Hydrodynamic sorting in the life history
dynamics ofMacoma balthican a nursery area
in the Thames estuary, England

John F. Caddy

The life history of Macoma balthicafrom settlement to senescence or parasitism is closely linked to the
hydrodynamic sorting of sediments and the soil grade in the Thames estuary, England. Data are presented
on seasonal changes in sediment type and the concentration of organic debris in a nursery area where
densities of age 0+ individuals reached 24 000:fn Sedimentary dynamics and redistribution of organic
debris support a hypothesis of hydrodynamic sorting &fl. balthicasupplementary to the currently accepted
migratory hypothesis. Postlarvae settle out from near-shore plankton in a narrow strip of muddy soil close
to the shingle beach where silt and coarse organic particles are deposited. From settlement to age two,
a proportion of juveniles are redistributed down-shore passively by tides and currents; some arriving on
sand at mid-tide level. Differential internal shell erosion of adults from mud but not sand suggests healthy
adults largely remain where carried by secondary dispersal processes. Progressive cercarial parasitism, or
the loss of the foot, increases from age 3 on. Large individuals stranded on the soil surface are redeposited
on the shingle slope after storms. Passive dispersal and hydrodynamic sorting is facilitated in summer by
animals remaining close to the sediment surface. This was confirmed by sediment traps which showed
seasonality of dispersion and directional movements of sediments and suspended animals.
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Distribucién hidrodinamica en la historia de vida délacoma balthican un
area de crianza en el estuario del Tamesis

La historia de la vida deMacoma balthicadesde su asentamiento hasta la senectud o parasitismo esta
relacionada a la hidrodinamica, tipo de sedimento y granulometria en el estuario de Tamesis, Inglaterra.
Se presentan datos de los cambios estacionales del tipo de sedimento y concentracion de materia orga-
nica en el area de crianza donde las densidades de los organismos de edad 0+ alcanzaron 24 60Qan
dinamica sedimentaria y la redistribucion de materia organica apoyan la hipétesis de la seleccionMie
balthicapor la hidrodinamica, ademas de la ya aceptada sobre su migracion. La postlarva sale del plancton
y se establece en una franja angosta de fondo lodoso costero, hasta cerca de una playa pedregosa donde
se depositan particulas de sedimento y material organico de mayor tamafio. Desde su asentamiento hasta
los dos afios de edad, una proporcién de juveniles se redistribuye pasivamente a lo largo de la costa por
mareas y corrientes; algunas llegan a la arena al nivel medio de la marea. La diferente erosion interna de
la concha en los adultos causada por lodo y no por arena, sugiere que los adultos sanos permanecen en
el sitio a donde son acarreados por un proceso de dispersion secundario. El parasitismo por cercaria o
la pérdida del pie, aumentan a partir de la edad tres. Los individuos grandes que se encuentran sobre el
sustrato son depositados en areas pedregosas después de tormentas. La dispersién pasiva y por hidrodi-
namica se facilita en verano en animales que se encuentran cerca de la superficie del sedimento. Esto fue
confirmado por el sedimento atrapado en las trampas que indicaron una estacionalidad en la dispersion y
el movimiento direccional de sedimentos y de animales suspendidos.

Palabras claveClasificacion por hidrodindmica, bivalvo estuarino, historia de vida, composicién del suelo.

Introduction though tolerant of other substrates “it typically
occurs in coarse mud containing large plant

Macoma balthica (Linnaeus, 1758) prefers fragments”. Madsen & Jensen (1987) found
muddy soils, and Segestrale (1961) noted that that Macoma settlement was more successful
in slightlyeutrophicated areas high on the mud
*  Via Cervialto 3, Aprilia, 04011, Latina, Italy. flats. Wernstedt_ (194_2) fqund'optimal growth
jfcaddy@yahoo.co.uk on organic detritus with rich diatom content —
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as in this study area, wherdl. balthica occurred
towards high water mark @wwm), with low flow
and shelter from wave action, but Segestrale
(1961) found recruitment only at long intervals
unless wave action or tidal streams were operative.
Desprezet al (1991) found abiotic factors more
important for northern populations of M. balthica
and mainly in the early post-larval stages where
intra-specific competition was evident.

