs.

Worms are found more or less abundant in nine-tenths or more of the grown trout
In the Yellowstone Lake, and its larger tributaries, and in the Yellowstone River as
far a8 the Lower or Great Falls, The trout in the upper Yollowstone ure likowise
atleated, those in Bridger’s Lake being (according to Mr. Arnold llague) largely
worluy, a8 also those in Atlantic Creek (Elwood Hofer). The amall trout (under 6
inches) have not been found to contain worms.

\Vorms are popularly believed not to exist in the Lower Yellowstone (below the
falls). The discovery of a worm at Livingston woull eontradict this. P'erhaps worms
oxist, but are gmall or scarce, Those in the envysted condition would hardly attract
popular notico, for ordinary observers do not even distingnish the worms from the
pyloric ¢rea.,

Waorms certainly exist in the troul of Heart Lake, to all appearance identieal spe-
olfically with those in Yellowstone lmke. This lake is on the west side of the Divide
and is drained by Snake Rlver. It has at present no connection with Yellowstone
Lake,




ARG AT S

——

f ey g v

o T

—

T A e

—

T TR Y

TR

AT YT

52 BULLETIN OF THE UNITED STATFS FISH COMMISSION,

Yellowstone Lake and Heart Lake have one feature in common, and one shared by
no other lakes containing trout with which I am ncquainted (S8hoshone and Lewis Lakes
being destitute of fishes). Both have a large influx of hot water from geysers and
from hot springs, some of them outside the Iake, but many of them opening under the
water. This suggests the theory that the existence of the worm itself, or perhaps its
malignity as a parasite, is dependent on the presence of hot water, instead of the cold
waters onlinarily frequented by troat.

Asbesring'on this suggestion I may notice: In both lakes the trout actually frequent
the warm waters, attracted apparently by the great abundance of fish food to befound
there. It 1s perhaps not impossible that with the great variety of insect, crustacean,
aud worm life, the germ of the wormm may ocenr also. The streams in which wormy
trout oceur, so far as known, are all in easy access from Yellowstone Lake. Riddle
Lake, although tributary to the Yellowstone, has an outlet long, narrow and tortuous,
being «ry at bpth ends in the summer. It is so difficult of access that probably trout
do not often ascend it. Only young trout were seen in the creek, and the trout found
in the eold waters of RiddleTake showed no sign of worms. The trout in Pelican Lake
and other waters to the east of Yellowstoue Lake and tributary to it are said to be
infested with worms. 'These lakes receive mmuch water from Hot Springs.

Connectod with this fact of the development of worms in warm waters is the fact
that the suckers In the warm (largely geyser) waters of Witoh Oreek (Catostomus
ardens) are offtioted with another parasitic worm. L know nothing of the history or
relationships of this worm, but it is hard to avoid the supposition that the warm
water favors its development. Although the sucker is,a small fish, the worm infesting
it is Iarger than any other parasitic worm I have ever noticed among fishes, and, as
elsewhere stated, it ofton occupies more space in the abdomen of the fishes than do the
fisl’s own viscers. ’ :

The Inkes of Washington, Colorado and Utah, abonnding in trout of the same spe-
cies, show, as far as we know, neither geyser water nor Dibothrium.

It will be interesting to know. whether the trout introduced into Lakes Shoshone
and Lewis, both of them with similar hot tribntaries, will be affiicted with worms. It
will also be interesting to know whether any other species of trout will show immunity
from them. DPossibly an abundange of other fishes as tood for trout would draw them )
away from the hot waters, and free them from worms.

The « wormy ” trout are leaner and more compressed than others, and the sides of
the helly are likely to show ridges and lumps. The flesh is saill to be redder in the
disensed fish, and the external color is more likely to be dusky or brasay.

In the trout examined the presence of many worms was accompanied by a
shrunken or irregular condition of the ovaries or testes. Perliaps spent fish are more
likely to be wormy. According to Mr. Arnold Hague, the best trout are in swift or
deep waters; the wormy ones about eddies or among Jogs or masses of floating vege-
tation. The wormy trout takes the fly freely but is in genersal little gamey. Infact,
all the Yellowstone trout seem less active than is usual for the species.

The value of these attempts at generalization can ouly be determined by the thor-
ongh study of some competent helminthologist in the field. The life-history of the
worms is yot to be made known. When this is done possible remedies may be sug-
gested. The probabilities are that the trout and the worm will never be divoreced
in Yellowstone Lake,
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CRYSTAL FALLS OF CASCADE CREEK. (See pagefih.)
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It ix said the beurs are often seon going abont the shores of the lake picking up (he
el flah,
10. Cottus bairdi Girard. (Var. punctulatun;  (Plate X, Fig. 12.)

