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Introduction

With the Brecadening cof man's world-wide communications
and economic endeavors, it has almost inevitably fellowed
that the distributions of many organisms, both of economic
value and those undomesticated but closely assoclated with
man's activities, heve been sreatly effected by his movements,
developement of culture, and attempts te increase his pro-
Auetivity and materilal well-being., Instarcesg of the disper-
sal of specles, such =28 cro;-plangs or dlseases, by man are
common and well-known. However, less well-known, documented,
or studied 1s the occurence of "exotic"™, introduced species
of marine mollmile in the bays and estuaries of the Pacifle
coast of the United States. This paper will deal prlmqrily
with the exotiec mollusks found in the bays and estuaries of
waéhlnzton and Orezon, a region with which the writer is some-
what familiar, and will be concerred with the species to be
found, some notes concerning their biclogy snd ecology, their
possible signifirance in the "native® ecosystems, reasons for
their ap esrence and survival, and their possible usefulness
in exanining some aspects of the process of colonization and

evolution of orpganisms and ecosystens.

A Historical Heview

With the developement of culture and comzerce on the Hest
Coast of théyinited States durinz the last century, came the
developement of the shell-ficghery indusrty. Quite early, bus-

inessmen hit upon the fdea of transplanting well-known Atlantic

¢



Coast shell-fish, not-bly the Virginia oyster, Crassosirea
¥irginjea, into seeminzly suitable hablitats on the West Coast.

Such transplants were attempted from the 1870%s until about
the 1930's in many presumably sulitable waters in the Pacifile

states, with little long-term establishment of the speciles.
(Hanna 1966)

The attempt to establish and cultivate C. virginica was
apparently largely abandoned in our waters when 1t was found
that the cultivation of one of the native Japanese ovsters, C.
Zigas, would prove tobe more financially feasible. The first
plantings were made in 1902 in Puget Sound, and the industry
has since spread from Alaska to Califcrhla. a1lthough it has
nad to be maintained largely by periodlc shipments of young
spat from Japan.(Galtsoff 1932, lianna 1964) These attempts
to establish these tuc commercislly lmportant spe ies in our
coastal waters has brought about the establishment of quite
a number bf exotle specles of soft-bottomedwelling or estu-
arine mollusks from the Atlantic coast of the Unlted States
and Japan,

The liternture which deals specifically with the cccur-
ence of exotic mollusks in our waters is, as yet, only bezin-
ing to be developed., G. Dallas Hanna ms probably the first
worker to gather into a whole the krnown oecurences of exotie
mollusks in the terrestrial and froshwater as well as marine
environments of the Western United States. His work ap-
peared originally in 193¢ as the article "ixotic Hollusea
in Californie®, In 1967, he revised and vpdated this work
into the paper, "Introduced Hollusks of the Western United
States", in whilch he documents all of the krown cr probable

gecurences of exotic mollusks in the Pacific Cozst gtates and



Hawalli. This paper is probably still the best zource of
geneval information on the subjeet to date,

With regards to the waters of western Canadu, D Be QUa=-
yle published repert in 1964, "Distribution of Introduced
Marine Hollusiks in British Columbia Waters®™, in which he dis-
oussed the excotie marire molliusks then known from the waters
of s Prineipelly, southern British Columhia and the Strait of
Georgia rerion, the main oyster-culturing areas, Unlike Hane
ne, Quayle has been able to ecllect some interesting inform-
ation on the ~¢proirctlon and dispersal of at least a few
of these specles,:;as attermrted to give some explanation for
why they are distributed the way they are, in the reglion. The
occurence of exotic molluses in Washington or Oregon has ap-
parently undergone no detailed study, =2t least in recent ysars,
and most of the information is avallable only as short notes
or articles in varilous Jjournals or brief mention: in works of
mnere menefél interest,

For the eccnomically important speclies, such as Crassos-

trea, 2 rconsiderable research effort and literature h=s srown

up concerning thelr blclogy snd the varlious aspects of thelr
fishery. Indeed, often there are laboratorles wholly devoted
to the study of these shell-fish, Occasionally, there are re-
ferences nmade to various other exotic srecles as well in their
repcrts, notably those which have scme injurious effect. In
general, a zood deal of information concerning the blology and
ecology of introduced Atlantic eoast forms san be obtained by
an examination of the research efiforts of the various East-
Coast hasefl research centers, Information concerning the ine

troduced Japanese forms, however, 1i: vlrtuall#ﬁon—exlstent. or



at least, guite insccessihle to tee student.

Established Exotic Species

Following 1s a 1list of the introduced mollusks tnat can

. be found common, at least on a local basls, in the bays and
estuaries of Nashlngton and Oreson. Although I will confine
my discussion of specific species to those found in this area,
and the eenters of introduction of many of them seem to be in
thig resien, no discussion of thie subject wouli be complete
without at least a mention of the occurence of exotic mol=-
lusks in the marine waters of California.

