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On the Biology of Sagitta. The Breeding and Growth
of Sagitta elegans Verrill in the Plymouth Area,
1930-31.

By
F. 8. Russell, D.S5.C,, B.A,,
Naturalist at the Plymouth Laboratory.

With 2 Figures in the Text and Plate 1.

PLaNKTON animals are in intimate relation with the sea-water in which
they live, and the physical conditions of this surrounding medium must
have profound effects upon the general metabolism of such delicate
organisms. One of the greatest problems in biology is an understanding
of the differences that are shown in a single species according to its
geographical distribution, probably caused, in marine animals, by
differences in the conditions of the sea from place to place; in this
respect variations in the sizes to which the animals grow are noticeable.
Such differences also appear in a species in one locality when the succes-
sive broods are subject to varying conditions in the water brought about
by seasonal changes. I have showii in my researches on the vertical
distribution of plankton (11) that. the topepod Calanus finmarchicus
will behave differently at different . seasons; and that this difference
appears because we are dealing with separate broods which are probably
physiologically distinct one from another. Similar differences are
apparent also in the behaviour of other plankton animals. It has therefore
proved necessary in a study of seasonal change in behaviour to” know
exactly how many distinet broods we are dealing with.

Since some confusion had existed concerning the species of Sagitta
present in our Plymouth waters, it seemed that a close study of Sagitta
broods would prove useful both in throwing light on the question of
seasonal behaviour of different broods and also in clearing up the life-
history of these animals, which are very common and characteristic in the
plankton around our shores.

Evidence is also available that the seasonal change in size of different
broods of marine animals bears some relation to the temperature of the
sea-water in which they develop. If this be so it is necessary that the
connexion should be more closely investigated. Research on populations
of plankton animals is however much complicated by the possible
introduction into the same area of animals from different water masses
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which differ in physical and chemical conditions. A study of the effects
of seasonal change in temperature would be very difficult in such areas
because one would never be certain that the population under examina-
tion wag always the indigenous one. The waters of the English Channel
near Plymouth are however perhaps rather suitable for this research ;
continuous hydrographical observations have shown that there seem
to be years in which there is little interchange of waters of widely differing
characteristics, such as is found for instance in regions where waters
of Polar and of Gulf Stream origin intermingle.

A careful examination of the Chzetognath population at Plymouth
has proved that there are two species which predominate in the plankton,
Sagitta elegans Verrill* and Sagitta setosa J. Miller. In addition, during
a year’s collections three specimens of adult Sagitta serratodentata Krohn
have been found, but this species can probably only be regarded as an occa-
sional invader of the region under survey.f '

In these pages I shall deal only with Sagitta elegans, describing its
growth and breeding throughout a year. A similar study has heen made
of S. setosa and it is hoped to publish this in a later paper, when the two
species will be compared.

MerHODS OF STUDY.

Since one of the objects of this research was to gain a knowledge of
the size to which Sagitta grows at various seasons of the year it was
necessary that the collections should provide as many of the adult
individuals as possible. For this purpose the 2-metre stramin ring-trawl
is the most suitable net, and as weekly collections are made with this
net to study the seasonal abundance of young fishes it was decided to
malke the collection serve both ends. Ideally it would have been neces-
sary to take also concurrent hauls with a silk net to sample efficiently
the young Sagitta population, but an examination of two sets of collec-
tions would have been too lengthy when it was probable that the use
of the stramin net alone would produce the desired data.

Collections were made once a week in daylight at a position 2 miles
east of the Eddystone lighthouse in water about 54 metres in depth ;
on every occasion oblique hauls (12, p. 640) were taken in order to
sample all water layers, and each haul was half an hour in duration. My
thanks are due to Captain V. Lord and the crew of s.s. Salpa for their
continuous care in making these weekly collections.