The “Miller’s thumb? or ¢ bloh? is found in great abundance in the grassy bottoms
of Madison River, Gibbon River, amd Oaion Creek. In Gibbon River it is found
wbove the falls as well ax below it, an snomaly of distribation a8 yet unexplained,
unless we call in the sid of the Osprey or somo similar agency. It is suid gt fhe
apecies is found also in the Yellowstone below the Parlk. »

Phe specimens taken by us inthe Gihbou and Cafion Oreeks, as well as tftose procured
by Mr. Lueas in ltorsethipt Spring are identical with apecimens taken hyus from Fagle
River, Coloradao, and in Fher tributaries of the Colormdo. Al of them helong 1o tha
variety or species named Dotamocottus punctulatus-Gill, although the dark spots are
generally coarser and more diffuse than is shown in Professor Gill’s figure.®

In the specimens from the Park the hand of palatine teeth is broad ; there are no
prickles on the skin. The head is 34 in length and the rays are D, V11175 A, 135
v. L4 -
Comparing these with specimens (Coftus bairdi caroline), from Mammagh Spring,
Missouri, the differences seem well marked. Var. punctulotus has tbe; Head blunter,
Jower and more rounded, the cheeks more tumid and the top of the head withogt
median longitudinal depression.  Var. caroline has the axil prickly, the outline of the
head sngular, the top of head with a median lovgitudinal depression from Bllgﬂt to
nape, andl the body bas broad distinet black eross-bars, " gy g

These two forins seem like distinet species, but other specimens are intermerdiate;
apecimens from Toreh Lake, Michigau, sgres with punctulatus in color, t\&d are inter-
medinte in form; specimens from White River, Indinnn, are colored like v caroline,
but are intermedinto in form,  Apparently punetalafus shonld be recoguized an a rRub-
species but ity range and distinetive charactors are yob to ha made out in detail,

THE STREAMS AND LAKES OF 1115 PARK.

e following is the substance of our fleld-uotes on tho physical characterigtios
of the strewms and lakes of the Park:

YELLOWSTONE BASIN.

TRE YELLOWSTONE RivER.—The Yellowstone River drains an area of 1,900
square miles, or about. half the surface of the Park. 1t has its rise in the Uontinental
Divide, to tlie southeastern limit of the Park. One of ita tributaries, Atlantic Oreek,
flows to the eastward by the side of a low part of the Divide, known as Two-Ocean
Pass. On the opposite side of this pass, nt a distance of about one-eighth mile, flows
Pacific Creek, in the opposite direction, thongh parallel with Atlantic Creek., Pacific
Oreek is a tributary of Snake river.  The Divide betwaen the Yellowstone and Snake
River is » marshy meadow, more or less overflowed in spring, its whole width searcely
moro than an eighth of n mila. Tt is supposed that the stock of tront in the Yellow-
stone, nbove the fa'ls, must have oviginally come from Pacifle Craek. Whether the
lower Yellowstone and the upper waters of the tributaries of the Missouri were stocked
in this way is less certain. IJ the tront of the Missouri came across Two.Oceun Pass

* Yehthyology Caplain Stmpson's Rept. Kxpl. Basin of Utah.
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§ the whitefish might bave done 8o also; but this is unlikely, a8 no whitefish are now in
Yellowstone Lake nor in Yellowstone River above the falls. The Yellowstone is &
very clear, cold stream (temperature 50° to 60°), and, taking its whole extent, it is
4 one of the most picturesque in America. It flows through a large glacial depression
| in which it expands to form the Yellowstone Lake (7,741 feet elevation). This is &
large body of water, of very irregular form, which is often compared to that of an
ancouth hand with a very large thumb and three shrunken fingers. Tts greateat
length, north and south, is about 29 miles, and its greatest width across the thumb is
about 15.  West and south of the lake are Jigh mountains, and the lake hanks are, in
many places, bold and rocky, the hills being covered with pine and fir trees. Toward
the north end of the lake the banks are lower, and lere terraces show previous greater
extension, covering the marshy pastures and woodlands of its outlet, the territory
known as Hayden Valley. :

Alove the lake the Yellowstone River winds throngh marshy meadows, between
wooded hills, bebind which are the rugged peaks of high voleanic mountains. The
current, is sluggish above the lake, and between the lake and the upper falls there is
also no great descent. The river below the lake is bordered by low hills, some of themn
wooded, others forming open grassy pastares. Below the lake the large river flows
for about 15 miles with a quiet current, then plunges Into & deep cafion over two ver-
| tionl falls 109 foet and 308 feet in beight (see plates X1, X1I, XILI). This famous
| cafion, which needs no description here, is more than 20 miles long, with nearly per-
pendicular walls, 800 to 1,100 feet in heigbt. The carrent of the stream below the
falls is swift until it leaves the Park. The Yellowstone retains its general character
as & olear, cold, and swift river for almost its whole course through Montana antil it
joins the Missouri. Trout abound thronghont from the source of the river in ‘the
mountains as far as Livingston, and doubtless for many miles heyonl. Above the
fulls the Tiver contains no other kind of fish. The abundance of trout above the falls,
is remarkable. In one eddy in the river, eleven, averaging 1§ pounds each, were seen
together, and in parts of the lake they are as numerous as in the river. They are
.overywhere eager to take the fly, but they are regarded as indifferent fighters in cow-
parison with the trout of other streawms.

