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INTRODUCTION

The golden shiner, Notemigonus crysoleucas, forms & monotypic

species in the fish family, Cyprinides, It ie a medium-sized minnow
which inhabits ponds and sluggish freshwater streams in North America
from latitude 30°N. to 50°N. In the south its range ie restricted to
the area east of the Appalachien Hountains. The northern and weétern
part of the range extends to Wyoming and south to the drainages of the
Arkansas and upper Chio Rivers.

This abundant epecies has been studied extensively as a bait
fish by Swingle (1949), and Bauman (1546). Cooper (1936) studied age
end growth in Michigan. The Weberlan Ossicles of N, crxsoleuéas were
included in & study of certain Ostariophysii by Krumholz (1$43). Gill
parasites of the epecies were investigated by Musller and Van Cleave
(1932), Wiebe, McGavock, Fuller, and Markus (1934) used N. crysoleucas
in a study of the fish's ability to extract oxygen at different
hydrogen-ion concentrations. The species was also used by Clausen
(1936) in oxygen consumption studies among freehvater fishes. A review
of the literature of N, crysoleucas indicates that therthave been no
studies made of the trunk skeleton. Accordingly, in the present paper
the comparative osteology, exclusive of the head, is described among

five year classee of N. crysoleucas.,

MATERIALS AND METHODS
The fish used in thie study were taken from a small creek which
drains Weethampton Leke located on the‘campus of the University of
Richmondkin Henrico County, Virginia. The creek is approximately threef

fourths of a mile in length and connecte the lake with the James River.



A totai of twelve collections were made from February 16 to May 10, 1956.

A ten-foot minnow seine was used for collecting. A total of 102 N. cryso-
leucas were collected and placed in ten percent formelin until hardened.

A scale sample to be used in ageing was taken from each fish just posterior
to the pectoral fin and dorsal to the lateral line; the remainlng scales
were removed and the fish wes eviscerated through a ventral incleion.

The sex of each fish was determined by examination of the gonads. The
specimens were cleared and stained by the alizarin technique for bone
following the method of Evane (1948), Each fish was given an identification
number on a tag placed under the opercular flap.

The fish were divided into year classes on the bapsis of scale
readings. The scales to be read were placed in water under a binocular
dissecting microscope and cleaned by removal of the skin with a flattened
needle. The wet scales were mounted on a slide in a few drops of CGurr's
water mounting medium and after 24 hours were read by microscopic exam-
ination and by projection. Age was determined snd specimehs were classed
by é count of the aﬁnuli.‘A complete annulus represents one yeer of age,
hence a specimen whose scaleé show one annulus was put in year class I.
Scales were read three times. The criterion used ﬁo establish age waes
two readings in sgreement. When all three readinge were in disagreement
a fourtn reading was taken. The age of the fish represents the number of
winters passed. Many specimens teken as late as April or May showed
growth beyond the last clearly marked annulus, but no attempt was made
to interpolate this extra growth., In three of the older fish (year class
V), annuli boundaries were not clearly defined and the scales were dif-
ficult to read. Poséibly these fish were older than five years but were

included in year c¢laes V because only five annuli were discernible.



Skeletal parts were counted and measurements taken after specimens were
cleared and stained. Fin ray counts include all elements., Measurements
of skeletal parts in millimeters were taken with dividers. Counts and
measurements conform to those standards given by Hubbs and Lagler (1949:
8-15) unless otherwise noted.

The statistics used were taken from Fisher (1950: 114-128), Freund
(1952), and Cazier and Bacon (1949: 352-373). Tables 1 and 2 are based on
those used by Raney and Lachner (1946: 680). The term "sample® when used
in this paper refers to the total number of fish used in the study (102
specimens).

The Student "t" statistic was used in making all significénce
tests., The level of‘aignificance in all caees was .95. In Tebles 1-28,
"t* was célculated for the difference in the largest and smallest means
of each table and checked for significance at the .95 level by use of
the table of critical values of "t" in Fisher (1950: 174). If significant
differences were found the data were presented graphically (Figs. 1-5)

following Hubbs and Hubbs (1953%: 51).
DISCUSSION OF RESULTS

AGE AND GROWTH. The results of the age study are summarized in Tebles

1.and 2, The data from Table 1 are shown graphically in Figure 1. Although
there is considereble overlap, these date cleafly indicete that means of
the year classes are distinct (Fig. 1). The values of "t" between these
means are listed in Table 1. In this study year class II through Iv were
the largest while classes I and V were much smaller. The period of great-
est growth (Table 1) is during the first year (mean 62 mm.) During the

second year only a 12 mm. mean increase in length is indicated, while



the third and fourth year show increases of 28 mm. and 24 mm. in mean
length respectively. The fifth year shows a mean increase of 36 mm. The
small number of individuale in year class I end the small increase in
length between year class I end Il may possibly be due to collecting
procedure. Collections made near the lake outlet contained no small N.
cr soieucas, whereas those made near the mouth of the creek‘provided
small ap well as larger specimens., Since the majority of collections
were made upstream, this has probébly gilven biaa,tpward larger fish in
year clese I, Yéar claes V shows a relatively’large.increment in mean
length, which ie a reflection of the extremely large-sized females
included in this year class but which are possibly blder. The leﬁgth
measurement shows no evidence for sexual dimorphism (Table 2). The total
number of males and females for the whole sample wae 47 and 55 respect-

ively.

