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INTRODUCTION 

In general, but little attention has been paid to 

the relative growth of the various organs in fishes. 

Some scattering observations are included. in the work of 

Welcker and Brandt ('03). The most complete data are 

those of Kellicott ( '08) on the dogfish. These, however, 

deal only with the relations from birth onward. A know-

ledge of the earlier embryonic conditions is very desirable 

in order to trace more completely the growth process and 

to give a more extended basis for comparison with higher 

vertebrates. Therefore the purpose of the present paper 

ia to present and discuss some original observations on the 

relative growth of the viscera and parts of the embryonic 
dogfish. Some original data on the poatnatal relative 

growth of the young dogfish are included for comparison 

with embryonic growth and with postnatal data already in the 

literature. Also observations on fourteen specimens of 

Amiurus are included for comparison with the teleost. The 

relative growth of the dogfish is briefly compared in a 

general way with the data in the literature on the relative 
growth of higher vertebrates, especially mammals. 

Thie work was done in the Anatomical Laboratory of the 
University of Missouri under the direction of Dr. C.M. Jackson, 

to whom I am deeply indebted for invaluable criticism ard 
•ucaeationa. 
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General Table of Individual Observations (Mustelis cania) 
net bo'CIY wt. !engtfi head 

No. ••x in grams. total trunk net weight rel. weight 
1 f. 1498.8000 800.0 385.0 193.0000 12.876 
2 t. 360. 4720 472.0 216.0 43.7920 12.148 
3 m. . 352. 4810 495.0 226.0 46.4260 12.887 
4 m. 344.0810 452.0 210.0 31.2660 9.086 
5 t. 331. 5130 488.0 218.0 47. 74-60 14. 402 
6 m. 133. 4390 376.0 168.0 19.7710 14.816 
7 m. 131.4440 382.0 173.0 19.4160 14.771 
8 il. 121.2700 316.0 146.0 16.2230 13.377 
9 m. 102. 2950 339.0 161.0 17.6280 17.232 
10 t. 92.7900 343.0 161.0 16.3930 16. 589 
11 m. 82.1100 320.0 143.0 13.8810:, 16. 906 
12 m. 72. 3500 321.0 143.0 11.6407 16'.088 
13 f. 66.6200 306.0 141.0 11. 3640 17.317 
14 t. 69.1600 280.0 126.o 9. 6780 16.190 
16 m. 63.2430 383.0 124.0 8.9410 16.791 
16 m. 48.8360 279.0 130.0 7. 7060 15.777 
17 f. 47.5440 273.0 126.0 9·. 7930 20. 697 
18 m. 42.0760 263.0 116.0 8.1380 19.341 
19 f. 5. 2600 113.0 64.0 .7090 13.,79 
20 t. 5.0330 113.0 65.0 1.0712 21. 283 
21 t. 4. 9824 11$.6 53.0 1.1386 22.862 
22 f. 4.8142 104.0 49.0 1.1781 24.471 
23 m. 4. 7718 112.0 52.5 1.1126 23.316 
21 m. 3.8710 106.0 49.5 .9622 24.866 
25 f. 3.8338 102.0 48.5 .8763 22.831 
26 m. 3.8260 100.0 46.0 . 7792 20.365 
27 f. 3 •. 7967 98.6 47.0 • 9664 25. 427 
as t. 3.6624 101.0 48.0 .9158 25.073 
29 t. 3.5160 93.0 46.0 .6962 19~722 
30 t. 2.6060 86.0 43.0 .5072 19. 462 
31 m. l.7440 70.0 36.0 .3012 17.270 
32 m. 1.1390 66.0 32.0 .3311 28.216 
31 m. .8264 59.5 28.0 .2378 28.776 
34 m. .7460 54.0 26.0 .1892 26. 361 
35 m. • 6253 49.0 24.0 .1656 31.624 
36 f. . 4130 43.0 21.0 .1262 30.631 S7 m. • 3697 45.0 20.l .1264 34.298 as m. .3344 46.0 ao.o .0987 28. 910 
39 ? .3130 40.0 21.0 .0953 30.,16 
40 ? .2610 37.0 19.0 .0722 28.764 41 ? .1867 35.6 18.0 .0691 31.655 42 . ? .1040 27.0 16.0 .0391 37.596 
43 ? .0916 26.0 15.0 .0371 40.602 
44 ? .0608 26.0 14.0 .0234 38. 486 45 ? .0609 24.0 12.5 .0107 21.021 
46 ? .0446 25.0 13.0 .0158 36.505 
47 ? .0084 16.0 .0018 21.428 
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General Table of Individual Observations, continued. (Jlusteli• cania) 

No. brain spinal cord eyeballs 
net wt. rel. wt. net wt. rel.. wt. net wt. rel wt. 

J. 6'.2980 .420 a . .ft97o .166 9.6410 .636 
a a.1210 .645 .7860 .218 1.3310 .924 
I a.0690 .68.ft .81ao .aao 4.ooao 1.135 
4 2.0130' • 684 .7660 .aaa a.ooao .872 
5 S.0990 .934 1.2600 .sao 6.2600 1.586 
6 1.6660 1.248 .5060 .378 a • .ftUO l.aaa 
7 1.6760 1.276 .6770 • .ftaa a.4860 1.891 
8 1. 4670 1.201 .4680 • 886 a.1530 1.775 
9 a.aooo a.a'8 .3330 .sa6 2.1300 a.092 
10 i.aaao i.saa ."80 .375 1.2160 l.saa 
11 1. 0'1SO 1.184 .2840 • 346 l. 7810 a.169 
ia .9.f.67 1.111 .1167 • .f.36 1.0397 l.'31 
13 .9!00 1.417 .2390 .S64 l. 5'80 a.159 
14 .8980 1.509 .ao8o .361 .9660 1.61.ft 
16 .7'60 1.401 .a1ao .400 1.2.ftlO a.SI.ft 
16 .9880 2.023 .3790 .671 • 8740 1.789 
17 .8740 1.838 .1710 .369 1.3160 2.766 
18 .7860 1.868 .2090 • .ft96 1.1140 2.696 
19 .0660 1.854 ~--- - .1160 a.aos ao .1092 2.169 .0182 .361 .1732 S.'41 
81 .1M5 a.s99 .01.u .aaa .2438 4.871 
aa .0938 1.916 .017.ft .sa1 .1868 5.869 
aa .1318 2.782 .0170 .&66 .8628 6.89'1 
I.ft .1aa1 S.180 .0100 .~168 .1901 4.910 
16 .116• .1.041 .008.ft .a1t .1996 s.aoe 
as .0748 1.939 .0062 .162 .1622 a.978 
87 .11•a S.007 .0089 .as.ft .1889 '· 976 18 .101• a.778 .0107 .292 .1847 6.011 
89 .oaaa 1.769 --"- .094.2 a. 179· so .0662 a.540 .0062 • 237 .0752 a.as& 11 .oata a.a.ft? .011a .648 .0692 3.19.f, aa .067.ft 6.0.ftS .0017 .326 • O.fr9l 4-.111 
II .0601 i;&.062 .00.f.9 • 693 .0'61 5.467 14 .O.f,88 6.068 ---- .0388 6.llO 
16 .0.01 ., • eaa .ooa.ft .6.f.7 .Oa7S 5.191 • .oaea a.'186 .oosa .776 .0192 4.680 ,, .,oae• 'l.681 .0028 .767 .0196 6.IOl ae .oaee ?f .8IO .oo&: 1.083 .0171 6.008 
f 9 .01'71 &.•96 .oo .708 .01aa 5.81.fr 40 .ooaa a.aea ----- .0183 ., • alO tl .0195 10."4 .oosa 1.767 .0076 .f,.017 

' .0111 10.673 .0069 5.671 .1 ---- --.. .0071 7.161 --- -- .aoea 7 • .ftaa .f,.f, .0098 16.111 
__ __,_ 

.0067 9. 376 • .oou 8·161 ----- - -- ----I .0060 11.235 -- .0016 a. 110 .QOlS 16.476 ----- .oooa a.seo 
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General Table of Indivd.dual Observations, continued. (Mustelis caniat 

No. skin skeleton and lgt. heart 
net wt. rel. wt. net wt. rel. wt. net wt. rel. wt. 

l 109.0070 7.272 136. 3000 9.093 3.0030 .200 
2 31.0410 8.611 32.4460 9.001 .8220 .228 
3 30. 2760 8.589 31.1860 8.819 .7000 .198 
4 22. 4030 6. 510 24.4110 7.094 .5030 .146 
5 36.2110 10.923 "°· 2310 12.136 .6690 .198 
6 11. 9460 8.952 14.0000 10. 491 .2730 • 204 
7 16. 0540 11.452 14.1060 lO. 731 .2360 .179 
8 8'.'9860 7.409 0. 3150 6.848 .2330 .192 
9 12.5710 12. 288 9.0590 8.865 .1760 .172 
10 13.4840 14.531 7.9310 8.547 .1940 . 209 
11 7.2460 8.824 6.8490 8.341 .1660 .200 
12 8.5627 11.821 7.6367 10.653 .0777 .107 
13 8.1820 12.468 5.9060 9.000 .1240 .188 
14 7.5750 12.466 ------ ----- .0730 .123 
15 5.4160 10.172 4.0280 7.566 .0680 .108 
16 6.4430 13.193 2. 9720 6.085 .0850 .174 
17 6.2610 13.166: 3.4980 7.367 .0910 .191 
18 3.9910 9. '85 3. 4760 8. 259 .0760 .180 
19 .3680 6.996 • 2160 4.102 
20 .4302 a. 547 .3430 6.815 .0192 • 381 
21 .3080 6.181 -- ----- .0071 .142 
22 .3636 7. 560 --- ------ .0123 • 256 
33 • 2890 6.066" ---- .0102 .213 
24 .3224 8. 328 

__ ._ __ 
.0072 .185 

25 .2781 7.253 --- ----- .0101 .263 
26 • 2892 . 7. 658 .1732' 4.500 .0062 .162 
27 • ~.frl 7.219 ----- .0086 • 226 
28 . 6:;3184 5.979 ---- --- .0119 .326 
29 • 2712 7.713 ------ .0162 .432 
30 • 2272 8.718 • 2032 7.797 .0132 • 506 
31 .0802 4. 598 ----- .0122 .699 
32 .0684 6.010 ---- .0029 .264 
33 .0686 7.078 ------ .0024 .290 
34 .0372 4.986 -- ------- .0032 .428 
35 .0295 5.615 ---- ___ _.., 

.0013 .247 
36 .oaaa 6.631 ----- --S'1 .0246 6.654 ----- ------- .0007 .188 sa .0214 6.268 ----- .0010 .292 39 --- --- --- .oosa 1.032 
4.0 --- ----- --- ----- .0022 .876 ,1 ------- ---- ____ ..__ ---42 --- ---- ---- --- .0003 .aa0 
43 --- ---- _ ... _,__ ., ...... __ --- .9006 .aaa· 45 -- -- --- ----- --- ---... ---- --- .0019 4.269 
47 --- ..... _ ... ---- .0002 2.380 



General Table of Individual Observations, continued. (Mustelis oanis) 

No. musculature pancreas liver 
net wt. rel. wt. net wt. rel. wt. net wt. rel. wt. 