In Yellowstone River, aud ifmost parts of the lake, fish-food, such as insects,
orustacen, larvee, eto., are very abuudant The stomaclh of one trout taken in the river
contained helgramites (larve of Corydalus), grasshoppers, and eaddis-worms.

Of the tribntaries «f the Upper Yellowstone, none were visited by us. Common
report says that all are well stocked with trout,sand that the trout in all or most of
them are wormy.

The following tributaries of the lake were examined :

Solution Oreek is asmall, narrow stream, with Java bottom and grassy banks lined
with willows. At the time of our visit it was dry for 2 or3 miles above its mouth, and
for about the same distance below 1ts souree in Riddle Liake. In the standing pools
of its middle course were numerous young trout.

Riddle Lake (80 called bevanse of the nystery of its outlet, ¢ solved” by the dis-
| covery of the little creek)is a clear pond of roundish outline about 1} miles in diame-
ter. Abont its outlet are numerous lily-pads and other plants. Its shores are shal-
low, and its bottom chiefly lava gravel. Trout seem to ha numerous in the pond. Two
were taken, one a female with full ovaries, the other » male with shrnnken testes.
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Both seemed to be free from wormsa, There is no evidence of hot-wator action in Rid-
dle Lake. The temperatura of the lake is abont 500,

Bridge Bay Creek i a small brook of no importance. .

Arnica Oreek is & similav sltremn, the water of whieh is warmed by hot springsa,
No trout were seen there,

Trout Oreek in a clear stroam with grasay banks and gravel bottom. Water clear
and elean, about 580, 1ts course Iying chielly in Tlayden Valley it has no fal £0
fish wero seen, although it is saill to be a fair teont stream but inferioy to the nxt.

Botl of these enter the Yellowstona River from the west some 12 nf)es below the
lake. .

Alum Creek is a clear stream abont 8 feol; wide and 1 or 2 feet deg
Oontinental Divide opposite the head of Nez Pereé Oreck and flowing eastwsard through
the grassy fields of ITayden Valley. 1ts bed contains much white alkali from the hot
springs above and there is » perceptible alkaline taste to the water. 1ts temperature
is about 600, In its npper conrse it has some hot tributaries, one of these, Violet
('reek, with a number of hot springs and mwd-holes, Still another fork is eharged
with alnm. A third branch is said to e one of the beat tront atredind'in the park.
One small trout was noticod while fording this stream, a fuet which t-emd_.g to show
that alkaline and warm watera are not, specially avoided by tront. o

Sour Oreck, o large stream, entering theriver opposite Alum Creek, was not exqi-
ined nor was the cause or degree of its sonrness made out.

Onscade Oreek, a clear hrook about 3 feet wide, enters the Yellowstone behween
the falls. The high, nearly vertical ¢ Orystal Falla” (129 feet) is nanﬁgﬂemmh of
the stream and, of conrse, prevents the ascent of fishes (see plate XIV), 1t is said
that tifty trous from the Yellowstone were placed in Oryatal Lake, & pou(yowlird the
head of this stream, last spring by Mr. Cummings. The planting of Yellowstone tront
in atreams without trout has Leen since forbidden on scconnt of the danger of the
spread of the parasitic worm,

Sulphur Oreek, asmall clear stream hiaving in its conrse numerons sulphur springs
and hoiling sulphinr holes, flows into the grand caiton. [t has, of course, no fish.
Auother small stream, Snrfiace Creek, with a very high eancade,  Silver Gord,” flows
into the cation from the opposite side.

Lamar River, or enst fork of the Yellowstone, is a large stream, flowing into the
Yellowstone from the east af a point below its cafion.

This is well stocked with fish, as ave its tributaries, the chief of which are Slough
Creek and Soda Butte Creek. These streams were scen by ua only from a distance.
At Baronette’s Bridge, at the mouth of Lamar River, a trout was taken which weighed
4 pounds 4 ouvces, wheu dressed. [t was 16 inches long,

Slough Creek is said to be well stocked with fishes up to the lakes at its head which
is near tbe wining camp of Cooke Oity, Mont. One of these lakes is said to be with-
out trout on account of the presence of much iron in its outlet, so mueh that the hottom
is resl.  Another has no trout but multitudes of * blob” (Uottus bairdi punciulatus).
This stream has a small water-full in its ontlet. Still another, “Iake Abandance,”
is said to Le fall of trout.

Nodu Butte Creek is well stocked with fish except in its upper part. where a water-
fall keeps them back.

Hellroaring Oreek flows into the Ycllowstone from the north below the mouth of
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Lamar River. Its lower part is well stocked with fish. The upper part is almost un-
known, 1ts rige is seen to Le in ligh granite mounutalns, and in its course there are
probably numerous cascades. Aceording to Gannett “it comes from the granite por-
tion of the rauge north of the Park, cutting a tremendons gorge through it.” At the
foot of the gorge is a sharp conioal peak of granite known as Hellroaring Mountain.

Orevice Qulch, the.next stream on the right bank, is beyoud the limits of the Park.
1t is said to contain Loth trout and whitefish.

