SOME POST-LARVAL AND JUVENILE STAGES OF THE INDIAN
MACKEREL, RASTRELLIGER KANAGURTA (CUVIER), WITH NOTES
ON THE CHANGES IN BODY FORM*

V. BALAKRISHNAN! AND K. V. Naravana Rao?
Central Marine Fisheries Research Institute, Mandapam Camp

The Indian mackerel, Rastrelliger kanagurta (Cuvier), belonging to the family
Scombridae, is one of the commercially important food fishes of India and
a few other countries bordering the Indo-Pacific. The life history of this species
has not been fully investigated so far,

The earliest description of a Rastrelliger egg is by Delsman(1926) from the
Java Sea. Subsequently, Delsman (1931) expressed doubts about the correctness
of his earlier identification. Manacop (1936) has described, from the Philippine
waters, two specimens of R. chrysozonus measuring 26 mm and 48 mm in length.
Devanesen and John (1940), Balakrishnan (1957) and Kuthalingam (1956) have
recorded the occurrence of eggs and larvae of R. kanagurta from the Indian waters.
Jones and Kumaran (1964) have given figutes of two juveniles measuring 34 mm
and 65 mm in length. A single larva measuring 9.3 mm collected from the
Andaman Sea during Viryaz Expedition has been described by Gorbunova (1963).
The eggs and larvae of Rastrelliger, collected fiom the Gulf of Thailand, have
been described by Boonprakob (1962, 1965) and the Rastrelliger larvae collecied
from the same area during the Naga Expedition have been described by Matsui(1963).

In this paper a series of ecarly stages of the Indian mackerel is
presented. However, this does not include the pro-larvae reported earlier (vide
Balakrishnan, 1957) as the material is not available now.

MATERIAL AND METHODS

The material, except for eleven specimens collected from Cannanore (Lat.
{17 50'N; Long. 75°25'E), was coliected during 1956-°59 from the inshore waters
off Vizhingam (Lat. 08 22’N: Long. 76" 59’E) on the south-west coast of India

* Afiter preparation of the present report for publication, a note dealing with Rasrrelliger larvae
{measuring 2.7 mm, 3.1 mim, and 5.3 mm) collected from the northern part of the Arabian
Sea, Red Sea and Bay of Bengal during the International Indian Ocean Expedition was
published by K. I. Peter (Curr. Sci,, 36 (10): 273-74, 1967).
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and consisted of several post-larvae and early juveniles. Our collections comprised
210 specimens ranging from 8.7 mm to 53.7 mm in body length. Of the total,
only 179 specimens were measured and studied in detail, as the rest were in a da-
maged condition. Details regarding the date of collection, size range eic. of the
specimens examined during the present study are summarised in Table 1.

TaBLE 1. Details of the specimens of Rastrelliger kanagurta examined.

Sample  Date of Place of Net * Number of  Size (body length)

No.  collection collection © specimens range (mm)}
1 25, 2.'56 Vizhingam 8.8, 6 21.76 — 3091
2 4. 4.°56 Do 8.5 9 37.81 — 51.07
3 13. 5.°56 Do B.S. 3 982 — 1572
4 19. 5’56 Do 8.8. 3 2262 «- 27,19
5 21, 5.°56 Do B.S. 39 10.02 — 15.26
6 23. 5.'56 Do B.S, 51 8.69 — 22,75
7 23.11.°56 Do S8, 22 26.00 — 34.09
8 25. 1.°57 Do S.5. 5 20,16 — 26.13
9 7. 3.5 Do 8.8, 2 2222 2474

10 29, 3.°87 Do 8.8, 3 30.18 — 33.23

1 21. 6.°57 Do B.S, 13 2547 — 35.42

12 22, 5.°58 Do B.S. 10 48.16 — 53.73

13 1. .58 Do B.S. 9 33.10 — 36.80

14 10. 7.°58 Do B.S. 21 36.68 — 47.36

15 15.12.°59 Do 5.8, 3 1572 — 20.43

16 26. 6.763 Cannanote B.S. 11 28.65 — 4875

* 8. 8. - Shore Seine; B. S. - Boat Seine

The measuring technique adopted while taking various body proportions
is indicated schematically in Fig, 1. Measurements were taken on material
preserved in 59, formalin, Since the material was in this state for a considerable
period of time, the pigmentation of the specimens appears to have faded out to
some extent. In some cases, it was necessary to keep them in glycerine medium to
study the pigmentation,

DESCRIPTION

A selected series of stages of post-larvae and juveniles are figured and brie-
fly described below:

8.7 mm stage (Fig.2)

This is the smallest specimen of the series. Length of head is 2.78 and body
depth 3.35 in body length. Snout is 4.24 and eye 3.15 in head length.