In each catch the total number of Sagitta (preserved in 59, formalin)
was found, either by complete count, or by sample method (10, p. 776) if

# T am greatly indebted to Dr. H. B. Bigelow, Miss Beale, Dr. A. . Huntsman, and
Professor A. Meek for confirmation in the identification of this species.

t+ Two of these were taken on May Tth, 1930, 16} and 15 mm. in length; one on
September 3rd, 1930, 12 mm, in length. All three were fully mature.
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the catches were large. An adequate sample was then measured in length
to the nearest half millimetre below. Great care was taken that those
measured were secured by fair sampling means in order that a true
picture of the size distribution should be obtained on each occasion. In
measuring, the tail fin was excluded, the length being that from the tip
of the snout to the base of the tail. Measurements have usually been
give by other workers (e.g. 2 and 4) including the tail fin, but as this
membrane is so liable to damage it was thought advisable where such

Texr-Fio. 1.—The three stages of maturity used as eriteria of
development in Plate I. I, upper limit of Stage 1: II, upper
limit of Stage II; III, ripe adult in Stage III. Stained in
alum carmine: the proportions appear narrower than natural
owing to shrinkage.

large numbers were being dealt with that the more defined end of the body
should be regarded as the posterior limit. Actually in the larger specimens
the tail fin is just over half a millimetre in length beyond the end of
the body, being proportionately slightly smaller in the younger stages.
The addition of half a millimetre to my measurements will therefore give a
sufficiently approximate idea of the total length of the animal.

After measuring, 30 to 60 individuals were selected to supply a good
sample covering the complete range of lengths obtained. These were
stained in alum carmine to emphasize the gonads and mounted in Canada
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balsam. The stained specimens were examined under the microscope
to find the state of maturity or otherwise of the gonads in relation to the
body length.

Sagitta is a hermaphrodite animal in which the male organs mature
first. The testes are situated in the posterior section of the body, or tail,
and this portion becomes filled with spermatozoa and maturing spermato-
cytes. It is only after this stage is reached that the ovaries begin to ripen
fully. The state of maturity of the animal could thus be very con-
veniently divided into three easily separated stages (Text-Fig. 1).
Stage I included all the youngest Sagitta in which not a single sperm
mother cell was visible lying loose in the tail cavity. Stage II ranged
between those individuals with the first appearing spermatocytes and
those in which the tail segment was packed with spermatocytes and
spermatozoa, but in which the ovaries, while appearing evident, showed
little sign of swelling eggs (Text-Fig. 1). Stage III contained those
individuals in which the ovaries were fully ripe or ripening. The measure-
ments obtained were the upper limit in length of those in Stage I, the
upper and lower limits of those in Stage I1, and the lower limit in length
of Stage III. Thus often an overlapping occurred between Stages I and 1T
and Stages II and III as was to be expected. During the process of
staining and mounting some shrinkage of the animals takes place, which
may ‘Amount in the longer individuals to as much as half a millimetre ;
no correction has been made for this shrinkage as it it so small as not
materially to affect the general picture.

In Tables I to III on pages 143 to 145 are given the full number of
Sagitta occurring in each collection, the results of the measurements of
total length, and the data obtained from the examination of the stained
specimens.

GENERAL RESULTS.

The results of the research have been reproduced in a complete form
in Plate I, in which the length distribution on each day has been reduced
to a percentage basis and the data regarding state of maturity have been
mcorporated. This diagram, which covers the period May, 1930, to May,
1931, appears to show clearly that a brood of large individuals spawning

EXPLANATION OF PLATE I.

Frats L—The percentage size distribution of Sagitia elegans canght in the ring-trawl on
the days given. The black. cross-hatched and shaded areas represent the various
stages of development (see top of diagram for key). In this diagram the lines
of demarcation between different stages must not be taken as heing exact, as possible
shrinkage has not been taken into account. It must also be realised that the
Stage III includes both ripening and mature females, and they must not be
regarded as all fully mature, though usually probably the majority are so.
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in May gave rise to a brood spawning in June and July, the latest indi-
viduals of which may themselves have arisen from the early June
spawners. The July spawners produced a brood which did not fully mature
until September. The offspring of the September spawners developed
no gonads during October and November ; in December the male organs
were ripening, and in January the ovaries started to mature. A complete
spawning population was thus formed in February. These adults again
gave rise to a large brood spawning in April and May.

During the twelve months beginning June, 1930, and ending May,
1931, there were apparently therefore four different broods of Sagitia
elegans, and possibly five if two broods can be accounted for in June and
July during which time spawning is probably intermittent.

The diagram shows very clearly the ripening of the male products
preparatory to the full maturity of the individual, and indicates also the
overlapping that occurs between the different stages of development.
In October there is an overlapping of the remaining adults of the
September breeding population and their offspring in which no gonads
are developed until the male organs start to ripen in December.

