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illustrated by comparing a Siluro-Devonian deposit-feeder with our v
ing example,

Dead shell size-frequency distributions cant be used by both neontol.
ogists aned paleontologists o infer the survivorship of a given population,
Indeed, this is one of (he few ways of investignting population dynamies
in fossil species.

A LOGARITHMIC MODEL FOR RBIVALVE GROWTH

The ages of death of bivalves may be permancrly recorded in (he
dimensions of the dend shedls. In order to know his age one st haye
away of linking growth rates and size with age. A common approncl is g
use bivalve growth rings, which permanently record seasonul evenys
{compare, Orion, 1926). Although the modal analysis of prowth Fings, s
proposed by Craig and Hallam (1963, is an atractive maethod, it ofien
cannot be employed. In many bivalve species such ns Aviilis vdiliy {Crajg
and Hallany, 1968) annual growh rings are poorly developed and even
i owell developed may he poorly preserved i fossils, Some hivalves vy
Life spans of only a veur or twe, giving insufficient ring data for arowth
curve. Finally, in some habitats, suel as subtidal AONCE N tropicad waiers
and possibly in deep water helow (he seasonad thermadline, prowrh vings
O specimens may not reflect scasonal growth. for seasonal chunges me
slight (Cragg, 1967). "T'he ring size-frequency method must thercfore he
supplemented with a methed that can relute age divectly to size.

I size were related 1o age in the form of a linear Fometion ane conld
tonstruct a - swrvivorship carve from g sire dreqoeny dimany by Ring
size clusses s e classes. Hawever, the studios of PLEIEY et ity
clearly indicate thay growth in bividve mollusks is 1o Hiear hut i o
to focurithmic (Maser, 1957 Orton, 1924 \\?<~§'sza(315ﬁfz and Mo,
1930 and othersy, Hallant's (HO67) stommuary of Divaive growth iy show
thiat, in most cases, he growth rate steadily decrenses with age, the me
of decrease varying according (o the populistion studied. i some Cases
the shape of the curve |y siamoidal {Tow 1o high 1o low growth vare, {or
example, Pecten maxinys, Mason, T957). TTis results (rom spawning iy
the Tall, with stthzequent initially slow juvenile winter growth (Alason,
1957},

Although there are difierences i growth patterns hetween annd withy
in species ol bivalve mollusks, all Zrowth crrves e tl('('id('d%y non-finear,
Therefore. i one asstanes Hnear growth, this would canse errors o in.
ferences of strvivorship from o size-trequency histogram, hecause Jowered
rates of growth at older ages (that is, Jarger sizes) make unit size inoe
MENES FOPresent o grearer length of fhme than ai o younger dge {that is,
smadler size), More individunls are thas “comproessed” ingo the older upe
sive-tTasses in g survivorship analysis (Crivg and Hallam, LOGHY. Size.
frequency distributions, therefore, maust he adjusted systemtatically in
some fashion to correct for nonlinenr growth,

As judged from Hallam's (T9H67) sunumany of bivalve growth data, o
simple Togarithmie relationship, such as 1he following, seems acleepionely
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1. Fit of five growth cusves 1o the growt
random number

Five curves were selected by means of a

Fig.
(‘XI')I'L‘HHC(‘ as !ll‘l‘((‘lﬂ;lg('s.
e and were taken from Hallam (1957},
to reproduce bivalve growth patierns:

Do=sIn (T -+ 1)
iw o the thne, amd 8 ds o constant,

in In':u'li(‘('. since almolite age is not Known, we are dealing with
Lative time and thus canonly make seneralizations compat e one parl
am's {1967 conpiled growth coyves
most growth patterns Te
the relationship

where 13 s the size, 7

1
of the life eycle with another. Fiall
are normalized 1o a relativistic scale {fig. 1)
meclel growth curve, Although
it is realistic enough o serve iy
bivalve survivorship studies.

close to the proposed
deseribed i not always pr(‘(‘i.‘,(.‘ly correct,
a growth rate wmodel Tor most purposes in

MORTALITY PATTERNS OF BIVALYVES LIVING IN MUDS
the mortality of a living and a fossil
fronn muddy sediments.
anisms and the

The following cases compaie
deposit-leeder and a living suspension-feeder
The cases illustrate the velative adaptiveness of these org,
aselulness of survivorship study i determinine halitat fitness,

