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ABSTRACT

In the present paper growth in the second pair of chelipeds and their component parts,
the Is., Me., Ca., Pro. and the Dac., hag been studied in the light of the growth formula,

y = bx(@+82)eeT

in properly collected samples of the male and the female Indian freshwater prawns of the
following four species of Palaemon Fabr. :
(1) Palaemon dayanus Henderson.
(11) Palaemon lamarrei H. Milne—Edwards.
(111} Palaemon Kistnensis Tiwari, and
(iv) Palaemon hendersoni DeMan.
The following points emerged from this study :

1. It is seen that there is only one phase of growth in the male and the female chelipeds
in each of the three species, other than P. hendersoni, with a progressive change in the values
of the growth-coefficient. The values of the equilibrium eonstant e« coincide with the mean p
within the limits of sampling fluctuations.

2. In P. dayanus the phase of growth in the males starts with a growth-centre in the
Pro. and a point of depression in the Me. which develops into & growth-centre towards the
end. In the fernale organ it starts with a growth-centre in the Me. and a point of depression
in the Dac. which later develops into a steep high point. The growth-gradient in the male
cheliped, in P. lamarrei, starts with a growth-centre in the Ca. and, asin the males of P. dayanus,
a point of depression in the Me. which develops into a growth-centre towards the end of
the phase; while in the female organ of this species there is no change in the growth-
gradient pattern throughout the phase, thus showing here a stable state of growth. Pro. forms
a growth-centre here. In P. Kistnensis growth in the male cheliped starts with a growth-
centre in the Me. which becomes a point of depression between the neighbouring joints, the Is.
and the Ca., towards the end of the phase, when the Pro. forms a growth-centre here, and remains
as the only positively heterogonic joint. In the female organ the Me., which is a point of
depression at the start, developes into a growth-centre towards the end of the phase; while
the Dac. forms a high point throughout it.

3. In P. dayanus the gradient in the female cheliped seems to be much more marked than
the one in the male. In P. lamarrei, however, the gradient in the female cheliped remains
perfectly unchanged for all lengths of the cheliped, whereas in the male cheliped it is a changing
one and is associated with a rapid shift of the growth-centre from the central (Ca.) to the basal
(Me.) region of the organ. In P. Kistnensis the gradient in the male cheliped is highly marked
(and is associated with a rapid shift of the growth-centre from the Me. of the basal regton to
the Pro. of the distal region); whereas in the female cheliped the gradient is very stable and
is associated with only a slow development of heterogony in the Me. and a progressive and
gradual change in the values of the relative growth rates of the other segments of tke organ.
In P. kendersoni the gradient in the male cheliped (I Phase) is more marked than the one in
the female. In fact in the male there takes place a rapid progress in the values of the relative
growth rates in the segments of the distal region of the organ, a steep fall from a positive to &
negative heterogony in the central region and a development of the growth.centre in the Me.
of the basal region. The second phase of growth in the male cheliped, however, forms a highly
marked growth-gradient progressing in one direction only and resulting in the progress from ,
less to & more steep growth-centre at the Pro. of the distal region and a development of another,
but less marked, growth-centre at the Me. of the bassl region.
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INTRODUOTION

For a very long time the study of differential growth in an organism had
received little attention. The idea of growth-gradient in an organic form was for
the first time beautifully put forth by D’Arcy Thompson (1917, 1942); but his
studies, though fascinating and original in many respects (e.g. his use of cartesian
transformations in studying the evolution of one form from another), lacked the
quantitative expression that prima facie seems to govern the process of growth
in the animal kingdom.

A new impetus and interpretation to the study of differential growth was given
by Huxley (1932). He has analysed a vast body of data on animals and plants
and has arrived at certain quantitative deductions about the laws that seem to
govern the growth of organic life in general; and, although originated by Przibram
(1902, 1917), Champy (1922, 1942) and others, the formula for allometric growth,
known as the simple allometry equation, was given a new status by him (op. cit.)
in studying the growth process in a living organism. Tt is,

y = bze,

where x and y represent respectively the sizes of the body and the organ; b and «
are two constants of which the latter, known as the ‘equilibrium constant’ or the
‘growth-coefficient’, is of particular interest.