Antelope Oreek, on the left bank, is & small stream flowing down a grassy slope
on the south side of Mount Washburn. This stream has no cafion and no distinet
eascade and js fairly stocked with fish, ~

Tower (lreek is a larger stream, draining the semi-circle of mountains of which
Mount Washburn is the highest, a group, according to Gannett, cowprising twenty-
five summits ranging in height.from 9,000 to 10,400 feet. The current of Tower Creek
is swift and for almost its whole length the stream is hldden in dense forests. It is,
perhaps, the coldest stream in the Park (abous 46°). About ouve-fourth mile from its
mouth (at which point this stream is separated by a narrow lava ridge from Antelope
Oreek) Tower Oreek forms a singularly picturesque fall of 132 feet (see plate XV),
This fall is quite vertical and it is surrounded by lofty pillars or towers of voleanic con-

i glomerate. Below the fall is a deep and narrow cafion. The stream is here some 10 53
] feet wide by 1 deep. There ave no fish above the falls bat for those apecies of troul ;
[ which sre especially fond of cold and shade no better stream exists in the Park. n
;} Lost, Blk, Geode and Ozbow Creeks are small steams—too small to be of eon- E
4 sequence for flsh, Although having a large Led Oxbow Oreek was entirely dry in Q
; October and the other streamns had little water. -
E Black-tail Deer (reek is a/clear, rather cold stream (55°) ronuing largely through E
I3 open pastures, with willows along ifs course. Tt has no cafion or falls. lts bottom is Q
B | of lava gravel and rocks with some weeds. Tt is 5 or 6 teet wide by 1 or 2 deep, sul E
£ is well stocked with trout. Young trout were seen iu the little pool at tho bridge, but N
L' no minnows. §
¥ Lava Oreck or East Fork of the Gardiner River, is a clear mountain stream resem- g
bLling Tower Oreek, and like the latter lowing chietly through evergreen forests on tho &

north side of the mountain range. The stream is about 10 feet wide by 1 or 2 deep.
i Towards its montb it cuts its way irto a broad, flat shelf of lava, forming two successive
cataracts about oue-tenth of a mile apart. The upper falls, called Undine Falls, is
vertical for about 30 feet, then with two additional leaps of about 20 and 10 feet
(see piate XVI). The lower fall is vertical and about 50 feet high. Below this fall
the stream flows through a highly picturesque cafion jolning the Gardiner River, above
Mammoth Hot Springs, In this cafion trout are abundant.

Lupine Oreek is a small tributary of Lava Creek entering it above the falls. This
i stream has a high oascade (Wraith Fall), about 100 feet higlh,
i Notwithstanding the barrier offered by Undine Falls, it is said, on good author-
ity, that small trout have heen seen in Lupine Creek below Wraith Fall (Blwood
Llofer) and trout have been taken in Lava Oreek ahove the falls. This raises the
question 68 to how they came there. COur attention was called by Mr. Hofer, to the

way in which trout may have crossed the Divide from Black-tall Deer Oreek to Lava
Creek.
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Tho casternmost tributary of Lava Creek is a grassy slough wilh very little carrent.
‘The narrow stream in its midst is uearly dry in summer.  The same eonditions extend
to the sununit of the Divide, which vises Lo the height of ahout 3 feet above a small
pond with which the slough beging, The Divide is a rod or two across at its lowest
part near the pond. On the eust side of it, but lower down, is & similar pond with
grassy surroundings, which tlows into Black tail Deer Creek. Into both these depres.
sions considerable springs flow, espucially into the one on the west. A

The grassy slough first namesl, tributary to the Lupine Creek, has very littfe %Ik*)e
‘or a mile or more. Should its waters rise in spring so that the almget dxf pond woull
be 3 feet in depth, this pond wonld overflow on both sides, and a continudus water-way
wonld be made from Lupine Oreel down into Black tail Deer Creek. THip water-course
would be sballow, and is doubtless seldom traversed by fishes. 1t is, howeéver; @ pos-
sible one, and serves to account for the presence of tront in Liava and Lupine Creeks.

By order of the U. 8, Fish Commissioner other trout from Howard Oreek have this
year been placed above the falls in Lava Creek.

* Gardiner River (or Middle (Jurdiner) rires in the east slope of the Gallatin Moaut:
aing in the portbwestern part of the Park. Tt tlows eastward, southeastward, then
abraptly northward, beuding around Bunsen's Peak, and forming # desp cafidy, toward
the hewd of which is the large Osprey IFalls (see plate X VII). Gardlinerdlaiion is some
S00 to 1,000 feot deep, with vertival walls of lava, basalt, ete., and in grandeur is snd-
passed ouly by the Cafion of the Yellowatoue. The Osprey Falls is about 15@ feet

high, and nearly vertical, .\M

Trout are abundant in the river from the foot of the fall to its junctionWith the
Yellowstone, some 4 or 5 miles helow. No fishes bave been seen in the Qardiner or
any of its tributaries above the Osprey Fulls except the brook tront (Swlvw Sfonti-
naliy), lately planted at the bridge below the mouth of Indian Creek.