VERTEBRAL COLUMN, The total number of vertebrae in N. erysoleucas
ranges from 37 to 59, including the urostyle. The mode is 38 which dccurs
in 66 specimens; 17 had 37 veriebrae'and 19 had 39 vertebrae. Tables 3
and 4 oummarize the data for caudalkvertebrae and trunk vertebrae. The
first completely formed heemal erch was used to mark the first caudal
vertebra. The centra are typical amphiceelous type énd resemble two
shallow cones placed apex to apex.

As N, c:xsoleucaa is in thé order Cyprinoformes (Berg 1940) parte
of the first four vertebrae are modified and are cloeely ascociated with
the auditory epparatus. These will be treated separately.

Each vertebra is reinforced by plates of bone located dorsally:
gnd ventrally in the concavity formed sbout the exterior of the cones

(P1. I, Figs. B and D). The anterior ends of the dorsal plates are



continuous with the neural arch. The ventral plates bear a similar
relaetionship to the haemal erches in the caudal vertebrae and although
present in the trunk vertebrae, they are re&uced. The outer edges of

the dorsal plates are sculptured with various shaped spines and some-
timees contain small openings; the ventral plates are limited to a

sihgle spine which extends ventrally. No openings were obeerved‘in the
plates of the haemal archea, The centra appear uniform in length through-
out the entire column, exce?t the firet four and last three which ars
noticeably shorter,

All vertebrae except the first three and the urostyle have well—y
developed neural arches and spines. Caudal vertebrae have completely
develeoped haemal arches and spines,

Each of the trunk vertebrme except the third has stout transverse
processes, Typically in vertebrae 5 through 16 the transverse processes
are very short and flat, and serve as articulating surfaces for the ribs,
In trunk vertebrae 17 through 20 the transverse processes are progres—
sively longer and project more ventrally (Pl. I, Fig., B). The ribs
éasociated with these last processes are not consistent in number or
size and are smaller than the first 14 ribs, Differences noted in Tables
5 end 6 are due to the vériability in number of ribs present on vertebrae
17 through 20, The typical number of ribs was 1l4.

Table 25 gives a summary of quotiente of standard length to the
length of the first left rib‘by year classes. Figure 4 ehows graph-
ically the data presented in Table 25. This graph suggests that thére
is a significant trend toward greater rib length with age. Year classes
I and II are significantly different statistically from year claeseg

I1I, IV, and V. The difference between means of year classes II and IIIL



has & "t" value of 2.2900.

VERTEBRAE 1 THROUGH 4. In N. crysoleucas the first four vertebrae are
agspociated with the Weberian Ossicles, a series of modified vertebral
processes which eid the fish in the trensmission of vibrations from the
air bladder to the membranous labyrinth. The body of the vertebrae are
also modified in that they are shortened along their anterior-posterior
axis. Vertebrae 3 and 4 are longer than 1 and 2, but are shorter than
the typical trunk or caudal vertebrae. This sctual difference in length
is exaggerated in appearance by the greater diameter of the centra in
the first four vertebrae. Vertebra 1 has anteriorly a pair of rod-ahaped.
transverse processes. The transverse processes of thevsecondrvertebra
are centrally located, longer than the first pair, flattened dorso-
ventrally, and slightly curved posteriorly., The third vertsbra lacks a
transverse process as such, but the tripus, the largest of the Weberian
Ossicles, appeare to be & modified transverse process of this vertebra
(P1. 111, Fig. B). The fourth vertebre has long rib-like processes on
either side which project ventro-anteriorly. On the medial side of these
processes are located bony extentions that fuse in a median eagittal
plane under the centrum and form a foramen and median ventral spine

(P1. I, Fig. C). The neural srches of vertebrae 1 through 4 are fused;
the neural spines of veriebrae 1 through 3 are fused, but that of number
four is free,

The Weberian Oseicles are located slong the first four vertebrae
in.a series of four on each side. From posterior to anterior they are
called the tripus, intercalarium, scephium, and claustrum. The tripus
(P1. III, Fig. C,1) has a central portion which pivots at its unien

medially with the centrum. There is an anterior ramus that connects by



8 ligament to the intercalarium and a poesterior ramus that terminates in
& hook, The hpoked portion rests against the air bladder,

Krumholz (19453'36) states that in‘EL crysoleucas the tripus is
articulated on the second vertebra and that in the Evantognathi (Gyprin-
oidei, Berg 1940: 444) the ventral processes of the second and third
verteﬁrae are fused. Obéervationu in this study have not corroborated
his findings. It is presumed that Krumholz 1s referring to the trﬁnsverse
processes, 88 no other processes occur ventrally on theeevvertebrae in
N. erysoleucas. In the 102 specimens,examined the tripus was articulated
on the third vertebra, and in no case were the transverse processes of
the second and third vertebrae fused. ’

The intercalarium (P1, III, Fig.<0,2) is V-sghaped, intermediate
in location between the anterior ramus of the tripusvand the ventral edge
of the scaphium, and connected to these structures by lizamente from the
ventral arm of the "V'". The intercalarium is articul;téd at the apex of
the "V® with the centrum of the second vertebra. Krumholz (1943: 38)
describes this bone in N, crysoleucas as rudimentary. In the specimens
of the present study the intercalarium was well developed and sppeared
to be a functionel part of the Weberlan apparatus.