It was next seen that although the simple allometry equation has proved of
very wide importance in understanding the dynamics of a body, still certain pheno-
mena of growth could not be explained clearly because it has some shortcomings,
some of which have been discussed by Huxley himself (0p. cit.). In this connection
the author of the present paper has already established (1957) that this allometric
equation is only a valuable first approximation of the following more general
formula of growth,

y = bx(T+02)gcr (1)

where b, «, @ and ¢ are constants and e stands for the exponential; and that the
equilibrium constant a should be replaced by p where,

p=a-+ (@ + c)x + azxlogx .. (2)

GrowTH IN INDIAN FRESHWATER PRAWNS
OF THE GENUS PALAEMON

Besides summarising a large body of data from animal and plant kingdoms
Huxley (op. cit.) has also indicated the various fields in biology which require
intensive investigations. One such field is Taxonomy. For the purpose of syste-
matic Zoology where body proportions often play important role in delimitation
of species, investigation on relative growth of parts in relation to the rest of the
body, or in relation to each other, can throw much light on the true taxonomic
status of species. The precise mathematical treatment easily defines the limits of
species and thus eliminates a lot of confusion about dubious characters, which
otherwise often arises and results in the false establishment of new species.

Decapoda crustacea have always been very illustrative example for relative
growth. The genus Palaemon is a decapod crustacea. It occurs mostly in the
freshwaters of the tropics and sub-tropics. It belongs to the group Macrura or
the prawn with a long abdomen. In India there are over three dozen species of
this genus showing all sizes of body and appendages. One striking feature in most
of these species is the conspicuously large growth that the second pa.xr of chelipeds
attain after some age.
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With respect to the size of the second pair of chelipeds Indian species can be
easily divided into three groups, viz., those with slender chelipeds which are much
shorter than the body, those with shorter but stouter chelipeds and those inwhich
these appendages are very long and strongly built. While some species belonging
to the last group have been subjected to researches on relative growth (Huxley,
op. cit., Tazelaar, 1930, etc.), no work has been done on species of other groups.

The author of the present paper has taken for study the following four species
of Palaemon Fabr. of the other groups :

(i) Palaemon dayanus Henderson (87 male and 66 female specimens),
(ii) Palaemon lamarrei H. Milne-Edwards (74 male and 80 female specimens),
(iii) Palaemon Kistnensis Tiwari (53 male and 43 female specimens), and
(iv) Palaemon hendersoni DeMan (90 male and 69 female specimens), some
discussion on the last one of which has already been done by the author
(1957, 1958).

These represent two types, each type having certain specific growth behaviour
which is manifested in the differences in the growth ratios of the whole limbs and
their component constituents. Of these P. dayanus and P. lamarrei are very widely
distributed throughout the Indian plains and a major part of the peninsula, while
the other two have restricted distribution.

MATERIAL AND MEASUREMENT

The studies here have been solely confined to the growth behaviour of the,
second pair of chelipeds, in the light of the above formula (1) for growth, in males
and females of the species named here. The Director, Zoological Survey of India
has done me the favour of providing with the material which is now kept in the
reserve collections of the Z.S.I1.

Sliding chelipers fitted with graduated dial which could read direetly upto
the first place of decimals were used to measure length (in millimetres) in the
following way : -

(i) Length of the carapace was measured in a straight line between the
orbital edge and the posterior border,

(ii) Lengths of the segments of the cheliped were measured dorsally in a
single straight line, and

(iii) The total length of the cheliped (for which the abbreviation Ch. will
be used henceforth) was calculated by adding up the lengths of the
Ischium, Merus, Carpus, Propodus and the Dactylus (abbreviations :
Is., Me., Ca:, Pro. and Dac. respectively). In a cheliped there are seven
such segments, but the first two, viz., coxa and basis are firmly fused
with the Is. and are of negligible length.

Further, as some extraneous factor like autotomy and regeneration alone
could possibly be responsible for the outward difference in the lengths of the dextral
and sinistral second chelipeds, which should basically have no distinction in their
gﬁowg,h rates, the length of the larger of the two chelipeds only has been used in

e data.

O BSERVATIONS AND CALCULATIONS

The values of the log carapace length (log stands for the logarithm), denoted
as X, and of log length of the cheliped -or its segments, denoted as ¥, have been
grouped for X, as shown in Table 1 which gives for each group the average of
the values of X and ¥ lying in it.
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TaBiE I

Showing the values of the group averages for X and Y
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Average Y
Group No. of Average

specimens X Is. Me. Ca. Pro. Dae. Ch.

