
[ 673 ]

Experiments in the Sea. on Rate of Growth of lome
Crustacea Decapoda;

By
1. H. Orton, D.Se.

With 2 Figures in the Text.

CONTENTS. PAGE

Experimental Methods
Rate of Growth of Garcinu8 maenas .
Rate of Growth in some other Brachyura .
Rate of Growth of Gancerpagurus in the First Year.
Addendum

Acknowledgments.
Summary
References

. 673

. 676

. 680

. 681

. 686

. 687

. 687

. 688

EXPERIMENTAL METHODS.

IN the course of studies on the rate of growth in marine animals by experi-
ments and observations on material put in the sea at a known time, data
on the rate of growth of a few Crustacea Decapoda have been obtained and
are recorded in Table 1. These experiments, except in two cases, were not
designed for the purpose of following the rate of growth of Crustacea.
The records obtained are nevertheless of value and may be compared with
the heavy annual growth of sedentary organisms accompanying them
(see 6, 7 and 8 especially); for example, Ciona intestinalis commonly
15 em. long, Ascidiella aspersa 7 em. long, Teredo sp. 5-6 em. long,
Sycon 9.5 em., Sabella pavonina with tube 36,5 em. long, and all sexually
mature.

In all the experiments given in Table I, except Experiments 2 and 3,
some kind of experimental apparatus with small openings, whether small
wire mesh (see 8, Fig. 2, p. 10) or the circular holes in perforated zinc (see
6, Fig. 1, p. 241), was put out in the sea with experimental animals, and
left in the sea for varying periods, but usually about one year. During
this time various small animals either crept into the cage, or were washed
in, and feeding on the contained or adjacent animals grew in situ too large
to get out again. No doubt some crabs entered the cage at various
times, grew larger and became imprisoned, but some may have crept
into the cage as soon as it was put into the sea. The experiments theref ore
can only give the rate of growth from the greatest possible size at



TABLE 1.

EXPERIMENTS ON RATE OF GROWTH OF SOME DECAPODA.
0)-"
.....

No. of Locality. No; of Species and maximum Carapace width Maximum Experi- Apparatus Maximum Description
Expt. larger size (C.W.) in mm. or width Xlength time in mental hauled size of per- of apparatus.

individuals. admitted to in mm. when cage in cage or or forations of
apparatus. taken from months. apparatus examined. apparatus at

apparatus. put in sea. end of expt.
inmm.

1 W'est Mersea 8 Oarcinu8 maenas, 23 36, 34, 32, 26.5 3£ 18.vL13 3.x.13 15 X 14* T'ray with
31, 25, 20, 15 perforated

bottom and
, ire mesh

lid
2 Cawsand Bay, 2 Port7tn7!8puber, ca 18 35 ; 33 !) 28.v.13 26.ii.14 14.5 X9 Wire caget

Plymouth average 11 X6
do. 21 Leander 8ermtu8,t ? 37 to 68 (body length) 9 do. do. do. do. :<

3 Cawsand Bay 5 Oarcinu8 maenas, ca 7 22.5; 22,8, 21, 3 27.vi.14 29.ix.14 ca 6 mm. Box with per-
19'5, 19 diam.§ forated zinc

sides 0
do. 18 Porcellana longicorni8,t ca 7 X7 3 do. do. do. do. td

6 '"'3
0

do. 8 Galatheadisper8a,t 6 10 X 15 3 do. do. do. do.
do. 7 Leander 8erratuB,t 6 43 to 47 (body length) 3 do. do. do. do.

4 West Mersea 1 Oarcinus maenas, 16 53 121 8.vii.22 14.vii.23 lOxlO Wire cage
do. 1 Hyas araneUB 25.5 X38 121 do. do. do. do.

511River Yealm 1 Oarcinu8 maena8, 21.2 !j131.7 10! 23.vL22 10.v.23 13 X 13 Wire cage
do. I' PortunuB arcuatu8, ca 21 27.5 soft 10! do. do. do. do.
do. 1 PortunuB puber, ca 21 28.0 12! do. 10.vii.23 do. do.

