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MORPHOLOGICAL AND MERISTIC CHARACTERISTICS OF TEN POPULATIONS
OF BLACKSIDE DACE, Rhinichthys osculus nubilus (GIRARD),

FROM WESTERN OREGON

INTRODUCTION

General Background

The blackside dace, Rhinichthys osculus nubilus (Girard), is

found in both the coastal and Willamette River drainages of Oregon as

far south as the Coquille River. The subspecific name nubilus is

presently used to describe specimens found on both sides of the Coast

Range of Oregon, but Bond (1961) and others have noted morphological

differences between individuals from opposite sides of the Coast

Range (Figure 1).

This thesis defines the morphological and meristic variation

present among ten populations of blackside dace in Oregon, and explores

the possible basis of this variation and the insight it might provide

into the origins of western Oregon fish fauna.

Purpose of StudY

Morphological and meristic characters have been given much

attention because of their importance in taxonomic descriptions of

fishes. The blackside dace is both abundant and widely distributed

in western Oregon, but detailed knowledge of variation in the morpho-

logical characteristics of members of the genus Rhinichthys is present-

ly lacking (Becker* 1962). This study provides that knowledge for the
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Figure 1. General appearance of Rhinichthys osculus
nubilus from western Oregon Willamette
Valley (top, from Marys River) and coastal
(bottom, from Alsea River) collections.
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blackside dace in Oregon, and contributes to the evaluation of mor

phological and meristic characters as stable taxonomic criteria.

Review of the Literature

The blackside dace in Oregon was originally described in 1856

by Girard as Argyreus nubilus. The species was placed into the genus

Apocooe in 1883 by Jordan and Gilbert, and into the genus Agooia by

Gilbert and Evermann in 1894. Several authors had noted that it dif

fered from the genus Rhinichthys only in having a protractile maxillary,

and ultimately this led to the incorporation of Agosia into that genus

(Jordan and Evermann, 1896).

RhinichthYs osculus nubilus is found in the lower Columbia

River and in coastal streams of Oregon and Washington (Schultz, 1936).

According to Snyder (1908) coastal populations are derived from the

Columbia River. Several pathways of western Oregon dispersal of fishes

from the Columbia River have been proposed, the most notable being

stream captures such as the tributary status of the Long Tom River to

the Siuslaw River in the late Cenozoic discussed by Baldwin and Howell

(1949).

The genus Rhinichthys has been described as highly variable

(Carl, Clemens, and Lindsey, 1959), and comparatively little previous

study has been made of its members. Variation has been studied for only

a few species within the genus (Becker, 1962; Schontz, 1963), but not

at all for R. osculus nubilue.

Variation has been noted in R. osculus by several authors. The

species was described as lacking a frenum, but Miller (1946) mentions
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that some specimens definitely possess this character although it is

very reduced. The species is also generally described as always

having seven anal fin rays, but Sigler and Miller (1963) report that

some Utah specimens have been found with only six.

Western Oregon has many isolated populations of blackside dace,

and these populations also occur over the environmental variables of

differing latitude and coastal versus valley climates. Isolation of

populations of the same fish species from one another or the spreading

of populations into new environmental gradients has long been thought

to provide the stimulus for racial differentiation (Hubbs,1926, 1928,

1940). The morphological aspects of this differentiation are often

strikingly variable within a single population as well as in larger

distributional aggregates, and Hill and Jenssen (1968) state that

both environmental and genetic factors are responsible for these

morphological differences.

The effect of environment on the morphology of fishes has been

demonstrated experimentally with many species. 'awing (1952) showed

that the environment can alter the morphology of fishes during their

early development. Gabriel (1944), Hubbs (1922), Itazawa (1959),

Krueger (1961), Lindsey (1953, 1954, 1962), Schultz (1926), Seymour

(1959), and Weisel (1955) established temperature as an influencing

factor on meristic characters. Other environmental factors that have

been shown to alter morphology of fishes are salinity (Lindsey, 1962;

Heuts, 1949), carbon dioxide (Strewn, 1961), light intensity (McHugh,

1954), light duration (Lindsey, 1958), and x-irradiation (Egami,1963).

Response to environmental conditions has also been altered experimen-
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tally by varying the genetic make-up of fishes (Gabriel, 1944;

Itazawa, 1959; Seymour, 1959; 'lining, 1952).