The specimen has a typical scombroid shape. Tt has a comparatively lon-
ger head, deeper body and bigger eyes which are completely pigmented at this stage.
Snout is blunt. Maxilla reaches to below anterior 2/3 of eye. There are five
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anteriorly placed sharp teeth on each side of the jaws. Supra-orbital region of the
head is high and dome-shaped, The preopercle is unarmed, unlike that of the
other scombroid larvae of comparable size. All the fins, except the first dorsal,
are well developed with full complement of rays. The first dorsal is low and has
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Fic. 1. Schematic diagram of a mackerel larva showing methodology used in taking body
measurements. TL - Total length; BDL - Body length; STL - Standard length;
HDL - Head length; HDD - Head depth; SNL - Snout length; ED - Eye diameter;
OBD - Orbital diameter; MXL - Maxilla Jength; SND! - Snout to first dorsal inser-
tion; SND?2 - Snout to second dorsal insertion; SNPT - Snout to pectoral inser-
tion; SNPL - Snout to pelvic insertion; SNA - Snout to anierior border of anus;
SNAN - Snout to anal fin insertion; BDD - Body depth; and CPD - Caudal peduncle
depth,

only five spines at this stage. There are six dorsal and anal finlets of which the
two nearest to caudal are so close that they appear as a single finlet. Its duality
can, however, be recognized exiernally by the supporting bases, Pectoral is fan-
shaped. Pelvic is small and thoracic in position. Finlets are interconnected by a
membrane.

Pigmentation is localized characteristically to the tip of snout, mid-brain
region, side of body adjacent to the visceral cavity and the base of the vertical fins.
In addition there are chromatophores, one on the tip of the lower jaw, two on the
fore-brain, two to three on the hind-brain region and four on the opercle, Similarly
four chromatophores in a row on the mid-lateral side of the caudal region and
a single one in the middle of the ventral fluke of the caudal fin are

present,
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11.4 ;mmn stage (Fig. 3)

Head is 2.87 and body depth 3.74 in body length. Eye 3.52 and snout 3,77
in head. Supra-orbital is still dome-shaped. At this stage six teeth on the upper
and severt on the lower jaw are present. Six spines ave discernible in the first dor-
sal. Pectoral is more elongated than in the previous stage. Dorsal and anal
finlets are still interconnected by a thin membrane.

At this stage, further increase in the pigmentation on the tip of snout, dor-
sal side of head and opercle is recognizable, Four chromatophores have deve-
loped on the vpper jaw. A single chromatophore in the pre-orbital area and a
row of four in the post-orbital are present. Interspinous membrane of the first
dorsal is pigmented to the extent of 5th spine. The intensity of pigmentation is
a little more than in the previous stage.

13.9 mm stage (Fig. 4)

It is comparatively more fusiform than the previous stage. Head is 3.02
and body depth 4,10 in body length. Snout is 4.00 in head length. Supra-orbital
area is less dome-shaped at this stage, Upper and lower jaws are provided with
7 and 8 teecth respectively on each side.

Pigmentation has spread from snout dorsally towards the frontal region and
also from head to nape, Chromatophores from the dorsal profile of the body
below first dorsal have spread anteriorly into the pre-dorsal area and posteriorly
towards second dorsal. Dorsal side of the caudal peduncle is more intensely
pigmented. Pigmentation from the mid-lateral side of the body at the caudal
region has increased and spread more cephalad. Finlets are separated. Seven
spines are evident in the first dorsal fin which is more intensely pigmented at
this stage.  Apart from these changes, pigmentation remains the same as in the
previcus stage.

