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VARIATION IN THE NUMBER OF
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SPINES AND RAYS IN

THE FINS OF THE BROOK STICKLEBACK*
o - Doxarp F. Haxgexy ’
Ilinois Natural History Survey, Urbana, Illinois

The present study is based on -counts
of dorsal spines and fin rays in 10 col-
lections of the brook stickleback, Eucalia
inconstans. The fins examined included
the left and right pectoral, the dorsal and
anal, Counts also were made on . the
caudal fin in two collections. ‘The spines
and the rays in the fing all showed con-
siderable variation as to number. . In
order to get a clear picture of this varia-
tion counts have beéen arranged in. the
fo;rm, of frequency distributions.

The purposes of this paper are; (1) to
show how -the. distributions in different
collections differ from one another and
(2)-to point out, and then. try to explain,
the similarity of ray counts in the 'pec-
toral ‘fins as a group and in the dorsal

.and anal fins as another group.
. ;

* Contributions from the zoological . labora,
. This paper is based on the author’s master’s t

the reader is referred to Goodrich (1930),

’

This study represents a side problem

of the author’s attempt to determine

whether geographical races of stickle-
backs might not be, distinguished on the
basis of statistical differences in number
of spines and fin rays. That work had
been suggested by the paper by Thomp-
son (1981) who compared differences in
mean ray. number in the Johnny -darter
with varying water distances separating
collections. The work of Hubbs (1922)
and others who dealt with the effect of
temperature of water during' develop-
ment. on number of fin' days was not con- -
sidered at the time the earlier problem
was being studied.

" This study ‘was carried on under .the
direction of Professor Charles Zeleny, to
whom the author is much indebted for

. helpful suggestions. The‘ahthor-- is ‘also

tory of the University of. Tllinois,  No. 529,
hesis,

For a discussion of origin of fin rays
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indebted to Dr. David H, Thompson, of
the Natural History ‘Survey, for suggest-
ing the problem and for the loan of ma-
terial from the Survey collections.

VARIATION IN THE NUMBER OF "DORSAL
SPINES AND A DESCRIPTION OF AN
ABNORMALITY IN SPINE
DEVELOPMENT

Frequency distributions for dorsal
spines are shown in table 1. Thompson
(1931), page 280, found a variation of
from 3 to 7 spines in the stickleback. In
the present study the number of spines
- was found to vary from 2 to 7 while the
number most frequently counted was b.
Among the different collections the per-
. centage of fish having 5 spines varied
from 71 per cent in geries I to .a maxi-
mum of 89 per cent in Seriés VIII.

In all individuals examined - (about
2,200) a count of 2 spines was observed

once, 3 spines four times and 7 spines
five times. About 98 per cent of the in-
dividuals had counts of 4, 5 or 6. Usually -
¢’s were several times more frequent than .
4’s but with the following exceptions. In
Series I and II, no 4's at all were ob-
served, while .in Series VIII 4’s and 6’s
were found. in equal numbers. ' '

A certain abnormality in dorsal spines
was observed a number of times. The
spines in the stickleback are not -eon-

- nected with one.another by 2 webbing as.
in most of our other fishes, but they are
_ nevertheless raised and lowered together.
When the. spines. are jowered each of
them fits into a depression and is about
~ flush with the- dorsal surface. The ab-
normality in q_uestion was that sometimes
“an individual spine, which at first ap-
“ peared to be ‘missing, could be found 1y-
ing in a folded. position covered over by
a transparent layer of skin. When the
covering was cut through, these spines
could be lifted up, showing in some  cases
that the buried spines were of weaker
build. A possible explanation of this
abnormality is that the spines were de-
veloped in the folded position. beneath
the skin and remainedin that position
because the erector muscles possesséd by
these individual spines were too weak to
push them through the §kin. - Another
* possible explanation is that they had
been secondarily covered over by skin
when the musculature was not strong -

\
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pectorals,

W

_centage of the catch having

enough to keep them in operation. Spines
of this type were included in the counts.