A pronounced feature is the absence of the younger stages, which is
probably entirely due to the coarseness of the mesh of the stramin net
used for collecting. On each occasion, however, there is an indication of
the arrival of the young of new broods in the catches at the periods when
probably in fact they are far more numerous than the adults. The closing
up of the length-distribution curves to form compact breeding populatwm
is also especially noticeable in Septerhliér’'and February.

Inspection of Plate I also shows that: there was a definite difference in
the length attained by the adults in each successive brood. The approxi-
mate average lengths of the adults of the different broods as determined
by inspection of the graphs in Plate I, without calculation, were as
follows :—

May, 1930 . . . . 193-20 mm.
June, 1930 . ! : . 131-14} mm.
July, 1930 . . . . ca. 13 mm.
September, 1930 . : . 10-10% mm.
February, 1931 . . . 12-124 mm.
April-May, 1931 . " . ca. 16 mm.

Coincident with this was a difference in the size at which the different
broods matured, the broods with smallest adults maturing at a smaller
size than those with the largest (See Plate I).

In Text-Figure 2 I have summarised the above results and included
the curve for the seasonal change in the temperature of the water. In this
figure the temperatures are given for the surface at the International
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Station L5 near the Eddystone and for 25 metres at the station E1 ten
miles beyond the Eddystone.* It is probable that for the months
October to May this represents fairly accurately the temperature
conditions at all depths in the locality where the collections of Sagitta
were made ; from June to September the temperature of the deeper
layers was probably somewhere between that of the surface at L5 and
that at 256 m. at E1, but nearer to those at E1. The black areas in Text-
Figure 2 indicate the chief times of spawning as apparently shown by
Plate I, and these are plotted against the average length of the spawning
adults. The decrease in the length to which the Sagitta grew as the
temperature rose is very evident, the smallest size occurring in September.
Although the Sagitta spawning in February were born under higher
temperature conditions than were those spawning in September they
attained a slightly greater size ; but during the period of their growth
the temperature was falling and also they lived for a very much longer
time than those of any other brood. It is probable that the size reached
is conditioned amongst other things by the amount and type of food
eaten, the temperature conditions, and the length of life, and that the
latter depends on the time of the onset of maturity. At the top of Text-
Figure 2 are given the periods of days elapsing between the last dates
on which the different spawning populations were abundant, and
this possibly gives some idea of the length of life of the Sagitta
at different times of the year on the assumption that they die
after spawning as seems to be indicated by Plate I.f As one would
expect, the time taken to reach maturity is longer in the colder months
than in the warmer; those born in February taking 94 days to full
maturity in May, as against 43 days for those born at the end of July
which matured inSeptember. The length of life for the June and Julybrood
is given as covering the whole of this period but it is probable that it
should be split. The longest-lived Sagitta were undoubtedly those born
in September. These did not mature until February, a period of 165 days ;
it must be realised, however, that for two months at any rate of this
period there was no gonad development. The stimulus for gonad develop-
ment was possibly removed by the high temperature in October when
the water at all depths reached a temperature of over 14° C., and it is
possible that somewhere in the neighbourhood of this temperature lies
the limit at which successful reproduction is no longer possible. It was
noticeable also that the ovaries of the September breeding population
showed rather an unhealthy appearance and contained few ripe eggs,

* T am indebted to Mr. H. W. Harvey and Dr. L. H. N. Cooper for the temperature
records at these stations. The salinity range was of the order of 3500 °/ 4 -20; the
full data will be obtainable from the Rapport Altantique of the International Council
for the Exploration of the Sea for 1930 and 1931.

+ Kramp (7, p. 36) says: * Undoubtedly the animal dies when the eggs have been
spawned.”
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and there was evidence that gonad development was somewhat retarded
during August. During June the majority of the Sagitta would experi-
ence the temperature of the lower water layers, but as the warming of
the surface waters extends to greater and greater depths during July and
August many individuals must experience high temperature conditions.
After the temperature of 14° C. had been passed there was no further

DAYS.

68 43 165 94

FEB MAR APL MAY JUN JUL AUC SEP OCT NOY DEC JAN FEB MAR APL MAY JUN

1930 1931

Text-Fie. 2.—Curves of Temperature at surface at international station L3 ( } and
at 25 metres at E1 (- - - ), February, 1930, to June, 1931. Superimposed on thes=
are the periods of spawning of the difierent broods of 8. elegans (black areas) plotted
against the approximate average length of the adults of each brood. (Left coordi-
nate, temperature in °C'. : right coordinate, length in millimetres.) Above are given the
approximate periods between the times of spawning.

sign of developing gonads until the water had cooled to nearly 11° C. in
December when the male organs started to develop; following on the
development of the male organs the ovaries did not ripen until a tempera-
ture of about 10° C. was reached in January.