The scaphium (Pl1. III, Fig. 0,3), which articulates with the first
vertebra, is composed of a thickened U-shaped rim of bone in which sits
2 thin concave sheet of bony materiel. The concave portion overlies the
lateral side of the claustrum.

The claustrum (P1. III, Fig. O,4) ie a wedge-shaped ossicle with
concave surfaces and is located between the scephium and the anterior
edge of the neural arch. It lies next to the nerve cord medially and

anteriorly it connecte with the membranous labyrinth. No proportional



difference in size could be established between corresponding ossicles

emong the specimens in the five year classes studied,

HYPURAL PLATE. The last three vertebrae, the antepenultimate, penul-
timate, and ultimate or urostyle are modified and aid in the support

of the caudal fin. The centrum of the urostyle lackse the characteristic
posterior half found in other vertebrae (Pl. II, Fig. D). Each vertebra
hae at least one well developed neural arch and spine, and also a haemal
arch and espine. The neural spine on the antepenultimete and penultimate
is more slongated and flattened than that of the typical vertebra. These
two spines along with the doreal caudel radial give support dorsally to
the firast unbranched ceudal fin rﬁys. The haemal spines of the antepenul-
timate and penultimate sre elongated, flattened, functional hypurals, On
the antepenultimate of three specimens the neural arches and spines are
duplicated, while four of the fish had corresponding hypurals in duplicate.
On the penultimate the neural arches and spines of 33 fish were double
but only one fish had a double hypural on this vertebra. These observa-
tions are based on the whole sample of 102 specimens,

The urostyle has an élongated process directed dorsally, at least
one neural arch, and a haemal arch. There are typically six hypurals
associated with the urostyle (Table 13), The two most dorsal hypurals
(H; and H,) ere quite flat and wide distally, as are the two most ventral
ones (HS and Hg). Hypurals 3 and 4 are similar to the urostylar process
in size and converge upon each other at the centrum. Hypurals 1 and 2
are not fused, but are held in place by uncalcified cartilage. Hypurals
5 and 6 articulate ventrally on the centrum of the urostyle. Hypurals 1
th:oughé support the majofity of the caudal fin rays. The caudal rays

ranged in number from 27 to 38 (Table 16).



DORSAL FIN. The total number of dorsal fin rays is usually ten and only‘
ten percent of the specimens deviated from thie‘number (Table 11). The
first dorsal ray is completely embedded, emall and splint-like, and
probably contributes little to the support of the fin, The second dorsal
ray lies close to the third and is sbout one-third as long. The third
is the longest of the rays in. the fin, The first three dorsal rays are
always unbranched; the remaining raye are branched, The lest two rays
are fused at their bases and articulate with the same pterygiophore.

The number of pterygigphores in the dorsal fin is usually two less
than the total number of rays in the fin (Table 12), A typical pterygio-
phore consistas of a‘apiné”with four bony ridges at right angles ta each
other. The complete structure tapers to a point ventrally, At the artic-
ulating end the spine beoomea enlarged in diameter, is bent caudally,
and is composed of two to three sections. The right and left halves of
the ray typlecally straddle the terminal portion of & pterygiophore and
rest on the spine of the pterygiophoré immediately following. With this
arrangement each ray receives support from two pteryglophores, except
the first two and the last fays which are supported by a single large
pterygiophoré {P1, 1I, Fig. C). The ventral ends of the pterygiophores
are usually located betwsen the tips of succeassive neural spines. The
ventral end of the first dorsal pterygiophore is located between the
neural spines of vertebrae 14 and 15, and the ends of the remaining
pterygiophores are found consecutively between the neural spines to
vertebra 21.

The base of the dorsal fin is proportionately longer in older
fish., The means of quotients from standard length to base length of the

dorsal fin become significantly smaller by the third year, which indicates



10

that the length of the fin base actually increases at a greater rate thaﬁ
does the standard length of the fish (Table 21, and Fig. 2). The dif-
ference between means of year classes II and III has a "t" value of
1.9801, There is no evidence that the lengthe of the corresponding long-
est and shortest rays in the dorsal fin are proportionately different

among the year classes (Table 27).

ANAL FIN, Table 14 shows that the total number of anal rays is more
variable than the dorsal rays. The mode is 16 and the range is from 13
to 18, The first three rays are unbranched and bear the same length
relationship and same arrangement as was given‘for the corresponding
dorsal rays. The remaining anal rays are branched and the last is double
as in the dorsal fin. |

The anal pterygiophores typically number two iess than do the
rays.‘Table 15 ehows that the mean count of anal pterygiophores is 14
for the year classes. The ray structure and the articulating arrange-
ment between rays and pterygiophores is identical to that of the dorsal
fin. The first and second aﬁal pterygiophores are always closely asso-
clated with the haemal spine of the first caudal vertebra., The remain-
ing pterygiophores seldom alternate consecutively between the adjacent
haemal spines as in the dorsal fin, but often there are two or three
between the spines.