Sigurdsson et al (1976) wrote about
‘migrations’ of ages 0+ and 1 yr oldM. balthica,
using a byssal thread to enhance displacement
by tides and currents, and this process must
enhance passive dispersal. In fact, analogous
‘migrations’ of juvenile spiders which disperse by
web threads are described as ‘ballooning’, given
that dispersal and not directional movement is
facilitated (Richter, 1970). Although seasonal
displacements of M. balthica have been
compared with salmon ‘migrations’, this term
may obscure the passive movement of animals,
and without doubting that a byssus-thread is
used in redistribution, it is demonstrated that
this occurs for juvenile Macoma by seasonally-
varying hydrodynamic processes, in the same
way as for inanimate components of the physical
substrate.

A 40 yr delay in publishing research results
is unusual, but since the ‘migration’ hypothesis
for M. balthica seems to contradict my early
results, it seems worth publishing this research
which focussed on hydrodynamic processes in a
bivalve life history. The original objective of my
study was to monitor seasonal passive sorting
of a bivalve population within a limited area
of estuarine shore, accompanied by seasonal
sediment analysis and measurements of sediment
redeposition in an area of abundance ofM.
balthicajuveniles or a ‘nursery’ (Fig. 1). The use
of a byssus to favour passive displacement was
not observed (but undoubtedly occurs) in this
population, but Caddy (1969) described juveniles
gliding on surfaces on the plantar surface of the
foot aided by active pedal cilia; a behaviour
which would also favour sorting by currents or
waves.

The study area at Seasalter on the south
Thames estuary (Fig. 1) was described by Newell
(1965). From a bank of loose shingle atwm , the
shore extends to mid tide leveljiTL ). Below the
shingle bank, mud grades off abruptly to sand at
60-80 m, with standing water. Beyond it, a slope
of approximately 1:600 is limited atMTL by bars
of coarse sand and gravel. Lower down shore,

Key:
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S El Bound shingle

Fig. 1. The study area in the southern Thames estuary.

14  Ciencia Pesqueras@s Vol. 18, nim. 1, mayo de 2010



Hydrodynamic sorting in the life history dynamics oMacoma balthica

the underlying London clay is at the surface.
Observations were made within a limited area
from the shingle slope to just belowmTL ; pools
of standing water and an abundance of fine plant
debris occur immediately below the shingle
bank — evidently a predominantly depositional
environment similar to those mentioned by
other authors asM. balthica habitat. This clam
was rare in the shallow layer of coarse sand
seaward from the study area. In other words,
the redistributional changes described here take
place within a much smaller horizontal range
than in the Waddensea. From measurement of
the prodissoconch and dissoconch, Caddy (1969)
suggested that a shorter planktonic life must be
more adaptive in a narrow and dynamic estuarine
habitat than in extensive areas of subtidal mud in
the Baltic Sea or in the Waddensea.

Methods
Sampling procedure

Since the intention was to investigate distribution
changes from spatfall onwards, the sampling
procedure was first to retain spat quantitatively,
and avoid arduous sieving of large amounts of
material (seefigure 2for typical sample on muddy
shore). The upper 3 cm of sediment was sieved
in the laboratory through a 0.5 mm mesh. The
remaining material in 2 x 1/16 r quadrats at
each station, down to 30 cm or the underlying
hard clay, was sieved on shore through a wire
bucket of 2 mm mesh. From experimental sieving,
the following limiting sizes were predicted and
actually retained by different meshes (Table 1); it
is evident that even a 0.5 mm mesh does not retain
clams less than 0.8 mm in shell length, which isgh
effective lower size limit for this study.
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Fig. 2. A sample of all size groups (Oct 1963) from the upper
shore (tag is 3.8 cm long).

