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ORIGIN AND DISTRIBUTION OF THE FISH FAUNA
OF THE HARNEY BASIN, OREGON

INTRODUCTION

The distribution of fishes in the isolated Harney Basin of south-

eastern Oregon is governed both by the hydrographic history and

ecological conditions of the streams within its watershed. This thesis

relates this distribution to what is known of the basin's past history,

and compares quantitatively certain species with those of adjacent

drainages in order to establish phenetic affinities. Geologic, hydro-

graphic, and paleoclimatic evidence are utilized to deduce a coherent

sequence of events which has given rise to the present distributional

patterns. Some of the following observations should provide a basis

for future studies of the interesting and little-known relationships

between several species of native Oregon fishes.



DESCRIPTION AND HISTORY OF THE AREA

Drainage System Summary

Native fishes entered the Harney Basin from tributaries of the

Columbia River. The Columbia system is the most extensive in

western North America and is the center of an ichthyofaunal region

to which many adjacent drainages are related. At the present time,

fishes in the lower Columbia have access to all major tributaries

unless restricted by ecological limitations or geographical barriers

such as falls (Reimers and Bond, 1967). The largest major tributary

is the Snake River, which originates in the northern Rocky Mountains

and heads westward, joining the Columbia in Washington. American

Falls in eastern Idaho constitute an impassable barrier to fish radia-

tion upstream; the drainage above is therefore considered the upper

Snake. The upper Snake is faunally allied to the Bonneville Basin,

for Lake Bonneville overflowed into it during the late Pleistocene

(Hubbs and Miller, 1948; Miller, 1958).

The Harney Basin presently comprises the northernmost part

of the Great Basin and is one of the largest internally-draining valleys

in the high lava plains of eastern Oregon (Figure 1). Malheur and

Harney Lakes, which have undergone varied fluctuation in historical

time, are the playa remnants of once vast Lake Malheur. This lake

2



Figure 1. Location of streams, lakes, and important
geological features in the Harney Basin and
surrounding drainages.
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formerly received a great deal of the precipitation and runoff that

followed late Pleistocene glaciation (Van Winkle, 1914; Piper,

Robinson, and Park, 1939). The two main rivers in the basin, Siivies

River and Donner mid Blitzen River (Blitzen River), both drain into

Malheur Lake. Highly alkaline Harney Lake is fed by Silver Creek

and by a cluster of warm springs on its southwestern border.

Isolated creeks that dissipate into alluvial debris and natural meadows

occur in the northeast and southeast regions of the basin. Peripheral

topography of the area shows that many of the streams in the basin

bear close spatial relationships with upland tributaries of both the

lower Columbia, represented by John Day River, and the Snake

drainage by its tributary Malheur River. The Harney Basin is also

bounded on the southeast by the Alvord Desert and on the southwest

by Catlow Valley and the Warner Lakes Basin. None of these

isolated drainages have apparently influenced the distribution of fishes

in the Harney Basin (Hubbs and Miller, 1948), although these authors

(1942; 1948) suggest that both the Catlow and Warner fauna may have

been derived from the basin during "earlier pluvial" overflows of the

lakes in their respective basins.

Physiography and Hydrographic History

The physiography of the Harney Basin is divided into two

general areas: a central lowland occupied by playas and dry lake



beds, alluviated plains, and lava fields, surrounded by elevated

erosional plains bounded by a dissected fault-block upland (Piper,

etal., 1939). Malheur Lake has the largest area of the playas but is

very shallow, being less than 10 ft. at its greatest depth. Because

its lake bed slopes only slightly, lake boundaries fluctuate tremen-

dously according to prevailing climatic conditions. Any surplus spills

westward into Mud Lake and occasionally through a narrow sand gap

into Harney Lake. Harney Lake therefore serves as the ultimate

sump for the entire basin, although it appears incapable of supporting

fish life.

Strawberry Mountain lies on the northeastern boundary of the

dissected upland from which tributaries of John Day, Silvies, and

Malheur River originate. The northwestern erosional plain, the

Ochoco--Silvies surface, is a piedmont slope formed during the

Pliocene after eruption of the Columbia River basalt flows (Dickenson,

1957). This surface has since been dissected by the south fork and

part of the main fork of John Day River. The stage of valley develop-

ment suggests that ample opportunity has existed in the past for

stream capture, and consequent fish transfer, between the John Day

and Silvies drainages. Steens Mountain, which forms about 100 miles

of the southeastern boundary of the basin (Russell, 1903), is a large

fault-block dipping gently westward to the alluvial plain of Blitzen

River. Its eastern face is an escarpment rising 5,000 ft. above the



Alvord Desert; its western slope is dissected by tributaries of

Blitzen River and several isolated creeks flowing northward into the

Barton Lake sub-basin.

The eastern periphery of the basin consists of relatively recent

lava flows and cinder cones. Youngest are the Diamond Craters

(Russell, 1903) whose lava field dammed the Barton Lake basin and

diverted Kiger Creek toward the west making it accessible to the

Blitzen River fauna. An older and more extensive basalt flow, the

Voltage lava field, extends from Diamond Craters to Malheur Lake

and northward to part of the Malheur River valley (Piper, et al.,

1939). This flow dammed Malheur Gap, through which water from

the Harney valley had formerly drained into Malheur River. Several

authors (Piper, et al., 1939; Hubbs and Miller, 1948) have inferred

that the Voltage eruption occurred during the late Pleistocene or

early Recent epochs. Its sudden extrusion resulted in the formation

of Pluvial' Lake Malheur. Russell (1905) and Baldwin (1964) have

suggested that water from the lake flowed through Crane Gap after

the Voltage eruption, but Piper, et al. (1939) state that no drainage

has passed through this area during the latest geological time.

