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1. INTRODUCTION AND METHODS EMPLOYED.

THE study of the rate of growth of the invertebrate population of the sea
and of the amount and time of deposition of the broods on the sea-
bottom is of importance both for investigations on the economy of the
sea and in relation to fishery problems. It is not usual, however, to obtain.
at one time sufficient numbers of a particular species as are necessary for
studies on such questions as the rate of growth of the individual, or of the
number of year groups composing the population. When, therefore, a
quantitative digging in Kames Bay on the Cumbrae, on the Firth of Clyde,
revealed sufficiently large numbers of Tellina tenuis living in the sand,
an opportunity suggested itself for attempting such studies. A general
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survey of the various bays in the Cumbrae was made, but Kames Bay was
selected for intensive study, both on account of its accessibility and its
richness in Tellina tenuis. A number of stations was fixed in the bay
above and below low-water mark of spring tides, and these were examined
on six different occasions from the last week of September, 1926, to the
first week of October, 1927, so that the samples coVer a complete year in
the life of the species, and enable the growth of at least one year group to
be traced accurately. At the same time parallel observations were made
in other areas in the neighbourhood.

The method of sampling differed according as the stations lay in the
intertidal zone or below low-water mark. In the first case a square with
sides of half a metre was marked out on the sand and then dug out to a
depth of about 15em. with a spade, experiment having shown that digging
to this depth would capture all the Tellina tenuis on the ground. When
dug out the sample was placed on a sieve of perforated zinc with circular
holes 2 mm. in diameter and washed.

Below low-water mark a Robertson bucket dredge was used to collect
the samples, and sufficient sand or mud collected to fill a 20 em. cube.
This, also, was washed on the 2 mm. sieve. Examinations for young broods
were carried out with a sieve having holes 1 mill. in diameter.

The ratio of the quantity of sand in a! sq. m. dug to a depth of 15 em.
to that of a 20 em. cube is about 4.7 to 1.0. Where the two methods of

digging and of dredging with the bucket dred.ge were tested, one against
the other at the same station, the catches were in about the theoretical
proportions, but the dredge, owing to its skimming action, contained a
relatively higher proportion of small individuals. On this account the
results got by the two methods, expressed as percentages of the total
.catch, are discussed separately. The measurement of Tellina tenuis
used in the tables is that of the greatest antero-posterior length in mill.
taken to the mill. above, i.e. all specimens between 7.1 and 8 mm. are
included in the 8 mm. column.

II. LIST OF STATIONS.

The stations in Kames Bay at which Tellina tenuis was secured are as
follows :-

Stn. 1 High-water mark, neap tides.
" 1a 20 yards below Stn. 1.
" 2 40 " " "
" 3 80 " " "
" 4 120" " "
" 5 160" " "low-water mark, spring tides.
" 6 Approx. 2 fms. at high water, neap tides.
,,7 " 3" "" ""
"8,, 5" " " ""
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The bottom at all these stations consists of fine clean sand, practically
all passing through a 1 mill. sieve, with a trace of mud only at Stn. 8.

In addition the following bays in the Oumbrae and neighbourhood were
worked for samples of Tellina tenuis on one or more occasions.

1. Garrison Bay. A small sandy bay to the west of Kames Bay, one
station at L.W.M.

2. Fintry Bay. A large sandy bay on the west of the Oumbrae, stations
at mid-tide and L.W.M.

3. White Bay. A small sandy bay on the north of the Oumbrae, stations
at mid-tide and L.W.M.

4. Balloch Bay. A large muddy bay on the east side of the Oumbrae,
three lines of stations at H.W.M., mid-tide, and L.W.M.

5. Oastle Bay. A small sandy bay on the Little Oumbrae, one station at
L.W.M.

6. Hunterston Sands. A line of stations up th~ Hunterston Sands on the
Ayrshire coast opposite Keppel. Stations at L.W.M. and at 100,
300, and 750 yards up from it. This last station being about three-
quarters way up the beach.

III. RANGE AND DENSITY OF TELLINA TENUIS.

Tellinatenuisis the dominant form in certain sandy bays in the Oumbrae
and its neighbourhood. It ranges from a little below H.W.M. to a depth
of 3-4 fm., with its maximum concentration in the region of L.W.M.
spring tide.

The density in certain of the bays is very high, and the following list
of some of the densities per! sq. m. found during the investigations will
give an idea of the abundance of this species.

TABLE 1.

Table showing the maximum density, per! sq. m., of Tellina tenuis in
certain bays in the Oumbrae and neighbourhood.

