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Mr. JOHN EVANS, D.C.L., LL.D., Treasurer, in the Chair.

A List of the Presents received was laid on the table, and thanks

ordered for them.

In pursuance of the Statutes, the names of the Candidates for
election into the Society were announced, as follows :—

Armstrong, Robert Young, Lieut.-
Col.
Beddard, Frank Evers, M.A.
Beevor, Charles Edward, M.D.
Blake, Rev. John Frederick, M.A.
Boulenger, George Albert.
Brennand, William.
Buzzard, Thomas, M.D.
Callendar, Hugh Longbourne.
Dayvis, James William, F.G.S.
Dibdin, W. J., F.C.S.
Dreschfeld, Professor Julius, M.D,
Dresser, Henry Eales, F.L.S.
Dunstan, Professor Wyndham R.
Baton, Rev. Alfred Edwin, M.A.
Ellis, William, F.R.A.S.
Etheridge, Robert, F.G.S.
Ewart, Professor J. Cossar, M.D.
Fleming, Professor John Ambrose,
M.A.
Foster, Professor Clement Le
Neve, D.Se.
Gadow, Hans, M.A.
Giffen, Robert, LL.D.
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Gotch, Francis, M.R.C.S.

Harker, Alfred, M.A.

Hendley, Thomas Holbein, Sur-
geon Major.

Herdman, Professor
Abbott, D.Se.

Hill, Professor M. J. M., M.A.

Hinde, George Jennings, Ph.D.

Howorth, Henry Hoyle.

Hutton, Frederick Wollaston,
Capt. R.E.

Joly, John, ML.A.

Jones, Professor John Viriamu,
M.A.

Kidston, Robert, F.G.S.

King, George,

Larmor, Joseph, D.Sc.

Love, Augustus Edward Hough,
M.A.

‘William

McConnell, James Frederick
Parry, Surgeon - Major,
F.R.C.P.

MacMunn, Charles, M.D.
Martin, John Biddulph, M.A.
B
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Matthey, Edward, F.C.S.

Miall, Professor Louis C.

Newton, Edwin Tully, F.G.S.

Notter, James Lane, Surgeon-
Lieut.-Col.

Oliver, John Ryder, Major-Gteneral
R.A.

Peach, Benjamin Neve, F.G.S.

Pedler, Professor Alexander,
F.C.S.

Reade, Thomas Mellard, F.G.S.

Roberts, Ralph A., M.A.

Rutley, Frank, F.G.S.

Sankey, M. H. P. R., Capt. R.E.

Saunders, Howard, F.Z.S.

Seebohm, Henry, 1. L.S.
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[Mar. 3,

Smith, Rev. Frederick John, M.A.

Stebbing, Rev. Thomas Roscoe
Rede, M.A.

Stevenson, Thomas, M.D.

Stirling, Edward C., M.D.

Tuke, Daniel Hack, M.D.

Ulrich, Professor George Henry
Frederic, F.G.S.

Veley, Victor Hubert, M.A.

‘Waller, Augustus D., M.D.

Waterhouse, James, Colonel.

Woodward, Horace Bolingbroke,
F.G.S.

Worthington, Professor Arthur
Mason, M.A.

Young, Professor Sydney, D.Sec.

Sherrington, Charles Scott, M.B.

The Right Hon. Spencer Compton Cavendish, Duke of Devonshire,
a Member of Her Majesty’s Most Honourable Privy Council, whose
certificate had been suspended as required by the Statutes, was
balloted for and elected a Fellow of the Society.

The following Papers were read :—

I. “Certain Correlated Variations in Crangon vulgaris.” By W.
F. R. WeLpox, M.A,, F.R.8., Fellow of St. John’s College,
Cambridge, Professor of Zoology in University College,
London. Received February 11, 1892,

The first successful attempt to find a constant relation between the
variations in size exhibited by one organ of an animal body and those
occurring in other organs was made some three years ago by Mr.
Galton ; and in a paper read before the Royal Society (‘Roy. Soc.
Proc.,” vol. 45, p. 135) he determined this relation between several
organs of the human body. In what follows an attempt is made to
apply Mr. Galton’s .method to the measurement of the correlation
between four organs of the common shrimp. Before the details of
the measurement are discussed, a short summary of the method will
be given.

Galton’s starting point was the fact that each organ of a given race
of men varies about its mean size to an extent and with a frequency

\/1: p e—“”). If two

variable organs are known to vary in this way, and if they are so

indicated by the probability equation (y =
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connected that when the deviation of one variable from its average is
known the mean deviation of the second is known, then, evidently, o
surface can, from these data, be constructed, showing the relative fre-
quency of -occurrence of all possible combinations between the two
variables. The changes produced in such a surface by changes in
the degree of interdependence of the two variables have been in-
vestigated, at Mr. Galton’s request, by Mr. J. D. H. Dickson (‘ Roy.
Soc. Proc.,” vol. 40, 1886, p. 63). The results of this investigation,
which are of importance for the present purpose, are two :—

(1.) In the population examined, let all those individuals be chosen
in which a certain organ, A, differs from its average size by a fixed
amount, Y ; then, in these individuals, let the deviations of a second
organ, B, from its average be measured. The various individuals
will cxhibit deviations of B equal to 2, @,, 25, .. .., whose mean may
be called @,. The ratio 2.,/Y will be constant for all values of Y.