1 939.6000 62.960 88.1000 6.878 a; 198.5540 56.081 • 6920 .164 31.9230 8.866 
3 213.8140 60.659 .4320 .122 21.2610 6.031 
4 223. 5890 64. 981 .4440 .129 29.8560 8.676 
5 171. 2690 51.662 .4810 .145 12.9640 3.910 
6 77.1460 67.813 .1610 .120 6.2160 4.658 
7 46.9900 36. 749 .1910 .146 4.2410 3.226 
8 33. 6060 27. 628 .1030 .084 6.4130 5.287 
9 49. 3270 48. 220 .0660 .063 6.6060 5.!82 
10 49.8550 63. 728 .0580 .062 6. 4:310 5.853 
11 40.0870 48.821 .0630 .076 6.2390 6.380 
12 26.4357 36.638 .0227 .031 3.2497 4.491 
13 31. 9050 48.620 .0410 .062 3. 9620 6.037 
14 

__ ...., ___ 
-.-... -...... .0310 .062 3.1160 5.265 

15 20. 4830 38.470 1.6660 3.129 
16' 28.3600 57.868 ---- 2.8950 5.928 
17 22.1680 46.415 .0380 .079 2.6130 6.286 
18 -------- ------ .0320 .076 1.8130 4.308 
19 1.3810 26.254 -- • 2110 4.011 
20 1.8300 36.360 .0027 .053 .2962 5.886 
21 2~0601 41.347$ -- .2238 4.491 
22 2.4446 50. 776 # .0026 .064 • 2371 4.925 
23 2.2113 46.341 .0041 .085 .1832 3.839 
24 1.6363 42. mo# .0034 .087 .1606 4.146 
25 l. 7740 46. rn2# .0031 .080 .1506 3.926 
as~ 1.8900 49. 390 .0013 .033 • 2032 5.308 
27 1. 3463 36.469$ .0031 .081 .1629 4.290 
38 l. 9913 54. 62.0 .0028 .076 .1806 4.944 
29 .7980 22.696 .0021 .059 .1742 4.954 
30 .9830 37. 720 .0009 .034 .1286 4.930 31 • 7482 42. 901# .0007 .040 .1062 6.089 32 .4717 41.36! .0008. .070 .0676 5.062 33 .3624 43.86 .0012 .145 .0536 6.485 34 .2612 35.013 .oooa .026 .0342 4.684-35 • 2078 39. 568 .0002 .038 .0270 5.139 36; .1912 46'. 407# .0001 .024- .0252 6.116 37 .1670 42.4:66# .0003 .0001 .0186 5.031 as .1624 44.639# .0004 .117 .0138 4.042 39 .1452 '6. 389# .0002 .063 .0242 7.731 40 .1182 47.091# .0001 .039~ . .0160 6.374 41 .0907 48.580# .0002 .107 .0103 6.516 42 --- ------- __ ,.._ 

.0026 2.403 43 ---.--- .0018 1.965 44 ------- .0016 2.467 '5 
_____ ... 

------46 -----.- .0013 2.921 47 ---- ------ -----
I musculature plus skeleton 
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General Table of Individual Observations, continued. (Mustelis cania) 
empty 

No. spleen stomach-intestines rectal gland 
net wt. rel. wt. net wt. rel. wt. net wt. rel. wt. 

l 2.7780 .186 43.8000 2.266 • 3410 .022 
2 l. 4120 • 391 17.1980 4.770 .1620 .044 
3 1.2490 • 360 13.6160 3.862 .1080 .030 
4 l.3850 .402 16.4670 4. 785 .1530 .O.f.4 
5 l.1910 • 359 18.1880. 6.486 
6 . 4780 • 358 6.7010 4.272 .0730 .064 
7 • 3860 .293 6.8460 4.447 .0460 .034 
8 .1730 .142 3.9850 3.286 .0460 .037 
9 .1070 .104 2.9900 2.922 .0360 .036 
10 .1030 .111 2.6210 2.824 .0430 .046 
11 .1160 .141 2.1900 2.667 ----12 .0817 .112 2.0340 2.811 .0097 .013 
13 .0790 .120 .8770 1.336 .0270 .0•1 
14 .0630 .089 1.6350 2. 763 .0140 .023 
16 .0370 .069 1.2970 2.436 .0300 .066 
16 .0530 .108 2.0730 4.244 .0250 .051 
17 .0560 .117 1. 7490 3.657 •. 0230 .048 
18 .0340 .080 1.4680 3.489 .0150 .036 
19 --- .1460 2. 775 .0020 .038 ao .0063 .106 .0912 1.812 .0062 .123 
21 .0018 .036 .0828 1.661 .0050 .100 
22 .0017 .035 .1734 3.601 .0060 .103 
23 .0024 .050 • 3148 4.501 .0052 .108 
24 .0010 .025 .1101 2.585 .0040 .103 
26 .0011 .028 .1619 3.962 .0051 .133 
26. .0010 .026 .0832 2.174 .0012 .031 
·r1 .0013 .031 .0888 2. 338 .0064 .142 
28 .0010 .027 .0861 2. 357 .0052 .142 
29 .0010 .028 .0652 1.854 .0020 .056 
30 .0020 .076 .0562 2.156 .0012 .045 
31 .0010 .057 .0412 2.362 .0007 .040 
32 .oooo- .070 .0275 2.416 .0015 .131 
33 .0004 .048 .0153 1.861 .0011 .133 
34 .0006 .oao .0162 2.171 .0007 .093 
36 .0002 .038 .0088 1.676 .0008 .162 
36 .0002 .048 .0062 1.504 .0002 .048 
37 .0002 .064 .0082 2.217 .0002 .054 
38 .0002 .058 .0066 1.933 .0001 .029 
39 .0002 .063 .0062 1.980 .0007 .223 
40 .0001 .039 .0052 2.071 .0006 .239 
41 .0001 .053 ----- -----42 --- .0039 3. 750 ---4~ ------ .0025 2. 729 
44 .0014 2. 302 .0001 .164 46 --- -----46 --- ------47 --- --- -----



8 
General Table of Individual Observations, continued. (Mustelia cania) 

No. mesonephroi gonads 
net wt. rel. wt. net wt. rel. wt. 

1 5.6610 • 377 4. 2280 .283 
2 2.9010 .804 3.0960 .858 
3 2.6560 .726 2.6210 .743 
4 2.5560 .742 2.0460 • 594 
6 2. 7020 .815 2.6590 .771 
6 1.1880 .890 l. 3890 1.040 
7 1.0940 .832 .6960 .629 
8 .9830 .802 .6030 .414 
9 • 9960 .973 • 5240 • 512 
10 .8880 • 956 • 2940 • 316 
11 • 7140 .869 .2340 . 284 
12 • 5597 .773 • 3627 • 501 
13 .9810 1.494 . 2740 • 417 
14 • 6930 1.002 .1970 • 332 
15 .4400 . ·.826 .1280 • 240 
16 .6930 1.419 .2240 • 468 
17 • 7730 1.604 .0010 • 422 
18 .4470 1.062 .1510 • 358 
19 .1570 2.965 .0010 .019 
20 .1672 3.322 .0032 .065 
21 • 2432 4.881 .0046 .092 
22 • 2003 4.160 .0026'. .064 
23 .1814 3.801 .0024 .050 
24 .1623 4.192 .0031 .080 
25 .1364 3.557 .0020 .052 
26 .1192 3.116 .0020 .052 
37 .1430 3.740 .0016 .042 
28 .1353 3. 704 .0022 .060 
29 .0952 2.707 .0022 .062 
30 . • 0912 3.499 .0017 .065 
31 .0642 3.681 .0012 .068 32 .0546 4.797 .0004 .036 
33 .0379 4. 586 .0007 .084 
34 .0142 1.903 .0002 .026 
35 % .0131 2.493 .0004 .076 
36 .0092 2.233 .0002 .048 
87 .0115 3.110 .0002 .054 
38 .0049 1.435 .0002 .058 
39 .0102 3.258 .0004 .127 
40 .0042 1.673 .0004 .159 
41 .0036 1.922 .0001 .053 
42 ----- ----- ___ ... _ -----43 

... _____ ----- -----44 .0011 1.809 -----45 ----- ------ -----46 .0006 1.348 -----47 ----- ----- -----



General Table of Individual Observations, continued. (Amiurus) 

No. 

48 
49 
50 
51 
52 
53 
54 
65 
66 
57 
58 
59 
60 
61 

net body wt. 
in grams. 
. 3727 
. 3492 
• 3427 
. 2832 
. 2171 
.1270 
.1143 
.0977 
.0192 
.0167 
.0163 
.0154 
.0143 

length 
total trunk 
31.0 15.0 
30.0 14.6 
31.0 15.0 
30.0 14.0 
26.0 12.0 
21.0 10. 6 
20.5 10.0 
20.0 10. 0 
12.0 6~0 

head 
net wt. 
.0870 
.0847 
.0807 
.0609 
.0596 
.0441 
.0381 
.0301 
.0065 
.0078 
.0076 
.0047 
.0052 
.0065 

rel. wt. 
23.346 
24. 255 
23.548 
21.496 
27. 452 
34. 724 
33.333 
30.808 
33.854 
46.706 
45. 398 
30. 519 
36. 363 
47.445 

mesonephroi 
net wt. rel. wt. 
.0074 1. 986 
.0083 2.376 
.0068 1. 984 
.0027 • 953 
.0046 2.118 
.0021 1. 663 
.0015 1.312 
.0010 1.023 

.0137 

9.6 5.5 
10.5 5.0 
10.0 6.0 
11.5 5.5 
11.6 5.5 

.0001 

.0002 

.0002 

.0001 

.0001 

-----------------------------------------~------------~--
No. brain 

net wt. rel. wt. 
48 .0063 1.690 
49 .0078 2.233 
50 . 00'79 2. 305 
51 .0062 2.188 
52 .0060 2.763 
63 .0031 2.440 
54 . 0033 2. 885 
66 .0028 2.865 
56 .0014 7.291 
67 .0008 4.790 
68 .0013 7.975 
59 . 0010 6. 492 
60 .oooe s.594 
61 .0011 8.029 

eyeballs 
net wt. rel. wt. 
.0020 • 536 
.0022· .630 
.002.f, • 7003 

.0017 

.0007 

.0004 

.0004 

.0003 

.0002 

.0003 

.0002 

.0003 

.0004 

.783 

. 551 

. 339 
• 409 

1.662 
1.197 
1.840 
1. 298 
2.098 
2.919 

skin 
net wt. rel. wt. 
.0671 16.320 
• 0466~ 13. 344 
. 0217 6'. 332 
.0256 9.001 
.0636 29.247 
.0179 14.094 
.0111 9.711 
. 0114 11. 668 

----- -----
------

-----.598 
1.227 
1.298 

.699 

.729 

---------he&rt--------------rrver---------atomach=rntestrnes 
Ne. net wt. rel. wt. net wt. rel. wt. net wt. rel wt. 
48 .0007 .187 .0119 3.196 .0342 9.176 
49 .0014 . ~ 400 . 0081 2. 319 . 0275 7. 875 
50 .0212 6~ 186 ---- -----
651 .0012 .423 .0077 2.717 .0131 4.62' 

a .0010 .460 .oo6a 3.132 .0211 9.11e 
53 .0000 .629 .0039 3.010 .0103 a.110 
54 .0001 .087 .0032 2.799 .0073 6.386 
65 .0003 .307 .0019 1.944 .0076 7.676 
66 .0002 1.041 .0002 1.041 .0015 7.812 
67 .0002 1.197 .0002 1.197 .0009 5.389 
58 .0002 1.227 .0003 1.840 .0013 7.975 
59 .oooa 1.298 .0003 1.941 .0013 8.441 
60 .0001 .699 .0001 .699 .0015 10.489 
61 .0002 1.459 .0002 1.459 .0016 11.678 
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MATERIALS AND ME'?HODS. 

a. Specie• Examined and Description of Serial 

Weights ani Lengths. 