Kames Bay. On one occasion 1897
" " Usual at L.W.M. 760-1000

White Bay 242
Ballach Bay 218
Oastle Bay, Little Oumbrae 312
Hunterston Sands 765
Garrison Bay 265

These high numbers contrast markedly with those which I have found
in the sands along the south shore of the Firth of Forth, where the best
hauls, made at North Berwick and Oramond, gave only 15 and 8 Tellina

tenuis,respectively, per! sq. m.
NEW SERIES.-VOL. XV. No.2. APRIL, 1928. 2 x
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IV. INTENSIVE STUDY OF TELLINA TENUIS IN KAMES BAY.

(a) Density at eachintertidal Station.

In KamesBay the density of Tellina tenuis decreases from L.W.M. to
H.W.M. in a regular manner. In September, 1926, for example, the
density per lsq. m. at each station above L.W.M. was as follows :-

TABLE 2.

Stn.
No. of Tellina tenuis

I
0

la

14

2

132

3

205

4

473

5

822

In all subsequent observations a similar result was obtained, except that
the numbers of Tellina tenuis at Stns. 4 and 5 were usually rather closer.

(b) Distribution accordingto Size.

The distribution according to size is also very remarkable, and the
uniformity of the physical conditions in the area may be, in part, the cause.
The bay is long and narrow, the slope is gentle, and the bottom consists
of fine sand with a high and uniform water content. An estimate of the
water content was made by Mr. Elmhirst, and the percentage loss of
weight when a sample of wet sand from each station was dried is as
follows :--

TABLE 3.
Wind drifted

sand above
H.W.M.

17.4

Stn.
I

19.9

Stn.
2

20

Stn.
3

20

Stn.
4

20

Stn.
5

20%loss

The texture of the sand is very uniform and, unlike the sand of most of
the other bays examined in the neighbourhood, is not mixed with large
quantities of broken shells. The distribution of size-frequencies at the
various stations in Kames Bay may represent the normal one when the
area exposed during ebb tide is sufficiently entensive and uniform in slope
to permit of zoning. In most bays the short slope, or sand banks. or
constitution of the bottom, or a combination of all these factors may make
it difficult to trace the levels as clearly as in Kames Bay, or may obliterate
the zoning normal in other areas.

During these investigations some fifteen to sixteen thousand individuals,
mostly from Kames Bay,were measured, and in Table 7 (p.701) the percent-
age of the catch at each mm. size is set out for the various stations. From
this table it is evident that the larger individuals occur in the upper reaches
of the bay, while the smaller sizes predominate at lower levels. The
differences in density and size-frequency at the various stations are perhaps
more clearly shown in Figure 1, where the actual collections of Tellina
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Stn.
2

Stn.
4

Stn.
6

FIG. I.-Photograph showing the actual numbers of Tellina tenuis taken in
September, 1926.

Stns. 2, 3, 4, 5 on t sq. metre.
Stns. 6, 7 in a 20.cm. cube.

687

Stn.
3

Stn.
5

Stn.
7
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tenuis made in September, 1926, at Stns. 2, 3, 4, and 5 in a! sq. m. of sand
dug to a depth of 15 em., and at Stns. 6 and 7 in a20-cm. cube of sand
collected by a bucket dredge, are shown. At Stn. 6, for example, few
individuals over 7 mm. were taken, while at Stn. 2 the majority of the
specimens were from 13 to 15 mm. in length.

Gemmill (9) found that in Mytilus edulis and Patella vulgata the
individuals at higher levels were of smaller size than those at low levels,
while the reverse is found for Tellina tenuis. He suggests that the
differences of size at high and low levels are due to Patella and Mytilus
feeding only when covered by the tide, and that therefore individuals
from higher levels will have less time for feeding. The differences between
Mytilus and Patella and Tellina are probably due to the fact that both
Mytilus and Patella when the tide recedes are exposed to the air and must
suspend most of their activities.

Segerstrale (10): working on Macoma baltica in a fjord at the Tvar-
minne Zool. Station, found only large specimenB in the deepest parts
of the fjord, but inshore both large and small ones were present. He
snggests that this distribution of sizes may be due to migration. From

. the few investigations I have made on Macoma balticait seems probable
that along the Scottish coast the size distribution is similar to that of
Tellina tenuis.