In the same way, suppose those individuals are chosen in which
the organ B has a constant deviation, X ; then, in these individuals,
Ym, the mean deviation of the organ A, will have the same ratio to X,
whatever may be the value of X.

(2.) The ratios 2,/Y and y./X are connected by an interesting
relation. Let Q. represent the probable crror of distribution of the
organ A about its average, and Q; that of the organ B ; then—

yn/X _ Q. Ol Qy _ Y/ Q

¥ QTb’ or /0. = 5{/@ = 7, a constant.

So that by taking a fixed deviation of either organ, expressed in
terms of its probable error, and by expressing the mean associated
deviation of the second organ in terms of its probable error, a ratio may
be determined, whose value becomes +1 when a change in either
organ involves an equal change in the other, and 0 when the two
organs are quite independent. This constant, therefore, measures the
“ degree of correlation” between the two organs.

A determination of this constant will now be made in the case of
five pairs of organs of the shrimp. In accordance with Mr. Galton’s
notation, the constant will be denoted by 7, the mean size of each
organ by M, and the probable error of distribution about the mean
by Q.

The organs measured are shown in the woodcut fig. 1; they are :—

(1.) The total carapace length, measured in a straight line;

(2.) The length of that portion of the carapace which lies behind
the single gastric spine;

(8.) The length of the sixth abdominal tergum ;

(4.) The length of the telson.

The measurements made were recorded to within 0°05 mm., and
B 2
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Fie 1.

are expressed in terms of the body length, taken as 1,000, As the
average length of the shrimps used was rather over 50 mm., the
measurements, in the form in which they are recorded, are accurate
only to the nearest unit. The roughness of the edges of the parts
measured, and the fact that the animals were preserved in spirit,
made any attempt to attain greater accuracy exceedingly difficult.

The variations in the length of the four organs here discussed have
already been shown to occur with a frequency which agrees very
closely with that indicated by the law of probability (¢f. ¢ Roy. Soc.
Proc.,” vol. 47, p. 445). The closeness with which the distribution of
deviations in the samples used agreed with that indicated by a proba-
bility curve may be gathered from the diagrams, figs. 2 and 3, which
are fairly typical of the whole series.

1.—Total Length of Carapace and Length of Post-spinous Portion.

The relation between these two parts has been determined in five
races of shrimps; of these the sample containing the greatest num-
ber of individuals was obtained at the laboratory of the Marine
Biological Association at Plymouth.

The mean length of the carapace, in 1000 adult female shrimps
from Plymouth, was 249:63 thousandths of the body length; the
probable error of distribution about this average was 4-55. These
numbers will be denoted in what follows by M, and Q, respectively.
The mean length of the post-spinous portion (Mys) was 177:53, its
probable error (Qps) being 3:50.

These numbers having been determined, the individuals were
sorted into groups, such that the recorded length of the carapace, c,
was the same in each group. The mean length of the post-spinous
portion, ps, was then determined in each group. The results are
entered in the first two columns of Table I. Each pair of entries in
the table gives a datum for determining the mean deviation of ps
which is associated with a given value of ¢. If each value obtained in
this way be divided by the probable error of the organ to which it
belongs, a series of pairs of values will be obtained, from each of which
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F1as. 2 and 8.—Curves of frequency of all observed magnitudes of post-spinous
lengths (fig. 2) and total carapace lengths (fig. 8) in 1000 adult female shrimps
from Plymouth. The dotted curve is a probability curve of the calculated probable
error : the continuous curve shows the results of observation. The horizontal scale
represents thousandths of the body length: the vertical scale represents tens of
individuals.

the value of  can be separately determined. This process has been
performed for each of the values entered in the first two columns of
Table I, and the results are recorded in the third and fourth columns.

In Table II, the results of a similar process are shown, but the
individuals have been sorted into groups in each of which the length
of the post-spinous portion of the carapace is constant, and the mean
value of the total carapace length has been determined in each group.
As before, the immediate results of these determinations are entered
in the first two columns, and the deviation of each entry in these
columns from its corresponding average, divided by its ‘probable
error,” is given in the third and fourth columns.



6 Prof. W. F. R. Weldon. Certain [Mar. 3,

Table I.——Mean Value of Post-spinous Carapace Length (ps.) for
every observed.Value of Total Carapace Length (¢) in Plymouth.
(1000 individuals.)