A series of standard (Wentworth) sieves were used
for analysing soil samples - wet sieving to retain
wet organic debris which was separated from the
soil by decantation before drying and weighing.
To study movements of spat and adults across the
shore, transects and stations were fixed in relatio
to points on theHwM . Stations where samples were
taken and sediment traps inserted, were selected
randomly within several metres of stations at
regular intervals along six parallel transects, 4@
apart. Larger settlement trays were left on the
shore at mid-tide level to capture organisms trans-
ported by the tide. After a tidal cycle, a sediment
deposition can, with a partition orientated along-
shore showed unequal quantities of sediment in
the two sections; evidence of net movement from
the side with the greatest quantity of sediment:
over time, a seasonality in sediment resuspension

Table 1

Minimum sizes ofMacoma balthicaetained by wet sieving with different mesh sizes

Mesh size (mm) Diagonal mesh Predicted shell length largest Actual size largest

measurement (mm) specimen retained (mm) specimen retained (mm)

2.0 2.83 3.40 2.70
1.0 141 1.69 1.50
0.5 0.71 0.85 0.70
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and displacement occurred as a function of rough which are also visible in section (Figs. 4a & b). In

weather (Fig. 3). the Wadden Sea, a short annual period of growth
Regular sampling of gonad stages are was noted in spring, and little growth the rest of

described in Caddy (1967) who found one major the year (Beukema & Desprez, 1986).

cycle of oocyte development in spring with To investigate reburrowing capability,
gametes shed over 1-3 months, and a second,individuals of a range of sizes were allowed to
minor spawning in the autumn. burrow in muddy sand within a plastic box with

The method of Segestrale (1961) was used inner flanges, submerged in running seawater
to read the prominent annual rings on the shell, for 12 and 36 hr at 15 &, before thin partitions

Direction of

Prevailing Current

'

Sediments and
Clams

Vertical Partition Dividing Two Sides
of the Container Allows Direction

of Travel an Source of Clams to be
Deduced.

A
Downshore Net direction
Drift Aproximately
north-east
b) Longshore drift

>

Fig. 3.a) A sediment can with partition was used to determine net direction of drift of suspen-
ded sedimentsb) A vector diagram based on observations with the sediment partition paral-
lel and at right angles to the shore line gives a net direction approximatelyNg direction.
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1 centimetre

active foot). Small post-larvae were found in
fine sediments from mid April to June, and in
autumn. There was no distinction in sizes caught
in the plankton and those found in the upper
layer of muddy sediments at the top of the shore
(Fig 5). Observations showed the well-developed
ciliation of the foot with its flat plantar surface
with rapid gliding movements on flat surfaces.
A prominent byssal gland was noted by Caddy
(1969) though no evidence was seen of byssal
secretion — (probably an oversight).

In February 1964, 2-3 mm spat with opaque
shells, which evidently settled the previous year,
showed retarded growth. The next massive
spatfall occurred the 11-19 April 1964 during
equinoctial spring tides when the maximum
deposition of fine organic material also occurred

\ on the nursery area. A second significant
12 7 VS increase in spat numbers occurred betwen 3-10
s 7 v\t May. It is tempting to identify these two spatfalls
£ 0.8 - o /,n’
04 - =
0.2 o
0.0 bty T T T T
b) 0.0 05 1.0 15 2D 25

Shell Length (em)

Fig. 4.a) Transverse sections of adult shells of the same leng-
th from (upper) sand and (lower) mud, andb) their length-
weight relationship of adult shells from the same habitats.

separated the sediment and bivalves into
horizontal slices.

Results

a)
Reproductive season, spatfall timing and growth
Observations on seasonal gonad stages (Caddy, gg 1
1967) had revealed several spawnings in the g 25 2In plankton
spring at neap tides, notably, 27 February-23 £ 20 #In sediment surface
March 1963; 18-23 April 1963; 8-13 May 1963, = Iy
and an apparently smaller autumn spawning in sl
November 1964. Sampling plankton in spring 0
close to the beach, encountered larval stages b) 123 4 586 7 8 910 111213
of M. balthica from 23 April — 3 May 1963 and Size (mm)
11 April — 19 May 1964, but after the 19 April Fig. 5.a) Newly-settledMacoma balthicapat (310 § shortly