Table 7 (p. 701) also shows that the character of the hauls in Kames
Bay above and below L.W.M. is quite different at all seasons. Below
L.W.M. the population is composed only of individuals whose rate of
growth and general size is apparently small. Stn. 8 may be considered,
for all practical purposes, as marking the seaward limit of the species.
The numbers taken at this station are small and range in size from 3 to
5 mm. At Stn. 7 the numbers are higher than at Stn. 8, but at all seasons
about 90% of the population was found to be under 7 mm. At Stn. 6 the
numbers are still higher, the population contains larger specimens, but
even here few individuals over 7 mm. are met with. At Stn. 5, however,
the character of the catch changes, and the change is even more marked
in the higher stationB. At Stn. 5 the numbers per sq. m. reach the
maximum concentration in the bay, and, from the method of collection,
it is certain that all sizes on the ground are represented in the sample.
At Stn. 4 the density approximates to that at Stn. 5, but the rate of
growth is slightly increased. At StnB. 3 and 2 the denBity falls off rapidly,
but the rate of growth increases considerably.

(c) Rate of Growth.

We may begin the study of the rate of growth of Tellina tenuis in Kames
Bay at the stations above L.W.M., where growth, assuming that the
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population is more or less stationary, is fairly rapid, and deal later with
the results from the stations below L.W.M. where growth is slower.

As may be seen from the figures for Stn. 5 (Table 7), the group of
individuals at 3 to 4:mm. in length formed about 80% of the population

40

30

20

10

0
0

Stn.5

13 4 27
--20627- - - -- 13 8 27

71027

2 4 146 8 1610 12

Size in mm.

FeG. 2.-Graph showing the percentage (ordinate) of the
catch at each mm. for Stn. 5 in April, June, August,
and October, 1927.
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in September, 1926, and there is a hint of a second group at 8-9 mm.
From September to April there is little growth, but from April onwards
growth is fairly rapid (Fig. 2). By June the mode at 3 mm. in April has
shifted to 5 mm., and that at 10 mm. in April to 11 mm. By August
the mode at 5 mm. in June has shifted to 6 mm., while that at 11 mm.
remains about the same figure. There is in addition a third mode in the
August curve marking the presence of the 1927 spat which had recently
made its appearance on the ground. In August, 1927, when growth may
be considered to have ceased for the year, there are three modes on the
curve, at 3 mill., 7 mm., and 11 mm., which might reasonably be taken
as representing three year-groups, provided there is not more than one
spatting season per annum. A comparison of the curve for September,
1926, with that of October, 1927 (Fig. 4), shows that this can hardly be
the case, for it is evident that there is one year-group entirely missing.
In the size-frequency curve for September, 1926, there is one mode at
3 mm., as in October, 1927, but there is none at 7 mm., as in October,
1927. Now we have actually traced the growth of two groups during the
year from 3 mm. and 9 mm. in September, 1926, to 7 mm. and 11 mm. in
October, 1927. In other words, the smaller sized group has grown 4 mm.
in length during the year, and the larger one 2 mm. To assume that in
1926 growth was much more rapid than in 1927 does not seem the best
way out of the difficulty, for that would mean a growth-rate in 1926
practically double that of 1927. It seems much more reasonable to assume
that the year-group at 7 mm. in the October, 19-27,curve is unrepresented
on the September, 1926, curve, and that the group at 11 mm. on the
October, 1927, curve is poorly represented on the September, 1926, curve.
The growth-rate being much higher at the upper stations, the absence,
or poor representation, of these two groups becomes much more marked.

If, then, we accept the idea that one year-group is unrepresented in the
curve for October, 1927, at Stn. 5, we may say that at L.W.M. in Kames
Bay in October, 1927, there were four year-groups represented in the
population, namely, the spat of 1927 (O+group), mostly 3 to 4 mm. in
length; the 1926 spat (1+ group) ranged round 7 mm.; the missing
1925spat (2+group), which would have ranged round 9 mm.; and lastly
the 1924 spat (3+group) ranged round 11 mm. There may, of course,
be a few representatives of older groups, but, if present, they form a very
insignificant part of the population.

These figures indicate that since 1924there have been alternate good and
bad years of spat fall. For example, the O+group in the autumn of 1927
is only about a third part that of the autumn of 1926, which is a very
well-marked group, while the O+group of 1924is almost absent. Boysen
Jensen (2) notes a similar occurrence in Danish waters where he has found
that the spat of Syndosmya alba appears about every second year.
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The growth-rate of Tellina tenuis at Stn. 4 is similar to that at Stn. 5
(Table 7). There is the same high density, the same year-groups can be
traced, but growth is a little more rapid. On the curves for October,
1927, for example, the modes are at 7.5 mm., 10 mm., and 12 mm. for

:~o
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Stn.2
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4 6 8 10 12 14 16 18
Size in mm.

FIG. 3.-Graph showing the percentage (ordinate) of the catch at
each mm. for Stn. 2 in April, June, August, and October,
1927.

