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Does Sexual Differentiation Exist in the Aggressiveness of Masu Salmon (Oncorhynchus
masou) Fry? HIROSHI YAMAGISHI AND MASARU NAKAMURA (Department of Zoology,
Faculty of Medicine, Teikyo University, Hachioji, Tokyo 192-03, Japan)

ABSTRACT An experiment was carried out in order to determine whether sexual differ-
ences in aggressiveness exist in masu salmon fry (Oncorhynchus masou). Eighteen groups,
each consisting of four even-sized fish aged 37—57 days after hatching, were used. Ag-
ressive behavior in individual fish of each group was recorded for 3 days. After the
experiment, all the fry were examined histologically to determine their sexes. Females
were judged by the appearance of auxocytes with young oocytes and males by blood
vessels and sperm ducts in the stroma in the proximal region of the gonad. The 72 fry
used consisted of 38 females and 34 males and of the present 18 groups, only one group
consisted of individuals of all the same sex (male). Chasing, nipping, lateral display,
wigwag display, fighting and territorial defense were taken as expressions of aggressive-
ness. A dominance order of the nip-dominance type was recognized in most of the
groups. No significant difference due to sex was noted in the number of dominant fish
either in the 9 groups consisting of the same numbers of both sexes or in the 2 groups
consisting of one female and three males, whereas all the dominant fish were females in
the 6 grousp consisting of three females and one male. (Zool. Mag. 92: 43-50, 1 983)
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Fig. 1. Cross-sections of gonads of the masu salmon (Oncorhyn-
chus masou) fry. (a) Ovary of a 40-day old fish (x 370). Many
auxocytes are seen. (b) Testis of a 44-day old fish (x 3850).
Efferent ducts are seen in the proximal region of the gonad.
Spermatogonia in the resting stage distribute singly in the stromal
tissue.
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Table 1. Number of females and males in
each group.
Group  Days after Number of
No. hatching females  males
1 37 3 1
2 37 2 2
3 37 2 2
4 37 3 1
5 37 2 2
6 31 1 3
7 40 0 4
8 40 2 2
9 40 2 2
10 40 2 2
11 40 3 1
12 40 3 1
13 44 2 2
14 44 2 2
15 44 3 1
16 57 3 1
17 57 1 3
18 57 2 2
Total 38 34
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Fig. 2. Aggressive behavior- of the masu

salmon (Oncorhynchus masou) fry.
(a) Nipping; attacking is directed
toward the head of the opponent fish.
(b) Wigwag display; the right fish is
threatening the left fish with a wigwag
movement. (¢) Fighting; both fish swim
around each other in a tight circle
repeatedly nipping each other.
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Table 2. Changes in attacking frequency by the individual fish, recorded by 20 min
observation of each of the groups with the same number of females and males.
Figures in parentheses indicate the frequency attacked while asterisks indicate
the territory-holding fish.