The materials used in this ••per consisted of 47 dog-

tiah (Kuateli• canis) and 14 Amiurus. The dogfish ranged 

in weight from .0084 gram to 1498.8 grams, and in length 

from 16 mm. to 800 mm. Of the embryos, 15 weighed less 

than one gram, two between one and two grama, on• between 

two and. three gram•, •ix between two and four grams, three 

between four and. five grams, and two weighed a little more 

than five grams {See General 1able). There is a gap in the 

series between the five gram embryos and the fish at or a 

little before birth, the next larger fish weighing 42.076 

grams. Three fish weigh between forty and fifty grams, 

two between fifty and sixty grams, one weighs sixty five 

&rams, one approximately 72 grams, one approximately 82 

gram1, one approximately 92 grams, and four weigh between 

100 and 133 grams. Here again there is a gap, the next 
larger fish weighing 531.612 grams. Four fish weigh 
between 300 and 400 grams, and the largest of the aeries 

weighs 1498.8 grams. Twenty one of the dogfish were males, 

eighteen were femalea, and in nine the sex could not be 
aJoertained. Sex was determined by the presence or ab-
••nee of olaapers, which structures are present in the male 

ot t-e species as a partly detached portion of the medial 
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edge of the ventral fin. These dogfish were obtained. 

from the SU.pply Dep•t. of the Marine Biological Laboratory, 

Woods Hole, Mass. 

The 14 ape·cimens of Amiurus ranged in weight from 

.0137 to .37Zl gram, and in length from 11.5 to Sl.O mm.~ 

the body weights presenting a fairly even seriea. The 

sex was not determined in these fish. They were also 

obtained from the SU.pply Dep't of the Marine Biological 

Laboratory. 

b. Preservation of the specimens. 

The larger dogfish (42.075 grams and up) were pre-

served in 5 % formalin. 7ormalin causes in general a 

swelling of the tissues, which, from data by Jackson ('09), 
amounted to nearly 13 ~ of the total volume of a human fetus 

of the fifth month, after three months immersion in 10 ~ 

formalin solution. Formalin is also known to cause un-

equal e~ansion of the tissues, which fact must be recognized 
aa a source of error in relative weights of a specimen 

preserved in formalin. It is unlikely, however, that 
error from this source would be large enough to materially 

influence the general conclusions regarding relative growth. 
The embryonic dogfi.sh and all of the Amiurua were fixed in 

mercuric chloride and preserved in alcohol. Alcohol 

causes shrinkage in the tisaues, and moreover, being very 

volatile, would give rise to error from evaporation. To 
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offset this 1 the alcoholic 1tpecimens were soaked in water 

for several days before weighing. The replacement of the 

alcohol by water in addition to diminishing the error by 

evaporation, also caused the tissues to swell and regain 

to a certain extent their former volumes. On account of 

the possible changes in the various organs due to the 

effect of preservatives 1 allowance mu.et be made for a 

certain amount of unavoidable error. 

c. Measurements and dissecting methods. 

The fish were first washed in water {if formalin-

preserved) and then the total length (tip of nose to tip 

of tail) and trunk length (tip of nose to anus) 1 was 

carefully noted. Then the gross body weight was taken and 

the sex noted 1 after which the organs and parts were dissected 

out and weighed. Organs not being weighed were kept on 

a moistened filter paper in a dish with a grouni glass cover. 

First, the head was separated from the body just behind the 

mandibular arch and weighed. Then the eyeball• were removed 1 

the extra-ocular muscles dissected off, and the optic nerve 

clipped close to the eyeball. The brain was removed by 

removing the roof of the cranium and cutting the cranial 

nerves close to the point where they emerge from or enter 

the brain • The cord was cut acfoss posteriorly at its 

junction with the brain in removing the head. The heart was 

separated anteriorly at the junction of the conus arteriosus 
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and tru.ncus arteriosus, am posteriorly at the junction ot 

the auricle and sinus venosus. Organs having a mesentery 

were removed by cutting along the line of attachment of the 

mesentery to the organ. The stomach and intestines were 

weighed first with contents and then without contents, the 

difference being subtracted from the gross body weight to 

give the net body weight. The contents were usually slight 

in amount, however. The rectal gland was removed at the 

line where its duct commenced. The skin includes the akin 

of the entire body and the adherent subcut.aneous tissue. 

The musculature and the skeleton (minus the few remaining 

structures, gills, oesophagus, eto.,) were weighed together, 

and then the musculature was dissected. off and the skeleton 

and ligaments alone weighed. The difference gives the 

weight of the musculature. The organs and parts weighed 

were: brain, spinal cord, eyeballs, heart, pancreas, liver, 

spleen, rectal gland, meaonephroi, gonads, stomach and in-

testines, skin, musculature, and skeleton and ligaments. 

Thia list ia more extensive than that of Kellicott, who 

obaerved only the following organa: brain, heart, pancreas, 

lpleen, liver, gonads and rectal gland. Any apparent ab-

normalities were noted. In the oase of an organ containing 

cavities, auch as the heart, the cavities were thoroughly 
cleansed ,,_fore weighing. In the specimens preserved in 

alcohol the blood in the heart was hardened and sometimes 
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could not be thoroughly removed, which accounts for some of 

the large variations in the weight of this organ. 

In the smaller fish the weights wen recorded to the 

ten-thousandth of a gram (tenth of a milligram), with the 

exception of a few instances in which the weights were re-

corded to the one-thousandth of a gram. In the larger 

fish, weights were recorded to the one-thousandth of a 

gram, except in the case of total body weights and structures 

too large to be aafely weighed on such delicate balances. 

As a rule, however, in referring to the body weights in 

the 'following paper, the figures are carried only to the first 

decimal place (tenth of a gram). The percentages are like-

wiae given, unless it is necessary to carry to further 

decimal places in order to give two aigniticant figures. 

The organs were first rolled gently on filter paper to re-

move auperfluous moisture and were then placed in a closed 

dish for weighing to prevent loss by evaporation. 

DI BOUSSION OF DA.TA 

To reduce. the range of individual variation am thua 

give a more nearly correct idea of the average relative size 

o~ the parts and organs at various periods, figures rep-

resenting the averages of several individuals of approximately 

the same body weight are usee largely instead of consider-

ing each individual aeparately. 

Th• group of dogfish whose body weights range between 



16 

42 and 82 grams, are considered. to represent approximately 

the conditions found at birth. All these fish appeared. to 

be free living. Kellicott found the average weight of 

13 dogfish at birth to be 76.2 grams (maximum a•, minimum 

69.6 grams). These fish were born from a single fem.ale 

weighing 8434 grams and this also is the maximum number of 

young recorded for this fish; so Kellicott says the weight• 

may not represent the precise conditions found at birth. 

1. Growth of the Head. 

RELATIVE GBOW'rH OF THI HEAD 

table one 

No. of Av. net Av. actual Av. percentage 
apecimens body weight head weight head weight 

3 .03'6 grams .0094 grams26.0 l 3 .• 086.fr .0332 aa.9 
6 .3109 .0963 30.8 
3 .6993 .1976 28.6 dogfish 
2 1.4410 • 2111 22. 7 ! embryos 
1 2.6060 • 6072 19.6 
6 3. 7493 .8665 23.l 
6 4.9722 1.0419 17.8 

1 4.2.0760. 8.1380 19. 3) 
3 49.8'1SO 8.8130 17.7 
2 68.3900 10 •• 710 16.8 
l 72. 3600 11.6407 16.l 
l aa.1100 13.8810 16.9 young 
1 92. 7900 16.3930 16.6 dogfish 
1 102.2960 17.6280 l'l.2 s 128.7170 18.4700 l•.s 
' 3•7.1360 •a.os7o 12.1 
1 1•98.8000 193.0000 12.9 

7 .0276 .0097 
SS. 7 l 2 .1206 .04-11 34.0 Amiurus 

2 .2602 .0602 24.5 
3 • 3648 .0841 23.7 
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An inepection of the accompanying table of aver-

ages shows, as has been repeatedly observed in many diff-

erent species of animals, that the head is relatively largest 

early in embryonic life. In the seriea of fish under dis-
cussion, three dogfish embryos with an average body weight 

of .0346 gram have an average percentage head weight of 

26 ~- In an average of three slightly larger fish 

weighing about .0864 gram the average percentage head weight 

is 38.9 ~' an increase of nearly 13 'fo. The percentage 
now decreases, at first sharply am then more gradually, to 

19.5 'fa in an individual with a body weight of 2.6 grams. 

J'rom here it rises unexpectedly to 23 % in an average of six 

specimens with an average body weight of 3. 7 grams. The 

average relative weight of both the eyeballs and the brain 

also rises at this point. The percentage weight of the head 

now drops to an average of 17.6 % in five individuals have-

ing an average body weight of 5.0 grams. Thus on the 

whole, the relative weight of the head in this series of 
dogfish becomea less as the fish increases in body weight. 

In the case of the young dogfish, the table of aver-
age• and the acconpanying curve of growth indicate that in 

general, the percentage weight of the head decreases with 

age. The variations that exist are small and are observations 
on single individuals. The percentage weight at about 

birth ia 17.6 ~. The highest percentage weight on the curve 
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is 19.~ 'fa, the body weight being 42.0 gram.a. This is an 

observation on a single individual, s~ that the chance of 

variation is large. From this point On the curve, the per-

centage weight drops rapidly to 12.1 'fa in an average of 

four individuals with an average body weight of 547 grams. 

The three fluctuations that exist in the ctirve during this 

fall are determined by observations on single individuals, 

and may represent individual variations. The largest fish 

weighed 1498.8 grams and had a percentage .h•ad .,..eight of 

12. 9 "Jo. Kellicott' s ( '08) data do not include th• head. 

Seven Amiurus having an average body 1t'eight ot .0276 

gram have an average relative he8.d weight of 38.7 'fa. 
Aa the body weight increases, the percentage weight of the 

head drops to an average of 23. 7 'fa in three individuals 

with an average body weight of .3648 gram. 