P. dayanus (males)
0.85—0.88 4 0.8692 0.4352 0.5592 0.6603 0.4216 0.3472 1.1963
0.88—0.91 11 0.8971 0.4613 0.5776 0.6901 0.4512 0.3716 1.2223
0.91—0.94 11 0.9285 0.4624 0.5920 0.7060 0.4814 0.3947 1.2416
0.94—0.97 9 0.9574 0.4957 0.6343 0.7296 0.5153 0.4312 1.2732
0.97—1.00 9 0.9786 0.5338 0.6355 0.7507 0.5479 0.4655 1.2953
1.00—1.03 13 1.0111 0.5715 0.6928 0.7604 0.5795 0.4900 1.3277
1.03—1.06 1 1.0569 0.6201 0.7076 0.7931 0.6335 0.5185 1.3633
1.06—1.09 11 1.0738 0.6417 0.7335 0.8097 0.6450 0.5714 1.3871
1.00—1.12 5 1.1064 0.6862 0.7617 0.8286 0.6838 0.6060 1.4184
1.12—1.15 4 1.1414 0.7035 0.7955 0.8586 0.7380 0.6458 1.4537
1.15—1.18 4 1.1635 0.7376 0.8272 0.8856 0.7699 0.6832 1.4855
1.18—1.21 2 1.1902 0.7703 0.8500 0.9047 0.8021 0.7007 1.5093
1.21—1.24 2 1.2304 0.7952 0.8882 0.9364 0.8449 0.7698 1.5502
1.24—1.27 1 1.2577 0.7973 0.9031 0.9395 0.8513 0.7708 1.5559

P. dayanus (females)

0.90—0.93 1 0.9031 0.4914 0.5185 0.7076 0.5911 0.3802 1.2504
0.93—0.96 1 0.9590 0.5315 0.5911 0.7451 0.6160 0.4314 1.2045
0.96—0.99 4 0.9766 0.5346 0.6041 0.7650 0.6308 0.4392 1.3064
0.99—1.02 7 1.0098 0.5727 0.6360 0.7899 0.6403 0.4707 1.3334
1.02—1.05 9 1.0378 0.6031 0.6622 0.8183 0.6574 0.4959 1.3564
1.05—1.08 14 1.0681 0.6311 0.6943 0.8267 0.6661 0.5314 1.3788
1.08—1.11 17 1.0936 0.6511 0.7233 0.8291 0.6736 0.5588 1.3960
1.11—1.14 9 1.1183 0.6756 0.7506 0.8561 0.6972 0.5680 11,4185
1.14—1.17 3 1.1572 0.7045 0.7707 0.8756 0.7193 0.6089 1.4437
1.17—1.20 1 1.1703 0.7243 0.7752 0.8865 0.7404 0.6434 1.4603

P. lamarrei (males)
0.680—0.695 4 0.6880 0.1052 0.2670 0.4064 -0.0754 —~0.0969 0.8633
0.695—0.710 4 0.7012 0.1380 0.2785 0.4425 -0.0630 -0.0862 0.8879
0.710—0.725 9 0.7234 0.1847 0.2923 0.4624 —-0.0196 —-0.0605 0.9177
0.725—0.740 1 0.7324 0.2040 0.3243 0.4770 —0.0088 —0.0556 0.9344
0.740—0.75656 11 0.7439 0.2232 0.3386 0.4997 0.0130 -0.0269 0.9553
0.756—0.770 13 0.7594 0.2587 0.3658 0.5069 0.0253 -0.0197 0.9691
0.770—0.786 10 0.7760 0.2878 0.3836 0.5477 0.0569 0.0043 0.9997
0.785—0.800 10 0.7805 0.3046 0.3962 0.5574 0.0676 0.0253 1.0162
0.800—0.815 6 0.8096 0.3584 0.4286 0.5966 0.0908 0.0607 1.0511
0.8156—0.830 2 0.8228 0.3856 0.4579 0.6243 0.1206 0.0864 1.0828
0.830—0.845 2 0.8356 0.4058 0.4698 0.6384 0.1367 0.0969 1.0950
0.845—0.860 2 0.8451 0.4232 0.4911 0.6532 0.1461 0.1139 1.1122