16.9 mm stage (Fig, 5)

At this stage the supra-orbital region of head has further shrunk and con-
sequently the head assumes a fusiform shape. Body is also comparatively slender,
Length of head is 3.07, depth of head 4.72 and body depth 4.55 in body length,
Snout is 3.99 and eye 3.5% in length of head. An additional tooth is discernible on
each side of the jaws. Pectorals have assumed a more characteristic shape. Ten
spines are discernible in the first dorsal.

Pigmentation on the snout has spread dorsally towards head and ventrally
to mazilla. Head is intensely pigmented. Chromatophores have increased in
number both on the opercle and post-orbital region. The process of intensification
and spreading of the pigmentation is carried further along the entire dorsal profile
and the mid-dorsal side of the body, The pigmentation in the latter area has
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extended cephalad a little beyond the vertical from the insertion of the second
dorsal. Caudal peduncle is now fully pigmented dorsally. In addition to the
pigmentation at the base of the caudal fin, there are two chromatophores on ifs
ventral fluke. Pigmentation of the body in the vicinity of gut, anal fin and finlets
remains the same ag in the previous stage.

19.3 mm stage (Fig. 6)

Body depth is 4.41, head length 3,16, its depth 5.20 in body length. Eye is 3.67
and snout 4,00 in head. Supra-orbital is characteristically flattened; body is fusiform
as in juvenile. Upper and lower jaws are endowed with 9 and 10 thin and sharp
teeth respectively on each side. First dorsal has assumed, more or less, sail-shape
due to increase in length of the 2nd and 3rd dorsal spines. It has 12 spines
and is intensely pigmented.

In the area between the eye and maxilla a patch of nine chromatophores
is present. Pigmentation from the post-orbital region has spread ventrally a little
into the infra-orbital area. Dorsal half of the body is fairly covered with pigments,
more so at the caudal region. Proximal region of the caudal fin is slightly
pigmented. Other fins are still unpigmented. The first signs of the development
of adipose eyelids are recognizable.

224 mm stage (Fig. 7)

Head is 3.18 and body depth 4.63 in body length. Eye is 3.66 and snout 3.76
in head length. '

At this stage, further development of the adipose eyelids is noticeable, the
posterior adipose eyelid having grown forward covering a little over posterior
border of the eye. The number of teeth on each side of the upper and lower jaws
has increased to 12 and 14 respectively.

Further spreading of the pigmentation on the snout, head, opercle and the
dorsal and mid-lateral sides of body is noticed. On the snout three additional
chromatophores have developed just below the posterior nostril. Dorsal half
of the body is more or less, fully pigmented. There is arow of 5 to 6 chromatophores
at the base of pectoral which has now assumed a typical shape. First dorsal has
12 spines and is pigmented up to the limit of 9th spine.

31.4 mm stage (Fig. 8)

The proportions of head and body depth at this stage are 3.29 and 4,34
respectively in body length, Snoutis 3,99 and eve 3.87 inhead length. The number
of teeth has increased.

First dorsal is as high as the second and has 11 spines. The 12th spine,
however, can be seen beneath the body wall if cleared and dyed. The entire area
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of the gill-cover, in line with maxilla, is now completely pigmented. Supra-orbital
area of the head js conspicuously low and flat at this stage. The post-and infra-
orbital areas are fully pigmented. Adipose eyelids have grown covering more
area of the eye. A row of pigment spots is present covering the entire base of the
pectoral. Body pigmentation has spread a little from the midlateral aspect of the
body ventrally. Caudal fin is fairly pigmented. Inter-radial membrane of the
second dorsal is also faintly pigmented anteriorly.

52.7 mm stage (Fig. 9)

It represents a typical juvenile possessing all the adult characters though its
body proportions are still not quite comparable with those of the adult. Head
length is 3.49, its depth 6.91 and body depth 4.70 in body length. Snout is 4.10 and
eve 4.22 in head length,

Head and body have assumed fusiform shape characteristic of the juvenile.
Supra-orbital area of the head is flat as is characteristic of the adult. On each side
of the upper and lower jaws there are about 20 and 25 sharp teeth respectively,
Adipose éyelids have grown fully and cover the eye typically as in the adult.