A further point of interest is that the large adults of the spring of 1931
did not grow to so great a length as did those of the spring of 1930, the
average and maximum lengths being for each year 16 and 20} mm. and
193-20 and 22 mm. respectively. It is to be noticed that the tempera-
ture in 1930 was about half a degree lower than that in 1931 ; there is
some evidence also that the 1930 brood was born earlier than that of
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1931 and would therefore have had a longer period in which to grow.
This difference in size attained in different years is a phenomenon that
may throw light on the effects of temperature on growth, but it is not
proposed to discuss it further until more data are available for different
years.

Ox THE LENGTH OF MATURE OVARIES.

During the examination of the mounted specimens some measurements
were made of the length of the mature ovaries. The ovaries were
regarded as mature when they contained one or more fully distended
eggs. By a number of measurements of the eggs in situ in the mounted
material it was found that the average diameter of the largest eggs lay
between -334 and -394 mm. This agrees fairly with figures given by
Huntsman and Reid (6, p. 103) in which the diameters for the largest
eggs lay between -310 and -446 mm.

There is naturally a decrease in the length of the ovaries throughout
the season as the successive adults are smaller, but this decrease is not in
direct proportion to that of the length. I give below figures showing the
average length of ripe ovaries for adults of different sizes, and also the
ratio ovary-length /hody-length. These show clearly that in the smaller
adults the length of the ovary is less in proportion to the total length
of the body than it is in the larger adults, being about constant from
10 to 14 mm. and then increasing gradually.

Length Average length Ovary-length

of adults in mm. of ovary in mm. Body-length.
9 s 0-55 - 0-061
9-5 st 071 4 0-075
10 7 101 s 0-101
10-5 . 1-19 b5 0-113
11 i 1-14 . 0-104
11-5 .. 1-10 .. 0-096
12 s 1-36 i 0-113
12-5 - 1-21 - 0-097
13 i 1-30 i 0-100
1356 i 1-49 i 0-110
14 5 1-565 53 0-111
14-5 3 1-63 b 0-112
15 .. 1-95 .. 0-130
15-5 .. 2-22 . 0-143
16 o 2-22 - 0-139
16:5 v 2:76 - 0-167
17 - 3:20 o 0-188
17-5 s 2-94 st 0-168
19 = 3-69 o 0-194

20 S 3-86 5 0-193



ON THE BIOLOGY OF SAGITTA. 139

Seeing that there is no evidence of any very marked decrease in the
diameter of the ripe eggs at the different times of the year it follows
from the above figures that the number of offspring produced per parent
must be very much greater in the early months of the year when the
adults grow to a large size. In fact, in the late summer adults one rarely
sees more than one or two ripe eggs present at a time.

Fully spent adults were rarely seen, which agrees with Kramp's
observations (7, p. 36); they were most noticeable however among the
remnants of the large May brood that lived over into June. It was also
noticed that in many of those individuals which contained a nematode
or trematode parasite the ovaries failed to develop ; in obtaining the data
on state of maturity for Plate I these were ignored.

As regards the actual number of Sagitta occurring in the catches it is
unwise to draw conclusions from one year’s results only, on account of
errors due to swarming. The full data are given in Table I, page 143, and
except for one catch of 7502 individuals on March 17th, 1931, there seems
to be some indication that in the year under review the Sagitta were
definitely most abundant during the months July and August, and the
beginning of September. These would be the offspring of the June and
July spawners. It has already been remarked above that the ovaries
of the September breeding population appeared unhealthy, perhaps on
account of the high temperature, and the figures appear to bear out this
as they indicate that the brood arising from the September spawning was
only a small 8ne. There is also a tendency shown for each successive
brood to decrease in numbers from their first appearance in the catches
to the appearance of the succeeding brood.

OBSERVATIONS FROM OTHER LOCALITIES.