Variation in the fins.—In the original
description,.
number of rays in the dorsal and anal
fins. as varying between the limits of 9
and 12. In the present study, a still
wider range of counts was observed.
Rays varied in the dorsal fin from 6 to
12, in the anal fin from 5 to 18, in the
pectorals from 4 to 13, and in the caudal
from 8 to 14. ’ :

In table 2 is shown the frequency with '

which these different. counts were ob-
gerved. It will pe noticed that 10 was the
commonest. number of rays found in the

12 was the commonest number found -in

_the caudal.

SomE COLLECTION DIFFERENCES IN FrE-
'QUENCY ' DISTRIBUTION OF THE
FIin RaYs )

The caudal fin—Counts of the caudal
rays were made on collections V and VI
only. . These collections . were taken only
a few rods apart, V in the Franklin
Spring trout pond and VI in the stream
immegliatelygbelow the pond. - The per-
the modal
count of 12 rays differed somewhat in
these collections; 78 per-cent of the pond
fish had 12 rays while 88 per cent of the
stream fish had 12 rays. In the pond
fish, on the other hand, there was a much
higher percentage "of fish with 13 rays.

The pectoral fins.—In different collec-

tions the numbers of individuals with 9

rays and 10 rays were quite variable.
The number of individuals ‘with 11 rays
also varied but within narrower limits.
Among the 10 collections, the- percentage
of individuals with 9 rays varied from 4

per cent (X) to 31 per cent (VII); those -

with 10 rays varied from 62 per cent
(VII) to 86 per cent (VIII); and those

with 11 rays from 0 (IT) to 16 .per cent -

(X).

The distribution of low counts was fér )

froni uniform, sqme‘colle’ctions having no

“counts lower than 8 rays, other collec-
‘tions having rather numerous counts of

5,.6 and 7 rays (IV and V).

In all' 10 collections it was found that
10’s and 11’s together comprised

9’8,

about 95 per cent of the counts. But the

proportion of individuals with 9 rays to

Kirtland (1841), gives the-

e e e o T

the dorsal and the anal, while .
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TaBLn 1—Frequancy Disrrisurions or Dorsar Spivm Counrs,
AND PEROENTAGES OF Inprvibvars Having Drrrerent Numsers op Dorsar Spings,

Collection number, location and date K

—_—
. . Number of Dorsa] Spines
' | Number of
individuals . .
5 6 7

‘TR TaBLE SHOWS Numeers (v PARENTHESES)

I Spﬁnglj 2 mi, N. of Evansville, Wis,, Dec. 29, 1931;

I Allen’s Qréek 2mi. N, W of Evaﬁsville, Wis., Dec. 29, 1931

II1, Spring-fed creek at Evansville, Wis., June '17, 1932

IV. Franklin Spring‘Pond 9 mi'. N. W. of Rockford', Tlinois,

Nov: 10 and Dec. 29, 193
V. Franklin Spring Pond, Noy, 25, 1032

VI. Creek just below Franklin Spring Pond, N. ov. 25,

VIL. Spring connecting with south branch 1of Kent

5mi. W, of Rockford, 111, Dee. 30, 193

VIIL * Buffalo Creck 6 mj, N. of Sterling, 111, Apr.'10,1931.___

IX. Oxbows along North Branch of Nippersink Creek,
B mond, Il1., May 22, 1939 ’

X. Dredge ditch 2 mi. S, of Harrison, May 3,1927____

those with 11 rays' was variable.