Stn. 4, as compared with 7 mm., 9 mm., and 11 mm. at Stn. 5. As before
the absence of the 1925 spat (2+group) is clearly marked.

There are noticeably few of the 1927 spat retained by the 2 mm. sieve
at Stn. 4, while they are present in numbers at Stn. 5, and this contrasts
with the conditions found in the previous year, where, in September,
1926, they were numerous both at Stns. 4 and 5 (Table 7). The difference
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this year may be due to a retardation of the growth of the spat by the
generally unfavourable conditions of 1927.

The size-frequency tables for Stns. 3 and 2 differ considerably from those
of the lower stations. The individuals are, on the whole, considerably

70

Stn.5

60
24 9 26

- - - - 7 10 27

50

40

30

20 \
\
\,
\

0
0

10

2 4 6 8 10 12 14 16

Size in =.

FIG. 4.-Graph showing the percentage (ordinate) of the
catch at each mm. at Stn. 5 in September, 1926, and
October, 1927.

larger, the rate of growth is more rapid, and the curves indicate a rather
less compact group round the mean. For the latter peculiarity a reason
may be suggested from an inspection of the figures for Stns. 3 and 2 in
Table 7. The spat, as will be shown later, is probably deposited over a
period and the earlier falls seem to be below L.W.M., but sooner or later
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some is deposited in the intertidal area as well. The earlier spat has still
a short period of growth before winter sets in, e.g. in autumn there is a
mode in the curves for Stns. 3 and 2 at 5 mm., but during the winter large
numbers of smaller individuals make their appearance at these stations, as
is shown in Table 7 where the percentage of individuals at 3 mm. in length

30 Stn.2

24 9 26

7 1027

0
0

~
I \
I \

I ,
I ,

I 'I '
,I ,
I j

I
I
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~I,

~ : ~
" I ~

',I V

y

2 4: 6 8 10 12 14: 16 18 20

Size in mm.

FIG. 5.-Graph showing the percentage (ordinate) of the catch at
each mm. for Stn. 2 in September, 1926, and October, 1927

rises from 1°% in September, 1926, to 13% in January, 1927,and to nearly
30% in April, 1927, at Stn. 3. At Stn. 2 a similar rise occurs. When,
therefore, growth starts again in spring there are the rather larger
individuals which have reached a size of 5 mm. in the autumn, and the
smaller ones at 3 and 4 mm., and these two sets of individuals, growing
at about the same rate, give the appearance of a double group whose
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limits lie close together. This increase of small individuals at Stns. 3 and 2
may be due either to a prolonged spat fall, or to a gradual movement of
the animals themselves, or to a slight continuance of growth during the
winter months. Until the history of the earlier stages of Tellina tenuis is
worked out this must be left an open question.

Returning now to the figures for Stns. 3 and 2 (Table 7), it is seen that
the density is markedly less at Stn. 3 than at Stn. 4, and rather less at
Stn. 2 than at Stn. 3. The individual growth is larger than at Stn. 5 (com-
pare Figs. 3 and 4), but four-year groups can be traced as at Stn. 5. The
absence of the 2+group (1925 spat) is again evident if we compare the
curves for September, 1926, with those of October, 1927, for Stn. 2
(Fig. 5).

Stn. 1a marks for all practical purposes the upper limit of the species.
The individuals here are smaller, and the density less, than at Stn. 2.
The number of specimens taken in the samples has varied considerably,
so no attempt is made to discuss the rate of growth at this level.

Turning now to the stations below L.W.M. we find that at Stn. 6 growth
is slow and the modes lie close together. In this case it might have been
better to have measured the specimens to the nearest half mm. in order to
separate the year groups. In October, 1927, (Table 7) the O+group and
1+group are quite well marked at 3 mm. and 6 mm. respectively, while
the 3+group might lie at 9-10 mm. The missing 2+group would
probably lie about 8 mm.

With regard to Stn. 7 it is not possible, in the present state of
our knowledge of the species, to give an accurate figure for the rate of
growth of the individuals at this level nor a satisfactory reason for their
permanent dwarf size. This station lies near the seaward limit of its
range and conditions probably begin to prove adverse, but, on the
other hand, at the landward limit individuals, if few, are of considerable
SIze.

Davis (3) and Ford (6) have given the results of their studies on the rate
of growth of certain allied species of lamellibranchs from deep water, but
in the present state of our knowledge it is not possible to draw comparisons
between the rate of growth in Scottish waters and that in the Southern
areas.