It is hard to compare my data with those from elsewhere as there has
been little work done that covers the period of a whole year. In general
the change in size of adults at different times of the year has been realised,
but no very definite data have been obtained. Bigelow (1, p. 320), for
instance, says for the Gulf of Maine that ** the adults average decidedly
larger (up to 35 millimetres long) in March and April, when the tempera-
ture is near its lowest for the year, than in summer.” The difference in
the size at maturity of Sagitta from place to place has been well shown
by Huntsman (5, p. 446), but owing to the difference in the temperatures
at different depths and the intermingling of water masses in the region
in which he worked it is impossible to find the exact relationship between
temperature and size attained. As regards the breeding periods, Hunts-
man and Reid (6) by examination of ovaries concluded that in the Bay
of Fundy, *“ the spawning season is a long one, extending from the end of
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March or the beginning of April to September at least. September 4th
would seem to be near the end of the season, as at that time a smaller
proportion of individuals contained large eggs than previously.” From
their figures (6, p. 103) there was evidently no such period of the year when
the nearly full-grown Sagitta were entirely without gonads as occurred off
Plymouth during October and November. Bigelow (1, p. 315), for the
Gulf of Maine, says, “ On the whole, then, it is safe to say that S. elegans
is a late spring and summer breeder in the Gulf of Maine, in so far as any
considerable production is concerned, but probably it reproduces more or
less throughout the entire year.” Fish, for the Woods Hole region, says
that in March and April, 1923, the S. elegans were ripe, and that the eggs
were common in the plankton in April. He also says (3, p. 134) that ““ in
the 16 years that S. elegans has been recorded, with one or possibly
two exceptions, none appeared before November or remained after
July.” From a temperature curve given by Fish it would appear that
the temperatures between July and November were falling from about
20° C. to 10°C. Kramp (7, p. 38), after examination of specimens
taken in July and August, says, “ At most stations small and full-grown
specimens were found together, which indicate that the breeding period
in the Greenland waters extends over a considerable space of time, though
the relative numbers of individuals of the different groups at. different.
times seem to indicate that the bulk of the specimens breed in the
autumn.”

From data given by Meek (8) for the North Sea there is evidently a
change in size, during the year, but stages of maturity are not given.
From his text-figures on pages 750 and 751 the largest Sagitta would
appear to be as follows :—

April, 1924 . . 20 mm. April, 1925 y . 16 mm.
July, 1924 ‘ . 14 mm. June, 1925 . . 21 mm.
August, 1924 . . 12 mm. July, 1925 : . 17 mm.
September, 1924 . 13 mm. September, 1925 . 10 mm.
October, 1924 . . 18 mm.

According to Ritter-Zdhony the distribution of S. elegans is (9, p. 17)
S. elegans elegans, in Atlantic and apparently Pacific Ocean from 45° N.
to the ice sea on the surface.® 8. elegans arctica, Northern ice seas, circum-
polar on the surface ; S. elegans baltica, Baltic.

The largest size given is 52 mm. by Huntsman (5, p. 446) for the waters
of the Eastern Atlantic.

* Has heen recorded as far south as the Canary Isles by L. Germain and L. Joukim
(Res. Camp. Sci. Albert I, Monaco, Fase. XLIX, 1916, p. 6).
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SUMMARY.

1. A study of the adult population of Sagitta elegans Verrill has been
made in the waters off Plymouth by weekly collections with the 2-metre
stramin ring-trawl hauled obliquely in the daylight.

2. Measurements of large samples and a study of the state of develop-
ment of the gonads has shown that there were apparently four, if not
five, broods of S. elegans produced in the year.

3. These successive broods were apparently spawning in April-May,
June-July, and September, 1930, and February, 1931.

4. In the offspring of the September spawning population no gonads
were developed during Octoher and November. The male organs started
to ripen in December, and the ovaries in January, but the brood did not
appear to be fully mature until February.

5. There was a difference in the size to which the adults of the different
broods grew and at which they matured. The approximate average
lengths of the adults of the spawning populations were in 1930 for May,
19520 mm. ; June, 13}-141 mm.; July, ca. 13 mm.; September,
10-10} mm.; and in 1931, February, 12-12} mm.; and April-May,
<ca. 16 mm.

6. Measurements of the ovaries of mature animals showed that in the
smaller individuals the length of the ovary is less in proportion to the
total length of the body than it is in the adults.

7. Very few fully spent individuals were to be seen ; the ovaries failed
to develop in many of those Sagitta which were parasitised by
nematodes.

8. In the total catches the Sagitta were most abundant during July,
August and the beginning of September.
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10}
10
9
9%
10
8%
10
10

Date.

Nov.

