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" breaker zone. In studies of the right and left
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i ABSTRACT

Diffefential sorting of right and left valves of pelecypiods was found to be cofamon an Mustang arul Padre
Island beaches, Texas. Dietermination of stable orientations of valves i unidirectional Rume currents endbiles
one to predict their behavier on a beach waghed by obliguely approaching waves. The valves become initially
stable with respect to the oblique swash arnid then are sorted by the hackwash. The following swash tends fo
re-enforce this sorting, Further observations on the beach confirm that opposing valves behave as predicted.
The sense of sorting 18 correlated to the direction of wave approach and henee with: the direction of longshore
drift, Imterpretations .of palwodrift directions from R-L serting miaybe possible; but the narrowness of the
inter-tidal zone in which the sorting takes place, und the ragidity of resortifig, plus wneertainties in the hyidro-
dytamic behavior of fossilized material, dictate extreme careinattempting such apalyses, =~

INERODUCTION ented by the swath and then selectively removed
by the backwash if the waves approach the
shore obliguely. His experiments (1958, 1964)

o ; i i how that sorting takes place on the first
with either right (R) or left (L) valves pre- ° ; , ; ;
dominant (Muelen 1947, Martin-Kaye 1951, offshore bar as well as on the heach. He con-
Boucot 1953, Kornicker, Wise, and Wise 1063, Cludes that sorting actually takes place in some-
Nagle 1964, Lever 1958, Lever and others 1964, what deeper water on the-seaward slopes of bars
#nd Craig 1967). Several authors suggest that E?' the interplay of ?‘{”&“’55 au_dkishe 5";”5“"face
the sorting takes place because of different hy. cfiect of waves, while the breaking of waves,
drodynamic properties resulting from mirror waghing up and down ot the slopes, carries up
symmetry of the two valves, but they describe thgr;esult of this ;"’tmg’ (1938, p. ;49)_ "
no specific process. Kornicker and others These mechanisms seem to involve the sort
(1063) substantiated this hypothesis hy finding of obliquely approaching waves which would
that in well sorted groups of Dinocardism ro-
bustusn there were no discernible differences be-
tween opposing valves with respect to weight,

shape, or size, ; ;
i LI:;VET {1958) and Nagle (}964) explain the shell sorting on Téxas beaches and to test both

sorting somewhat more explicitly as an effeet of the theoretical and ‘actual, correlation between

longshore current and the oblique approach of SOTHINE and longshore drift.

waves. According to Nagle, the valves are EXTENT OF SORTING
transported and rotated by the hackwash uptil )
thgheaka point seaward. When the next wave
approaches obliguely, the beak of ome valve
poinis +into it and this valve is easily moved
away, The beak of the other valve points away
from the uprush, and is stable. The valve being

Several workers have noted thgt pelecypod

as sorted sets of pelecypod valves. For this rea-

-

" To determine the extent of sorting we made
over 200 counts of 15 or more each of right and
left valves on Mustang and Padre Islands and
applied a4 ¥ test to each count (fg. 1). The x*
test assumes a normally distributed population
and tests the probability that this assumption is

ited near the berm crest. The valve remaining

behind is jeft at the toe of the foreshore in the really sorted. If they were not sorted a fre-

quenicy plot of the x* values would form a
bell-shaped carve around the low probability
values in a histogram. Figure 1 shows that
about half of the samples showed no evidence
of forting and the other half are very signifi-
*Manuseript received April 26, 1968, cantly sorted. ‘

sorting of Domaz, Lever (1958) found that the
valves turn in opposite directions with each
wave. Lever suggests that the valves are ori-

cause longshore sediment transport. Thus pa-
leo-longshore drift directions may he preserved .

som we decided to investigate the mechanism of

false, that is, that the valves of each count are.

......
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Fig. L—Histogram of the frequency distribution of
7 values fm“ 20§ra tts 'of Rl séﬂrtmg of pelecypo&
valves o Texas beaches, The p* test assumed equal
probability of fnding 2 B or L valve and fested. the
signibeance of unequal connts,

LOCALITY OF SORTING

Because the organisms whose shells we found
sorted live from the beach to the offshore bar-
rier shorefave, the gorting foust take place
somewhere within these environments, The
abligne waves suggested to be sorting agents by
both Léver and Naglé are most effective on the
beach foreshore. The #ffect within this zone
was tested by sampling at the top of the berm
aml in the shell step at jts base (hg. 2). Counts
of right and left valves at these locations show
significant and opposite sorting at greater than
W45 confidence. Thus we coneclude that the
R-L sorting we observed takes place in the
swash zone,

The tidal range along the Texas coast is
smaller than it is along the Dutch North Sea
coxst where Lever performed his experiments.
Thus while the offshore bhars referred to by
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Lever are exposed during low tide and actually
become beaches with regular wave swash and
backwash, those along the Texas coast are con-
tinuously submerged, and wave swash and back-
wash are restricted to .the . beach foreshore.