P. lamarrei (females)
0.800—0.820 4 0.8145 0.4133 0.4945 0.6627 0.1004 —0.0177 1.0994
0.820—0.840 3 0.8367 0.4393 0.5191 0.6931 0.1335 0.0212 1.1260
0.840—0.860 4 0.8558 0.4620 0.5391 0.7095 0.1673 0.0463 1.1468
0.860—0.880 8 0.8699 0.4728 0.5416 0.7193 0.1875 0.0682 1.1592
0.880—0.900 10 0.8926 0.4968 0.55663 0.7440 0.2253 0.0934 1.1828
0.900—0.920 8 0.9091 0.5185 0.5723 0.7576 0.25563 0.1106 1.1999
0.920—0.940 9 0.9333 0.5425 0.5883 0.7811 0.2906 0.1430 1.2240
0.940—0.960 14 0.9532 0.5630 0.6019 0.7951 0.3096 0.1703 1.2423
0.980—0.980 6 0.9692 0.5764 0.6232 0.8235 0.3284 0.1847 1.2615
0.980—1.000 4 0.9878 0.6016 016304 0.8338 -0.3541 0.2201 1.2780
1.000—1.020 5 1.0120 0.6274 0.6503 0.8525 0.3874 0.2430 1.3016
1.020—1.040 b 1.0294 0.6468 0.6646 0.8774 0.4314 0.2833 1.3268
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Table—1 (Contd.)

P. Kistnensis (males)

0.765—0.805 2 0.7888 0.3979 0.4116 0.5622 0.1492 0.0602 1.0512
0.805—0.845 4 0.8356 0.4302 0.4733 0.6045 0.2040 0.1052 1.0992
0.845—0.860 7 0.8547 0.4548 0.4872 0.6214 0.2304 0.1139 1.1190
0.860—0.875 15 0.8668 0.4579 0.4938 0.6393 0.2419 0.1418 1.1297
0.875—0.890 12 0.8784 0.4658 0.4978 0.6490 0.25562 0.1486 1.1387
0.890—0.905 4 0.8945 0.4927 0.5213 0.6532 0.2726 0.1614 1.1538
0.905—0.945 1 0.9085 0.5185 0.5315 0.6646 0.2788 0.1761 1.1673
0.945—0.985 3 0.9620 0.55639 0.5794 0.7236 0.3502 0.2337 1.2225
0.985—1.025 3 1.0198 0.6138 0.6432 0.7767 0.4216 0.2988 1.2801
1.025—1.065 2 1.0569 0.6314 0.6571 0.7986 0.4621 0.3304 1.3075
P. Kistnensis (females)
0.920—0.950 2 0.9368 0.5563 0.5854 0.7282 0.3520 0.1901 1.2201
0.950—0.965 2 0.9638 0.5680 0.6074 0.7404 0.3802 0.2304 1.2405
0.965—0.980 3 0.9743 0.5843 0.6170 0.7482 0.3979 0.2480 1.2526
0.980—0.995 5 0.9859 0.5933 0.6229 0.7505 0.4182 0.2647 1.2686
0.995—1.010 8 1.0010 0.5988 0.6294 0.7585 0.4292 0.2843 1.2683
1.010—1.025 7 1.0182 0.6170 0.6415 0.7627 0.4472 0.2993 1.2826
1.025—1.040 4 1.0273 0.6218 0.6603 0.7709 0.4655 0.3030 1.2909
1.040—1.055 10 1.0449 0.6351 0.6644 0.7837 0.4826 0.3483 1.3079
1.055—1.085 2 1.0682 0.6540 0.6946 0.7924 0.5184 0.3890 1.3310

The following ‘values of equation (1) have been derived from the contents of
Table 1:

P. DAYANUS

Males -
1s. ¢ = 0.11471x (1,47635-0,0370021 ¢0,00216
Me. § = 0.80324x (0,75831+0,011227) g0 035282
Ca. 'y = 0.5884lz (0,97136-0,02100%) ¢0,05506%
Pro. g = 0.11331z (1,47814-0,031982) ¢0,08403%
Dae. y = 0.14242% (1,31815-0,015112) ¢0,03836%
Ch. ¥ = 1.39701z (1,14942-0,017912) £0 041552

Females :
1s. = 5.24951z (-0,12251-0 080387\ ¢-0-20774%
Me. ¥ = 0.042927 (1,92679-0,004333) ¢0-23530%
Ca. g = 0.80834z (0.86014-0,018983\ g0,046387
Pro. ¥ = 26.60003z (~0,65300~0,118802) ¢~0,30195%
Dae. y' = 0.01141z (2,64485-0 091812\ ¢0,175237

Ch. y = 11.350002 (0,33670-0,048022) ¢-0,128327
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Table—1 (conid.)