the plankton contained large numbers of post- after formation of the dissconchb) size frequency of sam-
larvae (identified by the dissoconch shell and ples of post-larval stages in the plankton (25 May 1964).
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with the two main spawnings described in Caddy
(1967) for the 12-29 March and the 11-19 April.
By October, few juveniles were present in the
nursery area, but by November 12, many early
post-settlement stages were identified — these
showed no significant winter size increase, and
were identified as the autumn-spawned opaque-
shelled juveniles found in February. Although
the spring spawning and spatfall is larger, it seems
that the autumn spatfall has a higher survival,
perhaps because predators such a€arcinus
(crab), Crangon(shrimp) and small flatfish are
largely absent from the shore in winter.

It is quite likely that a proportion of younger
clams in this small subpopulation are carried
down shore and down estuary (see later). In this
very dynamic environment with an exposed hard
clay platform close to low water mark (wwm), it
is not obvious where primary settlement could
occur below the study area. The impression is
that primary settlement is close to the shingle
slope in the nursery area aboveHwMm, with
subsequent dispersal down shore.

Linf = 22.95 -Mud
€
kS
£
o
=
(5]
-
' =002 Age(yr) 12

Linf = 20.63

Evidence for site selectioMiacoma balthica

Age reading of large samples of all sizes from mud
at 15 m, and from clean sand at 105 m from the
shingle slope, allowed separate von Bertalanffy
growth curves to be fitted (Stamatopoulos &
Caddy, 1989) in January 1964 (Fig. 6). A slightly
higher growth rate K, but a slightly smaller
maximum size (,) is evident for the sand habitat
(Table 2), but this is not statistically significant.
The growth parameters for the two areas are
presented intable 2 and the growth curves are
shown infigure 6 To include a realistic birth date
for age 0O+ animals without distorting the curve,
fractions of a year were added to all age readings
— corresponding to the supposed mean age of
the age 0+ group by the January sampling. A
mean age of age 0+ animals of 8 months, i.e,
the spring settlement time in April-May, gave
unrealistically positive values for theé, parameter
of von Bertalanffy. By adding the same fraction
of a year to all ages before fittingt, was brought
close to zero for an interval of 0.33 yr prior to

Sand

oofooo
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© 00 gloo
o000
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Length (cm)

tg= -0.098 Age (yr) 13

Fig. 6. Growth curves foMacoma balthicaat Whitstable, on mud and sand.

Table 2
Von Bertalanffy parameters fdacoma balthican two sediment types

von Bertalanffy parameters

In mud close to the

In sand further down

and age factor added to improve shingle slope the beach
goodness of fit
+0.66 +0.33 +0.66 0.33
K 0.367 0.369 0.396 0.400
L, 22.989 22.954 20.654 20.631
t, +0.302 0.022 +0.221 -0.098
r? 0.983 0.980 0.983 0.983
Max age (yr) 10 10 13 13

18 Ciencia Pesqueras@s Vol. 18, nim.

1, mayo de 2010



Hydrodynamic sorting in the life history dynamics oMacoma balthica

sampling —i.e. a supposed birth date 4 mo before
sampling — October (Fig. 6). This is consistent

with gonadal observations, and suggests that the

spring settlement had either already died or left

the upper shore by the end of summer, so that
by winter, survivors of the autumn recruitment

were predominant.

Despite minor differences in growth rate,
shell characteristics of adultM. balthica from
mud and sand were different, suggesting that
individuals separated by less than 100 m remain
largely site-specific as adults. This shows up in
the length-weight relationship of the shell, and is
evident in a difference in shell thickness (Table 3
& Fig. 4b).

Shells from clean sand are up to 3 times the
thickness of those from mud — the difference
being due to erosion of the inner shell surface
(Fig. 4a & b) — possibly because calcium
deposition is inhibited by the phosphates in
hypoxic mud (Simkiss, 1964). Distributional
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Fig. 7.Overall distribution of age groups down the shore on
the study site.