The San Franscisco Bay area, for example, contains, or d4id
once contain, a large contingent of exotic mollusks in its
marine benthic fauna. This is not too surprising, considering
that the Bay area nas long been a center of commerce and shell-
fishery, and was prsﬁhbly the first srea into which a number
of aléen srecies were first introduced. With subsequent
transplantation attempts of the same comnercial species to other
localities on the Pacific Coast, and movements of stocks and
equiprment from one eultivation area to ancther, it has come
to pass that most if not all of the common and widespread ex-

ot18 srecies to be found in Orezon and Washinzton are also to

be found in suitable habitats in California. However, some
interesting Atlantie species, such as the ribbed marsh mussel,

Volsella demissus, and the large whelk, Busycon canaliculsta,

have hecome ecommon in the San Franseisco Bay area, but have
apparently not yet hecome established in our area, (Hanna 1966,

Ricketts et al 1068)



Crassostrea gigag (Thunbh-rg)

. (= C. lapercusi)

The Japanese oyster 1s comuonly cultivated on protect-

ed tideflats and some subtidal soft-bottomed areas on the

West Coast from soubhern Alaska to San Diego. Over the great
'extént of this ranze, the waters are apparently too cold for
regul=ar natural spawning, and the industry is dependent on reg-
ular importation of new spat from Japan. (Harma 1666) How-

ever, in the Georgia Strait rezion of southnern Britisn Colum-

bla, conditions are, for some reason, aprarently more favor=-
able, nd spawning has occurred on a regular basis for some

years. DBeeause of the faet that Crassostrea has a plankton-

ic larval stage, the result has been the s read of the specles
from the «reas of original introiuction and culture over a

‘ fo2irly wide area, ever bto becowe one of tne dominant sessile
intertidal invertebrates on some of the protected and seclud-
ed roec:y shores. {(Quayle 1964)

As an epibenthic fllter-feeding bivalve in quiet-water
situstiorns, C. gigas could ecncievably be a competitor for
food and living srace with the native oyster, Ostrea lurida,
whose commerecisl industry 1t was largely meant to replace.

How tight a competitive intersction there is between these
twe “orms 18 not known, btut the writer has found the two spec-
ies co-cccurring and yet both common in areas of southern Puge

et 8ound.

Vererupis Jjaponica (Deshayes)
(= Taves semidecussata f'ngh;a philippinarum (Adams and Reeve))

‘ According to Quayle (1664), this emall venerid clam was

found first on our coast in 1936, in British “olumbia, and was

initially déscribed as @ new species. It had appasrently been



introduced with Japanese oysters. It has spread very rapidly
through the marine waters of Washington, 2nd southward at least
as far as Willipa Bay. It is 6f local importance as an edible

celam dug for sport or commercial use in some areas of Washing-

ton.
This clam generally inhabits middle intertidal mud and

gravel areas in protected waters, and quite oftenfilives inter=-
mingled with the rather simil-r native species, Protothaca
gtaminea, Iliowever, 1t is sald to have a wider range of pos-

sible habita'ion in the intertidal than ProiLcthaca, and may

8lso live somewhat closer to the sur‘ace@f the substratum. It
is also said to be a major feood item for some species of div-
iz ducks in the Puget Sound region. (Glide 1964)

As n shallow-infaunal filter-fceder, this species ccould
concievably be a competitor with P. staminen and other lamel-
libranchs as well for food and living space. This palir of
gpecies would be very interesting to study in terms of miero-
habitat 3ifferentiation, character displacement, niche 4dimen-
sion, ete., comparing mixed assemblagzes with pure asczemblages
of both species, although it may be that no puré rF. stamlnea
any longer occur, at least in Puget Sound. It would, of course,
be interesting to determine whether or not the exotic species
is inde~d taking over, whiich may possibly be what is happen=-
ing.

Although these two specles are quite cften intimately as-
sociated in the field, and appe'r toc be guite similar, they
seem to remsln distimct species, with spetifmens in the field
being able to be claarly assigned to one species or the other.

This would seem to be in contrast to XKincaid's observation that



the two forms freely interbreed. (Hanna 1966) g

Yya arenarja Linnaeus

Th;s clam is grnerally common in protected waters in mud,
gravel, or sandy bottoms, and is perhaps the dominant, and of-
ten only, burrowing lamellibranch in brackimh situations. It
is of local economic importance in our area as a shell-fish
dug for personal use. Attempts have been made to dredze the
species commercially in northern Puget Sound.

There serms to be a lingering doubt amo¥dngst authorities
as to whether thnis sperles 18 inderd exotie to our area. Host
seenm to feel that it was indeed introduced with oysters from
the Atlantie Coast into San Franscisco Bay sometime in the 1870's.
It was first described as a new species. (Hanna 1566) Cn the
other hand, Canadian workers have described the speciles frem
Quatervary deposits in the area of southern British Columbia,
a situation thot eculd possibly be due to & mistaken ident-
ification. There has apparently been some confusion amoyng
workers in eastern Canada as to the dlstinggishlng of fossil
M. a2renaria from certaln fossll forms of the circumboreal H.
truncata. (Laursen 1366) The interesting paleoblogeography
of H. arenaria will be discussed later on in the paper. It
is interesting to note that a very similar,and aprarently nat-
ive form, desigrayed [. arenaria 7 ocnogai occecurs in the waters
of Central Japan and Korea. (Habe 1962)

If inde=d K. greparia 1is an exotiec species, it is pro-
bably the most successful cne that has yet been introduced,
in terms of rance eXtension and numbers. It is now reported
te range between 37° and 55° N. Lat. on our ccaat., (Bernard

1970) It eonld concievably be a competitor for food and space



with some of the native clams, yet it alone seems to be able
tézw*thbtand the more brackish situations, such as at the heads
of estuaries. HNatthiessen (1960) nas «lsc suggested that

in Atlantie Coast h-bitats, M. may be ecclogically seperated
from Venus percenaris not only by being more eurytopiec but

by a difference in diet as well, with M. being more capable

of using flagellates than diatoms from the phyteplankton.