P. LAMMARRET |
Males :
Is. y = 0.00602z (3.23471-0,210952) 0 376237
Me. Ty = 1.46407z (0,22711+0,194297) ¢~0 333277
Ca. y = 0.05556z (2.95567-0,132112) 00,22725%
Pro. y = 0.06180x (1,6266370 033582) ¢0, 063157
Dac. y = 2.32794x (-0,51608+0 30904%) ¢-0 538377
Ch. y = 0.738927 (1-46082+0,01933%) ¢—0 035057
Females :
Is. y = 0.39540x (1,01090+0,00728%) g-0 015357
Me. y = 0.63626z (0.84624-0,00034D) ¢0,010517
Ca. Y = 1.22722x (0,74386+0 027162) g0 059397
Pro. y = 0.19225z (1,08870+0,05248%) g-0,119062
Dac. y = 0,27071z (0,78381+0,07113Z) g—0,15940%
Ch. y = 3.16757x (0,78412+0,031962) g—0,07169T
P. K1sTNENSIS
Males :
Is. y = 0.15868x (1,44766-0,056057) ¢0,11551%
Me. y = 0.05151x (2,02498-0,12318%\ £0-25637T
Ca. y = 0.15778z (1,64443-0,08007%) ¢0,16443%
Pro. y = 0.14627z (1,23893-0,007782) £0 016017
Daec. y = 0.10764z (1,27621-0 024257) g0 04824%
Ch. y = 0.88976x (1,33401-0,044037) £0,09577Z
Females :
Is. y = 0.42586x (0.97753-0,02046%) 0,046102
Me. y = 56.49880x (~1,07954+0 190367} ¢—0 448712
Ca. y = 5.40513x (0.02768+0,045802) ¢-0,10632%
Pro. y = 0.76230z 10,64748+0 06821%) ¢—0 15996
Dae. y = 0.50058x /0,60428+0,08725%) ¢—0,20887%
Ch. y = 18.17380x /~0,00219+0 07828%) ¢-0,17783%
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Showing the values of p for the cheliped and its segments

TasrLe II

z Is. Me. Ca. Pro. Dac. Ch.
P. dayanus (males)
7.40 1.3365 0.8205 0.8970 1.3913 1.2664 1.1021
7.89 1.3085 0.8303 0.8809 1.3697 1.2553 1.0899
8.48 1.2732 0.8425 0.8607 1.3424 1.2413 1.0745
9.07 1.2368 0.8552 0.8398 1.3061 1.2268 1.0584
9.52 1.2077 0.8652 0.8229 1.2912 1.2152 1.0456
10.26 1.1584 0.8821 0.7946 1.2524 1.1956 1.0236
11.40 1.0786 0.9094 0.7485 1.1895 1.1639 0.9889
11.85 1.0458 0.9205 1.7295 1.1636 1.1508 0.9734
12.78 0.9766 0.9440 0.6894 1.1085 1.1232 0.9424
13.85 0.8934 0.9720 0.6413 1.0424 1.0900 0.9050
14.57 0.8357 0.9914 0.6078 0.9963 1.0670 0.8790
15.49 0.7601 1.0168 0.5640 0.9356 1.0367 0.8447
17.00 0.6319 1.0597 0.4896 0.8329 0.9855 0.7868
18.10 0.5351 1.0921 0.4334 0.7551 0.9467 0.7429
Mean 1.0199 0.9287 0.7142 1.1412 1.1403 0.9612
P. dayanus (females)
8.00 0.3437 1.4849 0.7636 -0.1896 -0.3208 0.5088
9.10 0.5090 1.3137 0.7280 0.0111 ~0.0037 0.5894
9.47 0.5677 1.2529 0.7154 0.0828 0.1572 0.6182
10.23 0.6909 1.1248 0.6889 0.2336 0.4221 0.6790
10.91 0.8057 1.0052 0.6642 0.3749 0.6704 0.7359
11.70 0.9435 0.8616 0.6344 0.5448 0.9694 0.8045
12.41 1.0711 0.7283 0.6070 0.7028 1.2474 0.8683
13.13 1.2048 0.5883 0.5781 0.8686 1.5397 0.9354
14.36 1.4403 0.3417 0.5517 1.1618 2.0560 1.0541
14.80 1.5268 0.2511 0.5086 1.2695 2.2461 1.0979
Mean 0.9104 0.8953 0.6440 0.5060 0.8984 0.7892
P. lamarrei (males)
4.88 2.4103 1.0510 1.7985 1.4861 0.7541 1.5331
5.03 2.3527 1.1060 1.7612 1.4763 0.8405 1.5387
5.29 2.2501 1.2041 1.6947 1.4589 0.9941 1.5480
5.40 2.2060 1.2461 1.6662 ~ 1.4515 1.0601 1.5520
5.54 2.1484 1.3010 1.6014 1.4417 1.1463 1.5572
5.75 2.0639 1.3816 1.5743 1.4274 1.2727 1.5648
5.97 1.9710 1.4701 1.5143 1.4116 1.4118 1.5732
6.16 1.8904 1.5469 1.4622 1.3980 1.5323 1.5804
6.46 1.7640 1.6670 1.3807 1.3766 1.7210 1.5919
6.65 1.6758 1.7510 1.3237 1.3617 1.8528 1.5998
6.85 1.5863 1.8360 1.2660 1.3465 1.9864 1.6079
7.00 1.5180 1.9010 1.2220 1.3349 2.0886 1.6141
Mean 1.9864 1.4552 1.5221 1.4143 1.3884 1.5718
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TaBLE 11—(Contd.)