Whether or not Lake Malheur ever overflowed the dam at Malheur

1 The term "Pluvial" is here used in the sense defined by Hubbs
and Miller (1948).
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Gap is also undecided. The occurrence of such an outflow could

have facilitated a secondary invasion of fishes into the basin from.

Malheur River. Russell (1905) and Waring (1909) concluded that the

lake never rose to a level where discharge would have taken place, yet

Piper, et al. (1939) noted that the highest beach ridge entered the gap

in an "ill-defined drain." However, they also stated that the divide

on the gap floor stands 9 ft. above the level of the highest beach ridge.

Climatic History

An understanding of the present faunal distribution requires a

knowledge of past climatic trends. Antevs' (1938) study of recent

conditions in the Great Basin showed that broad trends were generally

harmonious between different areas. Hansen (1947) also considered

the climate of the northern Great Basin to be directly affected by,

and synchronous with, that of surrounding regions. He subdivided the

postglacial climate of this area into four main stages based on pollen

profile succession. The first major interval immediately following

Wisconsin glaciation persisted until 15,000 years ago and was cooler

and moister than the present. The next stage saw a period of

gradually increasing warmth and dryness which continued until about

8,000 years ago. This was followed by a third interval of generally

high temperatures and extensive dessication lasting 4,000 years.

Many of the lakes occupying the Great Basin region were thought by



Heusser (1966) to have completely dried up. There is nothing in the

geological evidence to indicate whether or not Pluvial Lake Malheur

did so, although Hansen (1947) stated that this warmer-drier climate

was most pronounced in the timberless areas of eastern Washington

and Oregon.

The final climatic trend in postglacial times has been a return

to cooler and wetter conditions (Hansen, 1947; Heusser, 1966).

Historical records based mainly on tree-ring evidence suggest that

precipitation during this period has not been stable. Schulman (1953)

states that the 1200's were very dry and the 1300's unusually wet in

the Colorado River Basin. A.ntevs (1938) showed that precipitation in

south-central Oregon was great during ca. 1520-30, 1660-70, 1800-20,

and the early 20th century. Jessup (1939) graphically demonstrated

that rainfall in the Harney Basin reached peaks at roughly spaced 70-

90 year cycles since the early 1700's, with protracted droughts of

about 25 years intervening between these peaks. Climate during the

last millennium therefore appears to have undergone marked and

rather erratic oscillations from hot-dry to cool-moist conditions.

The possibility of ichthyofaunal transfer through stream capture,

basin overflow, etc., has been greater during wet years, while

increased isolation has taken place during dry ones.

In addition to the long-term changes noted above, daily and

monthly conditions are subject to sharp fluctuation. A wide range
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exists between daily maximum and minimum temperatures. Nearly

all precipitation falls during late winter and early spring, July through

September rarely receiving more than a trace of rain. During these

months many of the creeks in the basin become intermittent, par-

ticularly in their lower reaches. Those that are tributaries often

become hydrographically isolated from the mainstream. Occasional

species extinctions may result from unusually harsh conditions, e. g.,

Cottus bairdi in Rattlesnake Creek (Bond, 1963), Discharge records

illustrating the extent of variability in streamflow are presented in

Table 1,

Water Quality

A summary of analyses of some Harney Basin water is given in

Table 2. Harney Lake is strongly alkaline and incapable of maintain-

ing fish at the present time. Water quality in Malheur Lake depends

on its level, and also on the frequency and volume of overflow to

Harney Lake. When at a high stage, analyses indicate that it could

easily support fish life; however, at low stages the salt concentrations

might increase beyond lethal levels. Malheur Lake occasionally dries

completely; the last time was in 1934 when its bed was farmed

(Kapustka, 1968, per communication). The combined ecological

unsuitability and inconstancy of Harney and Malheur lakes render



Silver Creek and its tributaries, as well as the Warm Springs,

faunally isolated from the central rivers at the present time.



Table 1. Maximum and minimum discharge records to 1950 for several streams in the Harney
Basin. a

aCompiled from U. S. G. S. Water Supply Paper 1314:453-472,

Max

Discharge
(cu. ft. per sec. )

Date Min Date

Upper Siivies R. 2,320 Apr. 1904 No flow Aug. -Sept. 1910
Lower Siivies R. 4,730 Apr. 1904 No flow July-Sept. 1934
Poison Cr. 476 Apr. 1922 No flow Occasionally
Lower Blitzen R. 2,270 May 1942 8 Jan, 1940
Kiger Cr, 330 May 1912 3.2 Feb. 1918
McCoy Cr. 385 May 1941 0,7 Mar. 1918
Riddle Cr. 330 Mar. 1917 0,2 June 1919
Malheur L. outlet

into Harney L. 230 May 1916 No flow Usually
Silver Cr. 1,760 Apr, 1904 No flow Occasionally
Chickahominy Cr. 264 Apr. 1922 No flow Occasionally



Table 2. Chemical analyses (ppm) of some Harney Basin waters. a

aCompiled from Van Winkle, W. 1914. U. S. G. S. Water Supply Paper 363:104-109.