1930
20th
26th

3rd
10th
17th
22nd

1931

st

5th
15th
22nd
26th

Gth
12th
20th
23rd

E\fa,rch 17th

April
,\,I;Ly

2

2

EE

26th
lat
9th
16th
22nd
30th
Gth
28th

St. L

11}
11
121
13
13
113

10

St. I
Upper Lower Upper Lower
limit. limit. limit. limit.

—it
ok
9%
104

114
10

8%
8%
10
i3
G

8
9
8

1 at 134 mm.

144]|
134
131
12}
131
14}
131

St. II1.

1 One with ovary nearly ripe.
§
i

1 at 15}.



TABLE TIII.

MeAsUREMENTS oF Bopy LeNeGTH oF Saair74 ELEGANS IN MILLIMETRES.

Length in mm.

Total
measured

1930 4 41 55, 6 6} 7 7% 8 8% 9 9} 10 10} 11 1112 12} 13 13} 14 14} 15151 16 161 17 17} 18 18} 10 101 20 20} 2121} 22

}fn.y 5. - - - = = = = 1 1 4 1 4 4 14 i 4 3 4 4 2 2 2 3 t 1 4 i 5 10 20 22 12 11 9 1 1 167
R Y o o 00 Lo % 01 B % 97 4 6, 3 2 4 AR P oS g Zoig W R8st 21 - TRD

Jume 10 . - - 1 - 1 1 - 2 b 5 14 12 12 16 16 29 27 28 a7 23 13 13 16 ] 3 - | = e e = = - = = 274
w18 . — — — — — — 1 2 6 1 14 17 19 17 2 18 21 21 22 44 57 56 42 26 10 7 3 1 - - 1 1 1 - — 1 - 435

w 26, - - — 1 1 4 1 5 14 9 18 21 30 44 60 52 64 52 45 35 41 33 18 11 Il - - 2 - - - - - = = = = At

July 4. - - 1 - - 1 - 4 3 4 71013 20 20 34 52 53 88 8 111 113 67 38 27 8 6 1 1 - 1 - — - — - - 777
s 9. -111 1 2 9 12 15 18 39 42 48 38 46 43 38 62 50 63 40 24 20 12 9 5 - - - - & =3 ik e 638

o 14. — - -3 2 5 13 20 23 36 56 63 66 57 62 62 6 64 57 51 32 2 15 8 6 4 1 - - - — - — - - - - 788

D23, 133 4 3 6 17 12 20 82 37 3D 66 66 63 76 B4 100 79 658 B33 42 19 € 3 B - o~ = = = .= = o - . 858

s 20, -1 2 8 8 19 34 48 59 64 53 Hl 47 a8 35 Hd 46 55 63 54 42 17 14 7 2 1 1 - | - - = = e = = = 828

Ang. 7. - - — — 2 4 0 10 25 40 61 72 65 63 904 64 40 33 24 5 6 7 3 1 - - — - - - - - - - - - - 67
Wy 4. - - - 2 2 8 9 14 37 55 H4 63 65 G 78 54 48 30 24 h 4 4 | 1 - - - - - - = - - = = = = G28

28] Do 1 & 4 T4 U4 8% A8 B4 70 78 OT CBE AL 43 100 B B3+ I TZ B L L e s s S a4 el wn b wwosr @A

o 28, — 1 O 5 27 2D 45 48 47 58 62 G5 70 Hd 49 13 T - ‘ - - - - - S - - S 502

Sept. 3. — 1 2 7 21 22 42 41 46 60 78 65 65 20 8 4 - - — - - — — o o~ o . _ 491
e . — —we— 2 1 & 8 11-16 15 45 96 187138 63 80 7 4. 1 -8 = = = = = = — .= .S S . B892

o 168, - 1 -1 4 2 3 14 7 16 22 48 59 At 35 13 3 1 - = - - - = = - - - - - - - = - = - — 283

L2, - - 11 2 6 11 9 156 13 20 34 38 45 30 0 6 - 1 - B T T g N |

Qet. 1 . - 2 1 - 1 - 3 5 10 12 8 12 13 11 b 4 1 — - - - = - - - - - - e e 02
S Moo S emen sy E oo & B L BT M BB BT F B e e emr i e e ae Bmowme 5 meoee g ged mw o e e ae 08

W 4. - - — 1 4 1 11 18 16 27 19 22 22 24 14 21 7 2 1 - - - - = - - = e e eme - g S 210