From the above aeries of data it is evident that the 

percentage weight of the head is. highest in the early stages 

of embryonic growth; that in general it may be said that 

the head beoomes relatively smaller with age. Jackson has 

found this true in the human embryo, the head reaching its 

masimum relative size of about 46 i of the total body volume 

during the latter half of the second month. Lowrey finds 

the •ame thing true in the pig, the 15 mm. pig having a rel-

a ti v1 head weight of 26.36 % and the 18 mm. pig a relative 

head weight of 29.69 ~. The relative head weight of the pig 



19 

thereafter decreases to 6~. 26 % of the total body weight 

in the adult. The adult human head forms about 6 to 9 'fo 
of the total body weight. The adult dogfish has a per-

centage head weight of about 12 'fo. The maximum relative 
size of the head in the dogfish was 40.5 % in a fish weigh-

ing • 0916 gram. Thus, as in the case of the human species, 

the head increases in relative size early in embryonic 

life. Jackson and Lowrey have observed in the white rat 

that the head increases in relative size shortly after 

birth, reaching its maximum in the second week. So far 

as I have been able to ascertain, this is the only species 

in which this has been observed. 

2. Relative Growth of Systems. 

No. of 
specimens 

s s a 
1 
6 
6 

1 s 
a 
1 
1 
l 
l 
3 ... 
1 

1 a 
2 
I 

a. 'Skin. 

RELA 'l'IVE GROWTH OJ' THE SKIN 
table two 

Av. net body Av. actual A.v. percentage 
weight pin weight skin weight 
• s7ao ,. .0230 , . . s·.ar 
.6993 .0 ... 17 . 5.5 

1 .... 410· .0743 6.S dogfiah 
2.6060 .2272 8.7 embryo a 
3.7493 .2756 7.3 
•• 9722 • 3618 7.1 

•2.0760 3.9910 9.5 
49.8700 6.0400 12.2 
62.3900 7.7780 12.6 
72. 3500 8.6627 11.8 
aa.1100 1.a4So a.a young 
92. 7900 13.4840 14.6 dogfish 

102. 2950 12.6710 ia. s 
128. 7170 11.9960 9.3 
M7.1360 29.9820 a. '7 

1498.8000 109.0070 7.8 .. 
' . 

.0977 .0114 
11.7 l .1006 .0145 11.9 Amiurus 

.8502 .0445 19.l 

.S5'8 .04-18 11.7 
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Di11eotion of the •kin in 1mall fiah embl'JO• ia 

difficult, an1 the liability of error greater than in some 
of the other measurements. 

In the accompanying growth tables and curve•, it i• 
evident that the growth of the skin is rather varial:lle. 

In th• embryo of about .37 gram, it forms an average of 

6'. a 'fo of the total body weight; the relative weight of 

th• lkin decrease• from this point until in three individual• 
of about 1.44 gram• it averages only 6.3 'fo. Prom here it 

rise• to a.? 'fo in an individual weighing 2.6 grams, and 

then again fall• gradually to 7.1 'fo in an average of five 

fish weighing about 5.0 grams. 
In the young dogfish the percentage weight of the skin 

11 9.6 ~ in a fi1h weighing •a.o grams. From here it rise• 

to about 12 ~ in fish weighing between 49 and 78 grams. 

Then it drops suddenly to a.a 'fo in a fish weighina ea 
grame, and riaes again to l•.5 ~· in a fish weighing 92.S 

grams. These two fluctuations probably do not repreaent 

the average condition, ainoe the points are determined by 

data on single individuals. ~rem 14.6 ~ the relative 

weight of the akin drops quickly to 9.3 'fo in an average of 
three individual• weighing about 128. 7 grams. Then it 

drops very grldually to 7.3 'fo in the fish weighing 14:98.S 

grams. 

In .lmiurus, the percentage weight of th• akin in 
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aeven fish with an av•rag• body weight of .028 gram i• 

11.7 ~. Yrom h•re the curve riaea at first •lowly am 
then more rapidly to an average of 19 'Ii in two fish 

weighing about .26 gram. Then it drops to 11.7 ~ in an 

a•erage of three fish weighing about .36 gram. 

The above figures indicate that the percentage weight 

of the lkin 11 higher in Amiurua than in the dogfish of the 

same weight. It i• also evident that th• akin ia relativel7 

heavier in the dogfi1h just a·tter birth than in •i ther adult 

or embryonic life. Jackson and Lowrey find that th• relatiT• 

weight of the akin of the white rat increases during th• 

first w .. k after birth and then decreases. In their paper 

they aay that this inorease is not due to the dev.elopment 

et the hair coat, for it develops later; and that it 

apparently i• not due to an unusual accumulation of tat in 

the aubcutaneoua tissue. Possibly the change in environment 

from the protecting uterus of the mother to the more rigorou1 

poet natal conditions would stimulate the skin of the new-

born animal to a higher rate of relative growth. 

b. Skeleton (including cartilages and ligaments) 

( .. e next page tor table) 

The l!Dalleet dogtiah embryo in which the percentage 

weight of the 1keleton was determined weighed a.s grams, 

and the relative weight of the 1keleton was 7.8 ~· In 

a heavier individual with a body weight of ~. 8 grama, the 



No. of 
specimens 

1 
l 
2 

l 
3 
1 
1 
1 
1 
1 
3 
4 
1 
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RELATIVE GROWTH OF THE SKELETON 
table three 

Av. net body 
weight 
a. soso &· 
3.8260 
5.1460 

42.0750 
49.87'° 
66. 6200 
72.3600 
82.1100 
92.7900 

102. 2950 
128. 7170 
347.1360 

1498.8000 

Av. actual 
skel. weight 

. aosa i· .11aa 
.2790 

3.4760 
3.4990 
5.9060 
7.6357 
6.8490 
7.9310 
9.0590 

12.1400 
32.0680 

136. 3000 

Av. percentage 
skeleton wt. 
:·i ~ do,gfish 
6: & ) embryo1 

8.3 ,.o 
9.0 

10.6 
8.3 young 
a. 5 dogfish 
8.9 
9.4 
9.3 
9.1) 

percentage weight of the skeleton was 4. 5 'fo. Two individuals 

averaging 5.1 grams in body weight had an average per-

centage skeleton weight of 5.5 'fo. The data on the embryos 

are meagre and variable, but seem to indicate that the 

percentage weight of the skeleton is smaller than in the 

later stages. 

In the young dogfish the data on the skeleton are some-

what more complete. In an individual weighing 42 grams 

the percentage weight of the skeleton was 8.3 'fo. In the 

next three individuals the body weight is 60 grams, and the 

percentage weight of the skeleton 7.0 ~. From here the 

curve goes rapidly tp to a maximum of 10. 6 '/, in an individual 

weighing 72 grams. Then the percentage weight of the 

skeleton drops to 8.3 'lo in an 82 gram fish. Then it rises 

to 9.• 'fo in three fish weighing 129 grams, and again falls 

gradually to 9.1 % in a 1499 gram fish. These figures 
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indicate that, sometime early in life, the percentage weight 

of the akeleton is higher in the dogfish than it is later 

when the fish i a f'ul 1 grown. Thia perhaps is due to the 

fact that the free living fish is much more active than the 

embryo, and this activity is a stimulus to the production 

of a heavier akeleton. Later, with the more rapid growth 

of other parts, the skeleton lags behind. Thia increase 
probably comes shortly after birth, though at what time it 
is impossible to say from the accompanying data. 

Jackson &1¥1 Lowrey find that in the white rat the skele-

ton increase•· relatively for a short time after birth, the 
average percentage being 17.27 ~at birth and 18.47 % at one 
week; thereafter it diminishes steadily to an adult figure 

of 10.91 %· Weloker and Brandt find the relative· weight of 
the akeleton in fishes to be from 6 to 17 ~' in amphibia 

from 7 to 10 ~' in reptiles from 7 to 43 ~ and in birds 7 to 
13 ~. The skeleton is variable in fishes; in the dogfieh 

it runs from 7 to 10 ~ after birth, while Weloker and Brandt 
find that in the stickling it is 16.97 % in the adult. The 

figure is higher in the stickling because of the well devel-

oped eJ.Oskeleton. The variability in the skeleton in poor-

ly nourished animals would naturally be large, and it al.so 

would be greater than the variability in most of the other 
parta, since the absolute weight would be lees affected. 

Klhl.mann ••timates the relative weight of the human newborn 
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to be 12.s· %, increasing to 20.4 % trom 11 to 20 years, 

and decreasing to 10.1 ~ in old age. 

c. llusculature 

RELATIVE GROWTH OF THE MUSCULATURE 
table four 

No. of Av. net Av. actual wt. Av. per cent wt. 
specimens body weight musculature I musculature 

6 • 3109 &· .1424 ' . 46.9 
3 .6993 .2771 39.6 
2 1.4410 .6099 42.l dogfish 
1 2.6060 1.1862 45.6 embryos 
6 3.7493 l. 6086 42.7 
6 4.9722 2.0971 32.4 

3 49.8740 23.6700 47.6 l l 66.6200 31.9050 '8.6 
1 72.3500 26.4367 36.6 
1 82.1100 40.0870 48.8 young 
1 92. 7900 49.8650 611. 7 ! dogfi•h 1 102.2960 49.3270 48.2 s 128. 7170 52.5470 40.4 ... s•1·.1seo 201.8060 68.l 
1 1498.8000 939.6000 61.0 

I in the case of the embryos in the above table, the 
musculature is considered plus .!h! skeleton. 

Owing to the difficulty of dissecting out the skele-
ton in such small fish, the musculature and skeleton were 

weighed together in most of the embryos, and to make the 

percentages comparable, the percentage weight of the mus-

aulature is considered Elus .!!:!! skeleton in ~ of the em-

bryo a. This makes the figure higher than that for the mus-

culature alone, which must be borne in mind. 

In an average of 6 dogfish embryos the body weight ia 
• 31 gram, and the percentage weight of the musculature and 

1keleton 46.9 'fo. Then it drops to 39.6 ~ in 3 individuals 
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with an average body weight o! .6993 gram • . J'rom here it 
ri••• to 46.5 'fo in a fiah weighing 2.6 grams. Then it 

drop• to 32.4 % in five fiah with an average body weight 

of 4. 9 arama. 
In the young degfish the muaculature is considered 

apart from the akeleton. . In three fish having an average 

body weight ot 60 arams, the percentage weight of the mu•-
culature i• 47.6 ~. Prom here it riaes slightly to 48.6 ~ 
in an ind.iTidual weighing tl.8 grams. Then it falle aharp-
ly to se.& 'fo in an individual weighing 72 grama and again 

ri••• 1teadily to 63.7 ~in a fish weighing 92 grams. !hen 
it dropa to 40. 4 'fa in an average of thr•• fiah weighing 
188 grams. From here it risea rather aharply to 58.1 ~ in 

an averaa- of 4 fish weighing 347 grams, ·and then more slow-
ly to 63 'fo in a fie~ weighing 1•99 grama. 

from the above data it ia evident that in general, the 
relatiT• night et th• muaculaw:r.e of the dogfish . etnbryo 

(for the tish ob••r.,.d) is.somewhat emaller th-.n at birth. 
Alao 1ihat after birth. the muaoul.ature tend.a ta general. te in-
orea,e in relative wei&}lt. Oompared with other an~mala, 

the doafi•h has a ••:ry large proportion of muaoulatur•~ 
ID th• white rat Jackson and ·Lowrey have found that the 

muacu.lature i1; about 24.4 ·'lo ot the total body at birth. 
Thia percentage d•creaaes to 22.8 ~ at l week, and there-
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after increases to 45 i in the adult rat. J'or the human 

new born, v.ah1mann estimates the percentage weight of the 

musculature to be 22.4 %, increasing to 43.2 ~at 41 to 

60 years, and thereafter decreasing to 18.6 ~ in old age . 