DESCRIPTION OF THE STUDY AREA

GeneXii
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The study area comprised ten of the major streams originating

in the central part of the Coast Range of Oregon. Six of the streams

drain westward to the Pacific Ocean and four eastward to the Willamette

River (Figure 2).

The streams collected all exhibit general environmental simi-

larity near their headwaters. Annual rainfall varies from about 55

inches to more than 160 inches* with Willamette Valley locations

usually near the lesser and coastal areas tending toward the higher

amounts (U.S.D.C., 1971). Stream flows vary greatly between extreme

winter runoffs and low summer flows. The moist climate of the area

produces dense vegetation consisting mainly of Douglas-fir, spruce,

and hemlock with alder and willow dominating most stream -side situ-

ations.

Congiderstions

The present topography of western Oregon is the result of a

combination of structural and erosional activities. The study area

had developed into a large, low plain by the Cretaceous period

(Weaver, 1937). Through several periods of inundation by the sea

during the Eocene, Oligocene, and Miocene, freshwater fishes were

effectively excluded from permanent residence. By the late Pliocene,

the ocean waters had retreated completely and regional diastrophism

had produced the Coast Range and Cascade Mountains with the intervening
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Figure 2. Map showing the location of study streams and collecting

sites. Collecting sites designated by darkened circles.



Willamette basin (Baldwin, 1959). The Coast Range became a barrier

to movement of freshwater fishes between Willamette Valley and

coastal drainages.

During the Pleistocene, ice dams produced by glacial action

to the north blocked the Columbia River and resulted in the flooding

of the Willamette Valley to a depth of 400 feet (Baldwin, 1959).

Deep erosion following the uplift of the Coast Range also tempor

arily resulted in the Long Tom River flawing west as a tributary

of the Siuslaw River (Baldwin and Howell, 1949).

Postglacial climates were warmer and drier than at present.

Reduced stream flows probably then resulted in increased estuarine

salt gradients and reduced the seaward extension of streams. This

would have limited the movement of freshwater fishes along the coast.

Cool and moist conditions have prevailed for the last 4,000 years

(Hansen, 1947).
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METHODS AND MATERIALS

This study is based on personal collections made during late

spring and early summer 1972.

Streams collected were Rickreall Creek, Yaquina River, Marys

River, Alsea River, Long Tom River, Siuslaw River, Coast Fork Wil-

lamette River, Umpqua River, Millicona River, and Coquille River

(Figure 2). Collection sites were selected for environmental simi-

larity under the following criteria: near headwaters; section of

alternating riffles and pools; free flowing water; depth, six to

eighteen inches; and bottom composition, rock rubble or fractured

bedrock.

All collections were made during daylight hours with a battery

powered, backpack mounted, Smith-Root Type V electrofisher.

Collected fish were preserved in a 7.4% solution of formalin

in water. After fixation for two weeks, specimens were transferred

to 36.5% isopropyl alcohol.

Thirty sexually mature specimens from each location were

chosen for study, and counts and measures of individual characters

were made following procedures outlined by Hubbs and Lagler (1958);

a list of those used in the study is presented in Table 1. Lengths

of different body structures were determined to the nearest 0.1 mm

using a direct reading dial caliper. Scale and barbel counts were

conducted with the aid of a stereoscopic dissecting microscope.

Vertebrae and fin ray counts were made from radiographs made at the

Oregon State University X-ray Science and Engineering Laboratory.
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Specimens were prepared for x-ray by severing the left pectoral

fin proximal to the radial bones and placing it flat beside the fish.

All radiographs were made with 4astman Kodak RP/M film.

Table 1. Morphological and meristic characters examined during the
study.

Depth of body

Depth of caudal peduncle

Length of snout

Length of pectoral fin

Length of upper lobe of caudal fin

Number of vertebrae

Number of dorsal fin rays

Number of anal fin rays

Number of pectoral fin rays

Number of scales in the lateral line

Number of scales above the lateral line

Occurrence of maxillary barbels

Presence of frenum

All measurements were converted for analysis by dividing them

by the standard length of their respective specimen. Converted

measurements and all meristic counts were punched onto IBM cards

and run through a basic statistic program at the Oregon States Univer-

sity Computer Center to obtain mean, standard error of mean, and

standard deviation for each sample.



MORPHOLOGICAL CHARACTERISTICS

Depth of Body

Body depth was not greatly different between blackside dace

from coastal and Willamette Valley drainages. Only specimens from

the Marys and Long Tom rivers had deeper bodies than fish from other

areas (Figure 3). Stomach fullness was found to be similar in all

samples.