6 West Mersea 2 Hyas araneus 1l-5X17 7! 22.x.23 7.vi.24 lOx 10 Wire cage
7**River Yealm 3 Oancer paguruB, 2,1 49'7X31'6; 47'4X 12 24.vi.24 26.vi.25 13X 13 Wire cage

30.1
do. 5 PortUn7!8 arc7/,atus, 25.5; 27, 24,9, 12 do. do. do. do.

ca 21 22,3, 21.3
8 West Mersea 12 Oarcin7l8 maenaB, 16 37x29, 22.4X17.2, lIt 9.vii.24 2.vii.25 lOx 10 Wire cage

20.8x 16'0, 17.2 X
14,0, 10'Ox 8.0

37 X 29, 34x 27, 23.8
X 18'0, 25.5 X 21'0,
20.5 X 16'0, 21.0 X
17,0, l5.4x 12'6



* This mesh was the largest used and would permit entry of a crab about 23 mm. C.W., the age of which from liberation as a zoea may
be estimated at a maximum of four months.

t The apparatus rested against the bottom and sides of a floating raft on which a good growth of seaweeds and animals was available for
food (see 7).

t The records of Leander serratus are given, although their value may not be great. Relatively large prawns would be able to enter the
cage in Experiment 2 at any time, and under the urge of finding food may be able to squeeze through a relatively small hole. On similar grounds
the records of Porcellana longicornis and Galathea dispersa must be accepted with reservations.

§ This experiment was concluded hurriedly during the war and no record made of the size of the perforations; these were however small
and certainly not greater than 6 mm. in diameter.

IIOne P. puber d' 19.1 C.W. was also found in the cage 10.v.1923.
** On 24.vi.1924 the cage was cleared when the following animals were removed : Cottus bubalis 88 to 98 mm.long; O. maenas 26 mm. C.W. ;

Galathea squamifera ~ 15, d' 14,2, 13.3 mm. C.W.; Oalliostoma zizyphinus shells 16.0 to 21.8 mm. wide; Botrylloides rubrum colony 70x 60 mm.;
Botryllus violacea colony 95 X45 mm. On 26.vi.1925 the following animals were also taken: P. arculatus ~'s in berry 19,6, 19'4, 18,9, 18,2,
16.0 mm. C.W.; Galathea squamifera ~ 15, O"s14,2, 13.3 mm. C.W., but this species might enter the cage at a C.W. of about 15 mm.

tt Identified at sight in the field and not afterwards confirmed, but probably correct.
H Probably Macropodia phalangium.
§§ Probably Hyas arancus.
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do. 1 Portun1ts corrugat1ts,tt d' 36 X29 111 do. do. do. do.
ca 16

do. 1 Macropodia sp., ca 16H d' 32x 15 111 do. do. do. do.
do. 1 Hyas araneus 15'5 x24 111 do. do. do. do.

9 West Mersea 1 Hyas sp.§§ 29 long 11! 21.vii.25 3.vii.26 lOx 10 Wire cage
do. 4 OarcinUsmaenas, i6 36, 22; d' 48, 36 lIt do. do. do. do.

10 West Meraea 1 Oarcinus maenns, few 31, young ova 11! 21.vii.25 5.vii.26 few Basket
suspended

11 West Mersea 2 Oarcinus 1naenas, 16 d' 43, 42 lOt 14.vii.26 26.v.27 lOx 10 Wire cage
do. 1 Oancerpagurus,17'5 57 lOt do. do. do. do.

12 River Yealm 1 Oarcin1tS maenas, ca 7.0 23.2 (cast shell 17'2) 21 16.viii.l9 1O.xi.19 6 diam. Experimental
box of per-
forated zinc

do. 3 do. 23'2; d' 25'4, 24.2 6t do. 5.iii.20 do. do.
do. 2 do. 30; d' 25 8t do. 2l.iv.20 do. do.
do. 2 do. 29; d' 31 9 do. 19.v.20 do. do.

13 Morecambe Bay 8 Oarcinus maenas, 4,5 22.8; d' 26.0 2! 15.vii.33 3.x.33 4 diam, Experimental
box of per-
forated zinc

do. 2 do. 31'0; d'11-5 5 do. 16.xii.33 do. do.
do. 4 do. 44'6; d' 35,9 with 1# do. 29.ix.34 do. do.

Sacculina
do. 2 do. 44,7 in berry; d' 31.0 191 do. 8.iii.35 do. do.
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immediate entry to the size when recovered from the cage. This is,
however, the maximum. time required for the growth observed. Although
there is good reason to believe that immediate permanent entry,at the
maximum. size was not often made during the experiments as food
material would not always then be available, it was nevertheless always
possible. For these reasons it is probable that the crabs and prawns
obtained in the cages had rarely spent the whole possible period in the
apparatus, and that the rate of growth in the open sea may be greater
than that indicated by the experiments.

In Experiments 2 and 3 cages made of iron wire mesh or perforated
zinc were fitted into a large floating raft (see 7, p. 399) which was covered
with heavy growths of marine organisms (see5, p. 318). Food was there-
fore available from the outset for such animals as crept into the boxes.

The size of the greatest mesh was always noted at the end of the experi-
ment, and if greater than at the beginning was so recorded. Usually
the mesh became slightly smaller, but some meshes may be opened
accidentally. (See Table I, Expt. 2.)