First dorsal fin has developed to the typical adult shape and is higher than
that of the second dorsal. There are only eleven spines in the first dorsal. Caudal,
first dorsal, second dorsal and dorsal finlets are dusky. Head and dorsal aspect
of the body are fully pigmented. Lateral line is discernible at this stage. First
anal spine seen in the earlier stages has now been resorbed to a large extent into the
ventral body wall.

CHANGES IN Bopy Form

Altogether 179 specimens ranging in body length from 8.7 mm to 53.7 mm
were measured to study the changes in body form. 1In Table 2 the summarized
data for 1 mm size groups are presented. The various body proportions in per-
centage of body length are shown in Table 3, Gill raker counts were taken from
15 specimens varying in length from 11.5 mm to 51.2 mm. A statement of the giil
raker counts is given in Table 4.

In its early post-larval stage the Indian mackerel is comparatively deep-
bodied and chubby than at the juvenile stage. As it approaches the juvenile stage,
it assumes a fusiform shape. The number of gill rakers increases with the increase
in size of the fish (see Table 4).

The juvenile stage of Rastrelliger kanagurta may be considered to begin
when (1) the full complement of spines and rays are developed in the fins, (2) the
supra-orbital region of the head, which is dome-shaped in the post-farval stage, flat-
tens characteristically as in the adult, and (3) the firet signs of scales appear on the
body. This occurs when the fish grows to a body length of about 20-25 mm.
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TABLE 2. Morphometric measurements of post-larvae and juveniles of Rastrelliger kanagurta.

Size groups No. of Average morphomettic measurements (rum)

of body specimnens

length (mm) BDL TL STL HDL SNL ED OBD MXL HDD SND'! SND? SNPT SNPL SNA SNAN BDD CPD
8.00- 8.99 1 869 1068 822 312 073 099 113 119 225 365 550 325 345: 537 557 ° 259 0.60
9.00- 9.99 2 982 1134 925 3.50 083 1.06 136 139 235 408 602 374 348 607 620 258 0.60
10.00 - 10.99 51033 1252 991 369 0.89 LII 142 145 252 440 659 386 3.61. 634. "637_ 276 0.62
11.00 - 11.99 11 1159 1368 1094 400 102 1.15 142 1.57 257 478 735 421 400 722 744 276 0.67
12.00 - 12.99 7 1265 1514 1197 427 113 124 147 168 286 517 803 451 157 787 812 302 069
13.00 - 13.99 4 1388 1650 1323 464 118 128 149 1.69 295 547 879 486 499 857 899 313 077
14.00 - 14.99 7 1445 1721 1385 485 121 134 148 1.79 308 553 904 497 512 900 936 313 07
15.00 - 15.99 9 1554 1828 1477 500 1.32 144 166 193 315 559 948 526 552 937 $3T 370 077
16.00 - 16,98 6 1651 1944 1572 224 134 153 169 222 334 627 1005 548 593 1008 1045 363 080
17.00 - 17.99 2 1777 2006 17.08 573 149 159 1.82 212 351 689 1121 611 680 1091 1134 378 0.83
18.00 - 18.99 6 1857 2192 1783 596 155 1.65 188 218 371 722 1177 630 668 1153 1190 403 0.85
19.00 - 19.99 31961 2344 1893 632 159 L70 192 217 582 .58 1249 646 699 1207 1280 427 086
20.00 - 20.99 5 2043 2383 1951 639 1.65 1.82 200 239 405 749 1257 675 699 1240 1290 427 0.89
21.00 - 21.99 3 2141 2536 2056 674 1.77 181 201 254 400 7.80 1300 703 7.50 12.65 (333 462 096
22,00 - 22.99 6 2241 2643 2135 700 181 191 212 250 411 8.4 ‘13.82 738 7.97 13.33 1407 4.83 095
23.00 - 23.99 2 2325 2706 2222 726 192 150 215 268 444 829 1409 772 8.2 1399 1434 494 0.96
24.00 - 24.99 2 2461 2875 2345 779 195 215 238 272 461 9.2 1515 8.6 882 1519 1562 544 1.2
25.00 - 25.99 302571 2998 2434 8.00 199 22t 243 303 4.66 917 1555 836 913 1557 1212 553 1.03
26.00 - 26.99 7 2641 3070 2527 8.15 202 214 239 287 452 966 1610 859 889 1604 1671 544 110
27.00 - 27.95 5 27.35 3201 2608 8.64 220 225 251 313 495 994 1687 910 988 1670 1731 611 1.09
28.00 - 28.99 2 2875 3348 2136 8.82 205 225 243 315 517 1031 1758  9.08 975 17.74 1817 6.7 119
29.00 - 29.99 6 29.54 3425 2818 8.72 210 227 254 308 501 10.54 17.63 929 993 1760 1836 618 1.17
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30.00 - 30.99
31.00 - 31.99
32.00 - 32.99
33.00 - 33.99
34.00 - 34.99
35.00 - 35.99
36.00 - 36.99
37.00 - 37.99
38.00 - 38.99
39.00 - 39.99