The proportional relationship of the length of the base of the
anal fin to the standard length of the fish was measured as was done with
the dorsal fin. These data are summarized in Table 22 by year classes,
No evidence was found to indicate that the length of the anal fin base
is proportionately different among the year clesses., The proportional

relationships between the longest end shortest rays were measured but



11

there is no evidence that the lengths of the corresponding longest and
shortest rays in the anal fin differ proportionately among the year

classes (Table 28),

PELVIC. GIRDLE AND FINS. The pelvic girdle consists of two elongated
bones that . join by medial projections that extend ventrally and caudally-
and are held together by ligaments (Pl. II, Fig. B). Each of these basal
elements are forked anteriorly for ébout one-half their length, The
prongs of the fork are winged by longitudinal ridges that run the length
of the bone, and which probably serve to anchor thebbones in the surround-
ing tissues. At the posterior end the girdle eiements are enlarged and
articulate in the dépression formed by the divided ends of the fin rays.
The articulation is reinforced by surrounding cartilage. Four small
slightly calcified cartilages line the articulating éurfacé of the rays.
The pelvic rays for each fin are usually nine in numbef, although six
specimens had ten and seven specimens had eight (Tables 19 and 20). Each
fin ray has a dorsal and ventral bony projéction at its base directed
mesially end lies against the adjacent ray. These projections probably
give added strength to the fin at its base.

The proportional relationship of the length of the pelvic fin to
the standard length of the specimen shows that no significant differences

exist among year classes I through IV. Year class V was significantly

different statistically (t between means of year classes I and V = 2.3294),

but because of the influence of the three questionable fish in this group
(see MATERIALS AND METHODS, p. 2), the difference is not considered
biologically-significant.(Table 23). A comparison was made’between the
pelvic girdle length (froﬁ»the median lateral process to anterior tip)

and the standard length of the fish. The data are given in Table 24 and
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Figure 3, and show that there is & significant difference in means between
year class I and the remeining four classes. The difference between means
of year classes I and II has a "t" value of 2.1276. This is interpreted

to mean that the anterior remi of the pelvic girdle in year old N. cryso-

leucas are relatively‘ehorter than in older fish.

PECTORAL GIRDLE AND FINS. The pectoral girdle éonaiata of six elements

on each side (Pl. II, Fig.‘A). The uppermost, the posttemporal, is a thin,
tear-shaped bone which articulates dorsally with the skull and ventraliy
with the supracleithrum. The supracleithrum, similar in shape to the post-
temporal, joine the cleithrum ventrally. The cleithrum is the largest
bone in the girdle; it is L-shaped with the angle directed posteriorly.
The small, thin, rod—shaped postcleithrum is projected from the vertical
part of the cleithrum in a median ventral direction. The postcleithrum

is flattened at its ventral extremity end fuses with the scapula, which
lies directly beneath it, and with the coracoid which is ventral and
antérior. The coracoid is the second largest bone in the girdle, It is
roughly ovél in outline and fuses with the eleithrum laterally and ante-
riorly. These articulations form a lerge foramen in the space between.
them. Thé scapula is flattened, square in outline, and has a large foramen
in its center., It is fused laterally and enteriorly to the cleithrum,
medially to the‘coracoid, and dorsally to the postcleithrum., The posterior
edge is articulated to the rays via two actinosts or radials. There are
four actinosts in all, the medial two being associated mostly with the
posterior portion of the coracoid. The two girdle halves are joined
ventrally under the gills of the fish along the median borders of the

two coracoids and the anterior tips of the cleithra.

The rays of the pectoral fin are similar to the pelvic rays and
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érticulate in the same fashion., Their proximal ends form s groove into
which the radials fit. The pectoral rays differ from those of the pelvic
fin in thet there is only & ventral process present at the base. Tables
17 and 18 sumerize data obtained from counts of right and left pectoral
fin raye. The modal number of pectoral fin rays was 16.

The length of the pectoral fin was compared to the standard length
of the fish and results are given in Table 26 and Figure 5. The means of .
the gquotients of year classes I and II are significently different from
year classse IV and V. There is a trend for the means to decrease from
year classes I to V. The difference in means between year classes II and
IV has a ™" value of 2.4793, This indicates that the pectoral fin in-
creases iﬁ iength at a greater rate than does the»body length during the

first five years of life.

INTERNEURALS AND INTERMUSCULAR BONES., &mall 1nterneur§1 bones (homologous
with the more posterior pterygiophores) lie between each of the neural
spinea of vertebrae 4 through 13. The first end largest is & rectangular-
shaped bone‘(Pl. IV). The next three are not as large and are triangular
in shape. The last five interneurals are S-shaped with their long axis
directed dorso-ventrally.