From Kapustka (1968, personal communication).

Harney
Lake

Malheur
Lake

Blit z en
River

Silvies
River

8/5/02 3/10/12 3/8/12 11/29/61b 8/20/12 1912

Silica 29 31 14 26 32 41

Calcium 0.0 7.7 27 38 13 21

Magnesium 7 0.9 20 12 6.8 5.1
Sodium 3,749 8,825 117 31

10
17

Potassium 200 335 27 4 4

Bicarbonate 5,755 439 177 84 113
Carbonate 2,710 1,594 0 0 0 1.2
Sulfate 804 1,929 37 51 2.6 12

Chloride 4.5
Fluoride 0.3
Nitrate 2.8 2.4 3.3 0.26 12

Orthophosphate 0.42
Diss. solids 10,477 23,687 524 Z50 106 74
Hardness 142
pH 7.0
% Sodium 35.8 39.4 24.2 31 9.4 10.4



SUMMARY OF PREVIOUS RESEARCH

Snyder' (1908) conclusion that the Harney Basin fish fauna was

allied unmistakably with the Columbia was based largely on the col-

lection of such forms as Acrocheilus alutaceus and Ptychocheilus

oregonensis from Siivies River. He found no evidence that the fishes

had "visibly differentiated from their congeners in the Columbia," yet

did note certain differences between several populations of

Richardsonius balteatus in the basin. Hubbs and Miller (1948) agreed

with Snyder (1908) that the Harney Basin fauna represented a frag-

ment of the Columbia system, disrupted by blockage of the outlet into

Malheur River. They were however "able to detect enough distinc-

tions to recognize four or five endemic subspecies." This degree of

speciation was viewed as a consequence of prolonged isolation dating

from the late Pleistocene, rather than the possibility of multiple

invasion plus isolation.

Bond (1963) noted that the sculpin Cottus bairdi semiscaber was

present in the basin in two forms. One form characterized by a

smooth skin and short lateral line occurred in the isolated creeks

and appeared similar to the C. bairdi of the upper Snake. The other

form possessed a moderately to heavily prickled body typical of lower

Columbia populations of that species. It was reported to inhabit the

two central rivers, Siivies and Blitzen, which are connected

14
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intermittently by fluctuating Malheur Lake. Bond theorized that

smooth sculpins entered the basin when a connection with the Snake

existed, incursion of the prickled form taking place subsequent to

dessication of the area and isolation of the creeks. The alternative

possibilities by which this could have been accomplished formed the

basis for my studies of distributional patterns:

Prickled sculpins and certain lower Columbia species could

have entered the basin prior to the damming of Malheur Gap

when Harney Basin waters drained into Malheur River, but

only after the smooth form and other Snake River fishes

had become isolated in the creeks.

Lower Columbia species could have invaded through stream

capture with either the John Day or Malheur River after the

basin had been sealed off and the small creeks become

isolated.

Entrance of the prickled sculpin could have occurred during

an overflow of Malheur Gap by Lake Malheur.



MI THODS OF ANALYSIS

Counts and measurements of individual characters followed

procedures outlined by 'Hubbs and Lagler (1958); a list of those used

in the study is presented in Table 3. Body prickling was determined

for sculpins by dividing the left side into four regions and estimating

the percent area covered by prickles in each (Figure 2.). Lengths of

different body structures were determined to the nearest 0.1 mm

using vernier calipers;, scale, pore, and fin ray counts were con-
'

ducted with the aid of a stereoscopic dissecting microscope. Data

were read into a dicta one and subsequently transcribed onto

standardized computer sheets for simple conversion to punch-card

form. Not all possible determinations were made on each individual

due to time limitationsb condition of preserved specimens, geographic

invariability, or the inipossibility of accurately assessing a particular

character.

Graphical presentation of the analysis of a single morphological

variable conforms to the method of Hubbs and Hubbs (1953) An

explanation of the symbols is given in the legend of Figure 6. Because

smaller sample sizes increase the standard error of the mean with a

corresponding reducti,n in reliability, standard deviations and stan-

dard errors are omitted in the graphs for samples of nine or fewer

individuals. A complete summary listing the mean, range, standard

16



Table 3. Morphological characters examined during the study.

Total length

Standard length
Head length

Body depth

Caudal peduncle depth

Predorsal length
Pectoral fin length
Pelvic fin length

Orbit length

Interorbital width
Head width

Mouth width

Upper jaw length

Lateral line scales
Scales above lateral line
Scales below lateral line
Scales in circumference
Scales in caudal peduncle cir-

cumference

aSee Figure Z.

Pores in right preoperculo-
mandibular series

Pores in left preoperculo-
mandibular series

Dorsal fin spines
Dorsal fin soft rays
Anal fin rays

Pectoral fin rays
Pelvic fin rays
Presence or absence of right

maxillary barbel
Presence or absence of left

maxillary barbel
Gillrakers in anteriormost left

gill arch
Left branchiostegal rays
Body pricklinga
Preopercular spines
Predorsal scales

17



Figure 2. Body regions for which prickling was estimated in
Cottus bairdi. The pectoral fin is omitted to show
the boundary between "regions" a and c.

18
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deviation and standard error for each character in all of the samples

examined is on file at the Department of Fisheries and Wildlife,

Oregon State University. Those characters demonstrating important

differences between populations were employed in the second phase of

evaluation, discriminant function analysis.