40.00 - 40.99
41.00 - 41.99
42.00 - 42.99
43.00 - 43.99
44.00 - 44.99
45.00 - 45.99
46.00 - 46.99
47.00 - 47.99
48.00 - 48.99
49.00 - 49.99

50.00 - 50,99
51.00 - 51.99
52.00 - 52.99
53.00 - 53.95
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30.67
31.69
2.7
33.51
34.14
35.28
36.68
37.51
38.27

39.93

4031
41.32
.28
43.39

44.44°

45.54
46.63
4729
48.70
49.08

5023
5110

5273

53.713

29.41
30.33
30.81
32,03
32.39
3373
35.15
35.98
36.41
384

35.43
36.88
37.50
3878
39.51
a1.02
42.78
44.94
43.94
41.76

38.58
39.53
40.54
4155
4278
43.98
44.64
45.60
46.69
_47.09

46,92
49.61
48.74°
50.49
51.02
52.86
54.05
5505
55.96
36.71

57.49 " 48.35
58.817" 49,23
60.36 * 50.61

6148 5141

9.16

9.43

9.95
10.13
10.19
10.84
1084
11.60
11.08
11.61

11.83
12.47
12.64
13.36
13.86
13.73
14.06
14.69
13.9]
1492

14.06
14.59
15.12

15.26-

- 22
236
232
2.50
2.52
278
2.65
288
272
2.79

292
3.05
3.07
3.18
332
138
3.18
3.58
343
338

333
3.51
3.65

243
.2.50
2.52
2.55
2.54
268
272
302
275
2.79

2.87
292
3

3,10
298
3.30

" 3.55
3.58

337

345

‘136
345
3.58

2.65
2.76
278
281

2.85.

3.08
jos
335
2.98
298

318
3.25
3.29
3.45
351
361
3.98
3.94
3.66
3.65

378"

3.85

405"
axn 3_.65 ~4.18

331
5.46
3.61
3.30
3,89

3,98

.4.04
437
398
431

4.29
4.64
4.54

'4.86
4.97
496
5.3
577
5.47
497

315
5.64
5.64
5,57

5.06

533

577

558
1227

5.57
5.90
5.57
6.36
5.64
6.30

6.41
6.83
6.43
7.08
6.96
6.92
7.30
7.53

699

7.36

134

7.3

7.63

1.76

10.73
11.32

ALT4

11.89

12.66
12.76
13.76
13.43

1393

14.37
15.06
15.03
15.55
15.92
16.38
16.58
17.81

'16.72

17.25

'16.52
17.45

'17.91

1731

18.65
19.14
19.56
2037
20.69
21.52
2238
23.14
23.21
2421

24.30
28.54
25.68
26.53
27.19
23.04
28.52
29.35
29.40
30.18

2994
30.58
31.37

3217 -

.68

10.04

10.18

10.69
1085

11,55
11.49
11.97
1.77
12.47

12.53

1346
13.36
13.75

14.26
14.46

14.59

15.15
14.66
15.59

1444

15.07 -

15.26
15.59

10.44
1.0

1108
1157

11.85
12,23
12.24
12.54
12,63
12.60

13.71
13.60
14.04

1505

14.59
15.59
1592
16.51
1575

" 16.25

16.14
16.75

17.25

18.45
19.18
19.43
20.09
19.59
20.53
20.89
21.89
22.55
2388

23.88
25.20
25.8
26.56
26.53
27.59
27.19
28.02
28.93
30.18

.23
30.05
3184

19.32
19.74

20.26 .