To summarise the remarks made on the rate of growth of Tellina tenuis
in Kames Bay, we may say that the Tellina tenuis population is almost
entirely composed of four-year groups, one of which is not well represented.
At each station from 3 fm. to near H.W.M. the rate of growth is slightly
different, being progressively more rapid as we proceed shorewards.
Appended is a table showing the modes for each year-group at Stations
6 to 2 for the October, 1927, curves.
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V. COMPARISON OF THE RATE OF GROWTH OF TELLINA TENUIS IN KAMES

BAY WITH THAT OF THE OTHER BAYS IN THE NEIGHBOURHOOD.

In Table 8 (p. 702) are given the size-frequencies at each mm., in per-
centage of the total, of Tellina tenuis for some of the other bays in the
Cumbrae and its neighbourhood. As these collections were made for the
purposes of the general survey no attempt is made to trace out the year-
groups till repeated observations, like those in Kames Bay, have been
made, but the figures as they stand are interesting and suggestive.
Growth is evidently more rapid in areas such as the Hunterston sands,
White Bay, Garrison Bay, and Castle Bay, than in the corresponding
levels in Kames Bay. The modes on the curves for these bays correspond
rather to those of the curves for 8tn. 2 in Kames Bay than to those of
8tn. 5 as their position at, or near, L.W.M. would lead us to expect.
Ford (7) has found similar results for Syndosmya alba in Bigbury Bay and,
he states that" the average size of the mollusc is greater when the numbers
are fewer." The numbers in these other cases, with the exception of.one
haul on the Hunterston sands, correspond to those of 8tns. 3 and 2 in
Kames Bay, so it may be that the progressive changes in the rate of growth
at the various stations in Kames Bay are determined not only by the
actual position on the beach but also by the density of population, i.e.
by the amount of food available for each individual.

The figures also suggest that in these other bays rather older year-groups
are present than in Kames Bay, and that some of the individuals may be
five, six, or even more years of age. In all these areas, however, the 1926
brood predominates as in Kames Bay.

Ford (8) has found a similar result in the case of Spisula elliptica, and
he states that" the 1922 stock was the predominant element throughout,
and even at the beginning of the summer growth in 1924 it formed over
nine-tenths of the weight of the whole stock."

VI. COMPARISON OF THE DISTRIBUTION OF TELLINA TENUIS AND

TELLINA FABULA IN KAMES BAY.

In Kames Bay both T. tenuis and T. fabula occur plentifully, but the
relative frequency and area of distribution of the two species do not

TABLE 4.
Year groups.

Station. 0+ 1+ 2+ (missing) 3+
6 3mm. 6mm. 8mm. 9.5mm.
5 3mm. 7mm. 9mm. 11 mm.
4 7.5mm. 10mm. 12mm.
3 4mm. 8.5mm. 11 mm. 14mm.
2 4mm. 9'5mm. 11.5 mm. 14.5 mm.
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correspond. In the adjoining table the numbers of each species in the
collections made during September, 1926, at Stns. 1 to 8 are given, along
with those from stations in deeper water as far as the limit of the species.

TABLE 5.

TABLE SHOWING THE NUMBERS OF T. TENUIS AND T. FABULA AT

VARIOUS STATIONS IN KAMES BAY.

Contained in ! sq. m.
Station 2 3 4 5

No. T. tenuis 132 205 473 822

No. T.fabula - 3 3

Contained in 20-cm. cube.
6 7 8 7fm. lOfm.14fm.

327 29 - - -
26 101 144 134 10

Thus T. tenuis is abundant between tide marks and just below L.W.l\L,
but dies away at greater depths, while T. fabula is sparingly distributed
between tide marks but becomes abundant in depths of 4-6 fm., and dies
away in turn about 11 fm. The growth-rate of Tellina fabula, for com-
parison with that of Tellina tenuis, has not yet been fully worked out, but
it is probably of the same order as that of Tellina tenuis at Stn. 6.

VII. STATE OF THE REPRODUCTIVE ORGANS.

Active spermatozoa were first noticed in a few individuals from between
tide marks at the end of May when the ova were flat and compressed by
crowding in the gonad. In July mature ova were found rounded off, while
in August some specimens, both male and female, appeared more or less
spent. No actual spawning was noticed.

In June small specimens of 7 llilli. length were found to have maturing
gonads, showing the incidence of maturity in the 1+ year group.

VIII. SPATFALL.

The state of the reproductive organs was taken to indicate that no young
brood would appear on the bottom before about June, but, to make
certain, sampling with a 1 mm. sieve was conducted at, and above,
L.W.M., a position shown by later studies to be rather an unfortunate
one. Better results might have been obtained had the samples been
taken below L.W.M.