Petricola pholadiformis Lamarck

This interesting little clam was first noted on the Pac-
ific Coast in San Francisco Eay in the 1630'=s, having appare
ently been introduced from the Fast Coast with other shell-fish.
In our immediate afea. it seems to be found only in Willipa
Bay, Washington, where it 18 localized but guite common, bur-
rowing in hard clays in the upper middle intertidal. As the
spe-ies has a planktoniec larval stage, one might expect it to
perhaps become more common and widespread. The specles has
also been introduced to be shores of Britian, where it is
row reported to be slowly but steadily increasing its range.
(Duval 1962) It can also apparently burrow into 2 variety
of substrates.

This species is interesting in that, although it seems
to be rather similar to clame like Protothaca in internal a-

natomy, morpheologically it has assumed a form very similsar to

that of the pholads. Indeed, in Hilllp‘ Bay‘ the pholads

Zirphaes pilsbryl and Eenitella penita occur with Betricola,
but somewhat lowerfin the intertidal. It would seem that

there conld be some sort of competition amoungst these vari-
ous for food and living space.
Cur only native species of the genus seems to be Petri-

8ola earditoides, a dweller of the lithome in the intertidal



of the semi-eirosed oren coast.

Batillaria zonalis (Bruguvere)
(B. cumingt (Crosse)= B. pultiformis (Lischke))

+his gastropod has become quite common or many tideflats
in the Puget oound arca. It was apcrarently introduced into
the rezion with Japarnese oysters. (Hanna 136€)

‘he animal is epibenthic, roving slowly over the mud or
sand,. On mud flats, & certain percentage of the population
will be found “uried in the substratum. Populations occcur-
ring in Elkhorn Slough, California, are saild to te feeding

Primarily on the alga, intercmorpha. (McLean 1960) Puget

Sound perulations, on the other hand, sesm to be feeding on
detritus or microflora to be found on solid objects resting
on the substratum,

Lit: le seems to be known concerning the life-cycle of
this species. It hes been suggested by wuayle (1564) that
the rather slow rate of spread of the form would seem to in-
dicate that there is a2 very short planktonic larval stage, at
most.

The animal seems teo be well-sulted for the particular
habitat in which it lives. It is quite eurytopie, being able
to withstand long perieds of exposureg high temperatures, and

wide ranges‘in salinity. (McLean 1960)

Ogenebra iaponica (Dunker)
(= Iritoralia japonica)

ihis earnivorous gastroped has become common in many oy=-
ster-growinc areag in Washington, having been introduced from
Japan, It has become éﬂbh.an important predator on Crassos-
trea that several culturins areas in Fuget Sound have been ab-

andoned, ard resulations réqulring the close inspection of ime



ported spat have been enacted. (Hanna 1966)

In the field, the animals are generally found on sdlid ob-
Jects resting on the substratum in the middle ard lower inter-
tidal. However, they are apparently capable of movement across
the soft substratum, as well.

This species seems to prey upon its vietiums in much the
manner as do the native species of the genus Thals, As well
as preyling uron Crassostrea, the animal is also able to attack
a2 number of other organisms. The shells of Vernerupis Jjapon-
Jca have been found »ored in the fileld, and in aquaria, the
species was observed to attack Batillaria, Protothaca, Crep-

jduvla, and, perhaps preferentially, Balanus glandula.
Fortunately for cystermen, this specles does not have

have a planktonic stage in its life cycle. The yellow, grain-
like egg-cases, similar to those of Thais, ame common on so-
114 objects on the tideflats in the spring, the young hateh=
ing ocut as mirlature adults.

As this species seems to be rather similar in form and
habit to the native Thals species, it might be interesting
to try to determine if there 1is reslly any interactions tak-
ing pl=ce betweeﬁ the two formse. The writer knows of no sit-
uation where the two species co-occur, 1t is concievable that
O. Jjapronics and T. lamellosa misght co-cccur in some areas in
the Puget‘bound region.
Crepidula fornicata (Linneeus)

This spekies 138 common iB some areas of southern Fuget
Sound and in Willipa Bay, Washington, into which it was ap=-
parently introduced from the Atlantic Coast sometime in the

late 1800's, (Harna 1%6€) 1t 1s generally found attached to



solid oblects resting &n the substratum, or in loose ®stacks®
of individuals, ©Opecirens brooding esg-masses are common in
the spring.

The arimal has a rather unusual life-mode for a gastro-
nod, that of a'neﬂrly sessile muco=-ciliary feeder upon plank-
ton. Thus the species could concievably be a competitor for
food as well as space with other evibenthiec forms, such as oy~
sters. The species has alsc been introduced into European
waters, where it has become abundant in some areas and a nuil-
sance to oystermen,

Crepidula econvexa oSay
= C, glauca Bay)

This small slipper shell, native to the Atlantic Coast,
is noted by Hamna (196¢) to oeccur only in the San Francisco
Bay area. liowever, the writer haes found the species also to
oc ur in northern rPuget Sound,(Padilla Bay), and Willipa Bay,
Washingston.

Ihis species is generally found attached to solid objects
in fhe lower intertidal. It resembles scmewh=at a smali‘g. forn-
iecata, but rnever attailns a size greater than about a centi-
meter and a half, and never oecurs in stacks of several, nest=-
ed individuals. In Padilla Bay, Washington, this species seems
to occur most commonly on the body-whorl of Batillaria. It is
not &nown whether this is 2 real association, or merely due to
the faet th-t the snail forms most of the so0lid substrate to
be found on the mudflats in this area.

It seems rather puzzling that this speclies should be as
loealized as it seems to be, presuming that it, like C. forni-

cata, has a planktonic stage in the life-cycle.