Mortality or loss rates

The overall rate of decline of numbers per
station was determined from the log numbers of
older live specimens (Table 4; Fig. 9). The slope

changes were investigated more systematically of the log numbers at age on the right hand side

for younger age groups as follows.
Distribution pattern

The overall distribution pattern is one of
predominantly higher densities on the upper
muddy shore than on sand bottoms lower down
river (Fig. 7). A more dynamic picture emerges
from observations on fixed stations at different
distances from the shingle slope over the course
of a year (Fig. 8).

The seasonal distribution of age 0+ to age
3+ (all older clams) is summarized infigure 8
Juveniles (ages 0+) were dominant at 5-25 m
from the shingle slope in the summer months, but
were distributed relatively uniformly down shore
from February through winter. Progressively more
uniform densities at all stations occur with age.

of a catch curve provides an estimate of adult
survivor (Ricker, 1975; Sparre & Venema, 1992).
Since only natural mortality applies for this

unharvested clam, the slopes of the right hand
side of the log catch curve for the two sediment
types in table 5 might represent the natural

mortality rates for the resident populations.

However, especially for younger clams, an
unknown dispersal component is included (Table
6; Fig. 10), but from evidence of differences
in shell growth in different sediments, this is
probably minor for older age groups.

A higher loss rate in populations in sand
is consistent with observations described
later of sediment movements and differential
displacements from the two main sediment types.
That the apparent mortality rates for certain
population components are affected by dispersal

Table 3
Number of individuals per shell thickness (mm) of adullacoma balthica
of comparable size from mud and sand

Sediment type \ thickness 0.5 0.75 1.0 1.25 15 1.75
Mud (HwM) 21 5 2

Sand (TL) 5 19 20 8

Sand (wwm) 6 4 8 1

HWM = high water mark; MTL = mid tide level; LwM = low water mark
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suggests that for animals at a given location,
Z =M+ E—1;whereE and| are emigration and
immigration rates respectively. Although E and
I could not be quantified separately, it became
evident that they contributed to widely varying

In the case of positive values, this implies
either mortality or migration/displacement.
Obviously a positive value forL in table 5is an
indication of either recruitment of 0O+ age group
clams to the station, or their arrival there by

seasonal estimates for younger ages, and the active movement or passive displacement.

term ‘loss rate’ was used to describe a change in

numbers between consecutive samples from the
same tide level (Fig. 10).

The mapping of these changes in density
at a station is presented as a time-adjusted
log difference to illustrate the strong dynamic
distributional changes underway, especially for the
two younger age groups. The generally lower and
more uniform rates of change for older animals is
evident fromtable 5 and justifies regardingable 4
and figure 9as representing local estimates of the
natural death rate of older animals. Loss rateL()
was defined analogously to mortalities as:

L=[n(N )-In(N, )J/ "t

where "t is the time interval between population
estimates Nand N,, ., .

What is apparent for the spat (0+ age) group
(Table 5) is that increases in densities occurred
at all levels in June-October. This probably
corresponds to primary or secondary recruitment
from the spring spawning, and the hypothesis
considered is that spat aggregations on muddy
sedimentsin ‘nursery areas’ at the top of the shore
(e.g Fig. 1 corresponding to 24 000 spat -
are a result of hydrodynamic forces. However,
from December to February, population densities
declined dramatically on mud, but increased on
sand lower down in the study area, while from
February to April, a sharp decline in densities
occurred at all levels. Evidently recruitment was
good in 1963, but much less so in April to June
1964, and densities declined again from June to
September. For age 1+ animals, there was also
an accumulation on the upper stations both in

Table 4
Natural mortality rates at age (numbers in bold) for older animals from different sample
locations using the right hand slope of the plot of In(N(see Fig. 11)

Source of sample Linear regression Agerange No./r
Buried in mud M =5.351 - 0.382t 1-10yr 455/0.961
Buried in sand M = 4.5009 - 0.444 1-10yr 211/0.753
Unburied on sediment surface M =11.211-0.850 8—-12yr 281/0.955
From shingle slope M =7.458 - 0.464 7—-12yr 253/0.942
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Fig. 8.Log numbers at age dacoma balthicd0.1875n%) at each station, by age group (0+,1, 2, 3+ from left to right), and
with season and distance from the shingle slope. [Densities: >215Atack); 291-2152/rh(dark grey); 39-291/(light grey);