From the fourth vertebra to the urostyle intermuscular ribs are
found eﬁbedded between the epaxial muscles., They are also found within
the hypaxial musculature from the region of the last true rib to the
urostyle (Pl. III, Fig. A, and Pl. IV). The data frﬁm counts made of
intermuscular fibs is gZiven in Tables 7 through 10, The mode for the
epaxial ribs was L4 and for those of the hypaxial region:the modal num-

ber was 17.
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SUMMARY

The study is based on 102 cleared and stained specimens of
N. crysoleucas, 47 males and 55 females. By use of the scale method
the sample was grouped into five separateAyear clagses, The mean length
and renge of variability in mm.’for years one through five were: year
class I, 62 (55-65); year class II, 74 (60-95); year class III, 102
(80-140); year claes IV, 126 (90-140); year class V, 162 (135-185).
Differences between these means are all eignificant at the .55 level.
ﬁb evidence of sexual dimorphiem was found among the year clesses. The
Weberian Ossicles were found to be rsletively ﬁniform in size and shape
throughout. Vertebrae 1 through 4 are associated with the ossicles and
are shorter in length and greater in diaﬁeter than are the other verte-
bra. Similarity in proportional measurements and counfa was the rule.
When differences were found significant at the .95 level they were
portrayed graphically by use of significance chafta. These differences

were an follows:

1. The ribs are proportionately longer in older specimens, and a definite

trend for greater rib length exists from year class I to year class V.

2. The length of the dorsal fin base is relatively shorter in year
clagses I and II than in older fish,

3, With age the pectoral fin increases in length at a rate greater than
that of the body of the fish. |

4, The aenterior rami of the pelvic girdle becomes relatively longer as

the fish becomes older,
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Table 1. Length frequencies for each year class of N. crysoleucas.

Year Class

-
-

standard

length

in
mu,

25
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
150

T A PO\

-y

HFOKFOMNMDOWMKFWONW -

W E~NPWHRFEOMD

No.

32

26

: 255

T4

102

126

- 8,20

15,58

14,56

S.E.

1,45

3.05

2.91

Year clagses
Year
Year

Year

I-11,
classes II -III,
classes III- IV,
classes IV - V ,

=
c+
=

I nn

“tﬂ

4,7058
6.2222
3.6622
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Teble 2. Length frequencies by sex for each year class of N. crysoleuces.

Year Clase I I1 11X Iv v
’ Sex Rl Il % | 5? | 2 {07

standard 55 1 1 ' S -
length 60 4 3 3 mmm= s mems ——ee
in 65 0 1 2 3
oo, 70 ==—-—= 4 9 —---
: 75 === o= 1 3 === —=-= —=--
80 -===-—~—-= 2 0 1
85 ———-—- 2 1 2 3
90 -—------ 0.1 3 4 1 === === ———-
95 —===-==-= 1 === 0 O 0 1 === -
100 === w-== === ==~ 2 ] 1 1 === - -
105 -—=== === ==== ==== 0 1 0 0 -=—==-- -
110 2 3 1 0 ==== -
115 0 === 0 1 ==== ===
120 == —-m- meem meee 2 == 2 1 ==== =
125 ==-= =-m= =s=e—=mem ) ==== 0 2 mmem mees
120 === 1 === 6§ 1 === -
135 -—== 0 - 2 2 m=== 2
140 === mmm= mmmm emem ] === 2 1 === 0
145 : me—m mmem mmee em— mmee mee- - - 0
150 g == == === 2 0
155 === == _— o 0
160 ' -—~= 0 0
165 , — 1 1
170 === mmmm mmem mmem emee O e
175 = 0 ==
180 2 —-—-
185 - D S
190 —— ———
No. 515 (15 |17 | 14 |12 |15 |10 ] 6 |3
x 62 |62 | 74 | T4 1110 | 98 |127 | 124| 169|147
8 2.7 | 4.119.9 | 6.9{19.0|11.0|14,2(15.0{16.3(17.5
S.E. 1.3 | 2.112.6 | 1.7| 5.303.3 | 3.7{5.0 | 7.3|12.4




Tablee 3-4, Frequency distributions of trunk vertebrae and caudel
vertebrae in year classes I~V in N. crysoleucas.

Table 5, Trunk vertébrae

Cless No. 19 20 21 No. X 8 2 S.E.
I 4 6 - 10 19.6 .516 .34k
II 4 15 3 32 19,7 .520 .185
III 6 19 1 26 19.8 .379 .l49
v 10 15 - 25 19.6 490 196
v 2 71 - 9 19.8 442 .312
Sample 36 62 4 102 19.7 .7290 .14

Table 4, Caudal vertebrae

Class No. 17 18 19 20 No. 3 e 2 S.E.
I - 2 8 - 10 18.8 .421 .28
II 1 16 14 1 32 18.5 646 .229
I1I 2 18 6 - 26 18.2 646  .25%
v 1 17 7 - 25 18,2 .520 .208
v 1 6 2 - 9 18.2 .01 .425
Sample 5 59 37 1 102° 18.3 . .680 .136




Tables 5-6. Frequency distributions of the left rib and right rib in:
year classes 1-V in N. crysoleucas.

Tsble 5. Left rib

Class No. 13 14 15 No. X s 2 S.E.
I - 7 3 10 14.3 .483 L322
11 2 25 7 32 141 492 174
III 1 20 5 26 1.2 56k 221
v 1 25 1 25 14,0 ,283 113
v - 8 1 9 141 .333  .235
Semple 4 81 17 102 4.1 632 .126

Table 6. Right rib

Clsss No. 13 14 15 No. X 8 2 S.E,
I - 7 3 10 1.3 483 322
II 1 24 7 32 1.2 452 (160
III 1 19 6 26 14,2 628 .246
Iv 1 24 - 25 14.0 .198 .079
v - 7 2 9 1lh.2 442 312
Sample 3 81 18 102 14,2  .621 124




Tebles 7-8, Frequency distributions of the left dorsal and left ventral
intermuscular ribs in year classes I-V in N, crysoleucas.