Deposieleeding Hivalves depend for food upen the substrate in which
they live, wherens suspension-feeding Livalves obtain food chicfly from
water Jayers noear the Bottom. Deposit-feeders are abundant in muddy
wdhments, but susp(rmi(nri‘(f(!dcr‘s are commonly rmost diverse and abun-
dant in sandy, wellsorted sediments, Deposit-feeders find optimumm condi-
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tions wheve theve ds relatively Jittle water movement sonl low-ensity
oreanic detritus can accumulate in the sediment, Suspension-Tecders de-
pend tpon warer moventent for food transport. Most suspension-foeding
bivalves may be poorly adapted for muddy bottoms {Nanders, 1008
Rbouds and Young, 1970

Inteypretation of survivorship.—Survivorship curves are construcied
in the following manmer: The total numba of specimens is plotted o
the namber surviving at the age corresponding to the smallest size indj.
vidail. The relative age corresponding to cach size class Hmit is caleo
Lated, using the logarithmic growth relationship {see above), "Phe smonber
ol individuals ina given sive class (for exunple, those hetween 1 amd
12 man dong) can be taken as the number dying for the calentated core
sponding age interval, From these data the pereentage of the propuiation
surviving to cach relive age interval can be aaleulated and @ sorvivor
ship curve plotted,

In this method bivalve age is assumed 1o be relited 1o sive according
to the logarithmic growth model sugpested above, None of the cases 1o he
discussed are oxamples of “instant” nuss mortatity (for example, due (o
sudden buvial and suffocation by sediment). Such o case woukd yield
census of the population alive ac the time of desth, and strong vearly
variations in reproduction and in population size could give an incorrect
picture of the mortality rates for e different life stapes (€ avghley, 1960,
Kurtén, 1645 Slobodking, 1061, po 3By our samnples exdlide catiaaroplies
that tend 1o eliminate (census) the whole popubiton, then the dewd shel]
sive-feequency distribution cim give us the averioe nonher dyine fo Ay
age frierval Finadly, 10 0s asstned that the canses ol montelity aael sheis
relitive importinee have vemained the some over the geaerition, tepte
scittedd by the dead shell assemblage to be analyzed.

Swrvivorship of Yoldioe matela (Hoing deposdi Jeeders - Yoldia o
fila s infowed depositfeeding nueclanid, well adapted Tor Hie in
muddy subsoate Rbowds, 1963, Te Is anterior-posterior]y elongate (g,

2AY, smooth-shelled, and lives and feeds in the sediment, cammunicaring

to the overlying water by means of siphons (Stanfey, 19700, 1t s an ox
tremely active, rapid-hurrowing deposit-feeder, feeding by means ol a
cilimed palp which conduets particulate matier 1o the mouth {(Drew,
18099},

Two samples of Voldia Huoatila were taken in Long Iiloud Sonnd,
oft West Haven, Connecticut, One was collected at a water depth of abow
7 m, wheve Yoldia [imatuly ocours with (hut in grester abaselance than
the deposic-feeding nucalid Nucwla proxina, The other sumple was taken
in deeper water (20 m) with a more clayrich, less cohesive mud sih.
strafum,

In the shallow-water (fig. 3) Yoldia limatula has w constant vare of
morttality for the growth periad of most of the population (g, 1), the
final Tow mortality stage possibly being an avtifact cansed by the small
number of specimens upon which it is hised,

&
&
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YOLDIA LIMATULA RECENT
N= 33

LENGTH [(mm)

Fig. 3. Size-frequency distribution of dead shells of Yoldia lneiule, Lower sive
limit is that of sieve sive,
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Fig. 4. Survivorship of Yoldin Lmatede in shallow water mand, Calonlated from
furire 3,
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Yoldia limatulo
N =340

20

20 ' 40
Length [mm]}

Fig. 5. Sire-frequency distribution of Yoldia lmatula, taken frem a habitat Jdif-
fevent Trom that of distribution in figure 8. Details in text.
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In the deeperwater simple (g 5) mortality of Yoldia limatula is not
constant, faveniles heing more prone o death (hee 61 'This smpling
station differs Trome the other Yoldia Toendity not ondy in wate depih and
substratin stihibity but in faomabmakeup as well, Hoere Nocnla Jooxima,
which feeds ag or near the sediment s face, strongly  domiated the
fauna. Salinity, temperature, and predation factors ave similar or less
severe than at the shidlow water locality,

Swrvrporship of Arvisaigia placida (Siliro-Devonian deposit feedery -
Fo test the possibility of fossil deposit-leeding species having similar sor-
vivorship  characteristics, 2 Silvvo-Devoninn deposit-leeding hivalve,
Avisargii placida, was stadied. Avisaigic flacida is simitar in morphology
and synecologicnl associntion 1o Yoldéa lmatilo, Tt ocoms in the Siloro
Devonian Stonchouse Tormation of Nova Scotin, 1is an elongate, mod.
eratety inflated nucalanid with two starp areases, or folds, extending (o
the posterior margin from the umbo.