Crepidula plana Say

This slipper shell, also 2 native of the Atlantic Coast,
18 said to cerur in Puget Sound and Willipas Bay, Washington.
(Riczetts et al 198, Hanna 19660 The species is common on
commercial oysters in the latter area. It appears very sim-
ilar to the native speeles, C. nummaria, which seems to be a

form more typleal of seri-exposed rocky shores.

Nagsarius gbsocletus
(= Ilvanassa obsoleta (SayD

This snail, nutive tec the Atlantle Coast, has become come-
mon in Willipa Bay, Washington (Hanna 1966), where it dwells
on sand, mud, or muddy-sravel flats, in the niddle and lower
intertidal, erawling about on the surface or just below the
surface of the substratum. Although several N, species are
native to our area, none seems to occur in Willipa bay to com-
pete with N. obsolefus.

RB. S. Scheltema has produced several papers concerning
the biology and ecology of this specles cn the Atlantic Coast
in the last decade. According to him, this species, unlike
mest in the genus, is primarily 2 herbivore upon microflora
and orly secondarily a seavenger upon carrion,{Scheltema 1964)

The characteristically spiny egg-capsules of this species
have heen netsd common on oyster shells, eelgrass and other
solid objects on the tideflats of Willipa Bay in the spring.

Nagsarius fraterculus (Dunker)
(= lietinsgsa fratercula)

This snail, apparently introduced from Japan with oysters,
was first reported on cur cecast in Padilla Bay, Washinzton,

irn 1960, (megar 1963}, and has beecome quite eowmmon on several



£ideflat areas in the rorthern Puget Sound area. (Hanna 1966)
Like many members of the genus, this species 1s appar-

ently a scavenger and feeder upom carrion. The animal can be

found roving freely over the surface of the substratum, bur-

ied just beneath the surface, or under solid objects. Egg-

cases are common on algae and otheY@olld objects on the tilde-
flats in the late spring.
This species 18 rather similar to the native species, Nas-

S8arjus pendicus in form and hablt. Both species come close to

co-oecurring in some areas of nortnern Puget Sound, but K. mend-
lous seems to oceur in situations of rather clean sand substrates
and eclgrass, whereas [. fraterculus seems gererally to occur

in muddier and perhaps more brackish situaticns.

N, fraterculus may serve as a food iltem for some sorts of
shore birds, as feces containi g the cruched shells of the spec-
ies have been found in some of those localities where it occurs.
Urosalpinx cinerea (Say)

This carnivorous snz2il was introduced qgulite esrly into'
Pacific Coast waters, and now occurs in Willipa Bay, south-
ern Puget Sound, and extreme southern British Columbia. (Hanna
1966, Quayle 1964) Quayle repsrts that the British Cloumbila
populations seem to be slowly declining, and are perhaps in
a marginal habitat there. Medecof and Thomas (196G) note that
U. cineres fs alse apparently diseppe ring from the oyster
beds of the 8t. Lawrence estuary in eastern Canada, and may
be in a marginal habitat there as well, The srecies has ale
sc been introduced intec Eurcpean waters, where it is a serious

oyster pest in some areas. Purchecn 1C€68)



Bhytia mvosotis (Draparnaud)
Ceeina manchurica A. Adams

These two high=intertidsl dwellling snails have become
guite commen in some areas of northern Wasnington. P. myo-
sotig was fir$t noted in California waters in the latter 1800's,
having aprarently been introduced from the Atlantiec Coast. C.
manchurica was first noted in 19€1, having ap arently been in-
troduced from Asian waters. The two species apparently quite
often eo~ocecur in our area, and can be found under beach-drift,
roeks, and other debris high on the beach in protected waters.
They also occur in Willipa Bey, Washninzton (Hamna 1966), and
the writer has noted P. myosotis to oecur under rocks in the
Saljcornia zone on South Slough at the Charleston Bridge, in
Coos Bay. MacDonald (1968, 1%69) alsc noted the specles in
Pony Slousgh as well.

Corbiecula fluminea (M3ller)

Although not strictly a merine organism, this brackish-
and freshwater-clam, native to eastern Asia and first noted in
this country near the mouth of the Cadumbia Biver in 1638, has
become abundiant to the point of being a pest in many river drain-
ageg and irrigation projects in the western United States and
in the western ~arqbf the Appalschaans. (Hanna 196¢)

In a study of the form ir the Tennessce River, Sinclair
and Isom (1963) have noted that the animal ig of rather gener-
al substrate preference, and can toleralte marked fluctuations
in water gquality. They are apparently a focd item for var-
fous fishes in the Tenncssee and Colunbia Rivers, and in East
Asia are of commercial importance as human food, They may al-

g0 serve as a focd source for some birds or mammels slong the



lower Columbia River as well, as piles of their broken shells

can be found on the river banks and drift logs in that afea.

There are several other introduced species of marine mol=
lusks known frem the waters of Washington and Oregon, but with
whiech the writer is not familiar and concerning which there is
not much informatien avallable, The tideflat mussel Modioclus
Senhousi, native to Japan, is sald teo be common in some bays
in the northern Puget Sound area, (ilanna 196€, Hicketts etal
1968) The shipworm, leredo pavaelis, occurs in Willipa Bay and
sonthern Sritish Columbia, according to Guayle (1964). Thne
gmall clam, Gemma gemma, native to the Atlantice Coast, 1s
sald to range from San Diego to Fuget Sound.(iarna 1966) Un-

faortunately this species probably rather closely resembles the

*$.J1gu‘speGies'Tzﬁnsﬁne$la tantilla, and the writer has not

vet been able to find suitable descriptions or illustrations
by which to distinguish the two forms.