No specimens of Tellina tenuis, passing the 2 llilli. sieve but retained by
. the 1 mm. sieve, were found during the winter or spring months. In

August, 1927, the whole 20-c.c. cube of sand dredged at Stns. 6, 7, and 8
was sieved through the two sieves as well as samples from Stns. 4 and 5.
The same observations were repeated in October, 1927, and, in addition,
samples were taken from Stns. 3 and 2. The results are set out iri the
adjoining table.
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TABLE 6.

TABLE SHOWING THE NUMBERS OF TELLlNA TENUIS PASSING THE 2-MM.

SIEVE BUT RETAINED BY THE I-MM. SIEVE.

These results indicate that the spat is deposited during the summer
months in large numbers a little way below low-water mark, but by
autumn it is also to be found spread in large numbers up to the half-tide
mark, and in noticeably diminished numbers in the higher levels.
Deposition probably lasts for a period of 2 to 3 months, but this point
has still to be cleared up.

IX. FOOD.

During the winter months the food consists almost entirely of debris,
thalloid and filamentous algffipredominating, with some detritus from the
land. Diatoms playa small part while, amongst other less important
material, sponge spicules, starch grains, and sulphur bacteria occur, the
latter probably derived from decaying algffi.

During the spring diatom increase the food consists entirely of diatoms,
while during the early summer months the food is again mixed, but
diatoms still predominate. Davis (4) has found similar results in the
case of Spisula subtruncata; an examination of the stomach contents
showed that these bore a great similarity to the detritus on the
bank. These results are also in accord with the general conclusions of
Blegvad (1).

X. MORTALITY.

No special study of the mortality has yet been made, but at all seasons
a few dead valves, mostly attached by the ligament, are to be found in the
samples. Only once, in June, 1927, at about half-tide, when many dead
shells were seen mingled with the little heaps of debris and seaweed on
the shore, was a special collection of the dead material made. Three
hundred and thirty-eight valves of Tellina tenuis, ranging in size from
3 mm. to 12 mm., still attached by the ligament, were found, and in no case
were these bored by N atica. In addition to these empty valves there
were 56 specimens, ranging from 3 mm. to 13 mm., with the body still
inside. In some the flesh was quite fresh, but in others it was black and
decaying. This suggests that the mortality is due to " natural causes,"

Numbers in t sq. m. calculated from the
Numbers in 20-cm.cube small samples.

Stn. 8 7 6 5 4 3 2 la
Aug., 1927 18 290 11 85 10 -- - -

Oct., 1927 28 167 85 102 105 126 20 20
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and not to the action of Natica, such as Davis (5) has found in the case
of Spisula, or of fishes, which frequently cause heavy mortality in the
bivalve population.

XI. CONCLUSION.

These results can only be regarded as preliminary, and there are many
points in the life-history of Tellina tenuis still to be made out. This work
was begun as part of a much larger scheme of investigation on the Clyde
fauna, especially in regard to the age and renewal of certain groups of
bottomcdwelling organisms, and to the numbers and season of appearance
of the young broods. The attempt to work out the rate of growth and
number of year-groups in the Tellina tenuis population by measurement
and not by the study of annual rings is an initial step in the attempt to
estimate the age of the bivalve population in Scottish waters. There is a
great deal of uncertainty as to what the rings to be seen on the shells of
certain species really indicate, and in other species these rings are not
readily distinguishable. Hence it was felt that with such an abundance
of Tellina tenuis available the study of the annual increment by measure-
ment was possible. The results show that this is so, although confirmatory
work is necessary to settle in how far the annual increment varies from
season to season. Larger collections are necessary to secure adequate
numbers of the older year-groups. The variation in the rate of growth
from bay to bay is also important.

The search for the first appearances of the broods of various bivalves
on the bottom is also being continued, certain areas being periodically
examined with a fine sieve. In this way it should be possible to determine
when and where spat is actually deposited. An attempt will also be
made during the summer to trace the distribution of the larval stages of
Tellina tenuis and of the sizes of less than 1 mm. The early stages of
this bivalve are probably pelagic, and, as bivalves of small size are taken
in large numbers in the tow-net collections in the area, the identification
of at least some of them should be possible.
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XIII. SUMMARY.

1. The present paper deals with the results of investigations into certain
phases in the life-history of the bivalve mollusc Tellina tenuis carried out
during the autumn of 1926 and 1927.

2. Oollections in the intertidal zone and below L.W.M., were made in a
number of bays in the Oumbrae andneighbourhood, Kames Bay, Millport,
being selected for intensive study.

3. In Kames Bay Tellina tenuis ranges from a little below H.W.M. to
depths of about 4 00. The maximum concentration of about 1000 per
t sq. m. is found at L.W.M. springs and the numbers decrease to zero
at H.W.M. and 400.