M, =.24963; Q¢ =455 Mps = 177 °53 ; Qps = 350
. Mean - - Length of ps| Difference
Length of associated g Mc. v QMPS- \%hen g observed,
e length, ps. Qe pS »= 08L. ps.
Over 260 188 41 +295 +3°11 185 -87 +2°54
260 185 *41 +2°28 +2°29 184.°00 +1°41
259 183 *25 +2°06 +163 18338 —-0-13
258 182-25 +1 -84 +135 182-76 —-0-51
257 182 +34, +1-62 +1°37 182°13 +0-21
256 182 -22 +1-40 +1-31 18151~ +0°71
255 18114 +1°18 +1°03. 18088 +0°26
254 179-98 +0°96 +0°70 180-26 —-0°28
253 179 -50 +0-74 +0°56 17963 —0-13
252 17917 +0°52 +0-47 179-01 +0°16
251 178-68 +0°30 +0°33 178 :38 +0°30,
250 17771 +0-08 +0°05 17776 —-0°05
249 177 -39 —-0-13 —0°05 177 26 +0°10
248 176 -64 —0°36 —-0-25 176 01 +053
247 175:36 —-0°58 —0°62 175-88 —-0°52
246 175 °20 —0°80 —0-67 175-26 —0-06
245 17356 —-1-01 —1-13 174166 -1-10
244, 173-31 —1-24 —1'21 17401 —-070
243 17333 —1-46 —1-20 173 +38 —0°05
242 17281 —1-68 —1°35 17276 +0°05
241 17130 —1-90 —1-78 17213 +0:-83
240 169 *57 —-2-12 —2°27 17151 +1:06
Under 240 170433 —2°81 —220 169 *55 —-0-78

The mean value of r, as determined from these two tables, is 081 ;
that is to say, if all those individuals be chosen in which the deviation
of one of the two organs from its average length is m times the prob-
able error of that organ, the mean deviation from the average size of
the other organ in the individuals chosen will be 0'81m times its
probable error.

If the variations in size occurred in each of these two organs with
a frequency equal to that indicated by a probability curve, then every
pair of entries in each table should give the same value of ». As the
conformity between the observed frequency and that indicated by
probability is only approximate, the individual determinations give
values which differ slightly from one another; but these variations
are on the whole small, as may be shown in three ways.

In fig. 4, all the determinations of r are indicated: the deviation of
the organ whose value is fixed in each case is measured parallel to the
axis of y, the mean deviations of the associated organ parallel to the
axis of #: so that each pair of values in Tables I and IT determines
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Table II.—Mean Value of Total Carapace Length (c¢) for every
observed Length of Post-spinous Portion (ps) in Plymout!:
(1000 individuals.)

Mean - - Length of ¢ | Difference
Length of associated ps—Mp, ¢ Mc, when observed,
ps. length of c. Qes Qe r = 081. c.
Over 186 262°11 +3°43 +2°74 26227 -0°16
186 258 25 +2°41 +1-89 25851 -0 '26
185 256 °15 +2-13 +1°43 257 48 —1-33
184 256 -84 +1-85 +1°69 266 45 +0°39
183 25488 +1-66 +1°15 25538 —0°50
182 25418 +1°28 +1°00 25436 —-0-18
181 25328 +0°99 +0°80 25325 +0°03
180 25173 +0°71 +0°46 252 25 —-0-52
179 251 34 +0°-42 +0°38 2561°18 +0°16
178 24978 +0°13 +0°03 250°77 —-0-99
177 249°10 —-0°15 —-0-12 249 08 +0°02
176 248 53 —0-44 —0-24 248°01 +0°52
175 24679 —-0-72 —-0°62 246 -97 —-0-18
174 24573 -1-01 —0°86 24590 —-0°17
173 245 02 —-1-30 =101 244, -83 +0°19
172 24389 —1-58 —1°26 243 -80 +0°09
171 24367 —-1-87 —-1°31 24273 +0°94
170 241 -28 —2°16 —1-84 24176 —0-48
169 24106 —244 —-191 24063 +0°43
Under 169 23988 —3°22 -2°14 23775 +2°13

the position of one point in fig. 4. Those points whose position is
determined from Table.I, taking the carapace length as fixed, are
indicated by crosses: those obtained from Table II, taking the post-
spinous portion as fixed, are shown by dots surrounded by circles ©.
The straight line drawn across the diagram indicates the ratio =
081y ; and every point, determined from either table, should there-
fore lie upon it. It will be seen that the points do, in fact, lie fairly
closely round the line, though few lie actually upon it.

The accuracy of the assigned value of r may be tested in another
way. When the value of + is known, it is evidently possible to cal-
culate, from a known deviation of one organ, the mean associated
deviation of the other; and in the fifth columns of Tables I and II the
mean length of each dependent organ which should be associated with
every observed value of the independent organ has been calculated
on the assumption that » = 0'81. The length calculated in this way
is found to agree very fairly well with the observed length, which is
recorded in the second column of each table. The difference between
the observed and calculated length of each dependent organ is shown
in the sixth column.