Although this peper deals solely with exotic mollusks to
be found in our area, it might be well to point that a number
of other types of animals have been able to establish themsel-
ves in ocur Pacifiec Coast waters as well, Jeverzal arthropods,
a tunicate, and even an alega have been introduced and este
ablished, (Eicketts et al 1968, Scapel 19%6)

It should also be pointed out that for all the species that
have brcome establishied, there are probably a éood many Rore
th:t were introduced inte our waters, but which, for some rea-
scn were unable to survive., Hanna (196€) gives long lists of
mollusecan gpecies that have been found in scvecific shioments
of shell-fish destined for introduction into FPacifiec Coast

-

waters, only a2 few of which turn out to be well-known, estabe



l1ished exotle species, No sources go into detall concerning
the exaset process by which a specleg hap ens to find itself
introduced, but presumably thcose life-support meas: res that

are taken to keep oysters and spat in good health during trane-
g1t wouid alao serve toc keep any other stow-away organisms via-

ble as well,

Discussion

As the exotic marine mollusks found in our waters are ale
most all dwellers of protected bays and estuaries, it might
be well for one to discuss briefly some of the general char-
scteristics of the esstuarine envirorment, and 1ts possible
effects on the biota. I found Lauff (1567) and the chapter
by Emery, 8tevenson and Hedgpeth in Hedgpeth (1957) very use-
ful in terms of general information on this subject.

An estuary is a very unique sort of aguatic habltat. Be-
ing the repglion of intermingling of purely marine and freshe
waters, the estusry 1s generally looked upon esa distinct re-
gion, in terms of the biota present and the environmental fac-
tors to whiech they are expcsed. From the stanﬁolnt of pure-
ly physical environmental factors, the estuary would apprear to
be 2 rather rigorous habitat. In estuaries, salinity ecan
fluctuate g eatly with the ecyecle of the tide and year. Sed-
imentation is usually rapid, ard the production of large inter-
tidal flats creates an environment exposed for long pericds of
time to the vicissitudes of the terrestrial environment; sun,
wind and desiccation, and temperature., Often, these wide tide-
flats, being of very gradual slope and of fine-srained sedi-

ments, are poorly drained and oxygenated at depth, so that



anaerobic cond1t1~ns may exist up to very near the surface of
the substratum. Al]l of these are stresses to be faced by any

prospective estuarine organism.

Althongh the physical conditicns to which an estuarine or-
ganism 1s exposed are relatively extrewe, the pptential for
preductivity and an anple fond source for a variety of org-
anisms 18 ouite high, as the estuary seems to be benefited by
a good supply of nutrients from a number of sources. Al-
though the waters of estu=ries are often rather turbid, due
to river runoff and turbulence, it should he reolintgd out that
this very runoff, along with the fact that the entire bottoam
of an estullry is often in the photlic zone due to tie shallow-
ness of the water, contributes greatly to the potential pro-
ductivity of the estuary. Along with the nutriert materials
brought into the estuary from the terrestrial hinterlands by
streams, the broad, protected expanses of tideflats char-
acteristic of such situations seem to be a suitable habitat
for benthic plants of all sorts, from diatoms and algae on
up to the rooted, aguatie ahQIOSperms such as Zosterz, all
of which are capable of fixing smenormous amount of carben,
converting it to a form that can be used by the higzher trop-
hnie levels of orzanisms, both is the living and de;rital form.
The “igher tidal marshes, with their dense stands of plants,
may be equally imrortant ip providing nutrients for the es=-

tuarine community.

The biota of estuaries ecan generally be characterized by
relatively low diversity, hizh numbers, and gwster or lesser
developement of eurytopism. (Emery et al in HBedgpoeth 1957)

Tolerance of & wide range of environmental eonditions would



obviously be advantageous for a prospective estuarine organism,
based on what wns said earlier concerning the physical cond-
ition to be found there. Many diff rent and interecting met-
hods for survival in the estuary, and in soft-bottom habltats
in gener-1 have been described.

There are probably several reasons why estuaries do, in
fact have a low biotiec diversity. Th:t this should be so might
seem rather puzzling at first, for it would serm that through
geologic time, as long as there has be¢n land nd sea, there
shonld have been estuaries, One mizht think that over this
lencth of time, the bictlc reserviors of the land, sea, and
freshewstees would have stocked the estuaries with fully as
many spe~ies as afe found in tther habitats,

It may he that the harshness and fluetuations in physi-
cal factors in the estuarine envirnoment are simply and bas-
iecally too marked for more than a mere handful of organisms
to have adapted to, even over theélong history of 1life.

These organisms may hzveRplther evolved and adapted thelir way
into the estuwary in order to exrloit the relatively unused
resources to be found there, or they may have, in effect,
retreated into the estuary in the face of species interacticns
taxine place in adjacent habitats.