4. In Kames Bay the density of Tellina tenuis falls in a progressive
manner from L.W.M. to H.W.M.

5. The size-frequency distribution shows a regular gradation from the
lower to the higher levels. At L.W.M. and below individuals of small
size predominate, while at H.W.M. they are proportionately few.

6. At higher levels growth is more rapid than at the lower levels.
7. The size-frequency curves and density of Tellina tenuis in the other

bays at L.W.M. correspond with those of half-tide in Kames Bay.

8. The rate of growth may therefore be influenced by the density of
population as well as by the habitat.

9. In all areas the 1926 brood predominates.

10. The Tellina tenuis population in Kames Bay seems to be composed
of four year-groups, one of which is almost rnirepresented. Oollections
from neighbouring bays indicate that older groups may be present.

11. The amount of young brood on the bottom seems to vary consider-
ably from year to year, being large and small in alternate years.

12. The two closely related species, T. tenuis and T. fabula, are both
plentiful in Kames Bay, but their range is not coincident.

13. Ripe sperms were found from May onwards and ova were rounding
off in June.

14. Young Tellina tenuis, passing the 2-mm. sieve but retained by the
I-mm. sieve, were found in Kames Bay in August, chiefly below L.W.M.,
but in October plentifully distributed up to half-tide and in lesser numbers
higher up the shore.

15. The food usually consists of vegetable detritus, but during the
spring increase diatoms appear almost exclusively in the gut.
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TABLE 7.

TABLE SHOWING THE PERCENTAGE OF THE TOTAL CATCH OF TELLINA

TENUI8 AT EACH SIZE-FREQUENCY IN MM. AT STATIONS 2 TO 7 IN

KAMES BAY.

STN.' 2.

'24,9,26
:20,1.27
13.4,27
14,6.27
}3,8,27
1,10,27

:24,9,26
20,1.27
13.4,27
14,6,27
J3,8,27
1,10,27

'24,9,26
,7,2,27
'13.4,27
20.6.27
13.8.27
1,10,27

STN. 3.

345
10'2 14'7 15'1
13'6 15'5 13'1
28'7 20'4 11'9

4'4 20'0 20'3
3'2 4'4 7'6
5'1 8'4 5'7

6 789
3'4 1'4 2'0 3'4
4'1 0'4 1'8 4'1
3'9 1'3 1'0 1'6

14'4 13'4 5'6 1'9
10'5 16'3 16'6 13'7

8'1 10'6 15'5 12'6

12 13 14
7'8 8'8 11'2

11'8 13'6 6'0
6'6 8'6 7'6
3'8 6'3 3'8
3'7 5'6 6'6
1'9 5'1 5'1

10 11

5'8 9'2
7'8 7'4
2'0 5'0
1'9 1'2
5'3 1'2

10'9 2'2

STN.4.

3 4
36'3 19'9
35'0 20'3
36'1 20'5

5'4 20'1
1'7 a'7
2'0 a'5

678
7'6 1'2 0'9 3'0
8'1 2'9 1'4 2'7

10'5 4'4 0'9 0'9
25'3 17'1 11'0 3'8
10'7 19'3 20'5 18'8

6'9 14'1 16'8 18'7

11 12 13 14

8'2 5'5 0'9 -
7'9 7'4 1'9
5'7 5'5 6'6 1'6
4'0 3'6 2'4 1'5
2'3 2'8 3'2 1'9
3'5 6'9 5'4 2'2

9 10
7'8 8'7
6'3 6'a
3'4 4'3
1'0 4'4

10'3 a'3
13'3 5'2

17

Total
spec;.

18 mens,
822
905
998
736
862
764

Tota'
speci.
mens,

325
355
254
194

16 17 18

* In January. 1927, a cube of 20 c,c, only gave 3 specimens of 3 mm, in length. but owing to the stormy
'weather when the haul was made it cannot be considered as a true sample,

STN. 7.

13

Total
mm. speci.

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 mens.

24.9.26 3'0 6'0 11'3 3'8 0'8 - 0'8 6'0 12'1 9'0 20'4 12'9 10'5 1'6 0'8 0'8 132

20,1.27 12'0 23'5 13'7 1'1 3'3 0'6 1'7 3'3 9'3 8'7 10'9 7'6 4'4 0'6 183
13,4,27 26'0 18'0 10'7 6'6 2'0 0'7 1'3 2'0 4'6 6'0 8'6 7'3 4'6 2'0 - 151
14,6.27 1'2 5'4 10'7 20'2 13'7 6'6 2'4 1'8 0'6 3'6 6'6 7'1 13'1 5'4 1'2 0'6 168
13,8,27 0'5 0'5 4'0 9'3 15'2 18'2 18'2 8'4 1'5 0'5 7'9 4'9 4'4 3'9 2'5 203

'7,10,27 3'1 1'0 3'1 10'3 12'4 23'6 18'5 4'2 3'1 2'0 9'3 8'3 1'0 97

Total
speci .