Ahove the falls Gardiner River is o clear, cold stream (about 50°), with numerous
stonus, boulders, and deep holes. 1t is well provided with fish food.

Its principal tributaries above the falls are Obsidian Oroek and Indian Creek, the
Intter coming in from the southwest, the former from the south. The largest ot thess,
Obsidian Creek, hemls in or near the Twin Lakes. There are two small ponds about
one-half wile and 1 mile long, with no visible inlet, the small stream connecting them
being dry in summer. The lower and smaller pond is said (by Mr. Lucas) to have
large alum springs near its outlet, the water being so charged with alumn that horses
will not drink it. The ontlet, Obsidian Oreek, is at first very small, and ita course for
2 or 3 miles is full of bot springs, solfataras, boiling mud-lholes, and various similar
heated arveas offensive to fish. It is not likely that a fish could pass throngh this
Rtream, except in very high water. .

. Lower down colil springs enter the stream, and at Beaver Lake the water is clear
and eold.  Beaver Lake is u shallow grassy pond, about a mile long, formed by the
beavers,  Three large beaver dama cross it, and each of these dams in ordinary seasons
would b likely to block the aseent of fishes (see plate XVIIL). The lower one especi-
ally is eovered with brush, over which fishes could not leap.  Below this lake Obsidian
Creek receives the clear, colil waters of Winter COreek, s large stream which heards in
Christmas Tree Purk, at the foot of Mt. Holmes. The stream now Hows through
Willow P’ark, a large moantain meadow, in which it joius the Gardiner River.
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Obsidian Oreek with Winter Creek will, apparently, be one of the best of trout streams.
Its temperature is about 50°, Its bottom of lava gravel ls lined with grass, algme, and
water planfs in which swmall crustaces swarm.

Indian Creek is o clear, cold streawm, similar to the Gardiner, and like it, heading
in the enst slope of the Gallatin Mountains.

@len Oreck, oc West Fork of the Gardiner, rises in Sepulchre Mountain and flows
southeast, then northeast, joining the Gardiner at the foot of its cafion.

This is » small stream, which runs mostly through open meadows. 1t is 5 or 6 feet
wide and 1 to 2 feet doep, with gravelly and grassy bottom. Its waters are very cold
(ahout 48°) and full of crustacean life. The red-bellied frog, Ranu septentrionalis, is
abundant. Glen Oreek has a high waterfall, some 70 feet bigh (Rustic Falls), at the
« @olden Gaté,” near the base of Bunsen’s Peak (see plate VIII).

Below the fall the deep cafion is so choked up with boulders and talus that fish
can not ascend it. Above the fall Glen Oreek receives a considerable tributary, whieh
drains Swan Lake. Swan Lake is a small roundish pond, about half & mile long, with &
bottom of crumbled lave., While its shores are very shallow, the depth in the center
seems considerable, The waters are clear and cold, abounding in insects aud crns-
tacea. In Glen Oreck and the Gardiner River 5,000 Brook trout, Salvelinus fontinalis,
were placed in August of this year.

The lower course of the Gardiner, below the three falls (Jsprey, Undine, and
Rustic), is well stocked with trout and contains whitefish (Uoregonus williamsoni),
suckers (Catostomus griseus), and minnows (Rhinichthys dulcis). Below Mammoth
Hot Springs it receives the scalding Hot River, the dralnage of the springs. That
these hot caleareous and sulphuretted waters are not destructive to fish life, even to
that of trout, has been already shown. It is said that in winter the trout are espe-
cinlly abundant about the mouth of this strenm.

MISSOURI DRAINAGE (730 square miles).

Thbe three streams which unite near Gallatin City, Mont., to form the Missouri
are the Jefferson, the Madison, aud the Gallatin Rivers, Of these, the Jefferson lies
outside the Park., The Gallatin and two listle-known tributaries (Fan Oreek and
Grayling Oreelr) rise in the wild region west of the Gallatin Mountains in the north-
west corner of the Park. These eold, clear streams, rarely visited by sportsmen, are
said to be well-stocked with trout and grayling.

Madison River drains an ares of 730 square miles in the Park; this includes the
country to the west of the Yellowstone and to the north of the Continental Divide.
The name Madison is only used for the river below the junction of its chief tributaries,
the Firehole River and the Gibbon Rlver.