0-39/me(white)].
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Table 5
Loss and gain rates for ages 0+, 1+, and older animals from age 2+

Metres from shingle slope

Age 0+
5 15 25 45 65 8 105
Jun-Oct -1.19 -0.47 -2.56 -4.61 -4.19 -1.85 -2.00
Oct-Dec -1.68 -3.87 -3.41 -1.94 -4.56
Dec-Jan -0.26 -3.03 -0.81
Jan-Feb -3.69 -0.65 -7.45 -7.37 -1.74
Feb-Apr
Apr-Jun

Jun-Sep

-3.35 -0.03

Jun-Oct
Oct-Dec
Dec-Jan
Jan-Feb
Feb-Apr
Apr-Jun
Jun-Sep

All Agess =2

Jun-Oct

Oct-Dec

Dec-Jan -12.50 -12.85
Jan-Feb -2.91

Feb-Apr

Apr-Jun

Jun-Sep

Table 6
Number of active burrowing at size dflacoma balthicdound in different depths
(experiments in the laboratory at 18)

Experiment duration: 12 hr 36 hr

M. balthicalength (cm) 0.5-1.0 1.0-1.5 1.5-20 20+ 05-1.0 1.0-15 1.5-20 2.0+
On the surface 2 7 5 1 3
Surface - 1.5 cm 7 5 11 2 4 3 3 7
1.5cm-3.0cm 6 5 8 1 3 2 3 5
3.0cm-45cm 2 5 2 6 7 6

Below 4.5 cm 2 1 1 1 1
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Mud | Sand

0 5 10 15 0 2 4 6 8
Age (yr)

Fig. 9. Loss rates with age given by the slope of log numbers at age of older clams on two
sediment types: mud and sand.

Fig. 10. Loss and gain rates (log difference of time-weighted densities) of ageMaeoma
balthicain seasonal samples. White surface implies that densities increased between samplings
— by either recruitment or redistributions. Dark colours imply decreasing densities, which could
be mortality or dispersal.

June-October, and from December to January, clams at densities of 0.6 - rtypically occurred
and on the lower stations from December to on the sediment surface (Fig. 11). These clams
February. Table 5shows sharp changes in seasonal showed three types of pathologies that were not
densities at a given tidal level petered out as age fully quantified:

2+. « Degeneration of internal organs;

* Loss of the foot due to amputation by the
The fate of adult specimens shell valves (not regenerated);

« Extensive infection by cercarial cysts,
Older clams showed a higher log rate of decline identified provisionally as Metacercaria
in numbers (Fig. 9), and predominantly older morula Markowski, 1936 (Fig. 12).
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Fig. 11.Apparent mortality rate with age, on two sediment typ@$:mud, b) sand.

a) b)

Fig. 12.a) LargeMacoma balthicavith cercarial cystsh) Rate of parasitic infection with age.

Individuals so affected cannot re-burrow, and parasite’s final host, and therefore burrowing
typically are thrown on the shingle slope by inactivity has been interpreted as life history ma-
storms. Madsen & Jensen (1987) also found sea- nipulation by the parasite, but foot lesions by the
sonality in the depth of burial, and Edelaaret al.  shell could be a result of winter freezing.

(2002) noted thatM. balthica burrows less when The apparentratesintable 5may overestimate
parasitized by the trematodeParvatrema affinis natural mortalities if a proportion of older clams
(Jameson & Nicoll, 1913). Shallow burrowing in- do not die, but are distributed downshore and
creases the likelihood of ingestion by birds, the down estuary. Nonetheless, annual rates of
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Fig. 13.Burrowing depth at size: samples taken in December 1963 (upper) and May 1964 (lower) below
the shingle slope, were allowed to burrow in a box with horizoftahges and sampled in 1.5 cm slices.

M = 0.38 -0.44 correspond to 32-36 percent
losses per annum of older clams from the local
population.