15 16 17 18 mens,
4'4 1'4 1'0 205
0'4 0'9 221
1'0 0'3 30B
3'1 0'6 - 321
4'4 0'5 0'8 411
5'7 1'3 1'3 310

Total
speci.

15 16 17 18 mens,
473
632
560

0'4 - 742
1'4 0'1 - - 835
1'4 - - - 594

STN. 5.

3 4 5 6 7 8 9 10 11 12 13 14 15 16
61'8 17'9 2'5 0'6 1'7 3'9 4'6 a'l 2'2 1'0 0'4 0'3
49'7 20'2 5'0 1'8 1'9 3'5 5'7 5'3 4'3 2'1 0'3 0'1 -
41'5 25'1 7'0 2'9 0'9 2'2 4'9 6'5 5'6 2'2 0'7 0'2 0'1

4'6 18'1 23'7 17'9 10'8 4'2 1'6 4'9 6'1 4'9 2'9 0'4
1a'l 5'3 12'3 17'9 15'7 10'4 4'8 6'9 6'7 4'1 1'9 0'9
20'7 14'9 12'0 9'3 11'9 8'7 4'1 4'7 7'7 4'5 1'3 0'3

STN. 6.

3 4 5 6 7 8 9 10 11 12 13 14 15

<6,10,26 69'2 19'4 1'8 1'8 1'8 1'8 3'1 0'3 0'5
17.4,27* 6a'4 25'1 8'0 0'9 1'1 0'3 0'9 0'3
13,8,27 38'6 15'8 13'4 17,0 11'8 1'1 1'0 0'8
3.10,27 27'a 1a'4 14'9 24'2 10'8 5'2 1'5 2'6

Total
speci .

14 15 16 17 18 mens,
29
84

20:3
114
]4:3

2 y

3 4 5 6 7 8 9 1O 11 12

6,10,26 65'5 7'0 3'5 17'3 7'0 -
'20,1.27 35'7 40'5 10'7 6'0 - 1'2 1'2 4'0 1'2
17.4,27 70'9 20'2 5'0 1'0 1'5 1'5 -
13,8,27 42'1 25'4 10'5 11'4 5'2 2'7 1'8 0'9
;8,10,27 53'9 26'6 9'1 7'0 2'1 0'7 0'7 -
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TABLE 8.

TABLE SHOWING THE PERCENTAGE OF THE TOTAL CATCH OF TELLINA TENUIS AT EACH MM. AT CERTAIN STATIONS

IN THE FAIRLIE SANDS, WHITE BAY, GARRISON BAY, AND CASTLE BAY, J-<ITTLE CUMBRAE.

Fairlie Sands L.W.M., 15.6.27

White Bay, L.W.M., 14.4.27

8.10.27

Garrison Bay, L.W.M., 16.6.27

Castle Bay, Little Cumbrae,
L.W.M.18.6.27

3 4 5 6 7 8 9 10 11 12 13 14 15 16

0,9 8,8 20'6 22.9 15.3 9.8 2.7 0.9 0,3 0,6 1.8 2.4 3,0 3.6 3.0

2.9 5,7 10,3 19.8 23.7 21.7 7,7 2.1 0,8 1.0 0,9 0.9 1.1 0,5 0,3 0'1 0,3

7,91.6 11.1 14.3 6.4 1.6 6.4 9.5 12.7 15.7 1'6

5.4 28.5 26.0 11.1 5,8 5,0 3.3 2.9 0.8 0.4 0,8 1.6 0,4 1.6 4.1

0,8 4.6 5.4 15.9 19.6 13.2 7,6 3,8 2.3 3.0 4.6 3.8 6.0 6,0

3'8 13.4 20.2 29,1 15.7 8,0 1.4 0,7 (14 0,4 0'7 0'7 0,7 0.9

17 18

1.5

0-4

1.9 1.5 0.4

1.8 2.1

19 20

1.5 0,3 0,3

1.6 6.3

0,8 OS

0,7

21

Total
speci-
mens.24

339

765

3.2 1.6 242

218

265

3Iif

--1
0tv

?'
(:)

w.
>-3
Qj
"tI
~
Qj
~