In many places in the world, estuarine habitats are of ¥
rather discontinuous distribution, such as on the Oregon Cosst,
where the several river estuaries are seperated by greater or
lesser distances of fully marire, expcosed coast conditions.
These conditions would not seem to be well suited for the
survival of orsanisms adapted to an esliarine existence. Thus

given the conditions of wide variation in physical factors,

plus semi-isolation, one coudd concieve of "rcatastrophes®™ in



the marine environnent, econditions which might produce mass
mortalities or local extinetions. If this were to heppen, ef-
feeted estnaries might no be repopulated for some time. Clim=-
atic chanzes, for example, could cause ertinctions of existe
inz populations, ard repopulation would reguire either larval
recruitmert from distart uneffected areas, ar a re-evolu-
tion and adaptdtion of new estuarine forms in situ. Until
one or the cther of these hap ened, the resources th t re-
mained in the effected estuaries would lie unexploited.
“stuaries are lecoked upon by some as an intermediate seral
stage in the successiona’ sequence between a shallow-water
marine environment in an area of rapld sedimentation, ard a
low-lying terrestrial environwent, The precess of natural
"reclamation” of marine tideflats inte semi-terrestrial en-
vironments by the plants comprising salt-marsh floras can
be seen in most estusries, Thus it wouli seem that estuaries

 are probably fairly transient pheromena, viewed over geolog-

ic time. Such trensience would nct seem to prénote the ev-
clution of a very complex marine community in any particular
\locsltty. In any case, the fact that a transition from a mar-
ine situntion to a terrecstrial one involves such séeep grad-
jents in terms of physical factors and physiolozical re-
quirements, it would seem that thls sea-to-land successlonal
sequence is not immediately comparable to the standa ' 4 ter-
restrial successional sequences, in tirms of changes in dive
ersity, ete.
Considering the fauna of an estuvary, larval behavior 1is
‘ very importanbein the manitainence of populations. As pointed
out by Quayle (1964), the larvae and larval portions of the

1tfe-cyele of an estuvarine orzanism Are constantly being acte



ed upon by two opposing tendencies; the tendency to concent-
rate versus the tendency to disperse., There are clear ad-
vantages to both, and the survival of an estuarine organism
may depend upon the relative emphasie that is placed on each
in its energetic strategy. Clearly Phe patehy distribution
of the estuarine habitat over space makes the ability to
concentrate and "conserve" larvae in the proper sareas ad-
vantageous, and yet, because of the translence of any parti-
cular estuarine situaticn and the chances of mortality through
large fluctuatdons in environmental factors, it is aléo
clearly advantageocus to have some sort of means of dispersal
over space as well.

éarriker.(in Lauff 1967), discusses various ueans oy
which the larvae of estuarine orgarnisms might be retalﬁed in
the estuary. It seems, for example, that for organisms such
as Vepus spawning is somehow timed to cccur at low tide, dur=-
ing neap tides, and during the summer, all conditions wilch
would minimize the loss of larvae through the seaward end of
an estuary. It has alsc been found for such organisms as
Crassostrea and Balanus, the developlrng larvae use the nat-
ural circulation of the estuary to stay within it. As the
larvae mature, they drop toward the bottom and are transports
ed up the estuary by the landward bottom drift, a character-
istie of many sufficiently un-mixed egﬁarles. Thus the lar-
vae are retained in the estusry, and often transported even
farther landward than their parents. Carriker gces on to
gstate that there may be a natural selection for ore ex-
treme eurytepy in larvae than 1s eventually experienced in
adult stages, to allow the larvae to be able to disperse from

one estuary to ancother through the intervening, more oceanic



conditions that often occur. The problem of over-dispersal

is, of course, greatly reduced in those species whnich lack

8 planktenie larval stage in their life-cycle. PThese species,
ineluding the carniverous gastropods (cenebra and Urosalpinx,
have aprarently chosen an energetic stratezy whereby larvae

are concentrated around the immedlate habitat of the d4dults,
perhaps in response to the rather patchy distribution that the
potential prey items, mainly epibenthic forms such as oysters,
might assume in the mostly soft-bottomed estuary. TI1nose forms
with planktonic larvae seem to be thémselves mostly plankton-
fe~ders, and thwus have a food source that is of as general a
distribution in an estuary as the wa'er upon which it is borne.
Forms with non-pianktonic larvae, such as the carnivorous snalls
mentioned earlier, prey on food items that might,be of so gen-

S an ococurence in the estuarine habitat. Alsc, for tanese

vformé. just as their dispersalwmtrods are limited, so aze

‘iﬁheir ability to colonize and recolorize habitats in the time
sense.

Given the physical and blotiec facters influencing 1life in
bays and eatuariéa. of how much significance might be a study
of irtroduced species in these environmentsy

The introduction of orzaniswms intec new environments can
be cnnciéved of as large scale experiments in evolution, as
C. H. Wad?ington points out in Stebbins (1965). #With the in-
troduction of an exotic species into an alien environment, one
is both blessed with having a natursl sys@emwithin which teo
study, and cursed hy the faet that often the natural system
into which the speries was introduced is probably not per-

fectly known in the first place, so that any observations



made of effe-ts on the system are of somewhat less value,

Unfortunztely, the "experiment” of introducing exotie
wollugss inte our waters has becn a rather slopry one at best.
It wonld have been desirable to know what was -“eing intro-
dneced where, at what tine and in what amounts under what con=-
diticns, but unfortunately, thiec is never fully kxnown. Full
knowledge and accurate records of the umovements. of even the
commercially important species are either non-existent or in-
accessible in many cases. As a result, the important ini-
tial stages of colonization of these exotlc specles in our
native habitats will probably never be known, mcst of the
exotie mollusks having been noticed only after they had be-
come well-ra2turalized.