P. lamarrei (females)

.2964

6.52 1.0473 0.7983 0.8658 1 1.0780 0.9127
6.87 1.0518 0.7924 0.8819 1.3260 1.1187 0.9307
7.17 1.0659 0.7872 0.8965 1.3528 1.1558 0.9471
7.41 1.0591 0.7830 0.9081 1.3744 1.1854 0.9601
7.81 1.0647 0.7757 0.9281 1.4112 1.2361 0.9826
8.11 1.0690 0.7702 0.9436 1.4397 1.2754 1.0000
8.58 1.0758 0.7612 0.9681 1.4852 1.3379 1.0276
8.98 1.0819 0.7535 0.9897 1.5252 1.3930 1.0520
9.32 1.0870 0.7467 1.0084 1.5598 1.4405 1.0730
9.72 1.0934 0.7385 1.0311 1.6019 1.4983 1.0987
10.28 1.1023 0.7270 1.0632 1.6615 1.5803 1.1350
10.70 1.1091 0.7182 1.0879 1.7074 1.6434 1.1629
Mean 1.0748 0.7627 0.9644 1.4785 1.3286 1.0235
P. Kistnensis (males)
6.15 1.1872 1.4680 1,2687 1.2026 1.1528 1.1603
6.85 1.1161 1.3137 1.1669 1.1928 1.1209 1.1081
7.16 1.0835 1.2427 1.1200 1.1881 1.1063 1.0840
7.36 1.0619 1.1956 1.0890 1.1852 1.0966 1.0680
7.56 1.0401 1.1482 1.0577 1.1822 1.0867 1.0519
7.84 1.0087 1.0799 1.0127 1.1778 1.0727 1.0286
8.10 0.9795 1.0165 0.9708 1.1737 1.0616 1.0070
9.16 0.8550 0.7455 0.7923 1.1564 1.0039 0.9145
10.47 0.6920 0.3907 0.5588 1.1337 0.9312 0.7932
11.40 0.5704 0.1256 0.3845 1.1169 0.8769 0.7022
Mean 0:9594 0.9726 0.9421 1.1709 1.0510 0.9918
P, Kistnensis (fernales)
8.656 0.8173 0.2379 0.3588 1.0540 1.1977 0.5974
9.20 0.7954 0.4308 0.4081 1.1258 1.2853 0.6804
9.43 0.7862 0:5117 0.4260 1.1560 1.3222 0.7152
9.68 0.7759 0.6031 0.4484 1.1900 1.3638 0.7545
10.02 0.7616 0.7285 0.4791 1.2367 1.4209 0.8084
10.43 0.7444 0.8812 '0.5166 1.2935 1.4904 0.8739
10.65 0.7348 0.9650 0.5370 1.3247 1.5285 0.9098
11.09 0.7157 1.1350 0.5787 1.3879 1.6059 0.9827
11.70 0.6884 1.3764 0.6377 1.4776 1.71568 1.0860