2123
2124

22.35

2288
23.65
23.38
25.54

25.47

26.54
27.04
27.84
27.86
28.94
29.18
29.78
30.26
31.70

30.20
3147
33.03

17.58—31.51 - 33.16

6.61
6.68
7.32
7.19
116
7.66
7.79
7.85
7.63
8.49

8.76
9.75
9.00
277
10.28
10.24
9.95
10.91
1049

10.28

10.88
i1.21
11.21
§.61

1.18
1.24
1.22
1.30
1.31
1.39
1.39
1.36
1.39
1.46

1.46
1.53
1.55
1.64
1.66
1.67
1.59
1.62
1.67
1.66

1.73
1.75

.19 -

199
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‘TABLE 3. Body proportions of poest-larvae and juveniles of Rastrelliger kanagurta,
Size group Body Body proportions in percentage of body length

(oum) %fnnmm)h HDL SNL ED MXL HDD  SND! SND? SNPT SNA BDD
g.00- 599 9.44 3538 847 11.02 13.98 24.58 41.74 61.97 3792 61.75 27.44
10.00 - 11.99 11.20 34.82 8.75 10.18 13.66 22.86 41.60 63.48 36_.61 62.05 24.64
12.00 - 13.99 13.09 33.69 8N 9.55 12.91 22.08 40.34 63.48 35.37 62.11 2138
14.00 - 15.99 15.06 3273 8.43 9.29 12.42 20.72 . 38.31 61.69 34.13 61.15 21.65
16,00 - 17.99 16.83 31.85 8.20 9.15 13.07 2008 38.09 61.44 3358 61.14 21.81
18.00 - 15,99 1892 32.1} 8.24 £.77 11.47 19.82 3879 63.42 33.56 61.36 21.72
20.00 - 21.99 20.79 31.36 8.13 8.75 11.74 19.38 36.60 61.23 33.00 60.08 21.16
2.00-2399 22.65 31.25 8.13 8.44 11.23 18.52 36.12 61.40 B 59.68 21.48
24.00 - 25.99 25.27 31.34 1.79 8.66 11.48 18.36 36.21 60.90 32.77 61.02 21.73
26.00 - 27.99 26.80 31.16 7.83 8.797 11.12 17.54 36.45 61.27 32.83 60.89 21.43
28.00 - 25.99 29.34 26,82 7.12 774 10.56 17.21 35.72 60.05 31.56 60.12 21.06
30.00 - 31.99 31.06 29.81 7.31 792 10.85 16.64 3529 60.66 31.62 60.30 21.38
3200 -33.99 33.28 30.14 7.42 7.63 11.32 16.85 3567 60.82 31.85 60.31 21.66
34.00 - 3599 34.60 30.20 7.60 .51 11.36 16.47 35.92 60.78 3217 57.72 21.27
36.00 - 37.99 37.09 30.25 147 774 11.29 16.09 36.75 61.36 31.57 57.67 21.11
38.00 - 39.99 38.82 29.00 1.06 7.11 10.53 15.09 35.03 60.66 30.94 57.52 20.40
40,00 - 41.99 40.56 258.6) 7.27 7.10 10.80 16.05 35.85 60.68 346 59.69 22,19
42.00 - 43.99 42.73 30.26 7.30 .16 10.93 15.66 35.6% 60.89 31.64 61.10 21.76
44.00 - 45.99 45.36 3031 743 7.16 10,93 15.28 3593 61.53 iL79 60.43 22.60
46,00 - 47.99 47.07 30.76 7.34 71.69 11.94 15.83 36.97 61.76 31.80 58.95 22,50
48.00 - 49.99 48.78 28.92 TH 6.93 11.00 14.49 34.50 59.82 30.42 56.82 21.42
50.00 - 51,99 50.77 28.34 6.81 6.77 10.75 14.46 33.68 59.76 29.21 58.62 21.82
52.00 - 53.99 53.23 28.54 6.91 678 10.51 14.45 33.65 59.68 28.97 59.50 21.43