The probable age of the experimental crabs may be obtained by an
allowance of time made from Lebour's (3) and Shen's (13) rearing experi-
ments. Lebour states, in general, that" the usual time for reaching the
first crab stage seems to be about three weeks to a month, judging from
rearing experiments. In natural surroundings it may be less. After the
first crab stage the skin is cast about once a week for the first month,
after which there are longer intervals, until at about four months old it
begins to change once a month or more. Temperature seems to affect
them, for in winter the changes were very slow." The carapace widths
of fourth stage crabs (i.e. at an age of two months or less from hatching)
obtained by Lebour are: P. pUber 7.36 mm., O. maenas 4.2 mm., O.
pagurus 6,7 mm. Shen (13) finds the mean to be 4.4 mm. for the fourth
stage of O. maenas. It is noteworthy that in the corresponding early
crab stages O. pagurus is larger in carapace width than O. maenas.

The rate of growth of marine animals in aquaria is usually slower than
in the sea where information is available for comparison. Therefore both
the rearing experiments and the records given in Table I give probably
slower inferential rates of growth than occur in normal life.

RATE OF GROWTHOF Oarcinus maenas.

From the experiments recorded in Table I an approximation can be
made to the natural minimal rate of growth of Oarcinus maenas. Shen
(13) has recently reared in the Plymouth Laboratory the early stages of
12 male and 10 female post-larval crabs from the megalopa at the follow-
ing mean periods in days and mean sizes in mm. Carapace width (=C.W.)
for males and females combined is shown in Table II.
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TABLE II.

DATA FROM SHEN'S WORK ON POST-LARVALC. maenas.

The last-mentioned minimum. period is in reality a mean of the shortest
periods between successive moults of those males and females which
moulted most quickly in each stage. The shortest total period from
megalopa to Stage VIII was 108 days for a male and 102 days for a
female, that is, about 3t months; to Stage IX, 122 days for a male and
119 days for a female, that is, about 4 months. The average period of
individual development from megalopa to Stage VIII was 117 days for 10
males and 114 days for 10 females, and to Stage IX, 125 days for 3 males
and 120 days for 3 females. The average period for each stage is
plotted against size in Figure 1, and an imaginary Stage X-assuming
continuance of the same kind of increment in carapace width and
moulting period as occurs in Stages VII to IX-is plotted at A.

On the basis of the work of Shen the maximum. age of the small crabs
entering the cages in Experiments 13, 12 and 3 has been estimated and
entered in Table III, column 3.

TABLE III.

Stage 1.* II. III. IV. V. VI. VII. VIII. IX.
Mean C.W. in mm. 1.84 2.58 3,43 4.41 5,83 7'92 10.3 13.5 18.23
Mean period between 14 to

ecdyses in days 7'5 12.5 14.0 19'0? 17.5 18.5 14.5 14.0 14.5
Mean accumulative 48 to 65,5 83,0 98.0 112.0 126'5

period in days 7,5 20.0 34.0 53.0? 70'5 88.5 103.0 117'0 131-5
Minimum accumula-

tive period in days 4.5 15.5 24.5 36,0 46,5 60,5 71,0 82.0 94'5
Mean ;, increment

in C.W. for tJ & 61.0 41-5 34'5 31.0 31-.'5 31-5 31.5 32.0 33,5

* From megalopa of C.W.=1.15 mm.

RATE OF GROWTH OF Carcinus maenas.

1 2 3 4 5 6 7 8
Maximum

Maximum Width at Minimum period of Estd. age Approx.
No. of width Estd. age end of increment growth in at end time zo€a
Expt. at entry. of (2). expt. in width. expt. of expt. hatched.

13 4'5mm. limo tJ 26.0 mm. 21.5 mm. 2im. 4m. May-June
do. do. do. 22.6 17-1 do. do. do.
12 7,0 2 tJ 23.2 16.2 23 4!- June-July4
3 7,0 2 22'5 15'5 3 5 April-May

13 4,5 It 31.0 26'5 5 6! May-June
1 23.0 ca4 tJ 36,0 13.0 3!- 7!- Feb.-Mar.

II 16.0 3 tJ 48,0 32.0 Wi 13l- April.
13 4,5 It 44,6 40.1 14! 16* May-June
do. do. do. tJ 35,9 St 30.4 do. do.* do. .
13 4.5 It !j144'7 40.2 191- 211-* do.

in berry
Cage

Expts.
West 16.0 3 37,0 21.0 12 15 April

Mersea tJ 53,0 37'0 do. do. do.