A third way of checking the value of r is given by the ratio of the
probable errvor of distribution of one organ to that of the other. If
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Fia. 4,

# = 081, then a deviation of carapace length equmal to mQ, mm. is
associated with a mean deviation of the post-spinous portion equal to-
0'81mQys mm.; and from the values of Q, and Qs given above, the
ratio 081 mQps:mQ, is equal to 0:62. In the same way a deviation
of mQys mm. in the post-spinous portion of the carapace is associated
with a mean deviation of the whole carapace equal to 0'81mQ, mm. ;,
the ratio 081 mQ. : mQ,s being equal to 1:05.
From the fundamental formula given above on p. 3,

062 _ Q@
105~ Q%
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062 _ (ron. .oq Qs (35
Now o5 = 0:590; and @ = @y 0-591.

So that the assigned value of » fulfils all the required conditions
very fairly well.

Having found a relation between the deviation of carapace lengths
and that of post-spinous lengths, which is constant for all magnitudes
of either organ in one local race, the question at once arises whether
this relation is not a specific character of the shrimp, which is con-
stant in all local races. At the beginning of the inquiry Mr. Galton
suggested to me that the relation between the two organs indicated
by the value of » was of such a kind that » might be expected to have
the same value in all races of the same species, and in some cases in
groups of species. A determination of the relation between carapace
length and post-spinous length, and of other relations which are to be
discussed below, has abundantly confirmed Mr. Galton’s prediction.

In order to test the constancy of the relation between them, the
variations in total length of carapace, and in length of the post-spinous
portion, were measured in samples of adult female shrimps from
Helder (North Holland), from Southport, from Sheerness, and from
Roscoff (Finistére)—that is, from four places fairly distant from
Plymouth, and differing from Plymouth and from each other in
climatic conditions, in salinity and other characters of the sea water,
and in nature of the sea bottom.* Each of these races was found to
differ from the others in the average length of the organs measured,
and in the probable error of distribution of each organ about its
average; but the relation between the two organs, as measured by the
value of r, was very fairly constant throughout.

The details of each determination of 7 are given in Tables III—X,
at the end of the paper; they are constructed on precisely the same
plan as that used for Tables I and II, and need not therefore be
further explained. The values of » deduced from all the tables are—

In Plymouth..... r = 0°81 (1000 individuals examined).
In Southport. .... 0-85 ( 800 ' ’ )-
In Roscoff ....... 0-80 ( 500 ) ’ )-
In Sheerness..... 0-85 ( 380 ’ ’ )-
In Helder ....... 083 ( 300 ’ " )-

The approach to identity between these values is very striking.
The differences between them are certainly large; but they are not,
as it seems to me, larger than the probable error of each determination.
The number of individuals employed, even in the races from Plymouth

* T am glad to express my gratitude to Dr. P. P. C. Hoek, to Professor Delage,

and to Messvs. W. Garstang and W. H. Shrubesole, for their kindness in procuring:
for me these samples.
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and Southport, is too small to allow of a satisfactory determination of
the second decimal place. The reader, who cares to do so, may satisfy
himself of this by taking 0-80 or 0-82 as values of r in the Plymouth
tables, when he will find the agreement between calculated and
observed values of the associated organ to be only slightly less close
than in the existing table.

1t may, therefore, be fairly said that the values of » obtained by
examining five races of shrimps are not inconsistent with the exist-
ence of a constant value in all the races examined—a value lying
somewhere between 0-80 and 0-85.

So that if the deviation of total carapace length from its average be
expressed in terms of its probable error, and if the deviation of the
post-spinous portion be in the same way expressed in terms of its prob-
able error, then, when either organ differs from its average by any
constant amount, the mean deviation of the other will be a constant
fraction of that amount, the fraction being between 0-80 and 0-85.

A similar approximation to constancy has been found to exist in
the relation between three other pairs of organs, determined in the
samples from Plymouth and from Southport. These organs are so
largely independent that the probable error of the determination is
much greater than before ; and accordingly the irregularities in the
results are much greater than in the previous case. The mean values
of r are as follows :—

]
Carapace length | Carapace length Telson and
and tergum vi. ' and telson. tergum vi.
Plymouth .... 009 | 018 —0-11
Southport .. .. 006 l 0-14 —9+09

These values are found from the tables at the end of the paper,
from which it will be evident that the determination is much less
reliable than that first discussed.