The discriminant function approach combines the values of

several variables to derive a sensitive statistical partition between

two or more groups. It is based on a distance function first for-

mulated by Mahalanobis (1936) and later elaborated by Rao (1952). In

this study, selected variables for a given species were used to

characterize samples from both John Day River and Malheur River,

and a distance function between the two was computed on the basis

of these characterizations. Using the same variables, individuals

from different Harney Basin samples were then given a certain

probability of belonging to one or the other population. As a check,

John Day and Malheur River individuals were evaluated on the basis

of their own distance function.



DISTRIBUTION AND AFFINITIES OF THE FISH FAUNA

The total number of collection sites from which specimens were

examined is shown in Figure 3, followed by a checklist of the known

distribution of fishes in Table 4. Three species having limited

occurrence show noteworthy distributional correlations (Figure 4).

Silvies River is the only Harney Basin stream to contain Acrocheilus

alutaceus and Catostomus macrocheilus, both of which are abundant

in the main river but absent from its upland tributaries (e. g., Scotty

Creek and Emigrant Creek). These also inhabit John Day and

Malheur rivers, yet neither occurs in the south fork of John Day

River above the barrier falls. Ptychocheilus oregonensis has a

similar distribution pattern, except that two specimens were collected

from Blitzen River just above Malheur Lake. It is apparently absent

from all other sections of Blitzen River where ecological conditions

seem otherwise favorable to its existence. The combined occur-

rences of these fishes suggests that they gained access to Silvies

River from either John Day or Malheur tributaries sometime after

the basin's initial isolation.

A trellis diagram based on the data of Table 4 is presented in

Figure 5. Linear arrangement of the streams is such that those with

similar faunal components are situated close together. Perfect

correlation is shown by Scotty, Poison, and Rattlesnake creeks even

20



Figure 3. Collection sites of fish examined during
the study.
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Table 4. Known distribution of fishes in the Harney Basin and adjacent drainages, based on collections (Figure 3) and literature records.

Richardsonius Gila Acrocheilus Ptychocheilus Rhinichthys Rhinichthys Catostomus Catostomus almo Prosopium Cottus
balteatus bicolor alutaceus oregonensis cataractae osculus columbianus macrocheilus gairdneri williamsoni bairdi

a
Species present in adjacent drainages but not found in the Harney Basin include:

Malheur R. - Lampetra tridentata, Rhinichthys osculus sbsp. Rhinichthys umatillab Cottus beldingi, Cottus confusus Cottus rhoteus

John Day R - Lampetra tridentata Catostomus platyrhynchus, Salm° clarki lewisi (possibly introduced), Cottus beldingi, Cottus confusus Coatis rhotheus

So. Fk. John Day R. (above falls) - Catostomus platyrhynchus

Malheur R.
a

X X X X X X X X X

Blitzen R. X X X X X X X

Kiger Cr. X X X X

McCoy Cr. X

Riddle Cr. X X

Smyth Cr. X

Silver Cr. X X X X X

Chickahominy Cr. X X X

Warm Springs X X X X

Poison Cr. X

Devine Cr. X

Rattlesnake Cr. X

Silvies R. X X X X X X X X

Scotty Cr. X

Emigrant Cr. X X X X

John Day R.
a

X X X X X X

So. Fk. John Day
(above falls)a X X X
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though they are hydrographically isolated. Scotty Creek and SiIvies

River are almost maximally divergent, yet the former is tributary to

the latter. Much of the faunal affinity shown by the smaller creeks to

each other is due to similarities in their structural features. Stream

levels are quite shallow and beds are rarely more than a few feet

wide. The short-term extremes in the Harney Basin climate has a

more profound effect on these shallow creeks than on deeper rivers,

hence their environments are much less stable. The result in every

case has been a marked species paucity, with creek inhabitants being

those able to cope with the rapidly changing conditions. Such observa-

tions fit well with the theory of Sheldon (1968) that depth is of prime

importance in regulating the diversity of stream fishes, as well as

the suggestion of Connell and Orias (1964) that increased stability of

the physical environment ultimately accomodates a more diverse

fauna.

Examination of the affinities of certain species by means of

discriminant function analysis (Table 5) also reveals some interesting

correlations. The Harney Basin populations of Richards Onius

balteatus and Rhinichthys cataractae inhabiting Blitzen River and the

faunally isolated creeks show a strong alliance to Malheur River

stocks. However, in central Silvies River the affinity of

Richardsonius balteatus shifts to John Day River. Ptychoch.eilus

oregonensis and Catostomus macrocheilus in Silvies River also



Table 5. Evaluation of discriminant function analysis. The number of individuals in each sample affiliated with either Malheur River or john Day
River is given, followed by the range of individual probabilities (in parentheses).

aAnalysis based on 3 fin ray counts

bAnalysis based on 11 body proportions

cAnalysis based on 11 body proportions and 4 scale counts

dAnalysis based on 10 body proportions

eM. R. = Malheur River
f
j. D. R. = John Day River

Richardsonius balteatusa Ptychocheilus oregonensis Rhinichthys cataractae Catostomus macrocheilus
eM. R. J. D. R. M. R. J. D. R. M. R. J. D. R. M. R. J. D. R.

Malheur R.

John Day R.

So. Fk. John Day
(above falls)

Blitzen R.