Group Attacking Number of attacks
No. fish 1stday 2ndday 3rdday  rotal  Rank-order
F, 3(5) 1(13) 3(24)  7( 42) 4
F, 1(17) 2(8 7(11) 10( 36) 3
2 M, 0 (1) 20% 0) 19 (27) 39( 28) 2
M, 22%( 3) 0 (2) 41%*( 8)  63( 13) 1
F, 4 (10) 16%(20) 39%*(45)  59( 75) 2
F, 10 ( 7) 25%(24) 0 (30)  35( 61) 3
3 M, 20%( 8) 43%*(24) 81%(25) 144( 57) 1
M, 0(9) 5(21) 1(21) 6 51) 4
F, 4 (2) 16*(18)  3*( 9)  23( 29) 4
F, 52 (35) 1 (4) 4 (1) 57( 40) 1
5 M, 1 (2) 43%(20)  2%( 2)  46( 44) 3
M, 34 (52)  9%(27) 9%*( 6)  52( 85) 2
F, 1(1) 0(3) 7(8 8 12) 2
F, 3(4) 3(0) 22%4) 28 1) 1
8 M, 0(1) 3(1) 117 4 19) 3
M, 3(1) 0(2 0(0) 3 3) 4
F, 2(19) 0 (0) 2(28 2 49) 3
F, 44*( 2)  8*%( 0) 70%( 6) 122( 8) 1
9 M, 0(12) 0 (2 4(27) 4 41) 2
M, 0 (13) (6) 0 (15)  O( 34) 4
F, 3(1) 02 4(0) 7 13) 3
F, 0(0) 0(6 0(2 0o 8 4
10 M, 1(3) 19%55) 0 (3) 20( 61) 2
M, 0(0) 70*17) 1(0) 71 2) 1
F, 0 (54) 2 (25) 0 (76)  2(155) 3
F, 1 (17) 19 (27) 0 (15)  20( 59) 2
13 M, 0(4 0(0) dead o( 4) -
M, 74%( 0)  49%(18) O1%( 0) 214( 18) 1
F, 25%(22) 2 ( 3) 3 (13) 30( 38) 2
F, 58%(24) 37%( 3) 31%( 3) 126( 30) 1
14 M, 2 (30) 4(20) 1 (5) 7( 55) 4
M, 0(9 017 1(15) 11( 41) 3
F, 2(5) 0(7) 1%10)  3( 22) 3
F, 5 (17) 2 (5) 9%(12)  16( 44) 2
18 M, 0(1) 0(1) dead o 2) -
M, 18%( 2) 11%( 0) 14%( 2)  43( 4) 1
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Table 3. Changes in attacking frequency by the individual fish, recorded by 20 min
observation of each of the groups with different numbers of females and males.
Figures in parentheses and asterisks indicate the same as in Table 2.

Group  Attacking Number of attacks
No. fish 1stday 2ndday 3rdday  1otal  Rank-order
F, 1 (12) 12%(45) 3 (11)  16(68) 3
F, 1 (16) 0 (14) 5 (11) 6(41) 4
1 F, 41%( 0) 95%(18) 29%( 5) 165(23) 1
M 1 (16) 15%(45) 4 (14)  20(75) 2
F, 13%( 0) 29%( 0) 58%(36) 100(36) 1
F, 17 (9) 2 (27) 47%(58)  66(94) 2
4 F, 0(3 0(0) 0¢(9) 0(12) 4
M 1(19) 0(4) 0(2 1(16) 3
F 3(3 2(2 0(2 5( 7) 4
M, 4*( 1) 3 (31)  2%( 0) 9(32) 3
6 M, 2) 15%(30) 10%( 8)  25(40) 2
M, 1) 51%( 8) 0(2)  5111) 1
M, 1(1) 5(22) 9 (35  15(58) 3
M, 2(4) 1(5 012 3(21) 4
7 M, 9*( 6) 26%( 9) 0 (13)  25(28) 2
M, 3 (4) 15 (11) 54%( 3)  72(18) 1
F, 2¢( 1) 2% 2) 3 (11) 7(14) 2
F, 0(0) 0(1) 0¢(O0) o 1) 4
1 F, 8%(3) 5 (1) 13%( 3)  26( 7) 1
M 1(7) 0(3 0(2 1(12) 3
F, 7#( 4) 8 (15) 1 (14)  16(33) 4
F, 19 (12) 10 (13) 18 ( 8)  47(33) 1
12 F, 12 (20) 15 ( 6) 16 (14)  43(40) 2
M 4%(6) 9 (8) 4(3) 1717 3
F, 19%( 4)  16%( 2) 32%( 0)  67( 6) 1
F, 3(8 0(0) 0(09) 3(12) 3
15 F, 1 (15)  2%(16) 0 (20) 3(51) 4
M 3*(4) 0(0) 03 3( 7) 2
F, 4(8 1(0) 0(4) 5(12) 3
F, 32%( 1)  4%( 0) 41*( 0)  77( 1) 1
16 F, 0(21) ©0(1) 0 (31) 0(53) 4
M 2(8 0(4 1(7 3(19) 2
F 11%( 2)  3%( 0) 20%( 1)  34( 3) 1
M, 1(2 0(0) 3(86) 4( 8) 2
17 M, 1(7) 0(3) 0(14) 1(24) 4
M, 1(8 0(0) 0¢(2) 1( 5) 3
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