Hence the mechanisin operating on the beach

foreshore and investigated herein may apply
equally well farther offshore in areas of greater
tidal range. 1t may be effective on submerged
offshoré bars too, betause water movement in

"the two plices has many similarities. However,

there are no shell concentrations on or betwee:n
these bars along the Texag coast, and thus no
samples were taken there.

STABLE ORIENTATIONS
In order ta be-able to evaluate the action of

" the cmnp!ex system of currents acting to pro-
. Auce sgrting in the swash zone, we first at-
*otempled to deternding the hehavior of the com-

manly sorted species in a simple unidirectional

- caryent. Nurherous valves of cach species were

placed jn either random or oriented positions on
the sand bed of a 20 ft. flume. The pump was
operated briefly so that a smgle wave moved
down the flume, 1f the current was initially
very fast, the valves rolled. As the current
slowed, the valves slid and rotated into a stable
position. Onee the stable otrientation was as-
sumed, ‘the valves continved to ¢lidé down the
flume in that position until the depth and (or)
velocity of the flow was redoded sufficiently for
the valié tu be deposited. The results of the
tests are plotted in figures 3a and 3b.

%«3‘--335 F

FORESHORE

Fig. 2--Sorting en the foreshore. Opposite ratios
of valves inthe toe and berm-erest are significant at
greater than 99495 contidence.

i

7 : I

Fig, 3~Orientation of valves in unidirectiona] flow. The lines egamted or each shell aye the arbitrary axes

used, Their orientations measured during seversl tests are plott
the arbitrary axis paraliel to the resultant vector of each series of fests,

at-the right. Each valve is oriented with
current is from the top to the

bottom of the ilfustration, The vilves of the Arotfern group range from three to five em across,
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, foreshore

Wi st ie R gl L8
pled portion o valve is yoad, i

that faces the current when the Eralve isoglmg
stable orientation, In this %)smon the valve is moved
only by strong currents. However, when the steep-
sided beak. (verfically Yined) faces a current the valve
is unstable and rmay be rofled or rofated and trans-
ported by a relatively weaker current. Thus the ob-
lique swash (S) approaching from the right as one
faces the sea orients the valves so that the 'R valve is
relatively stable with respect to the bm:kwa&h‘:(‘g), bt
the L valves tends to be carried back down fore-
shore. Furthermore, as a result-of backwagh orienta-
tion the beak of the R valve pointy into the next ob~
lique swash whick will thus be able to carey it further
up the foreshore. Oblique waves approaching from
the left would sort the valves in the opposite manner,

The majority of species studied may be con-
sidered to have triangular, wedge-shaped valves.
Those that are equant behave like imbricate
plates in a siream and assume a position with
their broadest, most gently sloping edge facing
into the current. This group inchsdes Dinocor-
diwm vobushom and three species of dnadure.
The direction of orientation of Amadara is the
same as found by Trusheim {1931) and Nagle
(1967), but the consistency during odr experi-
ments was greater (fig. 3a).

Shells of Mercenarin and Chione ave flatter
and less triangular but rounder. Their orienta-

tion is similay to, but less c¢onsistent than, the
above group. More eclongate plates such as
Danax orient with their long axis parallel to the
current as described by sevéral other workers
(Trusheim 1931, Lever 1958, Seilacher 1960,
Kelling and Williams 1967, Nagie 1967, and
Wobher 1967}, Romgic has especially heavy
beaks which canse it to behave like a short cone
(Trusheim 1931, Nagle 1967), that is, with the
beavy, broad end into the current and the
lighter wing trailing hehind (fig. 3b).