Kiger.Cr.

McCoy Cr.

Riddle Cr.

Smyth Cr.

Silver Cr.

Chickahominy Cr.

Warm Springs

Silvies R.

Emigrant Cr.

68( . 642-. 999)

1(.508)

24(.869-.999)

105( . 928-. 999)

30( . 979-. 999)

30( . 979-. 999)

30( . 979- . 999)

40( . 869-. 999)

30( . 979-. 999-)

30(.979-.999)

25( . 989-, 999)

6( . 508-. 963)

30( . 766-. 999)

11(.519-.999)

49( . 653-. 999)

0

0

0

0

0

0

0

0

0

78( . 519-. 999)

0

20( .

2( .

2( .

14(

822-.

571-,

810-.

. 519-.

999)

812)

999)

999)

1(.580)

21( . 749-1.000)

0

28( . 688-1.000)

22( . 851-1.000)

0

SO( . 665-1.000)

4( . 999-1.000)

18( . 582-1,000)

28( . 662-1.000)

6( .986-1.000)

1( .

10(.

13(.

2( .

2(.

26( .

620)

995-1.000)

595-. 999)

997- . 999)

745-. 899)

515-1.000)

0

27(

6( .

3(

694-.

617)

. 622-.

999)

824)

3( .

20( .

18(

627-. 787)

585-. 999)

. 628-. 999)
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exhibit similar alliances. The sample of P. oregonensis from

Blitz en River is too small to judge, although it does follow the pattern

of the other species. While the affinities of Rhinichthys cataractae

in central Silvies River are almost equally divided between John Day

and Malheur River stocks, there is a much higher proportion of

individuals allied to John Day River than in the other streams of the

basin.

A few anomalies are apparent. The affinities of Richardsonius

balteatus and Rhinichthys cataractae inhabiting Emigrant Creek, an

upland tributary of Silvies River, are similar to those in other Harney

Basin streams; they appear closely related to Malheur River popula-

tions. The same is true for R. balteatus above the falls of the south

fork of John Day River. Figure 6 shows the variation in numbers of

anal fin rays in different populations of the redside shiner; those

occurring in the various isolated creeks, Blitzen River, Emigrant

Creek, and above the falls of the south fork of John Day River possess

considerably fewer anal fin rays than populations in Silvies and the

mainstream of John Day River. These fish belong to the subspecies

Richards onius balteatus hydrophlox, which also exists in several

isolated drainages of the Columbia system, including the upper Snake

(Gilbert and Evermann, 1894). The Silvies and John Day River forms

are the common lower Columbia subspecies R. b. balteatus. Malheur

River populations of the redside shiner tend greatly towards
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hydrophlox although considerable overlap suggests that both forms,

and possibly intergrades, are present. The overlapping ranges of

anal, as well as dorsal and pectoral fin rays, have resulted in the

moderate degree of misclassification by discriminant analysis for

this species in Malheur River.

Several species in the Harney Basin possess characters that

deviate from those in the populations inhabiting both adjacent drain-

ages. The frequency of occurrence of maxillary barbels in

Rhinichthys osculus (Table 6) is reduced in many basin streams when

compared with Malheur and John Day River speckled dace. This

reduction is most striking in dace from the Warm Springs where

barbels are almost completely absent, as was previously noted by

Snyder (1908). Warm Springs R. osculus also exhibit moderate

dwarfism. The largest individual from samples totaling over 200

measured 44.2 mm standard length, which is far below the normal

maximum size for this species.

Differentiation from the typical lower Columbia morphotype

also exists in several characters of Catostomus columbianus from

the Harney Basin. There is a tendency toward significantly larger

scales. Figure 7 shows that populations from the basin have fewer

lateral line scales than those from either John Day or Malheur River.

Smith (1966) reported a similar reduction in the average number of

predorsal scales, in addition to slightly fewer vertebrae. The



Figure 4. Distribution of Acrocheilus alutaceus (circles),
Ptychocheilus oregonensis (squares), and
Catostomus macrocheilus (triangles), the Harney
Basin and adjacent drainages based on collections
and literature records.
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Figure 5. Trellis diagram based on the data of Table 4. The
numbers in the trellis represent values of com-
puted for each possible stream combination. Dii
is a relative dispersion index calculated according
to the formula Dii = Ni + Ni 2Nii where Ni

andN are the number of species in streams i
J

and j respectively, and Nii is the number of
species they have in common. The higher the Dii
value, the less similar the total fish fauna of any
two given streams. This approach was kindly sug-
gested to me by Overton and is adapted from
McIntosh (1967).
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Malheur R. 79
Blitzen R.-105

Kiger Cr. 30
McCoy Cr. 30

Riddle Cr. 30

Smyth Cr.-40

Silver Cr.-30

Chickahominy Cr.-30

Warm Springs-25

Silvies R.-14

Emigrant Cr.-30

John Day R.-50

So. Fk. John Day R.-24
(above falls) till ill I I

7 8 9 10 11 12 13 14 15 16 17 18 19

ANAL FIN RAYS

Figure 6, Variation in the number of anal fin rays in
Richardsonius balteatus. The sample size follows
each location. Sample ranges are indicated by the
basal line; the black rectangle outlines d two
standard errors of the mean (vertical line), and
the open rectangle encloses one standard deviation
on either side of the mean.
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Table 6. Presence of maxillary barbels in Rhinichthys osculus.
Sample sizes (in parentheses) follow locations; those
containing fewer than 10 individuals are omitted.