S16. - 33 2 9 6 14 15 23 24 31 23 14 6 3 4 4 1 B omiE pE AS EN e el i 0B ETE RS TR JuE

Now 6. = =1 @ 15 '8 16 11 42 400 73 6L B9 36 28 10 7 = & om i@ ns wr @@l mh ah oGe MD L hw wm e ol L 2L A)1g
., 13. - 31 2 i1 4 B 5 13 4 10 13 23 19 18 b1 1 4 2 1 - - - - - = - - - - = = = = = 146

A R A e T S L e i

w2%.-185 5 4 61110 3 2 1 1 2 - 1 - - .

Dec. 3. - 2 2 4 4 10 13 21 22 27 20013 9 10 10 14 11 10 3 2 1 - — — = — - - - — - - _ _ _ _ 217
. 0. - 212 3 313 15 20 80 37 30 85 8 25 20 16 9 8 & 9 = = L T o Ll o= 0 0Z L o - = = 305

W 17T, - -1 = 1 2 4 8 10 18 19 17 23 24 35 27 27 23 11 11 1 | - - - - = S =h B B owm I 263

9907 me m e G BN D W 3 GR2 UM R BT BTN B T s s s s oo e @ ome oo mmoame g

== s
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TABLE TIl—continued.

i
Length in mm. c &
B3

1931 4y 65 6F 6 6 7 7% 8 8} 9 9} 10 10} 11 11} 12 12} 13 13} 14 14} 1515} 16 16} 17 171 18 18} 19 191 20 20} 22 8
Jan. 1 . - 12 3 65 6 11 9 24 25 30 20 23 14 15 11 4 2 - 1 St e amnotam o —m s e e e - 206
" 5. - - = -1 4 1 4 717 10 13 14 17 11 2 4 2 - - l = = = = = = - - - -~ = - 108
w18 - - = =1 1 2 3 9 15 18 33 31 26 44 31 23 21 11 G 3 1 1 - - - - - - - - - - 280

» 22 . - =--1 4 1 2 7 6 11 12 20 20 26 22 13 11 2 6 - 1 38 - = = = =« - = - - = - 168

o 26 . - == = = - = 410 &6 11 12 18 21 12 10 8§ 3 1 1 - - = = s = e e s = = = - 117
Feb. 6 . - = = = = = = = =1 =1 9 5 12 7 7 2 2 1 1 - - - - - = = = = = - 51
» 12, - =-=- -1 11 - 1 3 & 7 9 18 15 9 10 3 - - - = = = = = = - = = - - - 83
w20, i I N R B U B 8 25 48 B3 48 24 7 3 3 = = & - - = = = - = - 23
» 23 . - --1 1 1 2 1 1 3 4 4 11 25 23 58 69 44 24 11 3 = = = = = - - - - - = - 201
Mar. 17 . 234 2 5 5 7 5 8 12 14 25 25 26 24 22 30 27 30 11 14 10 2 3 - - - 1 - - - - - 317
w 26 . 1 4 6 5 9 18 13 15 20 21 16 20 15 20 20 24 25 21 16 12 4 3 2 1 1 1 - 1 - = - = - 334
April 1 . - 33 3 3 711 819 17 17 12 15 15 9 10 16 12 23 20 22 23 13 11 7 7 2 - - - — -~ - 308
s 9. - - -1 4 4 7 9 11 10 11 14 11 9 14 8 13 13 10 9 8 612 8 4 2 1 1 - - - - - 200
w» 18 . - - - -1 3 4 6 7 b 4 9 5 3 6 6 7 14 7 10 15 27 34 41 27 30 6 11 4 5 1 1 - 308
n 22, - - - - - =2 3 1 -1 3 2 2 2 3 2 1 2 2 7 612 65 6 8 4 - 1 1 - = 76
. B0 - - - - - - - - - 2 - - 2 - = 1 = 1 1 - 1 - 1 1 - 1 2 1 1 - 1 1 - 18
May & . -=-1 -11 2 -1 - 9 &6 4 4 6 7 1 66 T 4 3 5§ 1 2 6 3 2 - 1 - - - 89
S B EE R B o R B S8 MR E s m e e e oo DT e T o pa
28 221 1 6 3 6 4 6 9 3 11 8 11 9 15 16 21 22 26 17 37 23 26 34 27 22 18 4 1 - - 400
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