Burrowing depth

Individuals of a range of sizes were allowed
to burrow in muddy sand within a plastic box
with inner flanges, submerged in running
seawater for 12 and 36 hr at 15c5 before thin
partitions separated the sediment and bivalves
into horizontal slices. Individuals in each slice
were counted and measured (Fig. 13). Juvenile
Macoma of 1 cm shell length are capable of
burrowing to the same depth and more rapidly
than 2 cm clams. The modal depth of burrowing
was 6 cm in winter and 3 cm in early summer. The
number of individuals found in each size stratum
is shown intable 6 The rate of sedimentation
of clams of different sizes in a column of
seawater at 15 ¢ was also estimated (Fig. 14).
If sorted passively, clams will arrive at different
destinations along a gradient of water velocities
depending on size.

Seasonality of sediment grades ile@oma
nursery: depositional and erosional regimes

It was clear from sediment analyses on the hig-
her stations, that in January and February 1964,
a low silt and clay content corresponded to an
erosional regime. In April and May, high silt and
clay content was compatible with deposition of
fine sediment grades on the upper stations. From
September to mid- December, erosion of fine se-
diments began again (Fig. 15).

Fig. 14. Rate of fall (cm-set log scale) against size of
Macoma balthican a column of seawater.

Indicators of passive dispersal

A sediment can with a partition orientated along-
shore showed marked evidence of a seasonality
in sediment displacementFigure 16shows a clear
seasonality in deposition rate at fixed stations
andfigure 17shows that the net flow of sediment
down shore decreased from spring to autumn.
The content of organic debris in samples of
surface sediments at fixed stations was correlated
with the silt and clay content (Fig 18). A high
abundance of organic debris on the soil surface is
an indicator of a depositional regime, andigure
18 illustrates that fine soil grades (silt and clay)
accumulated at locations which had high plant
debris (Fig. 19a) — and as noted by Wernstedt
(1942) and Segestrale (1961), plant debris was a
useful indicator of settlement areas of juvenile
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Fig. 17.Ratio of contents by weight in the upshore and do-
wnshore compartments of the settlement cans and its va-
Fig. 15.Seasonal changes in soil composition on the upper riation seasonally and with distance from the shingle slope.
muddy shore in 1964&: Erosional regime (from around 1 July
to the end of the year)p: Depositional regime (from 1 March
to 1 July).

Fig. 18.Relationship between silt and clay content of soil at a
2) station and the weight of organic debris in a standard sample.
M. balthica, “since it is sorted similarly to the
juvenile bivalve”. In contrast, a high redeposition
rate of coarse sediments in the settlement cans
implies an active erosional regime.Figure 20
shows that the amount of soil redeposited per
surface area per tide the previous week broadly
determines the dynamics of silt and clay content
on a given station: a high rate of deposition (and
cans full of predominantly coarse sediments)
implies an erosional regime as far as fine particles,
organic debris (and small clams) are concerned.
Figure 21again shows that this relationship only
affects 0+ and 1 age groups: older clams, being
more deeply buried, are independent of sediment
type until senescence approaches.

The close correspondence between densities
of M. balthica spat and abundant organic debris
at the same station implies that even though the
Fig. 16.a) Sediment deposition can with median partition. migration mechanism demonStrat?d .by Sorlin
b)gSeasozlality in rate ofpdeposition and of sedimenﬁ grade at (1988), Beukema (1989) and Hiddinket al

Pxed stations in the sampling area. (Figures shown are % wet (2002) may also apply here, the fact that similar
sieved silt and clay sediment smaller than 0.062 mm). distributional processes apply to inorganic

b)
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a)

b)

Fig. 19.a) Surface of muddy area with dense drift of organic debbjsSurface of sandy area
with old specimen oMacoma balthicat the surface.

Fig. 20. A dynamic relationship exists between the amount
and texture of sediment deposited in the cans the previous
week and the silt and clay content of soil on a station.

Fig. 21. Relationship between silt and clay content and the
abundance of different age groups dMacoma balthican the
samples.

debris as toM. balthica juveniles, suggests that

Dispersal of other fauna

Larger settlement trays left on the shore at mid-
tide level accumulated a large number of taxa
— especially in autumn, winter and spring when
storms are more frequent (Table 7), showing that
passive redistribution is a common phenomenon.