Fing

. With 9 rays were' 9 times as numerous ag
11 ‘rays in collection I, while 11 rays

Were more numerous than 9 rays . in.col--

lection X,
For comparisons of distribution of
bectoral counts in collections taken at
points cloge’ together, the reader is" re-
ferred to collections I and II, taken 2
miles apart on the ‘same day at Evans-
ville, Wis., and to collections V and v,
taken only a few rods apart on:the same
day at Franklin Spring. Diflerences of
10 per cent in the frequency with which
counts of 9 and 10 appear will be noticed-
. in these two comparisons: - )
Collections IV and v were made a year
apart at Franklin Spring trout pond.
The distribution of counts was consider-
ably alike, although  the collection made
the second year had fewer bectorals with
10 rays, more with 9 rays, and many
niore with 8 rays, ) n
" The dorsal and anal fins.—These fins
- showed less variation in Dercentage of
fish with 10 rays than were found in the
pectoral fins, . For the anal fins the smal--
lest number counted With 10 rays was 47
ber cent found in collection VIT ang the
largest number was 63'pe,1f cent observed .

N

L
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1932_.

Creek ,

Rich-

_in collection VIIIL
found in the dorsal fin. K
"As in the bectoral fins, ‘the counts of

"9 and 11 rays varied as to which number -
o‘ccurreﬂ most ~frequently. While. in sev-

eral collections 9's and 11’s were found
in nearly equal numbers, in collection
VII, 117 were five times ag numer'ous as
9’s in the dorsal fin and 7 times as num-
€rous as 9’s in the anal fin,

Within the respective localities, the
three collections from Evangsville and the
from Franklin Spring
fairly noticeable dif-

with 9, 10 and ‘11 rays.’

Franklin Spring were not very much.dif-

ferent, although rather large -differences
were found in the. bectoral counts,

ComMpaRrTSON BeErweEN THE Ray Counts o
THE PEOTORAT Fing ag ONE Group,
AND THE DORSAT, AND ANAT, Fing
AS ANOTHER ‘Group

' Examination of the frequency distribu-

10 rays were more common in the: pec-
toral fins than in dorsal and anal. For

209

A: similar range was -

particularly in numbers of in-
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TABLE 2—FREQUENCY Disrripurions or FIN Ray Counts. THIS TapLs_SHows NUMBERS (N PARENTHESES)
AND PERCENTAGES OF InprvipuALs HaviNG DirrERENT NUMBERS OF Tix RAvs. THE PLACES AND DatEs
orF COLLECTIONS ARE SuppriED 1N TABLE 1 - - : .

. Number of Rays |

X | Number
| Collection Fin | of indis _______.‘-———’—-—"_—'_—"——_ = —
' vidusle 4,\5l6\7\8"9'l10\11\12l-13l14.
L. Pect.| 212 | W | es lwm| ©
I 0.5 | 0.5 ‘5 | 13.1| 83.9 | 1.4
. R. Pect.| 212 ’ @ | ® | @n|am (7
‘Evansville, 0.5 | 2.8 12.7 | 80.6 | 3.3
Wisconsin . e
Spring Dorsal | 212 - c ). | (35) (138) | (36) (2)
: _ ‘ . | %5 | 16.6 | 65.1| 17.0| 0.9
Dec. 1931 Anal 212 @ | en |y @)
: : 14 | 26:8 | 54.2 | 17.4 |
‘ .| 1 Pect.| 35, ] | @ el o
11 : : 2.8 | 20.0|74.2| 2.8
R. Pect.| 35 ‘ (1) (8) | (26)
Evansville, - : 3.0 22.8 | 4.2
Wisconsin o
Allen’s .| Dorsal 35 - . . @ | a9 | ay| @
Creek ) ) 8.6 | 54.3 | 81.4| 5.7
Dec. 1031 Anal 35 ¢ | eyl © | M
) 149 | 57.1|25.7| 2.8
- L. Pect)" 59 ' ’ @ | a9 | @) | B
1L » 6.8 | 23.7]64.4| 5.1
R.Pect.| 59 ‘ an | @n | @
Evansville, . : | 28.8|60.5| 1.7
Wisconsin . : : .
Spring fed - Dorsal 59 @ (12) | (32) (13)
creck , |34 | 20.3 | 54.2:] 22.0
" May, 1932 Anal 59 - K ' @ | ae | ol ® | @
- ) . 1.7 | 27.1| 50.8 13.6 | 6.8 .
%1, Pect.| - 433 ol @ @ @) | @ | 66 (364) (20) (1)
v . 63| 05| 05| 0.7 09|83 84.0 | 4.6 | 0.2
, R.Pect. 433 @) @ | @ | e|em| ey @
) Franklin 0.5 05 | 0.7 | 7.6 |84.7| 8. 0.5
Spring
" Pond Dorsal 433 (1) ©) | (89) | (241) 1) | (6)
, . : 0.2 1.4 | 203|857 | 211} 1:4
Nov. and Dec. 1031 | Anal 433 . | @ | a0 | @239) (18) | @)
} : - : 0.5 | 0.5 | 95.2 | 56.2|18.0) 0.9
1. Pect.| 173 olele|al e awy| an | @ | @
) : 06 | 17| 2.0 | 8.7 | 127 653 6.4 | 1.2 ] 0.8
v R. Pect.| 173 m | G| e a2 a2 { @
: S | 40| 2.9 | 13.6]70.5 6.9 1.7
‘Franklin Dorsal | . 170 Q) @ | @8 | @o| (32) (5)
Spring -1 0.6 i | 16.5 | 60.0 | 18.81.2.9"
Pond: R . ’ '
Anal 172 (1) (4) | @42) | (95) (24) | (6)
_ ] 0.6 2.3 | 24:4 | 55.2 | 14.0 3.5
* Nov. 1932 Caudal'| 172 ) 1w @ | @2 | s a8 (5)
0.6 1o} 7.0 | 77.9 105 | 2.