33

Left barbel
To

Right barbel
070

Malheur R. (43) 98 95

Blitz en R. (42) 62 62

Kiger Cr. (21) 71 67

Riddle Cr. (30) 80 80

Smyth Cr. (20) 65 90

Silver Cr. (26) 88 81

Warm Springs (57) 0 4

Poison Cr. (30) 73 73

Rattlesnake Cr. (13) 85 69

Scotty Cr. (30) 27 37

John Day R. (30) 97 90



Malheur R. 5 2
Blitzen R. 14
Kiger 1

Silver Cr.-11
Silvies R. 2
Emigrant Cr. 24
John Day R. 37
So. Fit. John Day R. 8

(above falls)

90 95 100 105 110 115

LATERAL LINE SCALES

Figure 7. Variation in the number of lateral line scales in
Catostomus columbianus. See legend of Figure
6 for an explanation of the diagrams.
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insufficiently sampled population occurring above the falls of the south

fork of John Day River appears intermediate between the Harney

Basin and Columbia forms with respect to scale size. There is a

possibility that C. columbianus in the Warm Springs noted by Smith

(1966) may now be extinct due to the introduction and proliferation of

carp, as none were found there during 1968 collections.

Smith (1966) noted many similarities between isolated head-

water populations of Catostomus columbianus. His description of a

new subspecies C. c. hubbsi from Wood River of the Snake drainage

was based chiefly on lip structure, dorsal fin rays, and gill raker

counts. Examination of Harney Basin populations clearly indicates

several morphological variations from this subspecies, yet they

share many important features. The Harney Basin forms appear

most similar to those of the Palouse River of eastern Washington and

western Idaho, and above the falls of Crooked River, a part of the

Deschutes drainage. If these populations represent derivatives of

different stages in the evolution of C. columbianus as Smith (1966)

has suggested, then isolation of the Harney Basin, Palouse River,

upper Crooked River, and possibly the south fork of John Day River

may have occurred during roughly the same interval of geologic time.

Many streams in the basin have been stocked with both rainbow

and brook trout. However, the presence of native trout was reported

by Snyder (1908) in Silvies River. Samples from isolated creeks
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located chiefly on privately owned land indicate that the "native"

Salm° gairdneri have finer scales and more gillrakers than exotic

stocks. These fish are brightly colored when alive; the ventral sur-

face has an orange tinge and spots on the dorsal and lateral surfaces

are large, particularly in the region of the caudal peduncle.

As was noted by Bond (1963), two distinct forms of Cottus bairdi

are present in the Harney Basin. The Blitzen River population

closely resembles those inhabiting the various faunally isolated

creeks, while differing in several characters from the heavily

prickled central Silvies form (Table 7). Of distributional importance

is the occurrence of smooth bodies sculpins in Scotty Creek, a

tributary of upper Silvies River. Malheur River C. bairdi are inter-

mediate in both prickling and lateral line completeness between pop-

ulations from the central Silvies and other basin streams.

Bond (1963) treated both Harney Basin forms as variates of the

subspecies Cottus bairdi semiscaber. The Blitzen River and isolated

creek sculpins are similar to both semiscaber of the upper Snake

and Bonneville systems and the subspecies C. b. punctulatus of the

northern Rocky Mountain region. Silvies River sculpins show much

greater affinity for the central Columbia semiscaber C. hubbsi of

Bailey and Dimick, 1949) in the possession of prickles and a complete

lateral line. The Malheur River population is clearly a central

Columbia form, although not nearly as distinctive as the one in



Table 7. Variation in lateral line completeness and body prickling in Cottus bairdi.
Sample sizes (in parentheses) follow locations.

Complete lateral line
Body area covered by prickling

(avg. % per region)a
a

Malheur R. (23) 70 16 10 8 2

Blitzen R. (39) 10 1 0 3 0

Kiger Cr. (7) 0 4 0 6 0

Riddle Cr. (22) 9 1 0 0 0

Silver Cr. (22) 0 1 0 0 0

Poison Cr. (4) 0 0 0 0 0

Rattlesnake Cr. (5) 0 0 0 0 0

Siivies R. (20) 90 78 80 42 22

Scotty Cr. (4) 25 1 0 0 0

Upper Snake; Bonneville (23) 0 1 0 2 0

aSee Figure 2.
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Siivies River. Sculpins may now be extinct in Rattlesnake Creek,

the type locality of Potamocottus bendirei (= Cottus bairdi semiscaber)

since no specimens could be found there by Bond in 1961 or 1965,

or on several occasions by Davis (1969, personal communication)

in 1965 or 1966.

Six species are known to have been introduced into Harney

Basin waters, three of which are now quite scarce there. These are

Salvelinus fontinalis, Perca flavescens, and Lepomis gibbosus.

Cottus rhotheus is present in the basin only in Fish Lake high on

Steens Mountain. It was probably introduced with trout plantings,

since Fish Lake is believed to have been barren of fish until trout

were first stocked there (Bond, 1963). Carp are abundant in the

lower reaches of Silvies and Blitz en rivers, Silver Creek, and the

Warm Springs. Salmo gairdneri has been planted in many upland

streams in the basin, a condition making designation of native stocks

difficult.