So far, we have only investigated the mean deviation of each organ
which is associated with a known constant deviation of another organ.
But since a fixed deviation of one organ does not as a rule involve a
fixed deviation of the second, it becomes necessary to inquire how the
values of this second organ are distributed about their mean. Mr.
‘Galton points out that the deviations of each dependent organ are
distributed about their mean with a probable error of Q V1= So
that in Plymouth, for example, those post-spinous carapace lengths
which are associated with any fixed total carapace length should be dis-
tributed about their mean, with a probable error of Qps Vv 1—(081)*
or 85 034, or 2:03 nearly. In the same way, the values of total
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carapace length which are associated with a fixed length of the post-
spinous portion should be distributed about their mean with a
probable error of 4-554/0'34, or nearly 2:64. Therefore, when the
Plymouth shrimps were sorted into groups, such as those used in
Table I, such that the carapace length was constant in each, then the
post-spinous lengths in each group should have been distributed about
the mean given in the table with a probable error of 2:03. The largest
of these groups contained only about eighty individuals, so that any
accurate determination of this point was out of the question; but a
rough estimate of the probable error was made in each group which
contained more than forty individuals, and the mean value obtained
in this way was 196, which is perhaps sufficiently near to 2:03. A
similar treatment of the groups in Table II gave 2:59 as the probable
error of distribution; and this, again, is not very different from 2-64.

The other samples show a similar rough agreement between the
probable error of the dependent organ in each group and that indi-
cated by the value Q+/1—7*; but the numbers employed are too
small to make a determination of this point worth serious discussion.

It cannot be pretended that the results here given are either
sufficiently numerous or sufficiently accurate to serve as a basis for
generalisation ; but at the same time they seem certainly to suggest
a very important conclusion. For if the values of » have really the
degree of constancy which has been attributed to them, then by ex-
pressing the deviation of every organ examined from its average in
terms of the probable error of that organ, the deviation of any one of
these organs from its average can be shown to have a definite ratio
to the associated deviation of each of the others, which is constant
for all the races examined. And since both the organs measured and
the samples of shrimps examined were chosen, in the first instance, by
chance, any result which holds for all these organs through all these
races may be reasonably expected to prove generally true of all organs
through the whole species.

That is, the results recorded lead to the hope that, by expressing
the deviation of every organ from its average in Mr, Galton’s system
of units, a series of constants may be determined for any species of
animal which will give a numerical measure of the average condition
of any number of organs which is associated with a known condition
of any one of them. A large series of such specific constants would
give an altogether new kind of knowledge of the physiological con-
nexion between the various organs of animals; while a study of those
relations which remain constant through large groups of species
would give an idea, attainable at present in mo other way, of the
functional correlations between various organs which have led to the
establishment of the great sub-divisions of the animal kingdom.
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Table III.—Length of Post-spinous Portion (ps) for every observed
Value of Total Carapace Length (¢) in Southport. (800 indi-
viduals.)

M, = 248 ‘31; Q,c = 3'96. Mps = 180°29; Q,ps = 3+65.
Length of Mean associated | Length of ps when Difference
c. length of ps. » = 0-85. observed, ps.
over 256 18870 189-43 —0°73
256 186 ‘50 186 30 +0°20
255 18537 185 -36 +0°01
254 18548 184:°61 +0°87 !
253 18365 183 -83 —0'18
252 182 -84 183 *08 —0°24
251 182-37 18233 —0°04
250 18143 18158 —0-15
249 181-27 180-83 +0 44
248 179-89 18005 —0-16
247 17857 17930 —0°73
246 177 -69 17855 —0°86
245 17845 17777 +0°68
244 176-81 177 -02 | —0°21
243 17666 17627 +0°39
242 176 -76 17549 +125
241 174.-81 17474 +0°07
under 241 173 *54 173-13 +0°41

Table IV.—Value of Total Carapace Length for every observed Length
of Post-spinous Portion of Southport. (800 individuals.)

Length of Mean associated | Length of ¢ when Difference
ps. length of ¢. r = 0-85. observed, c.

over 189 258 :38 258 38 0°00
189 254,62 256 *36 —174
188 25561 255 42 +0°19
187 25493 25451 +0°42
186 25292 253 57 —0°75
185 252 -43 25266 —0°23
184 25080 26175 —0-85
183 25067 250 *80 —0°13
182 250 +31 249 -89 +0-42
181 249°18 24895 +0°23
180 24716 248 04 —-0-88
179 247 28 24713 +0°15
178 24791 24691 +1-00
177 244,-33 245 28 —0-95
176 243 51 244 -33 —0-82
175 243 42 243 °33 +0°09
174 241 °20 24248 —1-28
173 241-48 241°57 —0-09
172 241°16 240 66 +0°50

under 172 23878 24005 —1-27
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Table V.—Mean Length of Post-spinous Portion for every observed
Value of Total Carapace Length in Roscoff. (500 individuals).

M, = 251°51; Qo = 3°32.

Mps = 178 '00; Ql)g = 3°02.

Length of Mean associated | Length of ps when Difference
c. length of ps. r == 0°80. observed, ps.

over 257 184.°54 18475 —0-21
257 18170 181-99 —0°29
256 18167 18127 +0°40
255 180 -88 18054 +0°34
254 17989 179-81 +0°-08
253 17850 17918 —0°32
252 177 -89 178-36 —0°-47
251 17802 177 -64 +0°38
250 17752 17691 +0-61
249 17675 176-45 +0°30
248 17652 175-46 +106
247 174.-68 17471 —-003
246 173 54 17398 —0°44

under 246 17006 169 94 +0°08

Table VI.—Mean Value of Total Carapace Length for every observed

Value of Post-spinous Portion.