In the dogfish the musculature probably increases in per-

oentage weight thruout life. This is due to the fact 

that the dogfish does not reach a definite adult condition 

such as that found in mammals. Growth continues (according 
to Kellicott) ' until the animal dies. In reptiles, Welcker 

and Brandt find the percentage weight of the musculature 

to vafy from 19 to 57 %, in amphibia, from 43 to 64 ~ arvi 

in fishes from 49 to 59 %. 
d. Viscera (as a whole) 

RELATIVE GROWTH or THE VISCERA 
table five 

No. of Av. net Av. rel. wt. 
specimens body weight viscera 

3 
2 
2 
l 
6 
3 

l 
a 
2 
l 
l 
1 
& 
4 
1 

. 3390 

.6758 
1. 4410 
2.6060 
~.7969 
4.8730 

43.0750 
48.1890 
62. 3900 
72. 3500 
92. 7900 

102.2960 
138.7170 
347.1860 

grams 18. 9 l 19.3 
17.0 . dogfish 
14. 0 ) embryos 
14.4) 
15. 2) 

12.0) 
14. 4) 
11. 5 l 10.6 . young 
12. l dogf'i sh 
12.7 
12.1 
14. 3) 

1498.8000 9.8. 
# minus pancreas 
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Under this head are included the eentral nervous sys-

tem, thoracic: arxi abdominal viscera. The percentage is 

computed. by adding the percentage weights of the individual 

organs. 

In an average of 3 dogfish embryos the body weight is 

.34 gram, and the percentage weight of the viscera 18.9 %· 
This percentage rises to 19.2 ~ in 2 individuals having 

an average body weight of .67 gram. In the average of the 
next group of two fish, the body weight is 1.44 grams and 

the percentage weight of the viscera 17 ~· The next fish 

weighl a.6 grams, and the percentage weight of the viscera 

is 14 %· From here the percentage rises slightly to 14.4 % 
in 6 fishes having an average body weight of 3.7 grams. 

In the average of the next three fish th• body weight is 

4.8 grams and the visceral percentage 16.2 %· The fore-

going figures indicate that the viacer3l group in the ear-

1 ier embryos is relatively large, but that it diminishes in 

relative size as growth progresass. In the earlier em-

bryos the high figure is due to the high ~eroentage weight of 
the central nerv~us system at this period. As the cen-

tral' nervous system grows relatively smaller, some of the 

other organs (princi)ally mesonephros) grow relatively 
larger but do not counterbalance the drop in the nervous 

syatem. 
In the young dogfish the percentage weights of the 



28 
viscera at about birth are somewhat lower than in ~h• em-

bryo• observ.•d. In a ti•h weighing 42 aram• th• relative 

weight ot the viecera ia 13 ~. In the ne~t lara•r fieh 

the body weight ia 47 aram• am the ralativ• weight ot the vis-

cera ia 13. 5 'fa. In an average of two larger fi•h the 

body weight i• 62 arama and. the percentage weight of th• 

viecera 11.5 ~. The· next tiah weigh• 72 grams, of which 

weight the viscera form 10.6 ~. (The fore1oin1 fisb are 

at or about birth, and in an average of the entire group 

the percent•&• weight of the viscera ie 12.1 'fc.) In the 

next group of averages, the percentage weight of the vis-

cera in tishee whose body weights range from 92 to 129 

gram• remain• conatantly a little over 12.'{o. In an aver-

•&• of the nert aroup of three fish the body weight ia 

&47 gram• and the r&lati ve weight of the viecrera .14. 3 ~. 

Thia figure declines to 9.8 1' in a fish weighing 1499 grams. 

rrom th• aeoompanying curve a it may be aeen that th• 

visceral percentage i• relatively high in the earlier stag•• 

of th• embryo aid that 1 t ctrope a1 th• gener8.l. arowth of the 

embryo progr•••••· At aboU.t birth th• peroentage baa 
drepped. to about 12.l ~. In general, the percentage in-

orea••• after birth to a certain point (1•.1 '/, in 147 gram 

fi1h) and thereafter decreasea. Yeroentage weight• of the 

vi1oera i1ll th• adult dc&fieh are variable on account ot the 

variability ot the liver, in which, as Kellicott haa observ-
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ed., the variability is due to the amount of fat present 

in the organ. In the white rat, Jackson and Lowrey find 

the visceral percentage at birth to be 18.06 %, which figure 

increases to a maximum of 21. 28 '/, at three weeks and there-

after decreases to 13.3 % at one year. This corresponds 

in general with the visceral growth in the dogfish. The 

following percentages have been calculated from data by 

Weloker and Brandt: fish, 11.19 % to 16.SO 'fo; amphibia, 

11.57 'fo to 16'.61 '/o; reptiles, 5.72 '{o to 18.34 'fo. A vis-

ceral percentage of 16.79 % (without gonads, kidneys, spin-

al cord, pancreas and spleen) has been calculated from data 

by 'fel cker and Brand. t on an average of aix Salamandra 

Jlaculosa embryos having an average body weight of .1678 

gram. An average of two specimens on the third day (ainue 

the 1ame organs) shows a visceral percen~ag·e of 23.11 'fo . 

An average of three adults (minus the same organs and the 

&ills) shows a visceral percentage of 14. 26 'fo. In the 

human newborn the viscera average about 24 % of the body 

weight (Jackson). Vierol'dt finds it about 23.4 'fo for the 

newborn and 9.8 'lo for the adult. 

Relative Growth of Individual Organs 

a. Brain 

(see next page tor table) 

Th• relative aize of the brain is high in the early 

dogfish embryo, but decreases thru embryonic as well as 
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6 
3 
2 
l 
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1 
3 
2 
l 
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1 
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RJCLATIVE GROWTH OF THE BRAIN 
table six 

AV. net Av. actual Av. per cent 
body weight brain weight brain weight 

.0600 &· .0063 &· 
11.<l ~ • 3109 .0227 7.3 

• 699'3 ·0451 s·.e. dogfillh 
1.4410 .0483 . 3. 6 embryo a 
2.6060 .066"2 2.6 ~ 3.7493 .0986 2.6 
'· 9722 .1069 2. 2 . . 

42.0760 .7860 1.9 
49.8720 .8690· 1.8 ea. 3900 .9110 1.5 
72. 3500' .9457 1.3 
82.1100 1~0730 1.2 young 
92.7900 i.aaao 1 .• 3 · dogfish 

102. 2950 2.3000 a.a 
128.7170 1. 5990 1.2 
347 .1S60 a.s740 .69 

1498.8000 6.2980 .42 

.0276 .0013 
6.1 l • lal6 .0032 2.7 Amiurus 

;• 315()2 .0061 2.5 
• 3648 .0073 2.1 

lite. In six embryos having an average body 

weight of .06 gram, the percentage weight of the brain ia 

11.4 'fo. In general, this decreaaes in the embryoe ob-

served, at first rapidly and then more slowly to · an ·aver-

age o! a.a% in five fish having an average body weight 

ot 4. 9 grams. 
At birth the percentage weight of the brain ie between 

one and two per cent. Kellioott finds it to be 1.116 'fo, 
which-percentage decreases at first rapidly and. then more 

alowly thruout lite. Although there are some fluctuations, 

(the peroentage weight o! a.a % reco:rded for an individual 
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weighing 102 grams is probably either an error or an 

abnormality) my data (for the weights observed) show the 

same decrease. In a fish weighing 42 grams the per-

centage weight of the brain is 1.9 1'; in a fish weighing 

1499 grams it is .•2 %. 
In Amiurus the percentage weight of the brain drops 

from 6.1 % in seven fiah with . an average body wei~ht of 

.0276 gram to a.1 % in three fish with an average body 

weight of .3548 gram. Thus the brain is relatively light-

er than in the dogfish embryo of the same size. 

Relative weight of the brain has been more extensively 

studied than that ot any other organ, and in general, has 

always been found to decrease with increase in body weight. 

Jackson ( '09) finds that in the early human embryo the brain 

increases in relative weight to a maximum of 20 % in the 

second month, thereafter decreasing to an average of 12.S % 
in the still-born, and 14.6 % in the live-born fetus. 

Lowrey finds this in the early pig embryo, the brain attain-

ing a maximum relative weight of 9 % at 18 millimeters, 

thereafter decreasing to about 4 % at term and .087 % in the 

adUlt. Jackson ('13) finds the maximum postnatal relative 

size of the brain in the white rat to occur, not at birth, 

but a short time later, reaching 6.7 %. Vierord.t estimates 

the percentage weight of the brain in the new-born human 

to be 12.29 ~. which figure decreases to 2.16 % tor the 
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adult. Weloker and Brandt give data on the relative 

brain weight showing ranges as follows: of fishes, .07 ~ 

to 1.49 %; amphibia, .17 % to .42 %; reptiles, .04 % to .61 %. 
b. Spinal Cord 

No. of 
specimens 

l 
4 
2 
2 
l 
6 
4 

l 
3 a 
1 
1 
1 
1 
3 
4 
1 

RELATIVE GROWTH or THE SPINAL CORD 
table seven 

Av. net Av. net wt. Av. rel. wt. 
body weight spinal cord spinal cord 

.1867 grams . 0033grams 1. 77 ) 

.3672 .0029 .83 ! .6768 .0041 .62 dogfish 
1.4410 .0074 .44 embryos 
2. 6060 .0062 • 24 
3.7959 .0088 . 24 
4. 7503 .0166 . 34) 

42.0760 .2090 .50) 
49.8740 .2210 .44! 62.3900 • 2230 • 36 
72. 3500 • 3167 .4, 
02.1100 .2840 • 35 young 
92.7900 .3480 • 38 dogfish 

102.2960 • 3330 
.33 l 128.7170 • 6160 • 40 

347. lSGO .9060 .26 
1498.8000 2.4970 .17 

An inspection of the table o# growth of the spinal 

cord of the embryonic dogfish will show that the spinal 

cord is relatively large in the early .; embryo. In a fish 

weighing .1867 gram, the relative weight of the spinal 

cord is 1.76 %· rrom here it falls at first rapidly and 

then more slowly to .24 % in five fish with an average body 

weight of 3.7 grams. finally it rises to .34 % in four 

embryos with an 
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average body weight of 4.75 grams. 

At some stage between the embryos examined and birth, 

the relative weight of the oord apparently rises, for in 

a fish weighing 42 grams it ia .60 ~. Aa the body weight 

of the young dogfish increases, the relative weight of the 

oord fluctuates but on the whole diminishes, and finally 

drops steadily to .17 % im a fish weighing 1499 grams. 