Teble 7. Left dorsal ribs

Class No. 33 34 35 36 No. X 8 2 8.E.
I - 4 3 2 9 34,8 .837 .592
II 2 15 12 3 32 34.5 750 .265
III - 19 6 1 26 34,3 ,3%2 138
Iv 2 15 8 - 25 34,2 586 .23
v 1 6 2 - 9 34.1 601 425
Sample 5 5 31 6 101 34.4 938 ,188
Teble 8. Left ventral ribs
Class No. 16 17 18 19 20 21 No., X s 2 8.E.
I - 4 4 - - 1 9 17.9 3.94 2.79
1I 1 13 14 3 1 - 32 17.7 799 .283
111 - 10 14 2 - - 26  17.7 666 261
Iv - 12 12 1 - - 25 17.6 572 .229
v 1 7 1 - - - 9 17.0 500 .353
Sample 2 4 45 6 1 1 101 17.6 842,168




Tables 9-10. Frequency distributions of the right dorsal and right
ventral intermuscular ribs in year classes I-V in N.

crysoleucas.

Table 9. Right dorsal ribs

Class No, 32 33 34 25 36 3] No. X 8 2 S.E.
I - - 5 4 - - 9 kb 536 379
II 1 217 6 5 1 32 34,5 1,02 .362
III - 21310 1 - 26 3hh 906 355
v - - 17 71 1 - 25 344,558 ,223
v - 1 6 2 - = 9 34,1 601 425
Sample 1 5 58 29 7 1 101 4.4 .100 .200
Table 10, Right ventral ribs
Class No. 16 17 18 19 20 21 No. % 8 2 8.E,
I - 5 2 1 - 1 9 17.9 3.94 2.79
11 215 9 5 1 - 32 17.7 .885 .313
111 - 1 122 3 - = 26 17.7 J24 284
v - 10 13 2 - - 25 17.7 .615 .246
v 1 6 2 - - - 9 17.1 601 425
Sample 3 47 38 11 1 1 101  17.7 908 ,182




Tables 11-12. Frequency distributions of the rays end the radials of

Table 11, Dorsal fin rays

the dorsal fin in year classes I-V in N. crysoleucas.

Class No. 8§ 9 10 1 No, % e 2 8.E,
I - - 10 - 10 10.0 .000 .000
1I -1 29 2 32 10.0 .326 .115
III 1 22 3 26 10.1 .537 .210
Iv. 1 22 1 25 9.9 .190 .076
v 1 8 - 9 9.9 .335 237
Sample L o1 6 102 10.0 .370 ,O74

Teble 12, Dorsal fin radials

Class No. 7 &8 9 No. x 8 2 5.E.
I - 10 - 10 8.0 .,000 .0CO
1I 1 30 22 8.0 .24 ,088
III 1 21 4 26 8.1 508  .199
Iv 1 23 1 25 8.0 .28% 113
v - 9 = 9 8.0 ,000 .000
Sample 3 93 § 102 8.0 .307 .082




Tables 13-14. Frequency distributions of the hypurals of the caudal
fin, end the rays of the anal fin in year clesses I-V

in N. erysoleucas,

Teble 13. Hypursls of the caudal finm:

Class No. 8 9 No., X 8 2 S.E.
I 10 - 10 8.0 .000 .OOO
11 28 4 32 8.1 436 154
III 23 3 26 8.1 A5 aTh
Iv 21 &4 25 8.2 .368. .47
v 8 1 9 8.1 .335 .237
Semple 90 12 102 8.1 .339 .068

Table 14. Reys of the anal fin

Claes No. 13 14 15 16 17 18 No. % s 2 B,E,
I 1 - 3 5 1 = 10 15,5 1.08 ,718
II - - 101 6 - 32 15,9 1.13 400
III - -1 7 8 1 26 16,0  .916 .359
v - - 713 5 - 25 15.9  .689 .2T6
v - -1 7 1 - 9 16,0  .500 .35%
Sample 1 - 31 48 21 1 102 15,9 828 .166
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Tables 15-16. Frequency distributions of the radials of the anal fin,
and the caudal fin rays in year clesses I-V. in N. cryso-
leucas,

Iable 15. Radials of the anal fin

Olase No. 12 13 14 15 16 17 No. X 8 2 S.E.
I 1 3 5 1 - - 10 13.6 .B43 .562
II - 817 71 - - 22 14,0 ,787 .278
III - 9 1 71 2 1 26 14.2 1.14 445
v - 7 1 4 - - 25 13,9 .655 .261
V. - 1 7 1 - = 9 14.0 .500 .353
Sample 1 28 50 20 2 1 102 14,0 .789 .158
Table 16, Caudal fin rays
Class ‘
No. 27 28 29 30 31 32 33 34 35 36 37 38  No. X 8 2 5.E.
I - --135321---- 10 3.9 1,20 .79
II - - -1 3 878 51 -1 3 3352 2,51 ,888
III 1 - = 1 3 817 3 =1 = 25 3.8 1.97 .78
IV - 1 -2 25 3 8 2 =« - = 25 3.7 1,78 .74
vV = = = =12 3 -11 - - 8 33.1 1.64 1.238
Sample 1 1 - 512261624 9 2 1 1 98 32.8 1.75 .35




Tables 17-18. Frequency distributions of the left and right pectofal

raye in year clesses I-V. in N. crysoleucas.