Avosatgia fplacida (Tig, 2B) probably was a siphonaie, Laterally mobile,
infaunad palp proboscide deposic-lveder, Fhe vadiad shell (olds and radial
posterior ridging probably indiciie that the animal burrowed intg e
sediment at an angle (rather than horizontally or verticallyy, Phere wre
no shell gapes, so the shell opened for the extension of the siphon and
the proboscides. The folds may indicate some venwal mantte Tusion which
would hive made the animal & more efficicnt burrower and would have
simplified shell sanitation. The pulp proboscides were probably extendest
from the posterior, in associztion with the siphons, vather than ventraby,
Fhough capable of Laerad locomotion Arisaigin plecida may e heen
stivtonary most of the sime god moved only 1o vetocane when Fecddinge o
when disturbed, "Fhe shedl was qurite thene and Doawvile, and the el
probably Hived wd fed completely buried i the sediment,

40 -

=178

5 25
HEIGHT {mm)

Fig, 7. Sre frequency distvibution of Arisigia placido,
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Aviseioin Placide was a1 member of 2 depositfecding  communiit
o & ¥

ontinated By two species of Nucwlites, which together muke up 25w

4 percent of the shelis of the coliected Stonchouse faona, Aviseivie
aticrda wis & minoy though persistent member of the fauna, conributing
Aout 1 pereent of the totad nweber of mdividuals, The Stonchouse
aliments represent solt but cohesive muds which were subjected to ot
ol storm disturbanee (Bumbach, ms).

The ealeulated size-brequency distribation (g, 7Y s composite for
wllections from 12092 ne of verdeal section. Although colleating was not
Ly bulk sampling, o concerted elfort was mude o collect all Bivalve
peeimens present. [e is believed that @l sized specimens present wove
wrovered, as evidenced by the many individuals of other species collected
which are smaller than the smallese A, placida vecovered, "Fhese collee
fons e believed to represent an unadtered lossil assemblage {see app.h.,

As shown in ligare 8 afl stages of a life ovede reconstructed from this
wllection of Arvisargie are zhout equally prone to death, The sive-lves
queney distrihution is also simibar 1o thay of the shallow water collection
mentioned, This iy comcidental, however, since other shaliow water eol.
ctions of Yoldie limatuln yielkd somewhat differing size-frequency dis
sibutions, although the resultant mortality patterns do not change,
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Fig, % Survivorship of Arisaigia placida, Calculated from figure 7,
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. 493
3004 MULINIA LATERALIS RECENT
Based on N of 3242
f i
200
100

i i ¥ ¥
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Fig. 9. Dead-shell size frequency distribution of Mulinia lateralis. Lowest sire
limit is that of sieve employed,
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Figo 10, Swyvivorship of Mulinig Inleralis, Caloulated from figire 0.
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Survivorship of Mulinia lateralis (Living suspension feedery.—As sug-

sted above, a suspension-feeder inmud might have @ different mortality

sttern than a deposit-feeder, since they ave generatly poerly adapted o
sery high tarbidity af the sediment-water urerface. A suspension-leeding
teatve occurring conunonly in silty sediments is Mulimia letevaliv by
a0y, This small mactric Hves inoa wide variety of muddy hHottows m New
fngland shuilow witters (Sanders, 1956, 1660 Stickney and Stringer, 1957,
Jackson, 19685, Onr collection was rken from shallow water muds (depth
hent 7y in Long Lland Sound, oft West Haven, Connecticut,

The dead shell size-frequency distribution (fig. U) is very strongly
rghtskewed, elearly indicating that the juvenile mortality s much
hgher than that of the adults (hg. 10y. ‘This pattern is distinctly diflerent
from that observed for deposit feeders,

DISCESSTON

The data presented here support the hypothesis that deposit-feeding
pucalanid bivalves living in shallow-water cohesive munds have a4 constant
rate of mortality with increasing age. This produces a characteristic st
frequency distribution for accunuinted dead shell simples. We have no
daia on the very youngest (smallest) shelled juveniles or significant -
hees of oldest (largest) individuals, so our vemarks do not apply to these
arowth stages.