* Age probably overestimated, see p. 679. t With Sacculina.
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FIG. I.-Graphs of mean minimal rate of growth of Carcinus maenas obtained in experimental apparatus in the sea, compared with rate of
growth in the laboratory of post-larval Stages I to IX as obtained by Shen (13). (Carapace widths in mm. are plotted as a criterion
of size.) The figures refer to number of experiment in Table I p. 674, and Shen's Stages I to IX (plotted for mean accumulative
growth in days) are denoted by large circles. An imagina.ry Stage X is plotted at A.
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The largest sizes at entry are given in carapace widths (C.W.) in
column 2 of the same table with the maximum sojourn in the cage
(column 6) and size at end of this period (column 4). The age at this
latter size (column 3 + 6) is given in column 7.

From this analysis of the experimental data it is seen that Carcinus
may attain in the first summer of growth a C.W. of at least 26 mm. for
males and 23 mm. for females in 4 months; 31 mm. for females in 6!
months; 36 mm. for males in 71 months. In Experiment 13 a female
44.6 mm. was obtained at a maximum age of 16 months, and a
female in berry 44.7 mm. C.W. at a maximum age of 211 months, but
these two crabs were probably little more than 12 months old. In
the annual experiments with the West Mersea oyster cage, extending
usually from July to July, males commonly attained a width of 36 to
48 mm., although one male 53 mm. was taken, and females 31 to 37.
The maximum age of these males and females is about 15 months. These
individual results are plotted in Figure 1 to show the minimal rate of
growth, i.e. assuming that crabs entered the cages at a maximum size as
soon as the apparatus was put in the sea, and an allowance made for age
at entry based upon Shen's laboratory experiments. The slopes of the
graphs represent mean rate of growth and are very variable, due first to
unknown date and size of entry and secondly to unknown decrease in rate
of growth in the winter period. The acceleration in growth of Shen's
crabs with time is well shown and if continued (as at A) would give a
mean rate of growth-indicated by the slope of the graphs-not very
different from the experimental results. It may be therefore that the rate
of growth found by Shen does not fall far short of that found in nature.

The experiments therefore prove that both males and females may attain
a C.W. of 3 to 4 em. in the same year as they are spawned as zoeas, if the
spawning is early, i.e. about February-March. Liberation of zoeas occurs
in Carcinus in spring and early summer, although berried females and
planktonic zoeas occur all the year round at Plymouth (Lebour, 3).
Somewhat similar breeding periods probably occur in the Thames and
Morecambe Bay areas with restriction of breeding in the winter months.
There will thus .occur a great variation in size of crabs less than one year
old at the end of anyone breeding season. Nevertheless the minimal
incrernentsof growth occurring in the boxes with perforated zinc sides and
top, e.g. for males 21.5 mm. from 4.5 mm. in 2! months, for females
17.1 mm. from 4.5 mm. in 2! months, 15.5 mm. from 7.0 mm. in 3 months,
26.5 mm. from 4,5 mm. in 5 months, indicate that sizes of 3 to 4 em. at
least willbwattained in 12 months by males and females whatever be the
period of the year the zoea is liberated. This conclusion is substantiated
by the experiments in the wire mesh oyster cages where males increased
in C.W. in one instance 37 mm. and in several other experiments from 20

- ,
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to 32 rom. from 16 mm.; females increased about 20 mm. from 16 mm.
in a period of at the most 12 months.

It is unlikely that the crabs found in the cages put out in July were
second year individuals e:xcept in the probably remote occurrence of
arrested growth. The e:xperiments also indicate that the rate of growth
is greater in males than in females.

E:xperiment 13 affords evidence that se:xual maturity in the female is
attained in the second summer at an age of not much more than 12months;
males probably mature at about the same age or earlier. These results
show that in the sea more rapid growth occurs than in the interesting
e:xperiments on growth in captivity carried out by Waddington and
Williamson (14). The latter writer concluded from his work that C.
maenas attained a size (C.W.) of 8 to 22 mm. in the first year; males
45-56 mm. and females 35-48'5 mm. in the second year; and males 60,
females 55 mm. in the third year. Shen's work as well as the e:xperimental
results given here show that growth in the first year is much greater than
was estimated by Williamson. Similarly second year growth is also greater
in the sea than was found in laboratory crabs, but the discrepancy is
probably not so great as in the estimate for the first year. There is no
information regarding growth in the sea at the end of two and three years,
but there is some indication that although growth may be slower in the
early stages of this species in captivity than in the sea, in the later stages
growth in captivity may not differ much from that in the sea.

Williamson records the spawning of a female at an age of less than two
years old although reared in captivity, an observation that accords well
with the record of the gravid female in E:xperiment 13 herein, at a
ma:ximum age of about 21 months, but at a probable age of little more
than 12 months.