801

OVd YNYAVYYN A "M GNY NYNHSIEMVYIVE ‘A



POST-LARVAE AND JUVENILES OF INDIAN MACKEREL 109

The following morphometric characters were examined to study changes
in the body form: snout length, head length and depth, body depth, snout to the
insertion of first dorsal, second dorsal and anus, The relationships of the above
body dimensions to the body length are shown as size on size regressions based on
the data given in Table 2, In all the characters studied, the relations are simple

Iinear ones,

TABLE 4, Gill raker counts of R, kanagurta ar different sizes.

Size (BDE) of : Gill raker counts

specimen (mm) Upper limb Angle Lower limb Total
11.47 3 1 12 16
13.93 4 i 14 19
16.25 6 1 15 21
17.58 6 1 15 2
19.90 7 1 16 24
20.89 7 1 18 26
23.02 7 1 21 29
26.13 8 1 2 3
27.86 9 1 22 32
29 9 1 23 n
35.42 10 1 25 36
19.93 11 1 26 37
41,32 12 1 27 40
46.63 13 1 29 43
51.21 14 1 30 45

Snout length

The regression of snout length on body length is shown in Fig. 10. It is
seen that the snout length increases by approximately 0.065 mm for each milli-
meter increase in body length, The formula describing the regression line is

given along its sidé,

v L T L

il

SHOUT
-
L

W M =

PR U N S | L A

i ] 12 * 20 ™

28 » %
BODY LENGTH(MM)

Fig. 10, Regression of snout length on body length. The line is fitted to the
data given in Table 2 (see column 7) by the method of least squares.
Each point represents the average of 1 mm size groups.
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Head length and depth

Regressions of these two dimensions on body length show an increase in
head length of 0.278 rom and in depth of 0.124 mm per millimeter increase in
the body length. The formulae describing the regressions of these two characters
on body length are given in Fig. 11.

z .
Eie
ﬁmr

+12
=
- 100
L 10
"8-

Y

HEAD
5 N B &

0 w TYRE 2% ¥ 3a e 42 a8 80 54
' BO0Y LENGTH {MW)

Fig, 11, Regressmns of head length and head depth on body length, The lines

' are fitted to the data given in Table 2 {columns 6 & 11) by the method

of least squares. Each point represents the average of 1 mm size

groups. ' ' s

o~

BODY DEP TH (MM}

- ]

P R ST W VA T R S S S R S S TP U S
0 “ (-2 - { 0 34 28 @ a6 FYS sq
: 7 . BODY LENGTH (MM} :

" Fic."12. Regression of body depth on body length. The line is fitted to the data
: - given in Table 2 (see column 18) by the method of least squares. Each
point represents the average of 1 mm size groups.

Body _depth.

The Indian mackerel appears relatively deep-bodied in the larval stage than
in the juvenile stage, According to Kramer (1360) this change in the shape of body
of the Pacific mackerel, Preumatophorus diego, occurs at-a size of 10,7 mm. A
similar change in the body shape of Rastrelliger larvae at comparable size (8-10 mm)
has been indicated (Matsui,«1963). The size at which this change occurs in
Rasirelliger kanaguria cannot be fixed correctly due to the lack of sufficient specimens
below 10 mm size in our collections. . However, that such a change occurs in this
species at about a size of 910 mm is indicated by the comparatively higher propor-
tions of the body depth in. the specimens below this size (vide Table 3).
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Due to the reasons mentioned above, the relationship of the body depth to
its length is shown by a regression line fitted to the whole data (Fig. 12). The
formula describing the relationship is given along the side of the regression line,
It shows that the body depth increases at a rate of‘ 0.213 mm for ¢ach millimeter
increase in body length, :

108 1)
» B

a3 ¥

15TAZND. DORSAL INSERTION
»
L]

o b @
T

3 1% 18 R % E 5] L B T ) a2 4§ 50 [
ionv LENGTH (MM}

Fia. 13, Regressions of the distances from snout to 1st and 2nd dorsal fins on

body length, The linesare fitted to the data given in Table 2 (see column

12 & 13) by the method of Ieast squares. Each point represents the

average of | mm size groups.