The conclusion concerning constant mortality 1s reasonable, since
deposit-feeders arve active burrowers and are well adapted to this mudedy,
phusically smstable bottom Labitat (Savilov, 1957; Rhoads, 1965 Stanlew,
70y, Feeding on huried organic detritas allows a depositfecditeg popue-
tion to be unallected by short teym fluctuations i supply af suspended
food, Phe detriias acts as a Cbuffer veservoh™ ol food Apparently age
spreific gustroped prodation is not signilicant, cither, in this Tuhites domi-
mited by deposit feeders, Tess than 1 pereesst of the valves were edrifled
in either Yoldia sanple, and none in the ddrisaigia siople,

Tn the sample of Yoldia taken in deeper water [ront Joss cohesive
mud, the higher rate of juvenile mortality is probably caused by the sofy,
Soccntar nature of the smface of the sedimont, This physically unstable
wilinrent-water interface vone is formed by the LBurrowine and fecal pellet
formation activities of Nwerla proxima and other depositleeders (pri-
marily annclids). This provides an unstable and torbid medium offering
poor support and fouling juveniles, but not adults (Rlioads and Young,
1670 Sanders, 1960; Moore, 1981y, The larger adults mre able o stabilize
hemselves in the more solid substrate helow the “soupy” zone. This
sone's thickness {1 om) s approxinuely cquivilent to the maxinim
depsh ol burowing ol the smailer individuals having highey mortalisy,
Other possible detrimental efiects for o young Yoldia in this habisa me
spatial interference and competition with 1he superabundiont Nl
proxima, as Yoldia adso feeds near the surface when young, aml oxvaen
deficiency at the sediment-water interface beeause of the low mmount of
rivenlation.
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The physical mstability and high tunhidiey of sediments revwo kel
by deposit-feeders is probably a mujor facor i the hieh Jovendile o
tality of the suspension-feeder Mudinia latervalis. Flioh turhidity s

sshown by Loosanoll and Fommers (F9IR) Lo inlibit the Panping rate of

ovsters, and Toosaneli (862 suweested that suspension-fecding Tivalves
feed mast cilectively in relatively dlear waters. Glude (9% 0y L shown
that veplanted Mya srenaria bas o highey mortaliy in st than in sands,
In addition, suspension-feeding hivalve wiowth iy stumed in s, rela-
tive to sands (Prarg 1953 Prag amed Chompbelll 1956, Tenae, Herton,
and Buke, 19658: Rhuoads ad Young., 19700 Kristensen, 1057 Allen, 1951
Aflen (1954 Tound that juveniles of Mya arenaria showed POoL sHrvivel
i omuddy substrares.

In the presence of weak hottom currents, deposit-deeders rewan king
the swrface sedients make the sediment surfuce physically unsable
(Rhoads tixd Young, FO70). Sediment resuspension over this hoton g
s common. with concomitang cloguing of haing bividves bving o
this unstable interface, Juveniles, having smalior siphon dizmercrs gl
smaller gill siface arens. wonld be more proue fo death, Hence the ol
served survivorship pattern for M olinia.

siphonate deposit-lecders, such as Yoldia Liwiatula, aye probabhy sub
ject to these same physiological limittions, atthough not nearly oy much
as are suspension-lecdes,

In years of high reproduction successful larval populiations of
Mulinia attemipt to colonize local, hydvographically favorabie areas of
muddy  Lottoms, Very high jovenile mortality, however, criees e
dense initinl popalatons 1o dic ou very quickly and o e VOrY transiend,
Feis covious thiet M. fateralis seoms 1o prefer maddy Talitns in New b ne
Emel waters, Perhaps ite small size and fow bulk deminy, enabiling ST
in the solt substatum (Savilov, 1UN7; Hallon, H65) plus o high repro-
ductive rate, allow it 1o lead what would otherwise be s tenuons existenie,
I the shell accumulation from a New tnglind muddv-hottom communits
were fossilicod, Mudinia Teteralis wonld appear 1o be a dominant and
perruvment member of the fronn, Actuadly it ois oa species with very
transient ard unstable pepalations (Sanders, 19563, Survivership stady,
indicating high juvenile mortalicy s helpful in veveating the true sagore
ol the populition dyviimmies, Fhe sivnilicanee of sueh ransient, oppor
tanistic species in the fossil record will he discuissed in wnother et
lication,

The data on Avisaigia placida indicate (that undisturhed shell ae
comudations can he used for study of population dynamics of SpRCIeS
any point in the geologic column, i1 appropriate growth madels are e
veloped. The logarithmic growth model discussed ahove seeme appro-
priate for most hivalves.
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Solene Roming Whybrow <killiolly prepared figure 2.