It seems probable that in Experiment 13 there was a constant excess
of food-material available as on the ground outside (see 9, page 100), so
that growth in this apparatus is likely to be closely comparable with
that on the adjacent beds. In other experiments it is more difficult
to assess the food-conditions and although there was probably a good
supply in most cases, it is possible that at times there was less inside the
apparatus than on the adjacent feeding grounds. For these reasons it
is possible that the experimental results may, except in Experiment 13,
give lower growth rates than would occur under natural free-living
conditions.

RATE OF GROWTH IN SOME OTHER BRACHYURA.

Experiment 2 demonstrates a growth in at most 9 months in Portunus
puber from at most 18 rom. to 35 mm. C.W. in a male and to 33 mm. in a
female. In Portunus corrugatusa male attained a C.W. of 36 mm. from at
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most 16 IDID.in at most 111 months. The rate of growth in these species
is therefore in all probability comparable in the first year with that of
C. maeruts. The few records of Portunus arcuatus in Experiments 5 and 7
are less valuable, as the species is relatively small and entry into the cage
could be made at a relatively large size at any time. The actual incre-
mental growth proved in these cases is slight. There is, however, good
probability that this species reaches sexual maturity in one year.

Hyas araneus, female, occurred in Experiment 4 at a carapace width of
25.5 IDID.and length of 38 IDID. The maximum size of entry of this species
was not determined, but would probably be a carapace width of 14 to
16 mm. Smaller Hyas were taken on other occasions. It is not unlikely
that a carapace length of about 4 cm. is attained by this species in one
year.

Macropodia sp., male, of a carapace length of 32 mm. and width of
only 15IDID.was taken in Experiment 8, but is of more value as an
indication of the experimental potentialities than as a definite growth
record.

RATE OF GROWTH OF Cancer pagurus DURING THE FIRST YEAR.

The records given in Table I, Experiments 7 and 11, of the growth of the
edible crab, Cancer pagurus, during early life are of considerable value,
as little of a deDnite nature is known of growth during this period. Lebour
has found (3) that megalopre of this species occur in the Plymouth district
during spring and early summer, and that among Brachyura in general
the usual period fromnatching to the first crab stage is three to four weeks
in rearing experiments, but probably less under natural conditions. Young
Cancer may therefore begin to settle in the Plymouth district in late spring
or early ~ummer. Similar breeding conditions probably occur in the
Thames Estuary, with possibly rather later appearance of young crabs
there and in more northerly situations. There is, therefore, good
probability that the Cancer found in the Yealm and West Mersea experi-
mental apparatus entered the cages ,as young post-larval crabs in the
summers when the cages were put in the sea.

The possibility that the crabs found had wintered from the previous
spawning season as very small individuals must also be considered, as
Williamson observed (see Fig. 2, p. 684 herein) that small crabs of 1 to
2 cm. (C.W.) occurred on the Scottish foreshore (Dunbar) all the year
round; moreover, with the extended breeding season of this crab a wide
range in size of one year individuals will undoubtedly occur. There are,

. however, two additional sources of information available on the growth
of Cancer in the first year.

In the first instance young Cancer pagurus have been found year after
year in October on the under side of bathing raf'1:sput out in Plymouth
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TABLE IV.

SIZES OF Cancer pagurus FOUND ON BATHING RAFTS AND Buoys IN PLYMOUTH SOUND.

Raft1 or buoy Raft or buoy Months Total* Cancer pa(lurus: Carapace width in mm.
put out. brought in. in sea. crabs. Less than 20 20 21 22 23 24 27 28 29 32 34 39

April 30, 1913 Oct. 13, 1913 5! 3 2 1

April 3, 19122 March 5, 1913 11 1 - -
May 14, 19133 May 8, 1914 12 2 - - - - - 1 1 - - - - - :-<
April 20, 1914 Nov. 12, 1914 61 5 1 - 1 - - - - - 1 1st - 1st
May 2, 1919 Oct. 10, 1919 5! 1 - 1 - - - - - - - - - -

0
April 28, 1920 Oct. 12, 1920 5! 2 1 - - - 1 - - - - - - -
April 27, 1920 Oct. 13, 1920 5! 25 12 2 4 5 2

>-3- - - - - - - 0
AprillI, 1921 Oct. 14, 1921 6 00 several:!: - - 1 - - - - - - - -
April 13, 1921 Oct. 14, 1921 6 5 4 - - ]

April 19, 1923 Oct. 13, 1923 5!- 1 I

May 5, 1924 Oct. 13, 1924 51- 00 several§
April 18, 1928 Oct. 14, 1928 6. 2 ? - - - - - - - 1st