e e e i T
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TABLE 2—Concluded

' . Nux\nber - Number of Rays )
" Collection Fin. | of indi-- —\‘._
" { | Viduals )5’6’7}8)9.110111[12‘13!14

L. Pect.| 131 (1 G| O | @3] (14) (1)
FVI : . 0.7 ° . 2.3 6:9. | 78.6° 10.7 0.7 .
. I \
R Pect,| 131 : @[ @ | 09| (@) ) ‘
} ‘ 2.3 6.9 | 8.2 6.9 0.7
Franklin .
Spring Dorsal 130 a7 | (712) | (39) 2) ;
just below - 13.1 | 55.4 .30.0.| 1.5 E
pond . .
Anal 131 (1) - (2) | @5 1) (32) |
0.8 | 1.5 | 115 | 61,8 | o4 4| . !
Nov. 1932 ) : i b
, Caudal | 130 M@ @ || g @ I
081 150 69 | 87| 105 | 14 ]
L. Pect.| 187 .| 1@ . @) | @2 | 86) | (5
- g 2.2 | 306 62.6 | 3.7
R.Pect. 137 @) W@ e 9 )| .
VII et 1.5 0.7 | 1.5 | 19.7 8.7 | 0.7 |
Dorsal 137 ’ . (1) 9) | (76) | (48) (3)
Kent Creek . 0.7 1 6.6 | 55.5 | 85.0| 2.9 i
Anal | 137 | - ® @) 60l o | o
e : . 5.8 467 |41 | &9 | O [
L. Pect.| 675 @ L@ | 6o | s3] 40 ,
: : o 0.1 | 0.1 7.6 |8.3| 5.9
VIII R.Pect.| 675 , » @9 | G| (51 | ()
- : » 1|87 | 7.6 | 0.6
Buffalo Dorsal | 675 : ) <9> (154) | (a41) | (68) | (2)
Creek . - . . 0.1 22.8165.3]10.1] 0.3
' Anal | ¢35 (6) | (162) | (423) | (94)
; 0.9 22.5 | 62.6 | 13.9
L. Pect.| 352 ) | 68| @86)| (7)
0.3 | 16.4 | 81.3 | 2%
IX  |R.Pect| 35 M) | @4) | Gony| (g
| 0.3 | 12.5 | 85.5 | 1.7
Nippersink Dorsal'| 352 ®) | (107) (191) | (46)
Creek 2.3 | 80.4 | 54.3 | 13.1
Anal 852 (6) | (95) |.(182) (66) | (3)
. : 1.7 | 26,9 51.7 18.71 0.9
\ .
L. Pect.| " g1 W6 | 6] a
, _ 1.2 ] 6:1 | 76.5 | 16.0
X | RoPect] s , ®) | 6| o | @
. . . 3.7 | 82.7 123 1.2 -
Harrison Dorsal [+ 81 e » (1) | 40) | (20) @ |
Ditch - ] : 18.6 | 40.4 35,8 | 1.3
Anal 81 1(1% O | 44 | (23) (4)