Mean 0.75717

=

.7633 0.4876 1.2496

[

.4367 0.8231

Table 3 gives the values of the equilibrium constant ‘a’ of the simple allo-
metry equation for the second cheliped and its segments,
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TABLE 111

Showing the values of a for the cheliped and its segments

Is. Me. Ca. Pro. Dac. Ch.
P. dayanus
foid 1.0385 0.9231 0.7314 1.1631 1.1509 0.9725
? 0.8906 0.9656 0.6520 0.5207 0.9490 0.7739

P. la marrei

Ies 2.0052 1.4474 1.5394 1.4163 1.3799 1.5705
Q 1.0740 0.7638 0.9632 1.4770 1.3245 1.0262

P. Kistnensis

53 0.9217 0.9152 0.8984 1.1654 1.0337 0.9644
Q 0.7586 0.7890 0.4895 1.2515 1.4366 0.8251

It may be noted that the values of the difference between « and the corres-
ponding mean p, for the segments are very small and may be due to the fluctuations
of sampling and the insufficient size of the data. The growth-gradient pattern
obtained by taking centres of homologous regions at equal distances along the
x-axis and the_corresponding value of a along the y-axis, can therefore be said
to be one obtained by properly pooling together a number of component patterns
occurring for different values of z and y in the phase of growth.

It is seen that there is only one phase of growth in the male and the female
chelipeds in each of the three species, other than P. hendersoni, with & progressive
change in the successive values of the growth-coefficient. Text figures 1 and 2
have been drawn to show respectively the growth-gradient within the cheliped
and the graph of Z—Z against the carapace length x. These may be seen for the

growth-gradient as follows :

A. P. dayanus

The phase of growth in the males starts with a growth-centre in the Pro. and
a point of depression in the Me. which developes into a growth-centre towards the

end. From the values of g—g and variance (p), suitably estimated for the given

sample size, it would be seen that in the males the Me. shows a progressive increase
in its relative rate of growth and ultimately is the only positively heterogonic joint.
Other joints lose in the values of their relative growth rates, the loss being most
marked in the Is. which is a high point at the start of the phase. Thus in the
basal region of the organ, consisting of the Is. and the Me., this helps in cheeking
the Is. from attaining a great length which may be quite out of proportion with
that of the Me. In the distal region forming the chela (i.e. the Pro. and the Dac.)
the Pro. shows a more marked decrease in the value of the relative growth rate
than the Dac. This similarly checks the Pro. from dominating over the Daec. which
starts with a lower growth rate as well as the length. :
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The gradient in the female organ is much different from that in the male in
that it starts with a growth-centre in the Me. and a point of depression in the Dac.
which later developes into a steep high point forming a region of greatest activity.
The relative growth rates for the Is. and the Pro. also show progressive increase
in their values, it being more marked in the latter joint. 'In the basal region
the Is. forms a crusher joint.

The order of the values of p changes from (Me., Ca., Dac., Is., Pro.)
at the start of the phase to (Ca., Is., Pro., Dac., Me.) at the end of it, in
the male segments; while in the female it changes from (Dac., Pro., Is., Ca.,
Me.) to (Me., Ca., Pro., Is., Dac.). The higher value in the female cheliped
than in the male of a suitably calculated variation in the component growth-
gradient patterns and the comparison of the values of the rank -correlation
between the initial and the final orders of p in the two chelipeds show that
the gradient in the female is much more marked than the one in the male. This
shows a much more stable state of growth in the male organ than in the female
one, and is associated with a more rapid shift of the growth-centre from the basal
region to the distal region in the female cheliped than the one from the distal
to the basal region in the male cheliped.

B. P. lamarre:

The growth-gradient in the male cheliped starts with a growth-centre in the
Ca. and, as in the males of P. dayanus, a point of depression in the Me. which
develops into a growth-centre tc wards the end of the phase. There is a progressive
increase in the value of the relative growth rate fcr the Me. and the Dac, it being
greater in the latter joint which develops into a high pcint at the end of the phase.
The Is. forms a high point at the start but loses in its relative growth rate value
most rapidly. In the basal region the Me. shows a progressively increasing value
of the relative growth rate and this helps in controlling the Is. from becoming the
crusher over the Me. (compare with P. dayanus). In the distal region the pro-

gressively increasing p coupled with its high variance and rapidly increasing gg

makes the Dac. a distinct crusher joint.