* Excludingin many cases small ones not recorded. 1 All rafts unless otherwisestated.
t s=soft.shelled crabs. 2 No. 12 buoy, G.W.R. Docks.
:!: Many less than 22 mm. ..3 No. 10 buoy, G.W.R. Docks.
§ Many less than 20 mm.
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Sound in or about April. The sizes attained by these young individuals
are recorded in Table IV and range from 8 mm. to 39 mm. in breadth of
carapace. These rafts are treated on the under surface with a thick layer
of well dried pitch, which permits of immediate settlements of growths
such as barnacles, mussels, ascidians, hydroids, sponges and amphipods
with an abundant micro fauna and flora. Ample opportunities are thus
afforded for the settlement and feeding of young crabs, but it is unlikely
that growths are sufficiently established for settlement before about June.
As, however, the rafts are buoyed with mooring chains, it is not impossible
for crabs to crawl up to the bottom of the raft along the links of the chain
and across the swivel or shackle. For this reason these records have not
the same value as those from the experimental cages; nevertheless the
constant occurrence year after year of young crabs and only young crabs
on these rafts gives probability to their growth in situ.

The probability, that young Cancer 20 to 40 mm. broad in October-
November are the young of the current year is supported by the definite
records given above and also by Williamson's well-known observations on
beach crabs at Dunbar (15). Lebour also reared a crab in the laboratory
to 14 mm. C.W. on November 30 from a megalopa moult on July 7. This
growth may be regarded as probably slower than natural. The Dunbar
beach crabs give the second class of data on rate of growth in the first
year.

Williamson's data are given in Table V (p. 685) and Figure 2
(p. 684) in a different form from the original. The monthly collection
of crabs have been assembled in em. groups and plotted as a per-
centage of the monthly catch. The collections were begun in
October, 1897, and continued regularly until September, 1898. The
course of the graphs shows clearly that an influx of young crabs
2 to 3 em. occurred on the foreshore in August, 1898, and that these
crabs showed a modal value of 2.5 to 3.5 em. in September 1898.
The modal value 3.5 em. in October, 1897, is in accordance with the
trend of growth in August and September, 1898, and is comparable with
the seasonal growth of O. rnn,enas. The graphs from October, 1897,
onwards indicate a stationary modal value until March, 1898, when it
rose to 4,5 and was apparently maintained until as late as July. In May,
however, a relatively high proportion of crabs 5 to 6 em. was found and it
is conceivable that an offshore migration began soon afterwards. William-
son suspected such a migration and set pots close inshore later (1900-
1901) to obtain information. His results in a modified form in approxim-
ately em. groups are included in Table V (excluding breadths above
12 em.). By these investigations he proved that although crabs belonging
to the 5 em. group are relatively scarce, those belonging to the 6-, 7-; 8-
and 9-cm. groups occurred close inshore in good numbers in May, 1901,and
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in June, July and August, 1900. These along with the beach observations
lend support to the probability of a migration from the beach at a size
of 5 em. and as early in the life history as about the end of the first year of
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FIG. 2.-Distribution of size in monthly catches of Cancerpaguru8 taken on the beach at
Dunbar by H. C. Williamson (15). The sizes are collected into em. groups and graphed
as group percentages.

growth among those crabs which begin larval life and settle early in the
season. The problem is complicated by the habit of inshore migration
known to occur in sexually mature crabs after winter and possibly
adopted ina lesser degree by adolescent crabs.
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From Williamson's observations, and Lebour's and the writer's experi-
ments, there can be little doubt that Cancerpagurus attains a modal size
of about 3.5 em. (carapace breadth) at the end of the first summer of
growth. Williamson's work also indicates that at an age of one year the

TABLE V.

NUMBERS OF Cancer pagurus (GIVEN IN CM. GROUPS) TAKEN ON THE
BEACH AT DUNBAR AND IN OREELS JUST BELOW Low WATER BY

H. O. WILLIAMSON.

Percentages in em. groups of beach crabs are also given in italics, with totals of
monthly collections in brackets.

crabs have a minimal modal value for carapace breadth of about 4.5 em. ;
but that the indications of an offshore migration about May, along with
the experimental record of the attainment of a carapace breadth of
5.7 em. almost certainly in about one year, render it possible that the modal
value at an age of one year may lie between 5 and 6 em. Definite experi-
ments on rate of growth are required to obtain further information on

NEW SERIES.-YOL. XX. No.3. MARCH, 1936. N

H 2.1 3.1 4.1 5.1 6'1 H 8.1 9.1 10.1 IH

Cm. groups. to 2 to 3 to 4 to 5 to 6 to 7 to 8 to 9 to 10 to 11 to 12

Oct. beach 1897 20 45 61 53 24 5 1 1 0 0 0

(210) 9.5 21.4 29.0 25.2 11.4 2.4 0.5 0.5 0.0 0.0 0.0
Nov. beach 10 77 113 96 33 5 4 0 1 0 0