In the human embryo, Jackson ('09) firrls that in the 

fifth week the percentage weight of the oord is 4.85 %, 
and that it diminishes at first rapidly and then more slow-

ly, to about .15 ~at birth. Vierordt gives .18 % tor the 

relative weight of the cor~ at birth and .06 ~ for the 

adult. In the pig, Lowrey finds the relative weight of 

the oord to decrease from 1.87 ~ at 18 mm. to .31 i at birth 

and to .04 % in the adult. Weloker and Brandt give data 

on the relative weight of the spinal 

as follows: fishes, .04 % to .29 %; 
.36 %; reptiles, .04 % to .70 %. 

oord showing ranges 

amphibia, .10 % to 

In their observations 

on amphibia and reptiles, Welcker and Brandt find that the 

oord approaches or exceeds the brain in relative weight. 

In the dogfish embryo the spinal cord is usually only about 

one tenth as large as the brain, while in the adult it ia 

about one third aa large. 

c. Eyeballs 

(see next page tor table) 
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RELATIVE GROWTH OF THE EYEBALLS 
table eight. 

No. of Av. net Av. net wt. Av. rel. wt. 
specimens body weight eyeballs eyeballs 

6 .0618 &· .0040 &· 5.6 ~ 
6 . 3109 .0166 5.3 
3 .6993 .0368 5. 3) dogfish 
2 1.4410 .0541 3. 91 embryo• 1 2.6060 .0752 2.9 
6 3.7493 .1682 4.5 
5 4.9722 .1941 3.9 

l 42.0750 1.1340 2.7 
s 49. 8720 l.1440 2.3 
2 62.3900 1.2610 2.0 
l 72.3500 l.0297 1.4 
l 82.1100 1.7810 2.2 young 
l 92.7900 1.2360 1.3 dogfish 
1 102. 2960 2.1300 2.1 
3 128. 7170 2. 3830 1.8. l 4 347.1360 3.8990 1.1 
l 1498.8000 9.6410 .64 

7 .0276 .0003 1.6 ) 
2 .1206 .0005 • 46 J Amiurua 
l .2171 .0017 .78 
3 • 3648 .0033 .62 . 

In the early dogfish embryo (five specimens with an 

average body weight of .0618 gram) the relative weight of 

the eyeballs attains a maximum of 6.6 %. This percentage 

drops steadily to 2.9 % in a fish weighing 2.6 grams. From 

here it rises to 4.6 % in six embryos with an average body 

weight of 3.7 arams and then drops again. 

i• a.1 'fa. 
At birth it 

In the young dogfish, the relative weight of the eye-

ball a drops from about 2.1 % at birth to 1.1 % in four 

fish averaging 347 grams in body weight. At 1600 grams 
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body weight, the eyeballs form about .64 % of the body, 

b•1ng as large as the brain ard spinal cord combined. 

In Amiurus the eyeballs are relatively smaller than 

in dogfishes of a corresponding body weight. In seven 

Amiurus having an average· body weight of .0276 gram, the 

relative weight of the eyeballs is 1 . 6 'fo. Thia percent-

age drops to .46 % in an average of two fish with an aver-

age body weight of .1206 gram. Then it rises to .78 'f, 

in a fiah weighing • 2602 . gram and fall a again to • 62 'fo in 

three fish averaging .3648 gram in weight. The curve of 

relative growth of the eyeballs of Amiurus re1embles that 

for th• eyeballs of the dogfiah embryo. 

In the pig, Lowrey finds that the eyeballs reach a 

maximum of l.i5 'fo in relative aize when the embryo i• 86 mm. 
in length, decreasing to .• 41 % at birth .and. to .011 'fo in 

the adult. In three human fetuses of about the sixth month, 

Jackaon ('09) finds the eyeballs to form .46 'fo, .40 'fo, and 

.39 'fo of the total body weight. According to Vierordt, the 

eyeball a form • 24 'fo of the total body 1'eight at birth and 

.02 'fo in the ad.ult. Welcker and Brandt give data on 

percentage weight of the eyeball• showing the following 

ranges: tiahee, .17 'fo to 2.52 %; amphibia, .66 'fo to .85 'fo; 

reptiles, .02 % to • 66 'fo. The above comparisons show the 
eyeball• of the dogfish embryo to be unueually large in 

relatiw aise. 
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d. Heart 

RELATIVE GROWTH OF THE HEART 
table nine 

No. of Av. net Av. net wt. 
apeoimens body weight heart 

4 .0644 i· .0007 i· 
4 • 3170 .0017 
3 .6993 .0023 
2 1.4410 .0076 
1 Z.6060 .0132 
6 3. 7493 .0098 
4 4.9003 .0122 

1 42.0750 .0760 
3 49.8720 .0780 
2 62.3900 .0980 
l 72. 3500 .0777 
l 82.1100:· .1650 
1 92.7900 .1940 
l 102. 2950 .1760 
3 138.7170 .2470 
4 347.1360 .6710 
1 1498.8000 3.0030 

7 .0276 .0002 
2 .1206 .0004 
2 .2502 .0011 
2 • 3609 .0010 

Av. rel. wt. 
heart 

1. 94 ! • 59 
• 32 dogfish 
• 48 embryos 
.51 
• 27) 
. 26) 

.18 

.16 

.16 

.11 
. 20 young 
• 21 dogfish 
.17 ) 
.19) 
.18) 
• 20) 

1.03) 
. 36 ) Amiurus 
• 44) 
• 29) 

In the early stages of embryonic life, the heart of 

the dogfish has a percentage weight of 1.94 %. Earlier 

stages might show a higher maximum. This high percentage 

fall• rapidly, until in three fish having an average body 

weight of .6993 gram it is .32 %· Then it rises to .61 % 
in a fish weighing 2.6 grams, and finally falls to .21 % 
in four fish averaging 4.9 grams in body weight. 

In the dogfish at birth, Kellicott finds the average 

relative weight of the heart to be .11 %. In the series 
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presented in this paper (which are of course subject to 

variation from the small number of observations) the rel-

ative weight of the heart at about birth is somewhat high-

er, being .16 %. {This percentage may be higher than 

Kellicott'a from the fact that he did not weigh the com-

plete heart, but only the ventricle and conus arteriosus.) 

Shortly after birth the percentage weight of the heart 

rises slightly, reaching a maximum of .21 % in an individual 

weighing 92 grams. From here it falls with some fluctuations, 

to .18 % in four fish with an average body weight of 347 grams. 

Then it rises slightly to .2 % in a fish weighing 1499 grams. 

This last figure is probably too high, since Kellicott, in 

a larger series, finds the percentage weight of the heart 

in fish of this size to be .087 %. 
In Amiurus the percentage weight of the heart in 

seven fishes with an average body weight of .0276 gram, ia 

1.03 %. In two individuals with an average body weight of 

.1206 gram, this percentage has decreased to .36 %. From 

here the curve rises slightly and then drops to .29 % in two 

fish averaging .55 gram in body weight. 

In the early human embryo, Jackson ('09) has estimated 

the relative weight of the heart to be more than 5 % of the 

total body. He finds that it decreases rapidly and reaches 

about .7 % at birth. In the newborn, Vierordt estimates the 

relative weight of the heart to be .76 %, and in the adult, 



.46 'fo. Lowrey finds the curve of growth of the embryonic 

and ad.ult pig heart to be similar to that of the human. 
Welcker and Brandt give data on percentage weight of the 

heart showing ranges as follows: of fishes, .12 % to .38 %; 
amphibia, .26 % to .43 ~; reptiles, .23 % to .56 %. 

No. of 

•· Pancreas 
RELATIVE GROWTH OF THE PANCRJ:AS 

table ten 

Av. net Av. net wt. Av. rel. wt. 
•peoimens body weight pancreas pancreas 

6: • 3109 i· .0002 i· .072 
3 .6993 .0005 .069 
2 1.4410 .0007 .066 dogfish 
l 2.6060 .0009 .034 embryo a 
6 3.7493 .0026 .069 
3 4.8730 .0031 .064 
1 42.0760 .0320 .076 
l 47.6440 .0380 .079 
2 6:2.3900 . 0360 .067 
l 72.3600 .0227 .031 youna 
l 82.1100 .0630 .076 dogf'i sh 
l 92.7900 .0680 .062 
l 102. 2960 .0660 .063 
3 128. 7170 .1610 .116 
4 347.1360 . 4870 .140 

The pancreas in the embryos weighed waa relatively 
amall, forming in aix fish with an average body weight of 

.3109 gram, .072 % of the total body weight. Thia falls 
&radually to .034 '/o in a fish weighing 2.6 41rams. In 

~hr•• fish averaging 4.9 grams in body weight the percent-

aae weiaht of the pancreas is .064 ~. 
In th• young dogfish the pancreas form• at about birth 

approximately .06 ~ of the body weight. In a group of four 
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fiah averaging 347 grams in body weight, the percentage 

weight of the pancreas has increase4 to .14 ~. 

Kellicott finds the pere4tntaae weight of the pancreas 

in the dogfish at birth to be .08 'fo; this, he says, increases 

to a maximum of .137 'fa in .fish weighing about 200 grams, 

and decreases thereafter to about • 076 %· In the human 

embryo, Jackson finds the percentage weight of the pancreas 

small at first, being .032 'fo in a specimen. of the si.xth 

week, while at birth it ia .146 'fo in the live born. Vier-

ordt give• .11 % al the total body weight for the pancreas 

in the newborn, and .16 'f., for the adult. Lowrey finds 

the aurve of relative growth of the pancreas in the pig 

similar to that of the human. Welcker and Brarnt give 

data on the relative weight of the pancreas showing the 

following ranges: of amphibia, .08 ·'fo to .17 'fo; reptiles, 

.04 % to .29 'f.,. 

t. Liver 

(aee next page for table) 

In the earlier stages of embryonic life the liver of 

the do&fieh ia relatively amal.1 1 forming in ' fiah with an 

average body weight of .0762 gram but 2.• 'fo of the total 

body weight. Thie percentage rises very auddenly to 6.8 'fa 
in six fish with an average body weight of .3109 gram and 

then fall• very gradually to 4.6 'lo in five embryos with an 

average body weight of 4.9 grams. 



No. of 
specimens 

4 
6' 
3 
2 
l 
6 
6 

l 
3 
2 
l 
l 
l 
l 
3 

' l 

7 
a 
2 
3 
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RELATIVE GROWTH OF THE LIVER 
table eleven 

A.v. net 
body weight 

.0752 ,. 