DISCUSSION

Distributional patterns must be viewed in the context of hydro-

graphic history and ecological considerations. The following briefly

summarizes the alternative consequences of past events.

Fishes in the Harney Basin could have originated solely

from the basin's ancient connection with Malheur River via

Malheur Gap. If such were the case, each species would

have equal access to every stream, the only limitations

being of an ecological nature. The hydric conditions that

occurred during early post-glacial times resulted in more

broadly established stream connections, as no permanently

flowing streams in the basin are devoid of fish life. Sub-

sequent isolation of many populations caused by widespread

dessication could have made possible a certain degree of

endemism, but it is doubtful that major differences would

arise between streams with similar environmental

properties.

A secondary- invasion of Columbia fishes after the damming

of Malheur Gap could have been superimposed on the pre-

existing fauna. The physiography of the Harney Basin sug-

gests two possibilities for this occurrence. The first

involves stream capture over the Ochoco-Silvies surface
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between SiIvies River and tributaries of either Malheur or

John Day River. In such an event the invaders would

radiate in a downstream direction. Ramification into the

upland tributaries of Siivies River would be determined

by the permanency of their connections with the mainstream

and by habitat preferences of individual species. Whether

or not the invaders traversed Malheur and Harney Lakes

would depend on habitat preferences, water quality, and

hydrographic access.

3. The other possibility of a secondary connection would be

through an outflow into Malheur River by Pluvial Lake

Malheur. Radiation would then proceed upstream into both

Siivies and Blitzen River. Such a high water stage as

would be necessary to overflow Malheur Gap would greatly

freshen the waters of Harney Lake, if indeed the two lakes

were distinct, thus allowing for invasion of Silver Creek.

Either stream capture or lake overflow would be most likely to

occur during particularly moist periods. Such conditions have pre-

vailed only twice in the Harney Basin since Pleistocene glaciation;

the first lasted until 15,000 years ago and the second has endured

from 4,000 years to the present. If secondary incursion of fishes

took place during the earlier time period, the invaders would have

had ample opportunity to spread to all regions of the basin when
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connections were more broadly established. However, if the inva-

sion occurred recently, distributional patterns would vary according

to the nature of transfer. Stream capture between SiIvies and either

John Day or Malheur River could result in the occupation of (a) cen-

tral Siivies River only, (b) Siivies River and its tributaries, (c) both

Siivies and Blitzen River, following the crossing of Malheur Lake,

or (d) Siivies River, Blitzen River, and Silver Creek after the cros-

sing of Malheur and Harney lakes. The overflow of Pluvial Lake

Malheur would have facilitated the invasion of SiIvies River, Blitz en

River, and possibly Silver Creek.

Chemical analyses indicate that Harney Lake is presently too

alkaline to support fish life, causing the faunal isolation of Silver

Creek and Warm Springs. These conditions, if present during the

time of a secondary invasion, would be sufficient to halt the spread

of fishes from Malheur Lake. The fact that the water of Malheur

Lake is much less saline suggests that no chemical barrier to dis-

persal exists between the Silvies and Blitzen drainages. However,

due to its extensive seasonal fluctuation the water quality of the lake

varies greatly. During the height of summer dessication Malheur

Lake may recede so far that connections with either Silvies or

Blitzen River are disrupted. Similar conditions occur in upland

tributaries of the central rivers and in the isolated creeks. At least

4 miles of lower Emigrant Creek were dry during August, 1968.
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The apparent extinction of Cottus bairdi in Rattlesnake Creek during

historical time may have resulted from such climatic harshness.

Both the distribution and affinities of species in the Harney

Basin indicate that a secondary connection resulting in fish transfer

has indeed taken place, and that the subsequent invasion has been

confined to central Siivies River. This is the only stream to con-

tain Acrocheilus alutaceus and Catostomus macrocheilus. It is also

the only one in which Ptychocheilus oregonensis is abundant, as only

2 specimens are known from elsewhere in the basin. These species

are all absent from the upland tributaries of Silvies River, although

this may be due to habitat preference. In addition, the crayfish

Pacifastacus leniusculus klamathensis is known from Silvies and

John Day River, but has not been reported from Malheur River

(Miller, 1960). Discriminant analysis of 4 fish species has shown

that central Silvies populations are predominantly affiliated with those

from John Day River. In all other streams of the basin, including a

Silvies tributary, the affinities lie with Malheur River. The distribu-

tion of smooth and prickled Cottus bairdi coincides nicely with this

pattern. This evidence strongly suggests that the secondary con-

nection has been in the form of stream capture between Silvies and

John Day River.

The differentiation exhibited by several species in certain

regions of the Harney Basin has resulted from prolonged isolation
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from the Columbia system. Endemism in Rhinichthys osculus from

Warm Springs has probably been accelerated by the unusual environ-

mental conditions. Smith (1966) theorized that Catostomus

columbianus represents the isolated derivative of an earlier stage in

the evolution of the species, being barred from more intensive

speciation taking place in the lower Columbia. His discovery of

similarly variant populations in other disrupted Columbia fragments

lends credence to this hypothesis. Limited data from collections of

Salmo gairdneri indicate the presence of a native Harney Basin form.

However, introductions into most major streams invalidate compari-

son with adjacent drainages.