(Roscoff: 500 individuals.)

Mean associated Length of ¢ when Difference

Length of pe. length, c. » = 080. observed, e.
Over 184 260 34 260 98 -0 64
184 25745 256 *80 +0°65
183 25628 255 *70 +0°58
182 25457 25502 —0-45
181 25469 254.°14 +0°45
180 25369 253 °26 +0°43
179 25229 25239 -0°10
178 251°09 251°51 —0°42
177 250 °02 25063 —-0°61
176 250°07 24976 +0°31
175 24882 248 88 —0°06
174 246 +92 24800 ~1-08
173 245 *94 24711 —-1-17
Under 173 24076 24233 —157




14 Prof. W. F. R. Weldon. Certain [Mar. 3,

Table VIL-—Mean Post-spinous Length for every observed Value of
Total Carapace Length. (Sheerness: 380 individuals.)

M, = 247835 Q, = 829, M, = 17968; Q = 2'91.

Lenath of Mean associated Value of ps when Difference
engbi ot ¢. length of ps. r = 0'85. observed, ps.
Over 251 184:-52 184:°94 —0°42

251 185°38 18237 +301
256 181 -07 18162 —0°55
249 180 *48 181-07 —0°59
248 18119 18026 +0-93
247 179-08 179 44 +0-41
246 17869 17862 +0°07
245 177 96 17798 —-0-02
244 17673 17726 —0-53
243 17729 17651 +0°78
Under 243 175 53 17438 +1°15

Table VIII.—Mean Carapace Length for every observed Value of the
Post-spinous Portion. (Sheerness: 380 individuals.)

Mean associated Length of ¢ when Difference

Length of ps. length of c. 7 = 0'85. observed, e.
Over 183 25355 254.-97 —1-42
183 249 -29 25056 —-0-67
182 24850 249 59 —-1-09
181 249 21 248 60 +061
180 247 70 247 64 + 004
179 246°06 246° 68 —0°62
178 24593 245 69 +0°24
177. 24629 24473 +1°56
176. 24300 24376 —-0°76
Under 176 24275 24068 +2-07
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Table IX.—Mean Length of Post-spinous Portion for every observed

Value of Total Carapace Length.

(Helder : 300 individuals.)

M, = 251'38; Q, = 436. M, = 181'67; Q,, = 402,

Mean associated | Length of ps when Difference
Length of . length of ps. gr = 083 observed, ps.

Over 256 187-98 188-28 —0°-30
256 18385 185-21 —1-36
255 184,09 18444 —0°36
254 18508 18367 +1°41
253 18256 18290 —0°34
252 18148 182-13 —0°65
251 17983 18164 —1-81
250 179 -87 180°60 —0°73
249 179 42 17983 —0-41
248 17837 178-93 —0°56
Under 248 17611 176°19 +0°08

Table X.—Mean Value of Total Carapace Length for every observed

Length of Post-spinous Portion.

(Helder: 300 individuals.)

Tiensth of Mean associated | Length of ¢ when Difference

enguhi ok ps. length of c. r == 083, observed, c.
Over 187 25997 260 57 —0°60
187 254,83 5619 —1:36
186 25592 25518 +0°74
185 25505 254 °38 +0°67
184 26256 253 -48 —-0°92
183 253 28 25257 +0°71
182 25178 251 66 +0°12
181 25063 25077 —0°14
180 24992 249 -86 +0°06
179 247 -31 24899 —1-68
178 24895 248-09 +0°86
Under 178 24700 243 89 +3°11
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Table XI.—Mean Length of Sixth Abdominal Tergum for each
Value of Total Carapace Length. (Plymouth: 1000 individuals.)

M, = 24963 H Qc = 4°55. MTvi = 14571 3 Q;Tvi = 2'82.
Mean associated . e Difference
Length of . length of Tvi. Tvi when r = 0°09. observed, Tvi.
257 146 °91 146°12 +0°79
256 146 46 146°06 +0°40
255 145 95 14600 —0-05
254 145 °10 145°95 —0-85
253 145°35 145 -89 —0-54
252 14676 145 -84 +0°-92
251 145 -93 14578 +0°15
250 145 70 145°73 —0°03
249 145 47 145 68 —0°21
248 146-02 145 62 +0°40
247 145 44 145 *56 —0°12
246 146 °30 145 *51 +0:79
245 14596 145 46 +0°50
244 14422 145 -40 —1-18
] 243 14617 145 34 +0°83
242 145 *68 14529 +0°39

Table XIT.—Value of Total Carapace Length for observed Lengths
of Sixth Abdominal Tergum. (Plymouth: 1000 individuals.)