.3109 
.6993 

l.4'10 
2.60(50 
3. 7493 
·~ 9722 

42.0760 
49.8720 
62.3900 
72. 3600 
82.1100 
92~ 7900 

102. 2960 
. 128. 7170 
347.1360 

1498.8000 

.0276 

.1206' 
• 2002 
.3548 

Av. net wt. 
liver 

.0017 &· 

.0180 

.0382 

.0818 

.1286 

.1719 
• 2302 

1.8130 
2.3680 
3~· 5sao 
3.2497 
6.2390 
5.4310 
6.6060 
6.6230 

24.0010 
88.1000 

.0004 

.0036 

.0072' 

.0137 

Av. rel. wt. 
liver 

2.' ! 5.8 . 
5. 4 . dogfiah 
5. s· embryo a 
4.9 
4.6·.> 
4.e·> 

4.3 
4.8 
6.7 
4.6 
6.4 young 
5. 9 dogfish 
5.4 
4.4 
o.9 
6.9 

1. 4) 
2. 9 l Amiurus 
2.9 
3.9 

At about birth the percentage weight of the liver ie 

Thia is somewhat higher than the figure (3.12 %l 
given by Kellicott. This, of course, may be 4ue to th• 

smaller number of epecimens in this aeries. After birth 

the relative weight of the liver apparently riaee to a max-

imum of 6._91' in four fiah with an average body weight of 

347 grams. In a fish weighing 1499 gram• this has decreased 

to 5.9 ~ of the total body weight. 

In Amiurus the percentage weight of the liver rises 

from 1.4 % in seven fish with an average body weight of 
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• 0276~. gram to 3. 9 'fa in three fish with an average blody 

weight of .3548 gram. 
The relative seze of the liver in the dogfi•h i• 

variable. Kellicott think• that this variability is due 

to the presence of fat in the organ. He finds that in 

livers of high percentage weight the percentage of fat ia 

also higher, am vice versa. In the human embryo, figures 

by Jackson show that the liver attains a higher maximum of 

percentage weight than in the dogfish, reaching about 7~5 % 
in the secorn ant third months. At birth the percentage 

· is decreasing but is still higher than in the do&fish, be-

in1 5.23 i in the live-born (Jackson). In the adult, 

Vierordt estimates that the liver forms 2.75 ~of the total 

body wei&ht. In six of the largest fish he measured, 

Xellicott finds the percentage weight of the liver to be 

5.6 %, considerably more than in the human adult. In 

the liver of the albino rat, Jackson finds the percentaae 

weiaht to decrease trom 4.74 ~at birth to 3.39 '/,at seven 

day1, thereafter increasing to a maximum of 6.78 'fa at aix 

weeks. Thia author firns the variability of the liver of 

the albino rat to be large and irregular. In the pig em-

bryo, Lowrey find• th• liver to reach a maximum of 16.88 % 
ot the total body weight at S6 millimeters. Welcker and 

Brandt give data on the percentage weight of the liver with 

ranae• a• follow•: of fishes, 1.67 % to 3.85 'J,; amphibia, 

2.63 ~ to 6.79 'J,; reptiles, &.S3 % to 6.78 %. 
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I.• Spleen 

RELATIVE GROWTH OF THE SPLEEN 
table twelve 

No. of Av. net Av. net wt. . Av. rel. wt . 
specimens body weight spleen apleen 

6 • 3109 I· .00016 i· .052 
3 .6993 .0004 .065 
2 1.'410 .0009 .063 dogfiah 
1 2.6060 .0020 .0'16 embryo a 
6 3.7.93 .0010 .027 

" 4.9003 .0028 .066 

1 42.0760 .0340 .080 
3 49.8720 .0480 .098 
2 62.3900 .0660 .104 
l 72.3600 .0817 .112 
1 82.1100 .1160 .141 young 
1 92. 7900 .1030 .111 dogfiah 
1 102.2950 .1070 .10• 
3 1Z8~ 7170 .3460 .267 
4 14-7 .1360 1.3090 .378 
l 1•98.8000 2·~ 7780 .186 

In the dogfish embryo the spleen i• relatively small, 

the maximum in the series observed being .076 % of the total 

bodF in an embryo weighing 2.6 grams. With a body weight 

of • 3109 gram, the relative weight of the spleen is • 062 'fo. 
This steadily increases to the above mentioned maximum and 

then falls to .027 'fo tor a body weight of 3.7 grams, the 

minimum percentage ob~erved in the embryos. Then it rise• 

again to .056 'fo of a body weight of 4. 9 grams. 

At about birth the percentage weight of the spleen is 

.098 'fo, some what lower than that observed by K•llicott 

(.126 ~). Thia increases rapidly with some fluctuations 

to .378 'fo at 347 grams body weight and then falls more 



gradually to .186 ~ · in a fish weighina 1499 grams. The 

variability of the spleen is sttiking. In two given in-

dividuals of approximately the same body weight the apleen 

of one may be t\fice or three times as large as the other. 

This is in aareement with the great variability of the 

spleen in higher forms. 

In the human, Jackson has founi the spleen to increase 

slowly in relative aize up to the seventh month; there-

after it increaeea rapidly, averaging .43 ~ in the live-

born. Vierordt gives .26 % for the spleen in the adult 

buman. Lowrey finds the prenatal arowth curve of the 

spleen in the pig similar to that of the human. In the 

white rat, Jackson finds the relative weight at birth to 

be .22 ~' increasing to a maximum of .41 % at one week 

and thereafter decreasing to .S96 % at one year. Welcker 

and Brandt give data on the relative weight of the apleen 
with ranges aa follows: of fishee 1 .16 % to .34 ~; amphibia, 

.06 ~ to .28 %; reptiles, .04 % to .11 %. 
h. Rectal Gland 

(aee next page for table) 

Th• rectal gland, like most of the organs, ia rel-

atively heavier in the embryo than after birth. The max-

imum relative size of the rectal gland (.164 ~) occur• in 

the earliest stage observed, in which the body weight waa 

.0608 gram. This percentage drops with fluctuations to 

.046 ~ in an embryo weighing 2.6 grama. At 4.9 grams 
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RELATIVE GROWTH OJI THE RECTAL GLAND 
table thirteen 

No. of Av. net Av. net wt. Av. rel. wt. 
rectal glan4 rectal gland specimens body wei&ht 

l 
6 
3 
2 
l 
6 
6 

1 
3 
a 
l 
1 
1 
I 
3 
l 

.0608 &· 
• 3360 
.6993 

1. 4r410 
2.6060 
3. 7•93 
4.9722 

42.0760 
49.8720 
62.3900 
72.3600 
92. 7900 

102. 2950 
128. 7170 
362.3440 

1498.8000 

.0001 &· 

.0003 

.0008 

.0011 

.0012 

.0036 

.00'6 

.0160 

.0260 .oaoo 
.00'97 
.04r30 
.0360 
.0540 
.1410 
.3410 

.164r 

.118· 

.126 dogfish 

.085 embryoa 

.045 

.101 

.094 

.035) 

.051 

.032 

.013 young 
.046 dogfish 
.035 
.041 
.039 
~oaa 

body weight, the relative weight of the rectal gland has 

increased to .094 %· 
At about birth the relative size of the rectal gland 

has diminiahed to .032 % of the total body weight. Kell-

icott' • figures place thia a trifle higher, .0398 'fo. The 

rectal gland appears to increase slightly inrelative aize 

after birth, reaching .046 % in a fish weighing 92 grama, 

and thereafter decreasing gradually to .022 'fo in a fiah 

weighing 14-99 grams. Kellioott find• no such · increase 

after birth, the curve of percentage weight falling thru-

out lite. 
1. Jleaonephro s 

(see next page for table) 



RELATIVB GROWTH OJ' DSONEPHROS 
table fourteen 

No. of Av. net Av. net wt. Av. rel. wt. 
8J)ecimens body weight meeonephros mesonephroa 

a 
6 
3 

· 2 
1 
6 
6 

1 
3 
2 
1 
1 
1 
1 
5 

' 1 

6 .. 
a 
a 
3 

.0636grama 

.3109 

.6993 
1.4410 a.eoao 
3. 7493 
'· 9728 

43.0750 
49.8720 
O.S900 
72.3500 
aa.1100 
92.7900 

108.8960 
138.7170 
3'7.1360 

1498.8000 

.0290 

.1206 

.2502 

.S6'8 

.0008grams 

.0072 

.0217 

.0594 

.0912 

.1317 

.1898 

.4'70 

.6360 

.7870 

.5597 

.7140 

.8880 
• 9960 

1.0880 
2.6780 
5.6610 

.oooa 

.0018 

.0036 

.0075 

1. 68 l 2.37 
a. 99 dogti•h 
4. 24 ) embryos 
JS. 60) 
3.50) 
3.83) 

1.06 
1.28 
1.86 

.77 
. ~ '8'l young 
.96 dogfish 

. • 97 
.84 
.77 .sa 

.91 l 1.48 Amiurua 
1.54 
a.12 

In the doatiah embryo the meeonephroe increaaea from 

a percentaa• of l. 6 'fo at .os_ae aram body ni&ht, to a max-

imwn (tor the aeries observed) of 4. 24 f, at l • .U aram• 

body wei&ht. At 4.9 arame body weight the relative niaht 

of th• mesonephro• i• s.as 1'· 
At about birth the mesonephro• forms 1.1 '/, of the 

total body wei&Jlt. This deo?'e&aea elowly thruout the 

1er1•• ob1erved and probably thruout life. In a fish 

1.99 aram• th• peroentap weight of th• m••onephro1 

i• .18 1'· 
In Amiurua the meaonfphroe forms • 93 'fo of the total 
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body wei&ht in six fish with an averaae body weight of 

.029 gram. Thia steadily increases thruout the series, 

and at • 3548 gram body weight has reached a maximum of 

2.12 'fo. 
In the human embryo the mesonephros t•rms only .0.6 % 

of the body at 11 mm., rapidly decreasing thereafter and 

practically disappearin& at about 30 mm. (Jackson) Lowrey 

finds the mesonephros of the pig relatively much laraer, 

reaching a maximum relative size of 12 'fo ot the body in 

the early embryo (16 mm.), decreasing thereafter and prac-

tically disappearing at about 125 mm. 

No. ot 
specimens 

1 
1 

' • 
1 a 
1 
a 
1 

j. Gonads. 

l. female 

RELATIVE GROWTH or THE OVARIES 
table fifteen 

Av. net Av. net wt. Av. 
body wei&ht . ovary 

.4120 i· 
2.6060 

.oooa 1 . 

.0017 s. 8997 .ooao 
'· ?73, .ooaa 

•7.5•4-0 • 3)10 
62.!900 .asoo 
93.7900 .3940 

&•6.9920 2.8270 
1498.8000 4.aaao 

rel. wt. 
evary 

.048 l .065 doafish 

.054- embryos 

.067 

.dal • 37, TOUDI 

.Sl6 do&fish 

.e1• .aea 
In the embryonio: dt:&fish the ovaries are relatively 

amall. In an embryo weighing .•1a p-am the peroentaae 

weiaht of the ovaries is .048 %· This tQoreases to a max-

imum of • 066 'lo in an embryo weighinc a. 606 crams. A 't 
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4.7 arams body weiaht the percentage is .057 ~. 

In the youn& dogfish the ovaries are relatively much 

heavier than in the embryo. At about birth the relative 

weight of the ovaries is .4 ~. At 345 grams body weight 

this percentaae has increased to a maximum o! • 81 'fa. At 

1499 grams body weight the percentage is .28 %· None of 

the ovaries examined contained large yolk filled ova. 