As interesting as this information might have been to have,
it i8 by ro rmeans all that one rmight find useful frem a study
of ~ur introduced gpecies. As the naturalized populations
are wholly cut off{ feom the main body of the population of the
species ir its rative habitat, there is a ~yriad of inter-
estirg studies that ~ight be attempted concerning the structure
and genetics of out-lying populations, using these natural-
i7ed populations of exctics, many of which sre still fairly
discrete units in the native environment, spatially. Observa-
tions migzht be made of the rapidity of race formation, the
divergernce uron isrnlation that is said to lead the way to spec-
iation, or on the rhencmenon of phenotyplic and physiolozical
plasticity in the face of a unfanmiliar set of environmental
econditions, For many of oﬁr eXotic srecies, nearly a hun-
dred years have elarsed since the first rcopulations became
naturalized., This may have been enough time for ocur popu=

lations to have diverged enough so that some useful observe-



ations of these sorts could bhe made.

As was "inted at throughout the discussion of specific
exotic wclh%m:tn be fourd in our waters, there seers to be
& good denl of potentially valuable work that could be done
in studies ¢f the ecological ramifications of the estab-
lishment of these srecies in our rmarine environments, That
thege species have, in many cases, succerded to such an amaging
degree, and have s;read so rapidly through the native suit-
able habltats is part of the reason why I criose this parti-
cular tepic for my work, and I will now set down some of my
own ideas as to why thils should have happrened,

In the over-all view of our naturalized exotic mollusks,
one ‘comes to trhe conclusion that iB the maiority of cases the
exotic species are ccenpiing niches in the native ecosystem
that were previously unoecupied or urnexploited, for some
re=son, At the risk of being overly simplistie, I will, for
ny present purroses, d-fine “niche" simply as a potential fune-
tional role that can be assumed by an organism in the commun-
ity. Some might slso srgue 2galnst using the the term "come
munity” to deseribe our soft-béttom. gquiet-water merine blotic
assemblages, however I feel that there must be some signi-
ficance to the gereral similarity betwern assenblages of or-
ganisms from similar physical habitats at similar lati-
tudes. Although the estuary is probably mostly aptly des-
eribed as a physically-controlled sitnation, there are ine
deed species interactions oeccurinz, and 1 feecl that these
are n"ten well-defined and speciflic ercugh to allow the assem-
blage to indeed be termed a community, the blotiec whole being

great@dr than the mere sum of the parts.



Be t-is as it may, perhaps some more corcrete examples
of what appear to have beer previocusly unfilled niches are in
. order. For exarple, the native estuarine faunas of Wasning-
ton and Orecon serms to include few gastropods other than o-
- pisthobranchs, with some natieids occuring in more saline site
nations, alone with one nassariid, and the upper intertidal

1ittorines. Thus have such specles as Batillaria, Na

0]

sarius

R

blish them=

r

fraterculus, and N, obsoletus been able to esta
selves in the middle and lower intertidal, and Phytia and Cece
ina in the nprer interidal, Interestingly, Southern Cali-

fornia waters have a snail, Cerithidea californica, whtéh is
quite similar to Batillaria in form and habit., (Felean 1960,

Ricketts et al 1968, MacDonald 1969, YWarme 1971) These
two species seem to overlap in range in the San Francisco Bay
.?””10%..1n4 it would be of prime interest to see the degree
. to whiech f%;ey misrht competitvely 1r3teract. S0 far ro inform-
ation conecerning this has been published, to the best of ny
¥nowledze, In his short section on ecological esulvalerts,
MacDonald (1969} alse sueggests that the snail Phytia is eco=-
logically replaced in southern California by the snall, Hel-

ampus olivaccus.

For arother example, the native estusrine biota of the Pac-

ifiec Northwest seems to have rc widespread muco-clliary-feed-
ing sastropcds, such as @repidula, Thus have the exotic

species, C. fornicata, C. gonvexa, =nd C. plans become est-

ablished in many areas. It should be noted, however,that
the small calyptraeid gastrorod, Crepipatella lirgulata,

‘ co-cecenrs in some areas of Puget Sound with Credidula forn-

jceta, altheugh it can alse be fourd onerocky shores both in

Puget 8ound and on the e posed, outer ccast., In any event,



Southern California waters seem to have an ecological eguivalent

in the species Crepidula onyx, which seems to adopt a life-
mode very similar to that of the exotic species.(MacGinitle
and MacGinitie 1968, Ricketts et al 1968) It is not known
whether or not there sre any loecalities where the rative and
exotic species co-occur.

The above examples seem to indicate that unfilled niches,
unexplnited modes of life, do indeed occmr in the soft-bottom
quiet-water and estuarlne.habltats'of Washinzton and Oregon.
There are sesveral possible explarations for this. For exam-
vle it is concievable that, although the physlcal environ-
mental stimull mizht have been comparable over the North Temp-
erate zone, the lines of evoluticn and adaptatior which led to
the estuarine communities of the various coasts have not been
exactly parallel and perfectly analogous. Trnus, due pernaps
to chance blological events or perhaps slightly different ex-
ternal stamulil, each semi-isclated region of the North Temp-
erate zone came to have 1ts own somewhat distinct estuarine
fauna, Gilven this situation, the introducticn of elements of
one or several of these faunas into some suitable region, al-
ready possessing 1ts own fauna, could conecievably result in
the naturalization of some of the exotic elements, which, for
gome reasorn had no analogous forms evolve in the native fauna,
Thus might a new "hybrid" estuarine blota, with a contingent
of exotie species, and thus presumably of greater complexity
and perhaps stability, become established.

The presence of obviously unfilled ecoloziecal roles in
the =stuaries of the Facific Northwest may also be, in part,

a feflection of a lack of time foe them to have been nde i

ized after the marked climatological events of the Pleistocene.’