Body depths to standard length ratios ranged from .185 to

.272 in all fish examined and averaged .204 to .225 in all streams

except the Marys and Long Tom. Mean ratios for specimens from the

Marys and Long Tom rivers were both .243.

Depth of Caudal Peduncle

No difference in depth of the caudal peduncle was apparent

between coastal and Willamette Valley populations (Figure 4). Caudal

peduncles of fish from the central part of the study area averaged

slightly deeper than those of fish collected to the north or south.

Depth of caudal peduncle to standard length ratios ranged

from .101 to .138 in all fish examined and averaged from .114 to

.125. Fish from the Marys, Long Tom, Yaquina, Alsea, and Siuslaw

rivers exhibited the greatest caudal peduncle depth.

Length of Snout

Snout lengths of blackside dace from Willamette Valley drainages

were shorter than those of fish from all coastal drainages except the
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Figure 3. Variation in the depth of the body of Rhinichthys osculus
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side of the mean.
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Figure 4. Variation in the depth of the caudal peduncle of Rhinichthys
osculus nubilus from western Oregon. Units are ratio of

depth of caudal peduncle/standard length. See legend of

Figure 3 for an explanation of the diagrams.
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Millicoma River (Figure 5). Parallel north-south clines were evident

on both sides of the Coast Range for this character if the anomalous

Coquille River were excluded. The longest snout lengths were ob-

served in the central study streams of each aide.

Snout length to standard length ratios ranged from .073 to

.109 in all fish examined and averaged from .081 to .067 and .084 to

.100 for specimens from coastal and Willamette Valley drainages

respectively.

Length of Pectoral Fine

Average pectoral fin length was a fairly uniform character for

blackside dace from western Oregon when both sexes were considered

(Figure 6). However, the pectoral fins of male specimens were found

to average longer than those of females adding to the variation present

in each sample. Unfortunately, the limited number of male fish in

sample collections precluded definition of this variation.

Pectoral fin length to standard length ratios ranged from .153

to .254 in all fish examined and averaged from .190 to .215 for all

collection sites.

Length of the timer Lobe of the Caudal Fin

The length of the upper lobe of the caudal fin was found to

be a uniform character in blackside dace from all study streams ex-

cept Rickreall Creek where this dimension was noticeably greater

(Figure 7).



0U

!III!
.077 ,083 091 400 fll

rte- i

II

I1

15

/

.077 .083 091 J 00II I m All n=30

Figure 5. Variation in the length of the snout of Rhinichthys osculus
nubilus from western Oregon. Units are ratio of length of
717115tandard length. See legend of Figure 3 for an
explanation of the diagrams.



J
-J

1

.156 J67 J79 .192 ,208 ,22,7 .250

1-111111F-1

1-11161-1

// /
/ /\

Ts / N,.,
S.

/ / '"\ \
/ / .....

16

/

//

.156 .1F ,I79 .192 208 .227 ,250 Al I n=30

Figure 6. Variation in the length of the pectoral fin of Rhinichthys
osculus nubilus from western Oregon. Units are ratio of

length of pectoral fin/standard length. See legend of

Figure 3 for an explanation of the diagrams.



17

Figure 7. Variation in the length of the upper lobe of the caudal fin
of Rhinichthys osculus nubilus from western Oregon. Units

are ratio of length of upper lobe of caudal fin/standard

length. See legend of Figure 3 for an explanation of the

diagrams.
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The ratios of this measurement to standard lengths ranged

from .164 to .265 in all fish examined and averaged from .195 to .215

in all collection sites except Rickreall Creek. The mean value for

specimens from Rickreall Creek was found to be .236.

Presence of Frenum

None of the blackside dace collected during this study possessed

a frenum.
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MRISTIC CHARACTERISTICS

Number of Vertebrae

A difference was found between the number of vertebrae of

coastal and Willamette Valley blackside dace. This difference is

readily apparent in Figure 8.

The number of vertebrae found ranged from 37 to 41 for all

study locations, but usually varied over a range of only three in

fish from any one stream. Coastal specimens had from 38 to 41 ver-

tebrae with mean values from 39.4 to 40.1 versus 37 to 40 and 38.5

to 38.7 for those from Willamette Valley collections.

Number of Dorsal Fin Hay

The number of dorsal fin rays was found to be eight in 95%

of blackside dace collected in the study. However, at least one

specimen from each Willamette drainage collection site had nine

dorsal fin rays, while specimens from only two coastal streams had

this number (Table 2).