Table 17. Left pectoral rays

Class No. 13 14 15 ’16 17 18 19 No.

X 8 2 S,E.

I - - 2 5 2 1 - 10 16.2 .919 .613

1T 1 - 515 8 3 - 32 16.2  .919 .325

III -~ - 310 11 1 1 26 16.5 L0884 (34T

v - 1 311 4 4 1 24 164 1.24  .506

v - - 1 3 3 2 - 9 16.7 1.00 .707

Sample 1 1 14 44 28 11 2 101 16.4 1,109 .222
Table 18, Right pectoral rays

Class No. 14 15 16 17 18 19 No. X 8 2 8,E.

I 1 3 2 3 1 - 10 16.0 1,24  .829

II 1 215 11 2 1 32 164  .887 .34

11l - 5 8 8 5 - 26 16.5 884 - 347

B - 31 9 2 - 25 16,4  .800  .320

v 2 - 1 5 1 - 9 16.3 447 316

1.014 202

Sample 4 13 37 36 11 1 102  16.4

26
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Tables 19-20. Frequency distributions of the left end right pelvié rays
in year classes I-V in N. crysoleucas,

Table 19. Left pelvic rayse

Class No. 8 9 10 No. % s 2 S.E,
I 1 9 - 10 8.9 .316 .211
II 1 30 1 32 9,0 .24 ,087
III , - 25 a 26 9.0 .213 076
I 1 24 - 25 9.0 .198 .079
v - 9 - 9 9.0 .000 .000
Sample 3 97 2 102 9.0 .228 460

Table 20, Right pelvic rays

Class No. 8 910 No, X 82 S.E,
I , 1 9 - 10 8.9 .316 .21
II 1 30 1 32 9.0 246 087
111 - 23 3 26 9.1 448 176
v 1 24 - 25 9.0 .198 079
v 1 8 - 9 8.9 335 .237

Sample 4 o4k 4 102 9.0 .279 .05
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Tebles 21-22, Frequency distributions of quotients x 10 of the standard
length to base length of dorsal fin, and to base length of
anal fin in year classes I-V in N. crysoleuces.
Table 21. Base length of dorsal fin
Class »
No. Quotients x 10
72- 75~ 78 8l- 84 87- 90- 93 96- 99- 102- 105-
T4 77 80 83 8 89 92 95 98 101 104 107  No. X @ 2 S.E.
I - - 1 - 2 1 2 1 1 - = 2 10 93 9.12 6.08
II. - - 3 4 3 8 5 7 1 1 - = 32 88 5.42 1.92
III - 4 1 9 6 2 2 2 & - - - 26 84 5.41 2.12
Iv 3 - 4 8 6 4 - - - - - - 25 82 4,20 1.68
V 1 1 5 2 - 2 - - - - - - 9 81 . 5¢16 5¢65
Sample 4 5 12 25 17 17 9 10 2 1 = 2 102 8 6.54 1.30

The mean difference between year classes I and III has & "t" value of 2.1951.
The mean difference between yeer classes II and IIX has a "t" value of 1.9801.

Table 22. Base length of anal fin

Claas '
No. Quotients x 10
¢ 50= 52= 5l= 56- 58~ 60- 62~ Gh- E6~ 68~ TO=-

51 5% 55 57 59 61 63 65 61 69 71 No, X s 2 8.E.
I - 1 1 1 1 - 1 4 - 1 = 10 61 4.98 3,32
11 1 2 3 5 6 8 3 4 - - - 3 59 3.52 1.25
111 - - 6 6 5 3 3 2 1 - 26 59 3.81 1.49
Iv - 2 7 3 5 1 4 2 - - 1 25 58 4,41 1.76
v 1 2 2 2 = 1 =« 1 =« - = 9 5 4,30 3,03
Sample 2 7 19 17 17 1311 13 1 1 1 102 59 4.18 0.84
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Tables 23-24, Fregquency distributions of quotients x 10 of the standard
length to pelvic fin length, and to pelvic girdle length
in year classes I-V in N, crysoleucas.