(339) 2.9 22.7 33,3 28,3 9.7 1.5 1.2 0.0 0.3 0.0 0.0
Dec. beach 10 29 65 41 8 3 2 1 0 0 0

(159) 6.3 18.2 40.9 25,8 5.0 1.9 1.3 0.6 0.0 0.0 0.0
Jan. beach 1898 3 24 42 42 14 8 3 0 0 0 0

(136) 2.2 17.6 30,9 30,9 10.3 5.9 2.2 0.0 0.0 0.0 0.0
Feb. beach 18 31 65 34 10 3 2 0 1 0 0

(164) 11.0 18.9 39,6 20.7 6.1 1.8 1.2 0.0 0.6 0.0 0.0
March beach 10 25 37 42 13 2 1 0 1 0 0

(131) 7,6 19.1 28.2 32.1 9.9 1.5 0.8 0.0 0.8 0.0 0,0
creel 1901 0 0 1 1 5 3 2 0 2 1 1

April beach 1898 11 22 34 45 27 8 3 3 1 0 0
(154) 7.1 14.3 22.1 29.2 17.5 5.2 1.9 1.9 0.6 0.0 0.0
creel 1901 0 0 0 0 1 0 4 4 4 1 5

May beach 1898 18 32 36 31 38 21 3 1 0 0 0
(180) 10.0' 17.8 20.0 17.2 21-1 11.7 1.7 0.6 0.0 0.0 0.0
creel 1901 0 0 0 5 6 19 32 23 18 15 29

June beach 1898 13 22 30 44 22 16 6 3 1 0 0
(157) 8,3 14.0 19.1 28.0 14.0 10.2 3.8 1.9 0.6 0,0 0.0
creel 1901 0 0 0 0 4 3 5 13 14 39 30
creel 1900 0 0 0 0 2 20 32 44 35 25 19

July beach 1898 16 28 46 63 38 16 8 2 2 0 0
(219) 7.3 12.8 21.0 28.8 IH. 7.3 3,7 0,9 0.9 0.0 0.0
creel 1901 0 0 0 1 1 0 3 2 9 10 8
creel 1900 0 0 0 1 5 18 43 36 45 53 50

Aug. beach 1898 10 54 21 37 23 17 4 4 0 0 0
(170) 5.9 31.8 12.4 21.8 13.5 10.0 2.4 2.4 0.0 0.0 0.0
creel 1900 0 0 1 2 8 10 24 22 26 18 23

Sept. beach 1898 16 75 81 61 38 10 8 2 4 0 0
(295) 5.4 25,4 27.5 20.7 12.9 3.4 2.7 0,7 1.4 0,0 0.0
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this problem. The estimates of rate of growth given by Pearson (11)
admittedly tentatively on the basis of growth in Waddington's aquarium-
bred crabs (15) are out of harmony with facts from the wild. On the basis
of a modal value for carapace breadth of 4.5 to 5.5 cm. in the first year of
growth, continued rapid growth may be predicted until the attainment of
sexual maturity at a breadth of about 4t to 5t inches =11.4 to 14.0 cm.
(12). If such rapid accelerative growth occurs in Cancer as in other marine
animals, e.g. oyster (10), herring (1), lobster (2), it is not impossible that
.the edible crab may become sexually mature in about three years, for
dimensions may be doubled in "the second year, and very nearly the same
increment in dimensions may obtain in the third year before the attain-
ment of maturity. In Havinga's graph of increase in length of the
lobster, Homarus vulgaris, the increments in length in the second and third
years are each greater than the actual length at the end of the first year.
Elmhirst's graph (12), which includes all observations, gives lower incre-
ments, as perhaps might be expected from the inclusion of all aquarium
and pond-bred animals. In this respect it is noteworthy that a plotting
of Williamson's crabs taken just below low water does give an indication
of a modal value of edible crabs of 8 to 9 cm. in the months of June and

July, which would rise rapidly with a single general moult. Further
investigations may show that these are second year crabs.

ADDENDUM.

Since the foregoing account was submitted for publication it has been
found that MacKay and Weymouth in a recent publication (4) have
investigated growth in the Pacific crab (Cancer magister), from mainly
southern British Columbia, by a study of moults and moulting with tagging
and size-frequencies. They state that" it seems possible sex-maturity
may be attained by some crabs as early as the third year and in some as
late as the sixth year, but that normally crabs become mature in their
fourth and fifth years." Mean carapace width at an age of" one year" is
estimated at a little over 1 cm., at two years about 6 cm., at three years
a little over 8 cm., and at four years on the attainment of sexual maturity
a little over 10 cm. The length-breadth relation and general form of
C. magister is closely similar to that of C. pagurus, and MacKay and
Weymouth consider that growth in the latter would appear to be essenti-
ally similar to that of C. magister. These authors give percentage size
distribution of live crabs for the months of April to September and remark
" in September, three year groups may be distinguished; the young of
the year at 1 or 2 cm., of the preceding year 4 to 7 cm., and of the second
season previous, less clearly, at about 10 to 12 cm."