- &

L1

SHOUT 10 ANUS (MM}

' 'l
+ 1] L] w n E R LI 1 w ™ s S s

BODY LERGTH (MM}

* PR S 1 i FURPE T 1 n X TG S T SR L " " 1

Fig. 14. Regression of the distance from snout 10 anus on body length. The line is
fitted to the data given in Table 2 (see column 16) by the method of least
squares, Each point represents the average of 1 mim size groups,

Distance from snout to dorsal Jfins

The relationships of thc distances, from the snout to the first dorsal inser-

tion and to the second dorsal insertion, to the body length are shown as regression
lines in Fig. 13. These regressions show that the two characters increase at a

rate of 0.331 mm and 0.598 mm respectively for each millimeter increase in body.
length, The distances from the snout to the origin of the first and the second dorsal
fins are approximately 1/3rd and 2/3rds respectively of the body length,
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Distance from snout to anus

The distance from snout to anus increases by about 0.587 mm for each

_millimeter increase in body length. The regression of this dimension on body

length is shown in Fig. 14. As in the previous characters, a straight line relation-
ship exists between this character and the body length.

GENERAL REMARKS

The collection records of the post-larvae and early juveniles (Table 1) would
indicate that the mackerel spawns over a number of months with certain peak months,
This is in conformity with the earlier observations on the breeding period
of the species (Balakrishnan, 1957; Rao, 1962; Rao, 1964 and Jones and
Rosa, 1965).

It is reported that the ripe intra-ovarian egg has a diameter ranging from
0.85 to 0.94 mm and possesses a single oil-globule measuring 0.23 mm (CMFRI
1960). It is, therefore, natural to expect that its planktonic egg has a slightly
bigger size. The only records of the eggs and larvae of this species from the Indian
waters are- those of Devanesen and John (1940) from Chaliyam near Calicut,
Kuthalingam (1956) from Madras and Balakrishnan (1957) from Vizhingam, While
Balakrishnan (op. cit.) states that the size of the planktonic egg varies from
0.8 mm to 101 mm, Devanesen and John (op. ¢it) mention a size range
of 0.54.0.70 mm.

Recently, while reporting the results of fish egg survey from the Gulf of
Thailand, Boonprakob (1962) gave the diameter for Rastrelliger-type eggs as var-

ying from 0.72 mm to 0.90 mm, with the oil-globule measuring 0.20-0.25 mm.
Detailed descriptions of the eggs and larvae of Rastrelliger, collected from the

Guif of Thailand, were given by Matsui (1963) and Boonprakob (1965).

Interestingly enough the pre-opercular spines, which are present in the larvae
and early juveniles of other scombroids, are conspicuous by their absence in Ras-
trelliger. This condition appears to be a rule rather than an exception in all the
genera of mackerels (Ehrenbaum, 1923; Sette, 1943; Bigelow and Schroeder, 1953;
Uchida et af., 1958; Kramer, 1960 and Matsui, 1963), The absence of pre-opercular
spines in the otherwise scombroid-type of larva is a useful criterion in identifying
and isolating Rastrelliger from other scombroids,

In this connection, it should be pointed out that the 9.3 mm larva described
by Gorbunova (1963) as belonging to Rastrelliger kanagurta differs from a similar
stage described by us in the presence of pointed snout and pre-opercular spines.
The pointed snoutand the presence of pre-opercular spines described by her would
indicate that it is a scombroid larva other than Rasrrelliger.
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SUMMARY

Some of the early stages of the Indian mackerel, Rastrelliger kanaguria
(Cuvier), not described so far from the Indian waters, are reported. Their size
varied from 8.7 mm to 53.7 mm in body length.

Descriptions and figures of aselected series of stages are given. Changes in
the body form of mackerel in its early life were studied based on seven morphome-
tric characters. It is indicated that the species is comparatively deep-bodied at the
post-larval stage than at the juvenile stage,
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