ALY | 543 | 98.4 | 479
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example, in collection T 10 rays in these

four fins were observed the following
number of times: oo

Left pectoral .........e.-- L 178
Right pectoral ........: I 4 §
DOrsal ..vveeeerieet vee... 138
ANAL ooaveeenee e .01

Similarly, in every other collection the
pectorals as a group. had more counts ‘in
the mode than had the (dorsal and anal,
usually 20-30 per cent more. -In most
collections the left and right pectorals
did not differ with respect to modal
counts by more than five per cent. This
was also true ‘in the case of occurrence
“of modal counts in dorsal and anal.

Another way in which these fin pairs
differ is in number of low counts and high
counts. In the pectoral fins there were
‘more counts of 4, 5, 6 and 7 rays than
were found in dorsal and anal, but the
dorsal and anal fins showed more counts
of 12 rays. .

A study of the means for these fins also
showed a pairing of values. In 8 of the
10 collections, means for dorsal and anal
were higher than for pectorals. In an-
other collection, however, the reverse was

“true, and in still another the means for -

all fins were about the same.

Pierson’s correlation coefficient (r) has
been used hére to express the tendency for
pectoral fins of individual sticklebacks to
- have the same number of fin rays on
" right and left sides. The bilateral ar-

rangement of these fins would seem to.

suggest the likelihood of rather high cor-
relation. This measurement has also been
applied-in the case of the dorsal and gnal,

~ dorsal and right pectoral and dorsal and

left pectoral. The results are shown in
the following tapulation. It should be
remembered that perfect positive correla-
tion is expressed by r= 1.0 and values
of r greater than + 0.3 are usually con-
.sidered significant. These determinations
were based. on the specimens in all col-
" lections combined. ' R

Correlation between 1ay -
- number n: 7
Left pectoral and !
right pectoral .... -+ 0.327 = 0.013

Dorsal and anal.... 4+ 0.474 £ 0.012 .

. Kirtland, J. P.

"
' ' i T

Tllinois State Academy of Science Transactions

Dorsal and left pec:’

T toral L...eeees . 40.038 = 0.020
Dorsal "and right - :
pectoral ......... -+ 0.005 == 0.020

Thus there seems to be a definite tend-
ency for left and right pectorals to have
the same number of rays, and the same
tendency is' also found in the case of
dorsal and anal, but there was no correla-

tion between ray pumber in the dorsal

with either of the pectoral fins.

It would seem that the most likely- ex-
planation. of correlation . between the pec:

torals, and also between dorsal and anal '

would rest on the theory of segmental
origin of the fin rays; that is, that each
individual ray originates from an indiv-

vidual myotome.* In the stickleback the -

position of the dorsal fin is directly above
the anal which indicates that most of the
rays in the two fins probably do originate
from the same group of myotomes. In
the case of the pectoral fins the ‘origin
of the rays, according to the widely ac-
cepted “1ateral-fold theory” is dalso in the
myotomes, and it would be expected that

the.rays on right and left fins had usually -

come from the same segments, but from.
a different set than those which gave rise
to the dorsal and anal. The circumstance
that the pectoral fins, the dorsal and the
anal all have a mode of 10 rays must be
looked upon as accidental.
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