Tenath of Tvi Mean associated | Length of ¢ when Difference
g : length of e. 7 = 009. observed, c.
151 250 26 250°40 —~0-14
150 250 -00 250 °25 —0-25
149 24979 250°11 —0°32
148 250 *42 24999 +0°43
147 249 -46 249 81 —0°35
146 249°19 24967 +0°48
145 248 08 249 53 —1-45
144 249 24 249 38 —0-14
143 24984 249 24 +0°60
142 248°72 249 09 —0-37
141 248 -55 248°95 —0°40
140 24906 248 81 +0°25
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Table XIII.—Mean Length of Sixth Abdominal Tergum for observed
Values of Total Carapace Length. (Southport: 800 individuals.)

Mn = 24:8'31; Qc = 3'96. MTvi = 143‘56; Q.Tvi = 3'20.

Mean associated

Difference

Length of Tvi when
Length of c. length of Tvi. gr = 005. observed, Tvi.
259 145 57 143 99 +1-58
258 14075 14395 —3:20
2357 144.+25 143-91 +0°84
256 14274 14387 —-1°13
255 142 ‘84 14383 -0-99
254 143 -92 14379 +0-13
253 14341 14375 —0°34
252 144 -54, 143-71 +0°83
251 14497 - 14367 +1:30
250 143 +26 14363 -0-37
249 143-23 143 69 —~0-36
248 14356 143-55 +0°01
249 143-67 143°51 +0°16
246 14390 143 -47 +0°43
245 144°16 143 43 +0°73
244 14257 143 -39 —0°82
243 143 -88 143 *35 +0-33
242 14248 143 30 —0°82
241 143 41 143 26 +0°15
240 14238 14322 -0-89

Table XIV.—Mean Value of Total Carapace Length for observed

Lengths of Sixth Abdominal Tergum.

viduals.)

(Southport: 800 indi-

Length. of Tvi,

Mean associated

Length of ¢ when

Difference

length of e. 7 = 005, observed, c.
150 249 °15 24871 +0°34
149 248°74 24865 +0°09
148 247 44 248569 ~1-05
147 24763 24852 —0-99
146 249 47 248 46 +1-01
145 24871 24838 +0°33
144 2477 -40 248 -84 —0 94
143 24776 248 28 -0 52
142 24735 248 -21 —0-86
141 247 -26 248 14 —0'88
140 24914 24809 +1-05
139 24551 24803 —252
138 24869 247 *95 +0°74
137 246 ‘81 24790 —1°09
VOL. LI ¢
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Table XV.—Mean Length of Telson for observed Values of Total
Carapace Length. (Plymouth: 1000 individuals.)

M, = 24963 ; Q, = 455, My, = 193:08; Qu, = 4°56.

Tength of ¢ Mean associated | Length of Te when Difference
g e length of Te. r = 018. observed, Te.
258 19379 194.-59 —0'80
257 194.-92 19441 +0°51
256 195°78 194.°23 +1°55
255 196 08 194.°05 +2°03
254 196 °32 193 '87 +8-45
253 193 -87 19369 +0°18
252 19453 193 51 +1°02
251 194 -48 19332 +1°16
250 192°97 193°15 —0°18
249 193 -43 19295 +0°48
248 194.-58 192-79 +1°78
247 192 00 19251 —0°51
246 192 -32 19233 —0-01
245 191 -91 192 -15 —0-24
244 192 -28 192-07 +0°21
243 190 -29 191-89 —1°60

Table XVI.—Value of Total Carapace Length for observed Length
of Telson. (Plymouth: 1000 individuals.)

M, = 249'63; Q¢ = 4°55. My = 19308 ; Qr. = 4°56.

Mean associated " Difference ]
Length of Te. length of c. ¢ when » = 0’18, observed, c.
| !
199 25918 25069 +8-49 I

198 24425 250°51 —6°26

197 250 54 250°33 +0-21

196 249 *39 25015 —~0°76
195 249 37 249 97 ~0°60 i
194 248 -81 249 79 —0-98 ‘
193 248 30 249 °61 —-1-31 :
192 24927 219 *43 —0°16 !
191 247 *82 249°25 ~1°43 !
190 249 -36 24907 +0°29 |
189 24874 24890 ~0°16 ‘
188 248-91 248°71 +0°20 ’
\
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Table XVIL.—Mean Length of Telson for observed Values of Total
Carapace Length. (Scuthport: 800 individuals.)