Summary

The major life history displacements suggested
by this study for the southern Thames estuary are
shown infigure 22 which summarises dispersional
components identified down the upper shore. It
is admitted that both: a wider population range
may extend up or down estuary beyond the
study area, and that the migratory hypothesis
of Sigurdssonet al (1976) can be reconciled
with hydrodynamic sorting. Undoubtedly both
passive distribution by hydrodynamic forces, and
some form of facilitated dispersal are occurring,
but distinguishing these two mechanisms
would require a complex field experiment. It is
concluded that a depositional regime seasonally
accumulates silt, organics, and byssus-drifting
post-larvae in muddy sand4) at the top of the
beach. Age 0+ and 1 year juveniles may use the
same mechanism when they are displaced by
an erosional regime in winter months, and may
accumulate in some depositional area further
down-estuary which must remain hypothetical

even if a byssal thread is secreted, dispersal is in this study. The possibility also exists however,

predominantly passive.

that occasional sheltered enclaves on the upper
shore form the limit to the habitat of a species
more characteristic of sheltered waters, in a
hydrographically active environment, and that
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Table 7
Fauna in large settlement trays left in the mid-tide area for nearly two months

# Days on site: 52 57 57 68
species: Dec- Feb Feb- Apr Apr-Jun  Jun-—Aug

Macoma balthica(Linnaeus, 1758) 148 129 67 37
Cerastoderma eduléLinnaeus, 1758) (adult) 37 61 11 6
Cerastoderma eduléspat) 46 30 23 36
Mytilus edulisLinnaeus, 1758 (>2cm) 11 1 10 2
Mytilus edulis(spat) 78 39 15 9
Scrobicularia planada Costa, 1778) (spat) 2 3
Mya arenaria(Phelps, 1990) (spat) 1 3 1
Retusa obtusgMontagu, 1803) 4 6 12
Nephthyssp. 6
Ampharete grubgiMalmgrem, 1865) 2
Lepidochitona cinereu¢Linnaeus, 1767) 1
Arenicola marinaLamarck, 1801 3

Fig. 22.Major dispersals during the life history dflacoma balthicat Whitstable, Kentyk. A: Spatfall predominantly on muddy
shore;B: Dispersal of ages 0+, 1+ downshore by tides and stormd;o0ss of burrowing capability/parasitism — large clams on

the surface are deposited by storms onitp the shingle slope.

a significant wastage of dispersed juveniles is
occurring.

Discussion

Navaset al (2002) noted that “Intertidal flats are
generated where wave action is moderate and
river input is small. They are the manifestation
of progradation of sediments... and can occur
in lateral accreting tidal-dominated estuaries or
wave-dominated inner parts of estuaries”. The
Thames estuary appears more dynamic than the
extensive intertidal flats where most studies of
M. balthica have been carried out: during calm
weather, turbid water is advected across the flats
as the tide rises and is deposited during the long
period of low current speeds near high water,

giving rise to seasonal erosional or depositional
fluxes. These fluxes can be more than doubled by
benthic biota bioturbation, and in rough weather
material is dispersed shore and down estuary.
Juvenile bivalves are now known to be
subject to passive dispersal to colonize new
areas (Strathmann, 1974). Juveniles of a variety
of molluscs use byssal threads to aid secondary
relocation from primary settlement sites to
favourable substrates after primary settlement
from the plankton, and this can result in
substantial redistributions of natural populations
over large mud flats (e.g. Armonies, 1994, 1996).
The redistribution of juvenile Macoma balthica
in the Wadden Sea thus leads to predictable
seasonal shifts in population locations (Beukema
& de Vlas, 1989). Hiddink et al.(2002) described
what they called two migrations of juveniles in

Vol. 18, nim. 1, mayo de 2018& Ciencia Pesquera

27



J.F. Caddy

the Waddensea population ofM. balthica After  Literature cited
settlement towards theLwm, a mass movement
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