There may be some evidence for this in the recolenization

of northern temperate waters by Mya arenaria that nas taken
place in the last few centuries. From the fossil record of
the Pleistocene, it can be shown that M. arenaris occurred in
both European and North American waters during the last warm

interglacial periocd. When the glaclers advanced tne last time,
Mya was exterminated in the more northerly parts of its range,

and became extinet in Europe. When the glaciers then retreat-
ed, the habitat that fya had formerly occupled remalned un-
f1lled, with no soufce of recruitment being within the range
of d4ispersal of the larvae, and evolutionary rates being so
slow that no new specles gzg:::& toe fill the niche in situ.
Thus when M. arenaria, relatively unchanged from the Fleist-
ocene, was reintroduced into European waters in the 1500's,

it wag able tc quiekly take hold become established, per-

haps simply refilling the empty niche that 1t had just re-
cently occupied, geologically speaking. The species is now
kncwn from northern Norway to the Black Sea in Luropean waters.
(Foster 1946) As for the species's rapid spread along our
coast, assuming it 1s exotie, it is conclevable that an anal-
ogous situation occurred in the Pacific, with the specles
being exterminated on the eastern side of the ocean basin,

but being able to survive the glaciation on the western side,
although, of eourse, the initial introduced populations were
of Allantiec rather than Pacific origin.

In further referenee to the paleobiogeography of the Fac~
ifiec Coast, Valentine (1961) has attenpted to work out the
climatic conditions of the Pleistocere of California by study-
ing the molluscan faunas preserved in the many ralsed-beach

deposits to be found in that area, the great majority of which



contain assemblages which are composed of species., She—sreat
Y4l

palopity—of—wirtirare—s84lt]l to be found in cur waters. This

is 2 very fortuitous circumstance fer the paleoecologlst, and
makes unifermitarian infererices a gocd deal easier to make.

Thus Velentine's study is probably a fairly good account of

the Pleistocene events in California, sn area that was some-
what south of the main econtinental ice-sheets. Although raised-
beach dercsits also oceur in Washlirgten and Orezon, There seems
to have been no attempt te study them in a similar lizht, teo
work out details of the Fleisteccene climate and blogeography

of our area. Such s study would be useful 1n determining to
what extent the molluscan faunas of our estuaries were mod-
fefied or denuded in the Pleistocene.advances of the glaclers.
If such a denudation did in fact occur, it is conclevable

that the dispersal mechanisms and evcluticnary rates of the
éurvlving native faura has not been sufficient to fully re-
eolonize the estuaries of our area, given our regimes of cli-
rate, geograrhy and selectlive pressures, However, I would
perhaps hesitate to use a derudation theory in exﬁlaining the
degrec to which exotic species have been able to establish them-
gselves in relatively unglaciated areas, sueh as San Francisco
Bay.

Whatever the agency of naturalization, it is apparent that
the establishment of exotic marine mollusks has spbstantially
increased the diversity in many bays and estuaries of the West
Coust, 2nd in some areas, the molluscan fauna may be dominat-
ed by exotic forms. Due to the great dispersal capabilities
of some of these species, there may no such arews in Washling-
ton or Oreron that are populated by only native speciles. As

tiese exotic species increase tne diversity and food-web com-



plexity of the estuary, it wonld seem that they might also be
contributing to a greater degree of stabllity in the estuar-
ine communityv, (Marzalef 1969) Some species, such 2s the oy=-
sters, 244 an element of structural or topographic complex-
ity to the otnerwise rather homogeneous tideflat, and thus
provide an sbundant source of solid substrate for other epil-
benthie crranisme, and thus affording a2 still greater increase
in bictic diversity. I believe that the further study of mar-
ire communities with contingents of established exotic species
will shed a g#cd deal more lizht on the structure and behav-

jor of communities in general, as well as their component parts,

and can be used to note changes that take place with changes
in diversity and the level of interspecific interactions. As
vet, there seems to have been little work done in tnis direc-

ticn with respect to marine communities, a2lthough terrestrial

situnationsg of this kind seen to have been studied for some time.

Summary

A significant nunber of species of marine mollusks native
to Japan and the Atlantie Coast of the United States have be-
come establighed in tﬁe bays and estuaries of Washinston and
Orezon in the last century, for the most part due to the pro-
cess of establishing and maintalning the local oyster indus-
try. The establishment of such forms would seem to afford

an cprortunity to study the mechanics of colonization of new

> 3
)

atitats by organisms, speciaticn and the rsenetics of 1isolat-
ed populations, and perhaps to study something of the struc-
ture and maintainence of the estuarine blocoencse in our aresa,
as well, .
The following eXotic mollusks have become at lesast local=-

ly naturalized to some areas in the marine environment of the



Pacific Northwest: from the Atlantic Coast; lya arenaria,

Petricola pholadifornis, Cemma zemma, leredo navalis, Crep=-

jdula fornigcata, C. convexa, C. plana, Nasszrius gbsoletus,

Urosalpinx cinerea, and Phytia mygsotis; from the Eastern

Paeific region; Crasscstrea gigas, Venerupis Jjaponica, Corb-

jcula fluminea, Hodiolus senhousei, Batiliaria zcnalls, Oc-

epebra iaponica, Hassarius fraterculus, and Cecina manchurica.

The estahlis ment of suech a varlety of forms seems to
demonstrate the presence of many empty ecclogical niches in
the estusaries of the Pacific Coast of North America. This
situation may be due toc the stresses and transience of the
general estuarine habitat, The relative blogecgraphical iso-
lation of our particler area, or the low rate of evoluticn
and recolenization of the estuaries after the rigeors of the

Pleistocene glaciations.
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