‘Table.23. Pelvic fin length

Class
No. Quotients x 10
50- 53- 56= 59- 62— 65~ 68~ 71~ Th- 77~ 80- o
52 55 58 61 &4 67 70 73 76 79 82  No. X s 28.E,
I - - 3 2 3 - 1 - - - 1 10 63 6.84 4,56
II 1 1 4 & 10 5 3 -~ - - - 32 62 4,27 1,51
1II - 21 6 4 3 - - - - = 26 60 4,02 1,58
Iv 2 5 8 7 2 1 = « = = = 25 58 3,55 1,42
v - 4 3 2 - - - - - - - 9 5 2,056 1.5
Semple 3 12 29 25 19 9 4 - - - 1 102 60 4.70 0.5
Table 24, Pelvic girdle length
c;ﬁfs , Quotients x 10
110- 117~ 124- 131- 138~ 145~ 152- 159- 166-
116 123 130 137 144 151 158 165 172 No., X B 28.E.
1 - 1 1 - 1 1 2 3 1 10 150 15.19 10,13
11 1 5 6 T 9 1 2 1 - 32 135 1l.22 3,97
111 1 5 9 3 5 2 1 - - 26 133 10.67 4.18
v 4y 5 6 8 2 - - - - 25 127 9.37 3.75
\ 2 2 3 - - 2 - - - 9 128 13.63 9.63

Sample 8 18 25 18 17 6 5 4 1 102 133 12.72 2.54

The mean difference between year classes I and II has a "t® value of 2.1276.
The mean difference between year classes II and IV hae a "t® value of 2,0725,



Tables 25-26, Frequency distributions of quotients x 10 of the standard
length to length of the first left rib, and to pectoral fin
length in year classes I-V in N. crysoleucas.

Table 25, Length of first left rib

Olass
No. Quotiente x 10
Lo~ 52- 55- 58- 61- 64~ 67- 70~ 73-
51 B4 57 60 63 66 69 72 15 No. X 8 2 8.E.
I - - - - 2 3 1 3 1 10 67 4.51 3.01
II -1 - 5 711 4 3 1 32 64 4.25 1.50
III - - 4 7 12 2 1 - - 26 61 2,88 1.13
v - 2 5 8 7 2 1 - - 25 59 3.36 1.34
v 3 1 3 1 1 = = = = 9 55 4.0k 2,85
Sample 3 4 12 21 29 18 7 6 2 102 62 5,02 1.00 .

The mean difference between year classes I and III has a "t" value of 2.9126.
The mean difference between year classes II and III has a "t" value of 2.2900.

Table 26. Pectoral fin length

céife Quotients x 10

i1 49- 51- 5 55~ 57- 39- 61- 63~ b3 €1 ‘
48 50 52 54 56 58 62 64 66 No, X s 2 8.E,
I - -1 3 1 2 -1 2 - = 10 57 4.72 3.15
II - 3 2 9 5 6 4 1 2 - - 32 56 3.72 1.32
1II 1 2 7 6 1 5 2 - 1 = 1 26 55 4.b42 1,73
v 2 2 8 8 3 2 - - - - - 25 55 274 1.10
\'& 2 4 1 2 - - = = = - = 9 50 2,14 1,51
Sample 5 11 19 28 10 15 6 2 5 - 1 102 5% 4,15 0.84

The mean difference between year classes I and V has a "t" value of 3.0042,
'The mean difference between year classes II and IV has a "t" value of 2.4793.
The mean difference between year classes IV and V has a "t" value of 2.2900.



Tables 27-28. Frequency distributions of quotients x 10 of the third
dorsal ray to last dorsal ray, and of the third anal ray

to lest anal ray in year classes I-V in N. crysoleucas.

Table 27, Doreal rays

31

Class
No. Quotients x 10
22 23 24 25 26 27 28 29 30 31 32 33 34 No. X s 2 S.B.
1 1 - 112 - 3 = 1 = 1 = = 10 27 2,97 1.98
11 -1 -114%49 -11 - 3 2 - 32 29 2,22 0.78
111 -1 -13%145 8112 - 26 29 2.37 0.93
v - = = - =4 3 6 6 31 -1 24 29 1.71 0,70
v --=-11121111- - 9 28 2,22 1.57
Sample 1 2 1 4 710211227 5 7 4 1 100 29 2.34% 0.46
Table 28. Anal rays
Clase
No. Quotients x 10
22 23 24 25 26 27 28 29 30 31 32 33 34 No. X 8 2 S.E,
I 1 - 21 = = 2 =1 -~ =« 3 = 10 28 3,96 2.64
II - =36 6 112 = 3 - - - = 31 27 1.84 0.66
III - -4 22152 611-1 25 28 2,61 1,04
v - =1 - 54 3 2 4 21 -1 23 28 2.43 1.01
\ - - - -21211-=--1 - 8 28 2,34 1.77
Sample 1 -10 915 724 515 3 2 4 2 97 28 2,55 0,52
LIBRARY
DT FIIHMOND

NvERSITY




Figure 1., A graphical comparison of the length frequencies from

five year classes of N. crzaoieucaa.
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Figure 2. A graphical comparison of quotients x 10 of standard

length to base length of the dorsal fin in five year classes of

N. crysoleucas.



Fig. 2 Data from Table 21
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Figure 3, A grephicel comparison of quotiente x 10 of standard

length to length of the pelvic glrdle in five year classes of

N. crysoleucas.



Fig. 3 Data from Table 24
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Figure 4., A graphical comparison of quotients x 10 of standard

length to length of the first left rib in five year classea of

N. crysoleucas.



Fig. 4 Data from Table 25
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Figure 5. A graphical comparlison of quotients x 10 of standard

length to length of the pectoral fin in five year classes of

N. crysoleucas.



Fig. 5 Data from Table 26
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