@ibbon River, the smaller of the two streams, rises north of the center of the Park
in the hills aud marshes aronnd Grebe Lake, a body of water not far from Orystal Lake,
on Casoade Creek. Grebe Lake, about a miile long, surronnded by mountain meadows,
i sairl (hy Mr. Hague) to be one of the finest lakes in the Park. In the outlet of the
lake above the falls known as Virginia Oaseades, 1,000 rainbow trout (Saimo irideus)
have been lately planted. The region about the upper course of the Gibbon is heavily
timbered and its basin is separated by low divides from thatof Obsidian Creek. Not-
withstanding the inflax of many hot springs, solfataras, sods springs, amd even iron
springs, the Gibbon remaius a clesr, cold viver (56°) throughout its course. The Vir-
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O8PREY FALLS OF GARDINER RIVER. (8en page B7.)
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ginin Oascwule (some 60 feot high) will probably prevent the necent of fish (see plate
N1X). Below these cascades in the npen valley of the Noiris (teyser Basin, and still
Jlower @ broad meadow known as 11k Park.  Baveral miles below Elk Park in a narrow
eafion is the Gibhon Falls (R0 feet high), a picturesque cataract, which trout cer-
tainly ean not ascend (see plate XX). Above this fall are no tront, but an abundance
of blab, or miller’s thambh (Cottus bairdi punetulatus), sl it is not easy to explain how
they come to bo there. Below the falls trout sre abundant and, as in the Madisan,
grayling are said to be found. - 5_ L

Caiton Creck, a amall clear stream, very cold and with prassy Jotigm, joind the
Gibbon River below the falls.  This stream flows through steep-pasfures, without
falls except near its souree. It is 6 to 8 feot wide and 1 to 3 deep, ant well atocked
with trout. In this stream the blob is very abundant, abrolutely Awarming.in the
grass.

Firelole River, about twice the rize of Gibben River, joins it from the south.
«Thig stream heads just west of Shoshone Lake, separated from it and from the bead
of Beehler River by relatively low divides ” (Gaunett). 1t flows throngh a small Inke
nearly dry in sammer (Maslison Lake), below which it receives a fina clear tributary
from the east (Spring Creek). Along Firehole River are the most noteyorthy of the
goyser hasing, and & great volume of hot water is poured into it withont, however,
rendering its waters at any point really warm, the average being probably 559 to Gie,

In its upper conrse, the Firelole, like the Spring Creek, is a clenr and very cold

strenm flowing through dense woods, with narrow marshy valleys, alternati, with
amall eafions. 1 this part of the stream 1,000 Loch Teven trout (Salmo trioely leren.
ensia) were planted in September, 1889, Keppler’s Cascades, above fhe pper geyser
basin is n series of three or four very picturesque falls, some of tbem probgbly. impass-
able to tront; (see plate XX1). In the upper geyser basin the Firehole Rf¥er receives
the drainage of a maltitude of hot sprivgs, besides two considerable streams, also of
mixed cold and hot water, tho Iron Spring Creel and the Tittle Firehole River. The
stream is here very clear. It is fall of plants and other organisms, and its waters
have a taste of decayed vegetation, Bven at the midwuy geyser basin the stream is
probably not too warm for trout. At the lower hasin the Firehole receives the waters
of Sentinel Creek, Fairy Creek, and the larger Nez Percé Oreek. The latter, which
comes in from tho east, is nearly half as large as the Firehole and similar a8 to charac-
ter and temperature of the water. It is fed by numerous short atreams, some of them
hot, and most of them confined to & narrow caiion. Some five miles below the mouth
of the Nes Percé the Firehole, now a large river 2 to 3 rods wide and 2 to 5 feat deep,
enters a wild eation with hanks of rongh lave. In this cafion are the imposing falis of
the Firehole, about 60 feet in height (sce plate XX11), and forming an effective har-
vier to the ascent of fishes. Below this falls the common tishes of the Madison River,
tront, whitefish, grayling, and Dblob, are said to he abundant. Lower down on the
Malison River collections were made by Mr. E. R. Tens, and a series of specimens
given to us with the following notes:

«On Qctober 2, [ collectad from Horsethief Spring 2,000 whitefisl, which L planted
next day in the Twin Lalkes. Morsethiof Spring heads in the Divide in Montana and
tlows 13 wmiles, emptying into the Worth Fork of the Madison River. The first half
mile of this rtream is of & rocky bottom, with no growth of inoss or grass. The second
half mile is of white sandy bottom, cos- Vately filled with & growth of moss and some
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grass. This moss is alive with fisl food (specimens of which were sent). On October
15, 1. collected 1,000 more whitefish sud planted them in Yellowstone River, above the
falls. Theve are unlimited numbers of these whitefish in Horsethief Spring, ranning
in size from 3 to 5 inches. There are also uite & large number of grayling in the
stream.”

Besides the grayling and whitetish, numerous specimeus of the blob were taken
in Horsethief Spring.

COLUMBIA RIVER DRAINAGE (682 square miles).

The Snake River, the largest tributary of the Columbis, draing that part of the
Park (nearly one-fourth of the whole area) which lies to the southwest of the Oonti-
nental Divide. This large territory is chiefly a deusely wooded plateau and contains
thres large lakes, Shoshone, Lowis, aud Heart, the largest lakes in the Park, next to
the Yellowstone. Two of these lakes, with their tributary streams, are without fish,
but the other rivers, Snake, Heart, Falls, and Beobler, are said to abound in trout
except in certain of the headwaters where their ascent is prevented by water-falls (see
plate XX1). As only a small part of this region was visited by us, 1 shall speak of
the waters actually examined. :