It is clear from this statement and their reconstruction of the life-
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history in a growth-curve (Fig. 6, loc. cu.) that the authors use the term
" year" to mean the first summer of growth and not actually a year of
twelve months, as they record" Megalops appear during July-August;
1st post-larval crabs during August," and so on. Therefore, their I-year
group would-in accordance with common European practice-be the
O-year group.

When these facts are considered the work of MacKay and Weymouth
indicates that the deductions made from the experimental and observed
facts on Cancer pagurus are closely comparable to those made on C.
magister, and that C. pagurus may therefore very probably be sexually
mature at an age of about three calendar years.
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SUMMARY.

From experiments in the sea with wire cages and boxes with perforated
zinc sides and tops more than 100 individuals of certain Crustacea which
had grown inside the apparatus have been obtained at various subsequent
dates.

Minimal mean rates of growth are obtainable from the differencebetween
maximum size at immediate entry and size at a given later date, and the
approximate age by an allowance for age at entry plus the maximum
time occupiable in the experimental apparatus. It was found that C.
maenas spawned early in the year may attain a carapace width of 30 to
40 mm. by the following winter. In experiments extending over twelve
months from July to July male C. maenas attained a carapace width of
43 to 53 mm. and females 37 mm. at an estimated maximum age of 15
months.

In other experiments female C. maenas attained a carapace width of
44,6 mm. in at most 16 months and occurred in berry at this size at a
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maximum age of about 21 months. It is inferred that female C. maenas
become sexually mature in little more than 12 months at a carapace
width of about 45 mm. or less and that males are mature at about the
same age and size or less, and appear to grow more quickly than females.

Portunus puber and P. corrugatus appear to have rates of growth
comparable with that of C. maenas.

Cancer pagurus grew from a carapace width of 17.5 to 57 mm. in at
most 101 months in one experiment and from 21 mm. to 49.7 (female)
and 47.4 (male) mm. in at most 12 months in another experiment. These
results are discussed in relation to other investigations on rate of growth
in this species, and the conclusion reached that a carapace width of 4.5
to 5'5 cm. may be commonly and normally attained at an age of one
year, and that by increments in growth in the second and third years
equal or sub-equal to that in the first become sexually mature at
about three years old.

It is suggested that similar ad hoc experiments might add much to
knowledge on rate of growth of Crustacea.
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Variations in the White Pigment of the Eye in Gammaru8
cheureuxiSexton, with a Description of a New Genetic
Type, the" Clotted eye."

By
E. W. Sexton and A. R. Clark.

From the Plymouth Laboratory.

With 1 Figure in the Text.

A GREATnumber of variations from the normal type have occurred in
Gammarus chevreuxi during the course of the work carried out from 1912
until now.

In reviewing these variations it is convenient to class them according
to the parts affected:

(1) Pigmentation of the body (3, p. 194).
(2) The Red retinal pigment of the eye (4, pp. 45-52).
(3) The Black retinal pigment of the eye.
(4) The white accessory pigment of the eye (2, p. 350).
(5) The structure of the eye, involving also the structure of the head

(1, p. 274; 6, pp. 356-369).

The two last classes are dealt with in this paper.

(4). VARIATIONS AFFECTING THE WHITE PIGMENT OF THE EYE.

In the normal type (Fig. 1, a) the eye is of compound structure, sessile,
non-facetted, convex, reniform in shape with the margin entire and
clearly defined. It is composed of rows of ommatidia each consisting
of a two-celled cone, and five retinal cells arranged round a central axis,
the rhabdome. The coloured pigment is contained in the retinal cells.
The interstices between the ommatidia are filled with the so-called

" accessory" cells containing the opaque* white-pigment which gives
the effect, in the living animal, of a regularly spaced, chalky white
reticulation spread over the eye, with the ommatidia showing through
the meshes as shining black spots.

* The two kinds of pigment, retinal and inter-ommatidial, differ in origin and in
constitution. The eyes are usually described in terms of retinal colours, such as
Black, White, Red, Purple, or Lilac, so, in order to avoid any confusion, particularly
with the White Eye, the inter-ommatidial white accessory pigment is designated in
this paper by the hyphenated term" white-pigment."