2. male 

RELATIVE GROWTH OF THE TESTES 
table sixteen 

No. of Av. net Av. net wt. Av. rel. wt. 
specimens body weight testes testes 

2 • 3347 i· .0002 ,. .056 l 3 .6993 .0004 .062 .dogfish 
2 1.4415 .0008 . 051 embryos 
2 3.8480 .0025 .066 
l 4.7718 .0024 .060) 

1 42.0760 .1510 • 358) 
2 51.0390 .1760 .3•9 ! 1 72. 3500 • 3627 . sen young 
1 83.1100 . 2340 • 284 dogfish 
1 102.2950 .5240 • 512 ~ 3 128.7170 .8600 .991 
2 348.2810 2. 3330 .668) 

In the dogfish embryo the testes are relatively of 

about the same weight as the ovaries. The maximum (.066 %> 
occurs at 3.8 ll'&ms body weight and the minimum {.0.5 %> 
at 4. 7 grams. 

In the young dogfish the testes are relatively heavier 

at birth than the ovaries, the testes forming • 402 % of the 

total body weight. This peraentage drops and then sudden-
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ly increases to a maximum (for the series) of .99 % at 

128 grams body weight. At 348 grams the percentage is 

• 67 %. 
Kellicott finds the relative weight of the ovaries of 

the dogfish to rise after birth to a primary maximum of 

• 676 % in fish of 400 crams. This percentage de.creases 

to .43 % in fish of about 1700 arams and thereafter tends 

to rise to a second maximum. In the male he finds the 

testes to rise from .368 ~ at birth to a primary maximum 

of .775 % at about 400 &rams. This percentage decreases 

to .60 % at 900 grams and then rises thru~ut life to a 

final .maximum ratio of 1.15 'fo. In the human, Jackson 

finds the sexual gland relatively larger in the embryo than 

in the later fetal stages and the testis much larger than 

the ovary at corresponding stages. Vierordt gives· the 

testis and ovary of the newborn as .026 'fo; for the adult 

he gives .080 % for the testis and .012 % for the ovary. 

In the albino rat, Jackson finds the percentage weight of 

the testes {including epididymia) to increase from an aver-

age of .13 % at birth to a m~ximwn of 1.50 % at ten weeks, 

thereafter decreasing somewhat. In the female he finds 

the ovaries to increase in relative size from .017 % at 

birth to .030 % at 10 to 16 grams, thereafter decreasing 

to .015 % at 60 1rams; then the percentage rises to a sec-

ond maximum of .037 % at 110 to 120 arams and then steadily 
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de ore as es. Welcker and Brandt give the following data 

on the percentage weight of the sex gland: of fishes, 

.28 % to 8.2 %; amphibia, .26 % to 2.63 %; reptiles, 

.71 % to 4.00 cjo. 

k. Stomach-Intestines 

The following data refer to the empty stomach and 

intestine. 

RELATIVE GROWTH OF THE STOMACH-INTESTINES 
table seventeen 

No. of 
specimens 

Av. net 
body weight 

Av. net wt. 
stomach-int. 

Av. rel. wt. 
stomach-int. 

3 
6 
3 
2 
1 
6 
5 

1 
3 
2 
1 
l 
1 
1 
3 
4 
1 

7 
2 
2 
3 

.0854 g. 
• 3360 
.6993 

1.4410 
2.6060 
3. 7493 
4.9722 

42.0750 
49.8720 
62.3900 
72. 3500 
82.1100 
92. 7900 

102. 2950 
128.7170 
347-.1360 

1498.8000 

.0276 

.1206 
• 2502 
• 3609 

. 0026 g. 

.0064 

.0134 

.0343 

.0662 

.0976 

.1416 

1.4680 
1. 7060 
l.2660 
2.0340 
2.1900 
2. 6210 
2.9900 
6.1060 

16.3670 
43.8000 

.0022 

.0088 

.0171 

.0308 

2. 9 l 1.9 
1. 9 dogfish 
3. 4 embryos 
2. 2 l 2.5 
2.9 

3. 5) 
3. 4) 
2.0 l 2.8 young 
2.7 dogfish 
2. 8) 
2. 9) 
4.0) 
4. 7) 
2. 3) 

8.6) 
7. 2) Amiurus 
7. 2) 
8. 6) 

In the doifish embryo of .0854 gram, the stomach and 

intestines form 2.9 % of the total body weight. This per-

oentage drops suddenly to 1.9 % at .3360 gram body weight 
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and thereafter rises thruout the series, btin& 2.9 ~ at 

'· 9 arams body weight. 
At about birth the percentaae weight of the stomach 

and intestines is 2.9 ~- After birth this percentaae in-
creases, reaohina a maximum of 4.7 ~ at 347 grams body 

weiaht and thereafter deoreasina probably thruout life, 

beina 2.3 ~ at 1499 1rams. This postnatal rise is probably 

directly due to the chanae from the embryonic to the free 

livin& condition, -- the demand on the ctiaestive system 

tor the diaestion and assimilation of an entirely different 

diet. 

I11. Amiurus with a body wei&ht of .0276 1ram, the 

peroentaae weight of the stomach-intestines ie 8.6 ~. At 
.asoa aram ~t is 7.a ~- At .3609 aram it rises again to 

8.5'/o. 
In the human embryo, Jackson finds the stomach and 

intestines Tariable. In the newborn, Vierordt estimate• 

that the empty stomach and intestines fotm 2.1 ~ of 

the t•tal body weiaht, and in the adult, 2.06 ~· In the 
albino rat, Jackson finds the peroentap weight ot the 

empty stomach and intestines in the newbern to be 2.4 ~' 

increasin& to a maximum of 8 ~ at six weeks and decreaa-
ina thereafter to 5 % at l year. In the pi&, Lowrey 

finds the peroentaae weiaht of the stomach and intestines 
to increase thruout the prenatal period, beina(empty) 
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about 3.6 % at about full term. In the adult they in-

crease to 4.79 % empty. Welcker and Brandt &ive data on 

the percentage weight of the intestinal tract showina 

ranaes as follows: of fishes, 2.31 % to 6.16 %; amphibia, 

4.32 % to 6.05 %; reptiles, 4.84 % to 5.68 %. 
SUMMARY 

l. The head attains a maximum relative size of 

38. 9 '/o tn th$ dogf±ah'. 8tnbryo at .085 &ram body weight. 

At birth this has decreased to about 17.5 % and continues 

to fall thereafter, probably thruout life. At 1600 arams 

body wei&ht, it has drppped to nearly 12 'fo. 
2. In aeneral the skin rises thru embryonic life to 

about 11.5 % at birth and to a slightly higher maximum 

shortly after birth; thereafter it decreases in relative 

wei&ht. 

3. At birth the relative wei&ht of the skeleton has 

risen to about 8.7 'fo. The maximum (9.4 '/o) occurs shortly 

after birth, and thereafter the relative weight of the 

skeleton decreases somewhat. 

4. The curve of the relative &rowth of the mus-

culature and skeleton of the embryo is variable and un-

certain. At birth the relative wei&ht of the musculature 

alone is about 4•-'/o of the total body; this decreases 

shortly after birth and thereafter increases to nearly 

63 % at a body weight of 1500 arams. 



5. In the embryo the viscera decrease in relative 

size . from over 19 ~of the body at an early period to 

about 12 % at birth. After birth the percentage weight 

of the viscera attains a maximum of 14. 3 ~ at about 360 

grams body weight and thereafter decreases to 9.8 ~ at 

about 1500 grams. The high figures for the early embryos 

are due chiefly to the relatively large size of the brain. 

6. The relative size of the embryonic brain d•-

oreaaes from over 15 i iri the early embryo. at first rapid-

ly and then more slowly to about 1.6 ~ at birth. After 

birth the relative weight of the brain decreases more 

•lowly, but continues to fall thruout the series and probably 

thruou t li f •. 

7. · Tbe spinal oord decreases in relative size in 

the, embryo much like the brain, bU~ it i• more variable 

(probably due to erro' from difficulty in dissection); in 

the early embryo it forms 1.7 ~- At about birth the 
percentage weight of the spinal cord is .43 %. Thia 

figure •lightly increases after birth a~ thereafte·3." d•-
creases slowly. In the embryo the spinal cold. is usuall1 

only about one tenth as large as the bra~n, while in the 

adult it ia about one third as large. 

a. The relative weight of the eyeball• of the em-
bryonic dogfish is variable,, but in seneral it decreases 
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from a maximum of about 9 6fo. At birth it is about 2.1 ~ 

and thereafter it decreases slowly. At 1500 grams body 

weight, the eyeballs !orm about .64 ~ of the body, being 

as large as the brain and spinal cord combined. 

9. In general the heart of the dogfish embryo decreases 

in relative size from a maximum of over 4 'fo, at first 

rapidly and then more slowly. At birth it is about .16 ~ 
of the total body weight. After birth it rises to nearly 

.20 % and then decreases again. The figure (.ao '/o) at 

about 1500 grams is probably too high, since Kellicott in 

a larae series finds it much lower. 
10. the embryonic pancreas remains at about the same 

relative size for the staaes examined, possibly decreasing 

slightly. . At about birth it forms .067 % of the body 

weight, increasina thereafter to a maximum of .14 % at 

about 350 grams. 

11. In the early embryo the liver rises to a maximum 

of 6.8 'fo of the body at .31 gram body weight. This per-

centa1e falls gradually and then rises to about 4.8 'fo at 

birth. Shortly after birth the liver rises and thereafter 

decreases in relative weight to about 6.9 'fo at 1500 grams. 

12. In the embryo the spleen is variable but in 

general it increases in relative weight. At birth the 

relative weight of the spleen is about .098 ~ of the total 

body. This fi&Ure increases to a maximum of .38 % at 
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about 350 arams ard thereafter decreaaes. 'l'he spleen is 

exceedin&ly variable in wei&}lt. 

13. The relative we i&llt of the rectal gland is 

rather variable in the embryo, but falls from a maximum 
elf .164- 1' to about • 032 'fo at birth. Shortly after birth 

the relative wei&ht increases sli&htly and thereafte·r de• 

creases. 

14. The relative wei&ht of .the embryonic mesonephros 

increases to a maximum of ~.a % a~ 1.44 grams body weight, 
and then d.eoreases. At birth it has fallen to about 1.1 'fo 

ant continues to decrease thereafter. 

15. The testes am ovaries of the embryo are relative-

ly of about the same weiaht, the testes b•tna sli&}ltly 

heavier • .. At birth the relative wei&}lts of the testes and 

ovaries are about .40 '/o of the body. The testes increase 

to a maximum of 1.0 'fo at about lSO arams. The maximum for 

the ovaries (.81 'fo) occurs at about S60 arams and the rel-

ative wei&}lt thereafter falls to .28 ~ at about 1600 1rams. 

is·. The peroentaae weiaht of the stomach and in-
testines on the whole increases in the embryo from a minimum 

of 1.7 ~at .Sl cram to about 2.9 'fo at birth. After ~rth 
the stomach and. intestines increase to a maximum of 4.7 'fo 

at about 360 crams and thereafter decrease, probably thru-

ou t life. 
17. Althou1h many minor differences may be observed, 
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on the whole the course of the relative growth of the 

various or&ans and parts in the doafieh is strikin£ly 

similar to that which has been observed among the high-

er vertebrates, includin& mammals and man. 
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