Hedrt Lake (elevation 7,469 feet).—This beautifnl littlelake lies inm deep (epres-
sion at the eastern foot of Mount Sheridan and Red Mountain. It is about 3§ miles
long from northwest to sontheast and not quite 2 miles broad. Its bottom is of lava
gravel, rather shallow near shore but becoming deep in the middle. It is drained by
Heart River, a considerable tributary of Snake River, without falls, an said to be well
atocked with fish. Near the head of the lake and in the lake are numerous geysers
and hot springs. In the lake were found trout (Salmo mykiss), slightly affiicted with
the samo worm that is found in the Yellowstone. These trout were most numerons
abount the month of Witch Oreek, and several were taken withoat the fly after chubs
Liad been thrown into the lake to lure them. These chubs are eagerly swallowed by
the trout. Besides these trout, a sacker (Catostomus ardens), chub (Leuciscus atrarius),
shiner ( Leuciscus hydrophloz), and minnow (Agosia nubtla), arée found in the lake. All
of these except the trout ascend Witch Creek. A blob (Cottus) is also in the lake,
but we were unable to catch specimens of it. There is plenty of fish-food in the Jake
and the water is not very cold, its temperature varying according to the nearness to
the hot springs and geysers.

Witch Oreek has its rise 2 or 3 miles above the lake, in the singular collection of
geysers, hot springs, and steam holes known as ¢ Factory Hill.” Its water is at first
sealding hot, but it gradually cools, receiving the waters of one cold tributary as large
ag itself. The chubs nscend until they reach water fairly to be called hot, and the
sucker is not far behind. The lower course of Witch Oreek winds through grassy
meadows with a botlom of fine lava gravel and sand. Im this part of the stream fishes
are excessively abnadant, chiefly suckers and chubs. As already noticed, the suckers
are here infested by a very large parasitic worm, but no worms were seen in the
chubs. Witch Oreek bas at its mouth n temperature of about 75¢ F,

Shoshone Lake (elevation 7,740 feet) has a length of about 64 miles and a width of
one-half to 43 miles, it being dumbbell shaped or constricted in the middle, Itsareais
about 12 square miles. At thoe head of the upper and smaller lobe of the lake is Sho-
shone Oreek, fed by numerous hot springs and geysers, No hot springs exist on the
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lower part of the lake. 1ts shores are mostly bold, roeky, and donsely wooded, the
eagtern shore being espeeially abrupt, and the bottomn is there miude by large houlders
of lava. There are no fishes in the lake, Along the castorn shore thero is little fish-
food, the lava roeks being barvren, but the awmount of water plants, lily-pads, ete.,
drifted on shore by the wind shows that a difterent condition mnst exist at the other
end of the lake. Some crastacea nnd insects were noticed eyon on the east side. The
lake is clearer and colder than either Yellowstone Lake or Heart Lake, and its Bor it
ainous shores render it extremely picturesque. - - ’r

Heron Creek is & small grassy stream snitable for trout, flowing int
angle of Shoshone Lake. It has now no fish life. Ty

The outlet of Shoshone Lake is called Lewis River, a broad, swift, vedy clear stream,
well provided with fish-food. This beaatiful stream flows with a sluggish-current for
about: 3 miles, where it expandssnddenly forming the following lake:

Lewis Lake (clevation 7.720 feet).--This lake oceupies & rounded basin with rather
low banks. It is pear-sbaped, about 3 miles long by 2 hroad, very clear and cold and
apparently in every way snited for trout,  1ts bold shores are heavily wooded and with-
out teibutary streams. A few hot springs, not seen by na, enfer it on'thdWwestern side.
Below Lewis Lake, Lewis River enters a deep and narrow cafion, very pmgy viRited,
and which lack of fime prevented us from examining.  According to Mr¥fsA rnold Hugue,
thera is at the head of this cafion a casende of about 80 feet, of which 20 feet atthe
top is perpendicular. Toward the end of the cafion, above its junction with Snake
River, ia another eagcade of some 50 feet in height, concerning which we Q:;&#mble
to secure information, Pishes ara unable to aseend the npper fall, and pe¥haps the
lower one aleo.*  Near the lower fall is the mouth of Qrawfish Oreek, which has a con-
siderable caseade called Moose Fall.  In this creek crawlishes (Astacusfigee’ Baid to
nhound.

None of the streams in the valley of Falls River in the sonthwester#part of the
Park were examined, 'T'his region is said to be rather lavel, full of ponids, marshes,
and springs.  Here trout are reported to be very abundant.