Both Lever (1958) working with Dongx, and
Kornicker and Armstrong (1959) working with
Dinocordium and Anadars, claim that R and L
valves rotate differently in coming to a stahble
position. In onr experiments both valves were

Fic. 5 (top)—Rose disgram of valves oriented hy
one wave. The resultant orientation of the lo taxes
of both R and I. valves iz shown for a single wave.
The solid arrows show the cuerent direction in which
the valves are stable. They point seaward; thus the
valves wer: deposited in a stable position relative to
the backwash.
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Frc. § (bottom).--Rose diagram of the orientation
of valves naturaily deposited near the top of the fore~
shore, The sefid arrows indicate the current direction
in which the valves are stable. Preéceding and at the
time of reamirement the swash approsched the bezch
obliquely from the right as the obsetver faces the sea.
These valves deposited high on the beach are stable
with respect to this swash. : .
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Tanve \.—R-L sorting of pelecypod vatves
Direction from which the
current comes as the Numbser Number of
observer faces sex g valves Confidence 2
Bate of level x
Preceding - Immediate  SOU%t8 L R
four days current
9711166 1110 L 37 660 1ig4 2% 130
9/ 20166 r 1311 L 1 22 6 9%, 9.1
10/2/66 Feeed T 5 120 84 97499 6.3
10/t1/66 i A I i PO 8 133 29 99 67
10/15 /66 LA L 18 237 s o §.1
10/15/66 Frr L L. 12 336 126 99 9.5
10/11/66 rr LL 24 3 32 78 9% 19.3
rr LL L G 125 70 W 15,5
10/21 /66 LLLL R 23 551 346 i 47
high beach 13 234 100 o9 12
low beach 16 220 237 5075 063
10/22 /66 LLLR R high 2 64 20 90§ 23
low 2 45 31 25-50 0.38
10/23/66 LLRER L [ 155 124 90-95 3.45
10/24/66 . RRL L 32 339 417 99 Bi
13/1/66 t'rrer R 16 318 757 99 i1
12/8/66 rrr R R 3 - 121 313 9g 81
rrr R i. high 18 218 480 2 33
fow 10 220 338 994 25
1/12/67 1111 L 2 40 14 20 12.5%
113767 111 L L 5 295 211 95 14

For this portion of the Texas coast, a current from the right, as the vhserver faces seaward, should result

in an excess of
left will result ir an exceas of le

right valves on the upper foreshore where most of the counts were made, A current from the
ft valves. On some days, counts were made both high and low on the foreshore

as indicated in the table. Currents on preceding days were observed directly {capitaf latters) or deduced from

wind direction (fower case letters).

observed to rotate in both directions depending

p~on the initial orientation, Farthermore, Kelling
and Williams (1967, p. 253) poiat-out that there
are several principal methods of shell reorienta-
tion other than rotation.

SORTING MECEHANISM

We can now develop a hypothetical set of
movenents for valves subject to oblique waves
on a foreshore. As a wave breaks at the base or
toe of this zone, the water becomes very tarbu.
lent and picks up some of the coarse shells that
are concentrated there. They are at first tom-
bled rather violently up the slope until the rush
of water slackens and the shells {all to the bot.
tom and slide into a stable orientation {fig. 4).
They are stable with respect to the current of
the swash, which may be either diagonally up
the slope or actually parallel to the shore due to
a lateral swing at the climax of the wave. In
these orientations one valve has a portion of its
gently sloping ventral margin while the other
has the steep sided beak facing into the subse-
quent backwash. The former then tends to.re-
main high on the beach while the latter is
picked up by the backwash and returned to the
sheéll step at the base of the swash zone. In ad-
dition, when the valves are deposited in a stable

position relative to the backwash, the one that
tends to be left higher on the beach is less sta-
ble with respect to the next oblique swash, and
the one washed back down the beach is more
stable, Thus we agree with Lever (1958} that
swash and backwash are complementary in pro-
ducing the sorting phenomenon, The mechanism
described by Nagle (1964) is a part of this pro-
cess,

EXPERIMENTAL RESTLTS

This. hypothesis for the R-L sorting was
tested by field measurement of orientation by
single waves, orientation of valves deposited on
the beach by normal processes, and correlation
of the sense of sorting with the direction of
gwash approach.

Ia order to determine the effect of single
waves, we released right and left valves of Fon-
tia ponderosa in the path of incoming waves
and measured the orientation after the valves
were deposited. The majority of shells were ob-
served to be tramsported by both swash and
backwash in that order. Thus their orientation
should be stable with respect to the latter, and
in fact it was (fig. 5a).

In order for a valve to be semipermanently
deposited, rather than just dropped between