BUMATARY

Lo Survivorship data cae be inferred Drom living and Tossil hivalve
wolbisk dead shell sive-lrequency distributions and can be rebeted 1o the
sutecology of the organisms studied,

90 A prowth relationship, D o= s In (T 3 1) — where 10 1s the size, s
cvamstint, and T rhe age — is suggested as a corvection factor for non
sear prowth i bivalve mollosks,

3 Yoldie toindu, an indaumat proboseidint deposit-Teeding nuen-
i, Bas o constint vate of mortality for most of the lile eycle considered,
¢ 2 habitae where it is 2 dominant form. I has somewhat higher juvenile
axortabity in o less Divovable (7) habitat,

{ drvisaigia placida, a Siluro-Devonian nuculanid. had @ constine
wentelity rate. All evidenee points 1o the Tossil assemblage being an-
dotrbed,

Ao Mulinia lateralis, 2 small suspension-leeding macwid living in
wuds, shows very high juvernile mostality and mueh Tower adult mor-
shy, This is explained by the juveniles’ proneness to clogging with silt,
selative o the ereater hardiness of the adules, 1ligh mortality plus
aenadic (in time and spuace) success in colonization make this species To-
b domidnunt in the death assemblage, while often being rave or absent
= tiving members of md hottom communities.

APPRENINY
W availabie evidence apports the condusion that the Stenchouse Tauna coblected
evprrienced Lntle postmortem carrent ansport (Bumtbach, mas Al sediments ave
#ghdv bioturbuated, gond sociated auntent stradures are lagking oy the hovzens sem-
4 Valves of many bivalve spedies occar inoa variety of sizes and ave oviented v
stn on the bedibing srfaces, nomany aases hivalves have been found in file pesition
with 1he e valves of the organing i dose proximine or wrticalated, 1w surfiace
cab on the specinens joovery well preserved, and valves ave almoest never fousd
Avns A L as can be judped, all the members of the assodied faung wre eevdogi-
st pompatitle and are welb adapred to Bving inomueds, This fossil assemBlage is be-
et to b an exeeliene example of a Yohuson (1960 Pype B in sitn asseiblage.
§ contponite size-frerency distribation was used in e swvivorship analvsis. This
2 e anv individual hed vickled 1oo few spechinens Lo give aelizble results, ilow-
it ope combines the collvctions of a few locdities and compares this with another
oo hiations, one fieds very similae stze-lregquency dishibations (hy 1D, This sanie
s ation applies to the sice fregneney distributions of the Upper Cretaeenns Divabve,
Cerardio sithguadiata, whese year dlasses may be tracedd from Tocality 1o oadity
esfen, Tag, and in preparationy.
11 grenwth rates and the geneal ecological setting of 2 specics were shimilay Teon
vt phice, 38 scems to be the case in the Stonchouse fauna, then one would cxpect
Aar montality pattevas snd, heoee, similar size-frequency distributions in the respee-
s toeabtics, In other words, if size frequency disivibutions show similariiies Trony
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304
A3B71 + A36BY + A3675
N =353
f
304
cll other localities
combine
N= 125
f

Height [(mm)

Fig, HL Similavite of differens siec-fregueney disiiharione. vepnesenriees ithein
cebiections. for Diselafn fplecida. Numlers preceded B UV e Pestiadv Ao
(Yale Universing ocadity ninmbers,

focality 1o Torality, then the Probability: of transport in oll loealities is nrH e
nrrent sovting, due o 4 ohamee disuribition of corrent velocities inowidely soariered
tacidities, wardd produee dissimila slistribugions, However, i one s didlerent sive
freguency distibations in different Tocalities, it does nor nevessavily feflow hay s
Pove has secuvred, [t mav he (hat the envivonmental mosaic varies strongly and thos
viek!s a et of widely differing moviality patterns.

b

The only effens, cther than sinilar mortality patterns and pronth rates, whicly
conld vield simiing sioc-frequency distrilintions, wonhl e divpenctic offcors, sh g
size-preferential wolution, But the vations Bividve spocies in e Stearediose collertions
have differvent stre-lrequency distributions, Since some species cotedions have hipls
frequeney peaks at sizos medh snalor than the modal siee of (e Avisaigie distvibution
preseated, sipnibeant dizgenctic offeees are Prabably precluded, Bitvalve shelis were
certainty dissolved sinee auly composite molids ave found. But the hne st e dennl ay
the Tossits indicates that the shebls werg buricd and the mobds were formed before
solution occurred to o significant degree, SAll i s the case (ar spechimens smualbler than
zhout 5 mm high were not found, 1 his may be due to low mortality vates, i combing.
tion with raphd growth, or peor calcification of smadl individuals,
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