Trout were also procurert hy Mr. 14, R, Lueas, of the Fish Commission, in Howard’s
Creek, ldalo. Mr. Luecas gives us the following notes:

¢ On October 14, T collected 1,000 hlack-spotted tront from Howard's Creek, and on
October 18 1 planted them in the East Fork of the Gardiner River (Lava Creek) above
the falle,  Hownrd’s Creek is the headwater of Henry's Lake. It rises in the mount-

e northeast

* Prof. Frauk H. Bradley (Report 1. 8. Geol. Barvey, 1872, p. 266, fide Gaunett), thus spoaka of
Lewir Riverr

*In desronding froin Liake Lewis, the party found the river-banks low and rocky for a short dis-
tnnce befora the stroam anbera a eafinn with walls 151 t0 200 font high, in which were ansountered sharp
ripids and n vertionl fall of about ) feet. 'Then for o mite or two the slopes are gradual with nar-
row, swampy bottoms along the river.  Ahont 3 miles helow the lake high, recky banks indicate the
approseh to s deop cafion whicl really commances at about 3§ miles, with perpendicnlar walls on Loth
sidea incloging a narrow channel with a rapidly alopiug roeky floor, in some places partinlly ohstrncted
by hage tubling masses of rack, but apparently without any acewmnlation of gravel. Considerable
eapidn ocent throngh nearly the whoele cafion, nnd one fall of nearly ) fort wng noticed, Tho esfion
deapena rapidly to from 700 to 800 foct, with width of less than half the dopth at the deepest presipitons
portions. * * * About R miles down it ronchos ita endmination and is truly grand. Tt has none of
thabrillinney of anloring Ao eharactoristic of tha Yallowstous Cafion, hut the gamhra tints of its gray,
Brown and lark-roil lichen-coverad 1oeks, variegnted with sminller patebon of groon and yollow, conati-
tuto a poculiac atyle of beauty and mdd greatly to the offect of ith narrow dark depths.”
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ain (Continental Divide) and flows abont 2 miles, emptying into Heury’s Lake. Tow-
ard’s (reek is very small, avernging not more than 8 feet in width, and 6 to 12 inches
deep. The bottom of this stream js mostly covered with small stones, in places & mud
bottom. It contnins no vegetable growth, except grass along its hauks. There are
no fish in this stream except trout, ranging from 1 inch to 4 inches in length. I
caught 1,000 of these fish in about one hoar 'and & half. It is impossible to estimate
the number of trout that could be caught in this stream.”

The following is & olassified list of the lakes and streams in the Park (including a
few outside its southern boandary) suitable for trout. Those in which trout are sup-
posed not to exist are indicated by a star.

Upper Yellowstone River:
Atlantie Creek.
JIny ('reek.
Bridger Lake and Creek.
Faleon Creek.
Thoroughfare Creek.
Escarpment Creek.
CHf Crenk, '
Lynx Creek.
Phlox Creek.
Mountain Creck.
Badger Creek,
Trapper's Creek.

Yeollowstons Lake:

Beaverdamn Creek.

Rocky Croek.

Flk Trail Creok.
Chipmunk Croek, -
Riddis,L.nke and 8olution Creek.
Amica Creek with Boech Luke.
Columbine Creok.
Clear Creok.
Torbid Lake” and Bear Creek.
Pelican Creelk.

(gg 2fed 20g) 'WIAIY ITOHTHIY 40 STV H43IMOT

Lower Yollowstone River: »
Sour Creek.
‘Crout Creek.
Alvin Creek.

Crystal Lake and Cascade Creek,®
Broad Creek.® '
Doop Crook.*
Antelopa Creok.
Tower Oreek.*
Lamar River, t
Jold Croek.
Willow Croek.
Timothy Creek.
Miller Creek.
Calfee Creek.
Cache Creek.
Soda Butte Creck, Pebble Creek, Amphitheatre Croek.
Slongh Creek with Buffalo Croek, Lake Abundance, eto.
Heliroaring Creek.
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Laswer Yeilowatone River--Confinaed.
Rlnek-Tail Deor Creel.
Gardiner River.
Lava Creek, Lupine Cronk.
Obsidian Creek * (with Twin Lakes,” Obsidian Lake,* Boaver Lake," Lukeof the Woods *),
Winter Creek,* Straight Croek,” with Grizzly Lake."
Indian Creek.”
Panther Creek.” . )
Fnwn (fronk.® Y :,
QGlen Creek,* with Swan Lake,” 2 ’
Gallatin River:
Gallatin Lake, -~
Fao Creek.
Grayling Creok. .

Madiron River:

Gibbon River:* with (iraho bake”
Bolfatarn Creek.*
Canion Creek.

Fireliole River.”
Madizon Lake,*
Hpring Crook,”
Iron 8pring Creek.”
Little Firehole River.® )
Fairy Creok.”
Goose Take.” «
Sontinel Crenk.* ‘-’f
Nez Perod Cresk* (with Aspon,* Spruce® sl Magpie® Crosks).

Cougar Creek.

Maple Crouvk, .g e

Gueisa Creek.

f&noko River:
Fox Cronk.
Cronked Croek.
8ickle Creek.
Pacitic ('reek.
Heart, Luke and 1leart River.
Witeh Cresk.
Beaver Creeck.
Surprise Creck.
Basin Creok,
Coulter's Creek, with Harabaell and Wolvarine Creeks.
Red Creck.
Forest, Creek.
Lewis River.*
Shoshone Like,* with Shoshans Greal,” Moose Creelk,” and Heron Creek.”
Lowig Lake*
: Crasw(iah Creok.*
Z = y Falls Rivor with Boula,* tHering” and Girassy® Lakes,
. Monntain Ash Creek.
Bechlor River.