There is no change in the growth-gradient pattern throughout the phase, thus
showing a stable state of growth in the female cheliped of this species. Pro. forms
a growth-centre here. The positively heterogonic joints here are the Is., Dac.
and the Pro., and later the Ca. also developes into the same. These joints show
progressive increase in the values of their relative growth rates, it being mcst marked
in the Dac., in the basal region the Is. forms the crusher.

It is seen that the order of the values of p changes from (Dac., Me., Pro.,
Ca., Is.) to (Ca., Pro., Is., Me., Dac.) in the male cheliped, whereas in the female
it remains the same throughout the phase, viz., (Me., Ca., Is., Dac., Pro.). This
shows that the gradient in the female cheliped remains perfectly unchanged for
all lengths of the cheliped whereas in the male it is a changing one and is associated
with & rapid shift of the growth-centre from the central (Ca.) to the basal (Me.)
region.

C. P. Kistnensis

‘In the male cheliped it starts with a growth-centre in the Me. which becomes
& point of depression between the neighbouring joints the Is. and the Ca. towards
the end of the phase when the Pro. forms a growth-centre and remains as the
only positively heterogonic joint. There is a progressive decrease in the values
of the relative growth rate for all the joints.

In the female organ the Me. which is a point of depression &t the start, developes
into a growth-centre towards the end of the phase when the positively heterogonic
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joints are the Me., Ca., Pro. and the Dac., of which the last forms & high point
throughout the phase. Except the Is. all the joints show progressive increase in
the values of their relative growth rates, it being greatest in the Me. In the basal
region, as in the males of P. dayanus and P. lamarrei, the Is. is kept from attaining
& conspicuously larger length than the Me.

The order of the values of p changes from (Dac., Is., Pro., Ca., Me.) to (Me.,
Ca., Is., Dac., Pro.) in the male cheliped and from (Me., Ca., Is., Pro., Dac.,} to
(Ca., Is., Me., Pro., Dac.). The correlation between the initial and the final orders
is negative in the male and positive in the female. Also, the variation in the growth-
gradient patterns in the male cheliped is much higher than one in the female. These
show that the gradient in the male cheliped is highly marked (as is associated with
& rapid shift of the growth-centre from the Me. of the basal region to the Pro.
of the distal region), whereas in the female cheliped the gradient is very stable
and is associated with only a slow development of heterogony in the Me. and a
progressive and gradual change in the value of the relative growth rate for each
of the other segments of the organ.

It has already been mentioned by the author (op. cit.) that in P. hendersoni
the gradient in the male cheliped (I Phase) is more marked than in the females
In fact, in the male cheliped (I Phase) there takes place a rapid progress in the value
of the relative growth rates in the segments of the distal region, a steep fall from
& positive to a negative heterogony in the central region and a development of the
growth-centre in the Me. of the basal region. In the second phase of growth of
the male cheliped, however, a very high value of the variation in the component
growth-gradient patterns and a positive rank correlation between the initial and
the final orders of the values of p show a highly marked growth-gradient progress-
ing in one direction only and resulting in the progress from a less to a - more steep
growth-centre at the Pro. of the distal region and a development of another, but
less marked, growth-centre at the Me. of the basal region of the organ.
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H4o Pvo. 1-00

TexT-F1G. 1(2).

Growth-gradient within the eheliped in
P. dayanus henderson (male).

TexT-FI16. 1(b).

Growth-gradient within the cheliped in
P. dayanus henderson (female).
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Texr-F1a. 1{c).

Growth-gradient within the cheliped in
P, lamarrei H. Milne-Edwards (male).
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TrxT-F16. Hd).

Growth-gradient within the cheliped in
P, lamarrei H. Milne-Edwards (female).
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Growth-gradient within the cheliped in
P. Kistneasis Tiwari (male).
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TexT-r16.L(f).

Growth-gradient within the cheliped in
P. Kistnensis Tiwari (female}.
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Graph of % against the carapace length x in
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P, dayanus henderson (male).
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Group of g-g against the carapace length z in
P. dayanus bendereon (fermale),
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Graph of % against the carapace length « in

P. lammarrei H. Milne-Edwards (male).
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Graph of (gg— agamst the carapace length z in
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P. lamerrie H. Milne-Edwards (female).
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Graph of Z—: against the carapace lenth x in

P, Kistnensis Tiwari (male).
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Graph of & againgt the carapace length « in

P. Kistnensis Tiwari (female).