Number of Anal Fill Rasp

The number of anal fin rays was found to be seven in 47%

of blackside dace collected in the study. However, a few fish were

found to have eight or nine anal rays (Table 3).

Number of Pectoral Fin RATS

Of the three fins examined, the pectorals displayed the
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Figure 8. Variation in the nuilber of vertebrae of 11.,

Ep..1):0411ja fromcwestern Oregon.
See legend of Figure 3fa an

elanation of the diagramsxli .
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greatest variation in number of rays. Little variation was evident

for this character between study streams except for Umpqua River

specimens which averaged slightly fewer rays than fish from other

sites (Figure 9).

Counts ranged from 10 to 18 rays for all fish examined, and

mean count values by location exclusive of the Umpqua River ranged

from 12.5 to 14.0 rays. Umpqua River specimens averaged 11.6 pec-

toral fin rays.

Table 2. Occurrence of nine dorsal fin rays in RhinichthYs osculus
nubilus from western Oregon. Sample size 30 for all
locations.

Location Specimens with nine dorsal fin rays

4.0 Rickreall Ck. 13.3

1

Marys R. 13.3
Long Tom R. 6.7
Coast Fork Willamette R. 3.3

-&

R. 0
0

+3 Siuslaw.R. 0
: Umpqua R. 6.7
3 Pillicona R. 6.7

Coquille R. 0

Number of Scales in the Lateral Line

A difference was found in number of lateral line scales be-

tween coastal and Willamette Valley populations of blackside dace.

This difference is readily apparent in Figure 10.

The number of lateral line scales ranged from 47 to 71 for

all study locations. Coastal specimens had from 51 to 71 lateral
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3 for an explanation of the diagrams.
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line scales with mean values from 57.1 to 64.6 versus 47 to 58 and

50.8 to 52.5 for fish from the Willamette Valley collections.

Table 3. Occurrence of more than seven
osculus nubilus from western

anal fin
Oregon.

rays in Rhinich.klvp
Sample size 30 for

all locations.

Location Number of fin rays

Eight Nine

043 Rickreall Ck. 3.3 3.3
*P Narys R. 3.3 0

Long Tom R. 6.7 0
Coast Fork Willamette R. 0 0

Yaquina R. 0 0
Alsea R. 0 0
Siuslaw R. 3.3 0
Umpqua R. 0 0

c Millicoma R.
Coville R.

0
0

6.7
0

Number of Scales Above the Lateral Line

Counts of scales above the lateral line followed the pattern

of scales in the lateral line with an apparent difference between

coastal and Willamette Valley collections (Figure W.

The number of scales above the lateral line ranged from 9

to 16 for all fish examined. Coastal specimens had from 11 to 16

scales above the lateral line with mean values from 12.0 to 13.9

versus 9 to 12 and 10.4 to 10.8 for fish from the Willamette

Valley collections.
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Occurrence of Maxillary Barbekp

Maxillary barbels were present in at least 93.3% of Willamette

Valley blackside dace. Coastal populations generally had a lower

percentage incidence of this character ranging from 26.7 to 90.0%.

Table 4. Occurrence of maxillary barbels in libinichthys osculus
nubilus from western Oregon. Sample size 30 for all
locations.

Location Left barbel
io

Right barbel

41.111.0.1.011111.11110

Rickreall Ck, 93.3 93.3
Marys R. 96.7 86.7

Long Tom R. 96.7 100.0
Coast Fork Willamette R. 93.3 93.3

Yaquina R. 20.0 26.7
1S5 it. 66.7 56.7

.;30
o

Siuslaw
Umpqua R.

33.3
83.3

33.3
80.0

o Millicoma R. 90.0 86.7
Coql)1e it. 46.7 56.7
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CONCLUDING DISCUSSION

The blackside dace varies considerably in several morphological

and meristic characteristics over its range in western Oregon.

Character of Morphological and Meristic Variation

Number of vertebrae, number of scales in and above the lateral

line, length of snout, and depth of body were characters that were

observed to vary primarily between coastal and Willamette Valley

populations of blackside dace from western Oregon. These were also

the most highly correlated characters of those examined (Appendix 1).