M = 24831 ; Q. = 3°96. My, = 19548 5 Qpe = 371,
Mean associated Length of Te Difference
Length of . length of Te. Wheng r = 014 observed, Te.
256 19625 196 49 —0-24
255 196 00 19636 ~0°36
2564 196 81 196 23 +0°58
253 19675 19609 +0°66
252 | 19570 19506 ~0 26
251 195-48 19583 —-035
250 19481 195 70 ~0-89
243 194.°05 195 57 —1-52
248 19595 195 44 +0°51
247 19494 19531 —0-37
246 195-22 19518 +0-04
245 195 -28 195 05 +0°23
244 195-29 194.-92 +0-37 i
243 194.-92 19479 +0-13 !
242 19393 194.°65 —-0-72

Table XVIIL.—Mean Value of Total Carapace Length for, observed
Lengths of Telson. (Southport: 800 individuals.)

|

5 Mean associated Length of ¢ Difference i

Length of Te. length of ¢. when 7 = 0'14. observed, c. !

1

202 247 04 24927 -2 23 !

201 250 78 249°13 +1°65 |

\ 200 24711 248 98 —1-87 |
i 199 24821 24883 —0°62 |
198 24923 24868 +0°55 :

197 24/7 46 24853 —1-07 :

196 24805 24839 —0-84 |

195 247 81 24826 —0-48 |

194 24715 24812 —0"97 !

193 248 42 240797 +045 |

192 248 61 247 82 +0%79 i

191 248 '31 247 67 +0 64

190 244,81 247 *52 —271 !

189 247 46 247 37 +0°09 l

188 246 38 247 +22 —0°84 i

187 248 *04 24707 . +0°97 ‘

¢ 2
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Table XIX.—Mean Length of Sixth Abdominal Tergum for observed
Lengths of Telson. (Plymouth: 1000 individuals.)

N[Tvi = 14571 H QTvi = 2'82, MTe = 19308 H QTQ = 4°55.

Leneth of Te Mean associated Length of Tvi Difference
g . length of Tvi. when » = —011. observed, Tvi.
200 14569 145 -23 +0°46
199 14440 145 -30 —0-90
198 144.-58 14537 : -0'79
197 143 54 14544 —-1-90
196 14587 14551 +0°36
195 145 -29 14558 —0-29
194 145 -48 14565 ~0-17
193 144-91 14572 —0-81
192 14517 14578 ~0-61
191 147 -50 145-85 +1-65
190 147 -24 14593 +1-31
189 14583 14600 —-0°-17
188 142 54 146 -07 —-353
187 145 53 14614 —0-61

Table XX.-—Mean Length of Telson for observed Liengths of Sixth
Abdominal Tergum. (Plymouth : 1000 individuals.)

! . Mean associated Te when Difference

| Length of Tvi. length of Te. r = —01l. observed, Te.
150 19392 193-70 +0°22
149 19160 193 *56 —196
148 193 -42 198 *41 +001
147 193 -22 193 27 —0°05
146 19299 19312 ~0°13
145 193 -94 19298 +0°96
144 19313 192 -83 +0°30
143 19Z 66 19269 ~0'03
142 193 24 19255 +0°69
141 19324 192 40 + 084

‘ 140 191-02 192-26 ~1°24

{

|
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Table XXI.-—Mean Length of Sixth Abdominal Tergum for observed
Lengths of Telson. (Southport: 800 individuals.)

M'I‘e = 195'418; Q’l‘e = 371. N[Tvi = 14356 ; Q‘T‘yi = 3'20.

Mean associated | Length of Tvi when Difference
Length of Te. length of Tvi. r = —009. observed, Tvi.
204 143-78 14268 +0°90
203 14460 142-96 +1°64
202 144:°96 143 -04 +1°92
201 142°41 143°12 —0-71
200 14202 143 -20 —1-18
199 14236 143 -28 —0-92
198 14295 143 -36 —0-41
197 143 *54, 143 *44 +0°10
196 141 -23 143 52 —2°29
195 14388 143°60 +0°28
194 14435 143 68 +1-27
193 14395 14376 +0°19
192 144,18 143 84 +0°34
191 14291 144.400 —-1:09
190 14003 14408 —4.:05
189 142 -36 144:°16 —-1-80

Table XXII.—Mean Length of Telson for observed Lengths of Sixth
Abdominal Tergum. (Southport: 800 individuals.)

Lenath of Tvi Mean associated | Length of Te when Difference
g ) length of Te. r = —009. observed, Te.
150 19414 194.-81 —-0°67
149 193 72 19492 —1°20
148 196 64 195-02 . +1:62
147 195-31 19512 +0°19
146 19656 195 23 +1-33
145 195 -07 195°33 —0°26
144 19597 195 *44 +0°53
143 19410 195 54 —1-44
142 195 77 195" 64 +0°13
141 198 -98 195°75 —-197
140 194:°40 19585 —145
139 195 34 19595 —-0-61
138 195°59 196°06 —0°47
137 196°16 196 °16 000
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F1as. 2 and 3.—Curves of frequency of all observed magnitudes of post-spinous
lengths (fig. 2) and total carapace lengths (fig. 3) in 1000 adult female shrimps
from Plymouth. The dotted curve is a probability curve of the calculated probable
error : the continuous curve shows the results of observation. The horizontal scale
represents thousandths of the body length : the vertical scale represents tens of

imdividuals.
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