The similarity of fishes in the south fork of John Day River to

certain populations from Malheur River and the Harney Basin could

be the product of two alternative phenomena: (1) a different stream

capture which resulted in invasion of fishes from isolated regions of

the Harney Basin, or (2) isolation by the formation of barrier falls of

an older and less diverse Columbia fauna. The first alternative

seems unlikely because the south fork contains Catostomus

platyrhynchus and lacks such species as Cottus bairdi. The second,

however, might explain the absence of Catostomus macrocheilus,

Acrocheilus alutaceus, Ptychocheilus oregonensis, and several

species of Cottus; all of which are abundant below the falls.

A theory of the origin and distribution of fishes in the Harney
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Basin based on evidence summarized above is now advanced. Popula-

tions inhabiting the Blitzen drainage, Riddle and Smyth creeks,

Warm Springs, Silver Creek, Poison Creek, Rattlesnake Creek, and

the upland tributaries of Siivies River originated from the basin's

Pleistocene connection with Malheur River. Some species still main-

tain strong affinity for their ancient Malheur congeners; other vary

in several respects. Such variation may be attributed to evolutionary

divergence or to the retention of characters that have been sub-

sequently lost from Malheur River populations. The presence of

lower Columbia forms in central Silvies River implies the occurrence

of a secondary invasion, and discriminant analysis indicates that this

has resulted from stream capture with John Day River. The theory

of a successful secondary invasion is contingent on the assumption

that the invaders held some adaptive superiority over resident

populations and were able to expand at the expense of these popula-

tions until restricted by physical or ecological barriers. Malheur

Lake and the occasionally interrupted lower reaches of tributaries

have evidently fulfilled such barrier requirements for the central

Silvies fauna.

Inferences regarding the sequence of species radiation can also

be drawn from regional patterns of distribution. Fishes entered the

Harney Basin from Malheur River during late Pleistocene periods

of great precipitation. Stream connections were broadly established



and invasion of now-isolated areas took place. The damming of

Malheur Gap occurred during this time, followed by formation of

Pluvial Lake Malheur. Increased dessication until about 4,000 years

ago caused the faunal isolation of Blazer' River and the other hydro-

graphically discreet drainages in the basin. These streams today

contain relict populations derived from the ancient connection with

the Snake system. Certain Malheur River populations as well as

those existing above the falls of the south fork of John Day River

are also remnants of an older and more widespread fauna. Dis-

tributional evidence indicates that this included: Richards onius

balteatus hydrophlox, Gila bicolor, Rhinichthys cataractae,

Rhinichthys osculus, Catostornus colurnbianus, Catostomus

platyrhynchus, Salmo gairdneri, and Cottus bairdi. Such Harney

Basin inhabitants as Acrocheilus alutaceus and Catostomus

macrocheilus, which are present only in central SiIvies River,

probably invaded the John Day and Malheur drainages after the

initial isolation of the basin, but were available for entry at the

time of secondary stream capture. Several species now found in the

John Day which do not occur in SiIvies River (Table 4) may have

arrived so recently, that the secondary connection had been terminated

and invasion was impossible. A few of these species have also

spread through the Snake into Malheur River. One exception is

Cottus confusus, which is common in upstream areas adjacent to the

45



Harney Basin. This cold-loving species is believed by Bond (1968,

personal communication) to have achieved its present distribution

during the post-glacial melting. If it ever entered the basin, how-

ever, it has since disappeared.
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SUMMARY

1. Fishes in the Harney Basin were originally derived from a

Pleistocene connection with Malheur River of the Snake system.

Portions of this fauna invaded all permanently flowing waters

prior to isolation of the basin when the Voltage eruption dammed

Malheur Gap.

Z. The local distribution of species within the basin was generally

found to be a function of habitat preference rather than of hydro-

graphic history. Small, shallow creeks tended to be inhabited

by a few species that were able to cope with the unstable climate.

The larger rivers, with increased climatic stability and struc-

tural diversity, accomodated many more forms.

Differentiation of several Harney Basin species is attributable to

prolonged isolation from the Columbia system. Such endemics

appear to include variates of Rhinichthys osculus, Catostomus

columbianus, and Salmo gairdneri.

The affinity of certain central Silvies River species for their

John Day counterparts as shown by discriminant analysis opposes

the assumption that they originated from Malheur River stocks.

The additional presence of Acrocheilus alutaceus, Catostomus

macrocheilus, and the crayfish Pacifastacus leniusculus

klamathensis supports the theory that much of the central Silvies

47



48

fauna was derived from stream capture with a tributary of the

John Day. This secondary invasion has apparently been confined

to the mainstream, as upland tributaries have retained the more

ancient populations. In addition, Malheur Lake has served as a

barrier to further radiation into the Blitz en River drainage.

Paleoclimatic evidence suggests that the stream capture most

likely occurred at a time of peak rainfall during the relatively

moist period from 4,000 years ago to the present.

The fishes occurring in the south fork of John Day River above

the barrier falls also represent isolated relicts of an older and

less diverse Columbia fauna than presently inhabits the main-

stream. Important species differences indicate that this drain-

age is not directly related to the Harney Basin.

Forms found in the Blitzen drainage and isolated creeks of the

Harney Basin existed in the Snake system prior to the damming

of Malheur Gap. Those present only in central Silvies River

invaded John Day and Malheur River after initial isolation of the

basin, and entered by means of the stream capture. Species

presently inhabiting the John Day tributaries but not occurring in

Silvies River probably radiated into these areas after the secon-

dary connection had been terminated.
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