The observed variation in all four of these characters is prob-

ably the result of both divergent evolution resulting from isolation

and of adaptive evolution to differing environments. The steps re-

sulting in this variation probably went as follows: (1) isolation of

coastal populations from Willamette Valley gene pool, (2) environ-

mental pressure either shifting the structural manifestation of a

character within genetic outlines or selecting for adaptive genotypes,

and (3) a shift in the gene pool "range" for the character concerned

(Hubbs, 1940).

Lindsey (1958) demonstrated that many species of fish exhibit

higher meristic counts toward the ends of their ranges. Equating

end of range with a new and different environment could explain why

coastal blackside dace now have increased vertebrae and scale counts.

Length of snout and depth of body are characters directly affecting
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the adaptation of a fish to the stream environment (Hubbs, 1941).

The longer snout and narrower body of coastal populations probably

reflect a response to the slightly steeper gradients of coastal

streams. The similarity of Millicoma River gradients to Willamette

Valley drainages may explain the shorter snout length of specimens

from that stream.

Krueger (1961) states that character gradients suggest that

variation is due to variation in the environment, and many environ-

mental factors probably vary over the latitudinal range of the study

area. The character of depth of body appeared to exhibit a well de-

fined north-south gradient in collections of blackside dace from the

Willamette Valley. Measurements of depth of body were greatest in

the north-central part of the study area. The occurrence of this

gradient in Willamette Valley populations best suggests that this

character is affected by the environment because these populations

share a common gene pool.

Inter-stream Relationghins

The sample data among study stream populations for the meristic

characters of vertebrae and scale numbers suggest one interesting

relationship. Values for these characters for fish collected from

the Umpqua River appear to fall mid -,ray between those of other

coastal and all Willamette Valley stream populations. This suggests

that blackside dace may have invaded Oregon's coastal streams at

About the same time and that the Umpqua River was re-invaded from
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the Willamette basin at some later time. Under certain heavy rain-

fall conditions, a water bridge exists between the Umpqua and Coast

Fork Willamette rivers at the railroad stop of Divide, Oregon, and

a gene interchange may have occurred at this point.

Taxonomic Implications

Several morphological and meristic characteristics of the

blackside dace from western Oregon merit further serious examination

for their taxonomic implications. According to Ginsburg (1938) two

populations of a fish species should be considered different sub-

species if at least 86% divergence separates stable morphological

or meristic characters. Using this definition of a subspecies,

coastal and Willamette Valley populations of blackside dace each

deserve subspecific recognition.

Both number of vertebrae and number of scales in and above

the lateral line were observed to be characters of high specificity

in blackside dace sailed in this study. These characters were felt

to have correspondingly high value as primary taxonomic characters.

Characteristics felt to be useful as secondary taxonomic

characters were length of snout and depth of body. Length of the

upper lobe of the caudal fin could also be used to identify black-

'able dace originating in Rickreall Greek.

Perhaps none of these characters is a stable character. The

real end product of a study of this sort is not the relationships it

does or does not suggest, but rather the possibilities it opens to
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further, more sophisticated testing. The answers that are needed to

extend what this study has tried to present must be obtained through

extensive experimentation.
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SUMMARY

1. Morphological and neristic variation was observed in ten

populations of blackside dace from western Oregon.

2. The primary differences observed were between characters of

coastal versus Willamette Valley populations.

Vertebrae numbers and number of scales in and above the lateral

line were the most definitive meristic characters between

coastal and Mllamette Valley populations.

4. Variation in depth of body, depth of caudal peduncle, length of

snout, and length of upper lobe of caudal fin was also observed

between some populations.

Pectoral fin length was observed to be an expression of sexual

dimorphism.
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Appendix 1. Correlation coefficients between morphological and
meristic characters of Rhinichthys osculus pUbilue
from western Oregon. Row and column headings are
abbreviations for the following characters: vertebrae
number, scales in the lateral line, scales above the
lateral line, body depth, caudal peduncle depth,
snout length, length of upper lobe of caudal fin,
dorsal fin rays, pectoral fin rays, and length of
pectoral fin, in that order.

Vert Line Above Body Caudal Snout Lobe Dorsal Pecray Peclen

Vert 1

Line .634 1

Above .617 .773

Body .449 .507

Caudal .048 .087

Snout .504 .591

Lobe .326 .306

Dorsal .117 .148

Pecray .198 .239

Peclen .075 .055

1

.397

.083

.645

.396

.199

.189

.029

1

.111

.370

.059

.066

.143

.081

1

.087

.173

.182

.144

.146

1

.216

.207

.143

.233

1

.115

.126

.046

1

.022

.021

1

.068 1


